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ENGINEERING. 


THE ELEMENTS OF THE KINETIC 
THEORY OF GASES. 


Ir is common knowledge that according to modern 
views, every gas is essentially an aggregation of 
myriads of freely moving molecules, which are con- 
tinually colliding with each other, and with the 
walls of any containing vessel, and further that 
the pressure exerted by the gas on these walls is 
directly due to this molecular bombardment. 
Originally a highly plausible speculation, which 
although it afforded a quantitative explanation of 
many facts of observation, seemed to be in direct 
contradiction to many others, the theory to-day 
appears to be as firmly established as, say, the 
principle of the conservation of momentum. It 
enabled Boltzmann to give a physical explanation 
of the meaning of entropy, and directly or in- 
directly it led Planck to formulate the doctrine 
of quanta which, whatever its outstanding diffi- 
culties, has furnished the foundation for many 
interesting predictions that experiment has con- 
firmed. It has been thought accordingly that an 
explanation of the elements of the theory might be 
of interest, as there appears to be no textbook 
on the subject, specially adapted to the needs of 
the engineer. 

In their famous treatise on “‘ Natural Philosophy,” 
Thomson and Tait observed that the accurate 
mathematical investigation of the raising of a 
weight by a crowbar would involve the simul- 
taneous treatment of the motions of every particle 
of bar, fulcrum, and weight. The real problem 
was therefore, they pointed out, infinitely trans- 
cendent, and inherently insoluble. By introducing 
the concept of a rigid body we substitute for this 
hopelessly complicated proposition a different but 
simpler one and arrive thus at results which, 
though in strictness inexact, are sufficiently precise 
for our practical needs. 

The gaseous phase is the simplest in which any 
body can exist, but here again it is hopeless to 
attempt to apply the equations of motion to each 
individual molecule. The problem of making amen- 
able to mathematical treatment the properties of a 
collection of myriads of colliding particles was, in 
fact, quite beyond the powers of the pioneers who 
gave us the theory of the lever. The key to its 
solution was found by Clerk Maxwell, though J. J. 
Waterston and Joule had by elementary methods 
succeeded in deriving some of the simpler results. 
Clerk Maxwell, however, originated “statistical 
mechanics,” which has made it possible to learn 
something about the motions of the constituent 
molecules of a gas. 

For many purposes these molecules may be 
regarded as perfectly elastic spheres. In the 
mutual collisions of such spheres there is no loss 
of energy, and momentum is perfectly conserved. 
The resultant force which is developed in the 
collision of a pair of such spheres acts wholly 
along the line joining the centres, and hence neither 











of the parties to the collision is set in rotation. 
The energy of such a system of spherical molecules 
is therefore due entirely to the linear velocity of the 
individual units. Thus if ¢ be this linear velocity 
of any individual sphere, this sphere will con- 
tribute to the total aggregate of energy an amount 


ergs where m denotes the mass 


equal to = 


of the molecule in grammes and c its velocity in 
centimetres per second. 

This velocity c may be resolved into its com- 
ponents u, v and w, taken parallel respectively to 
the axes of X, Y and Z. Let us consider in the first 
place the component u which may be either 
positive or negative. It may perchance be zero 
or it may be very large. It is obvious, however, 
from common sense considerations, that fewer 
molecules will have large velocities than small ones. 


Fig. 1. 
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To build up a large component velocity it is essential 
that a whole series of consecutive collisions shall 
occur in such a way that wu is increased in each. 
If, however, a molecule has already a high velocity 
it is more likely to overtake another molecule than 
to be overtaken. In the former alternative the 
effect of the collision will be to diminish its velocity. 
Hence, if, perchance, any molecule does acquire 
a high velocity, this is soon reduced to a more 
moderate figure by collisions with more slowly 
moving ones. It appears therefore, that at any 
particular instant it is more probable that a 
given molecule has a moderate velocity than a 
large one. 

It follows, accordingly, that the probability that a 
molecule has at any instant any stated component 
velocity u depends upon the value of u, or, in other 
words, this probability is proportional to some 
function of u, which we may denote by F(u). It 
remains to determine the nature of this function, 
and we shall, in the first instance, assume that we 
are dealing with an infinite ocean of the gas, in 
which, therefore, every conceivable molecular 
velocity is represented. 

Since component velocities in the negative 
direction of X are as likely as component velocities 
in the positive direction, we must have F(-— uw) = 
F(+ u). This condition will be satisfied if we write 
F(u) = f(u*), since the square of a negative number 
is the same as the square of a numerically equal 
positive number. 





So far, we have considered merely the component 
velocity parallel to X. Butin general each molecule 
will also have a component velocity v parallel to the 
Y axis. From considerations of symmetry it is 
obvious that the probability of a molecule having 
this velocity will be proportional to the same 
function of v as the probability of a component 
velocity « is of u. 

Now the probability of two independent events 
occurring at the same time is, as is well known, the 
product of the two probabilities of each if it occurred 
alone. 

Hence the probability that a molecule has 
simultaneously the component velocities u and v 
will be proportional to f(u*) x f(v*). If, however, 
the molecule has simultaneously both these com- 
ponent velocities, its absolute velocity s in the 
plane of XY will be given by the relation s*=u? +- v*. 

But it is obvious from symmetry that the pro- 
bability of a velocity of, say, 1,000 cm. per second 
along the direction of s is the same as the probability 
of a velocity of 1,000 cm. per second parallel to the 
X axis. Hence the probability that the molecule 
has the velocity s will be proportional to f(s*). 
But, as already shown, this probability is also 
proportional to f(u*) x f(v*). 

Hence f(u*) x f(v*) = f(s*) = f(u® + v*). It fol- 
lows, therefore, that f must be such a function that 
this relationship holds. This leads to the result that 


f (ut) = e~ au" 
since we then get 


—au2 ave  .—a(u2+v2) 


e x e7 
The minus sign is required, since, as already pointed 
out, the probability of a stated velocity is less 
the higher this velocity may be. 

Similarly, the probability that a molecule has 
simultaneously the component velocities u, v 
and w is obviously proportional to the function 
e— a(u2 + v2 + w2) — e—ac?, where c is the abso- 
lute resultant velocity in space. As will be 


proved later, the value of the coefficient a is - 
c 


where c® is defined by the fact that ne is the 


average “translational” kinetic energy of a 
molecule. 

Let us denote by n the number of molecules in a 
cubic centimetre of the gas, and let Fig. 1 be the 
curve e~«2 plotted against u. The ordinate BC 
is proportional to the probability that a molecule has 
exactly the velocity u. As nis a finite number, the 
probability that any molecule in the cubic centi- 
metre taken, has exactly this velocity is infinitely 
small; but quite a number of molecules may have 


o40 ae Aw 
velocities ranging in value between u — -—- and 


u + 5 that is to say, between the ordinates DE 


and FG of the curve. This number will be the 
greater the larger the value of the mid ordinate CB 
and will, in fact, be proportional to the area of 
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the strip DEFG, which when A uw is small is equal 
to CB x Aw. But the ordinate CB = e—avu?, 
Hence the area of the strip is e-ou? Au. Simi- 
larly, the number of molecules which have component 


velocities lying between v + ae, and w + ~ will 


be proportional, respectively, to e~*”* a v, and 
e—awt A w, 

Hence the number of molecules which have 
simultaneously component velocities lying between 
ut =, vt “: and w + — will be propor- 
tional to e-—a(u?+v2+w2) Au avdAw. Hence if An 
represent this number, we may write A n = 
Ce-—a (u2+v2+w?2) Au ava w, where C is a constant, 
the value of which has to be determined. 

If we divide the whole of the curve in Fig. 1 (and 
the corresponding curves for v and w) into strips, we 
shall get a succession of values of A n corresponding 
to the above. The sum of these values will, of 
course, be equal to the whole number of molecules 
in the cubic centimetre. We thus get 

TAnaen=—Cre—2 Wtwtue) Ay AvAw 
If we take An small enough, we may replace 


it by the differential dn, and 4u, Av and Aw by 
the corresponding differentials, and we thus get 


lve 


To evaluate this integral, let us write 


e 


ver 


Then the value of U depends only on the limits 
and on a, hence we may also write 


+o (+a | +0 


e—a(u’+o?+w*)dududw 
(1) 


—@ —@® —@ 


@ 
e442" dx, 
rr) 


anes 
u- | e~2U? dy. 
Po 


Multiplying together the two values of U we get 


a 


The integral on the right is expressed in rect- 
angular co-ordinates. If we change to the polar 
co-ordinates r and 6, we have r* = 2*-+ y?, and 
the element of area which is dy dz in rectangular 
co-ordinates, becomes rdrd@ in polar co-ordinates. 


@ + 
eat? +¥*) dy dz. 


ojy-@2 


Hence, 
22a 
U2 = | e-4r' rdrdé 
o Jo 
oo Joo 
. 2 : 
= 2 e—4r g¢ dram — <7 ear? a 
2a a 
0 
Hence 


U « if 
a 


If, then, we integrate with respect to u, the ex- 
pression above found for dn, we get 


no JEL 


e—a(t2 + w2) dydw. 
and repeating the operation for v and w, we get 


ae.) 

finally, 
n=C / Lad 
ad 


From this we find that the value of the constant 
vor mm 
Cis n —. 


v 


“eae 


This result can also be obtained in another way 
by considering the integral on the right of equation 
(1) as being expressed in rectangular co-ordinates, 
and transforming it to spherical co-ordinates. We 
have then c? = u* + v? -+ w* and the “ element of 
volume” du dv dw becomes in the spherical co- 
ordinates 

c. cos 6.4 0.c.d p. dc. = cos 0d0.d¢.dc 

Hence we get 


= 


= 
n=C 
om 


é 


io a] 
= C. 22x e 
0 


The value of the integral 


¢ 


(29 "eo -ac2 
cos 8.d0 | ao| eo ade 
20 0 


— ace 


c? de (2) 


e de is most 








simply deduced by differentiation. As already 


shown, we have 


e — ac2 +O ~ae2 r 
| e ae af e domi, / 
0 —@® 


If we differentiate both sides with respect to a 


a 
we get 
° —ee T 7 
[ie etet sea E~-1/5 
0 
t 





Substituting this in (2) we ge 
JT 3 
n= 47rC.}. — = /% as before. 
Vas ad 


If we write (2) in the form n ZA n, 
4m C3e—22 c2 Ac we sec that ifc be the numerical 
value of the absolute velocity of a molecule inde- 


pendent of the direction of motion, then the number 


of molecules, having velocities lying between c — 3 


Ac. 
—will be 
> W lb 
a3 
Ane = 4ana/ ee e—ac2 c2@ Ac 
a) 


whilst the number which have a component velocity 


and c + 


(3) 


2% and 


parallel to the axis of x lying between u — = 


1 eae . 
«+ —> is given by the expression 


An=n aft e—an2 Au 
T 


It thus appears that not only is the value of the 
co-efficient different in the two cases, but the form 
of the curve is different (see Fig. 2). From (3) it 


(4) 
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will be seen that the number of molecules with 
an absolute velocity in the neighbourhood of zero 
is vanishingly small, but the number of molecules 
which have a component velocity in the neigh- 
bourhood of u=0Ois greater than the number 
having a component velocity in the neighbourhood 
of any other value of w. 

To determine the value of the coefficient a, we 
note that the total energy of such a gas as we are 
considering is equal to the sum of the kinetic 
energy of its molecules. If m be the mass of one 
molecule measured in grammes, and c its absolute 
velocity in centimetres per second, its kinetic 


; 2 
energy will be oe ergs. 
Now, as just shown, in a cubic centimetre of the 
gas, the number of molecules which have an abso- 
lute velocity lying between 


jas 
ot MisAne =arn = 
2 15 


= 2 
- €—a€* 62, Ac 


These, therefore, contribute to the total, a kinetic 
energy given by the expression 


SE oe 
2 15 


Hence, the total energy is 


— 2 
e— 42 4 de 
75 Jo 


To evaluate this integral we have, as before 
io} — 
1 |r 
If we differentiate this twice with respect to a 
we get 


4mrn —a ce 


AE = c4 Ac, 


4rnnm 
Eu —— 
2 


eae? dc =m 


roo = 
TT 





| e-22 ctdem 3 
0 8 


- 


ab 


Hence 


ao 3 |x 
Ba2enm /S x WE 


But if c® is the average of the squares of all the 
velocities, we also have by elementary mechanics 


3 


nm 
a 


nm c2 

2 
Equating these two expressions for E we get 
=. 
202 

As shown by Joule, the value of c? can be deter- 
mined by quite elementary reasoning in terms of 
the pressure and specific volume of a gas. We shall 
however deviate a little from his argument. 

Let us consider a pipe closed at the ends and 1 
centimetres long, and let the area of its cross-section 


Bae 


o= 


© | be one square centimetre. It will, therefore, contain 


l cubic centimetres of gas. At any instant one-half 
the molecules present will have a positive component 
velocity parallel to the axis of the pipe, which may 
be taken as the axis of X. The other half will have 
a component velocity in the opposite direction. 

The molecules are by hypothesis continually 
colliding with each other, and with the “ perfectly 
smooth ” walls of the enclosure, and these collisions 
are perfectly elastic. Hence, a collision with the wall 
of the pipe will not affect the component velocity 
of a molecule parallel to the X axis. Moreover, 
in the mutual collisions of the molecules momentum 
is perfectly conserved, and there is thus a steady 
drift of momentum along the positive direction of 
u, and an equal drift of momentum in the opposite 
direction. Let us also assume as a first approxima- 
tion that the duration of a molecular collision is 
negligibly small in comparison with the average 
interval between consecutive collisions. 

On this hypothesis, the drift of momentum will 
not be altered if we assume that the molecules 
whilst maintaining their mass intact became trans- 
formed into Boscovich atoms, which may be 
regarded as Euclidean points possessing mass but 
no dimensions.* This assumed transformation 
will, as already pointed out, not affect the flow of 
momentum, but the molecules being now reduced to 
Euclidean points cannot collide with each other, and 
each therefore retains unchanged through all sub- 
sequent time the kinetic energy it possessed at the 
instant of transformation. 

A molecule which at this moment possessed the 
component velocity + u will retain this till it hits 
the end wall. It then rebounds with a component 
velocity — u, which is again changed back to + u 
when the molecule reaches the other end wall. 
Hence the number of times this Boscovich particle 


hits one end wall is si where J is the length of the 


tube in centimetres. 

At each impact the change of momentum effected 
will be 2 mu. Hence in one second the total change, 
effected by the one end wall, in the momentum of 
the particle will be 

taux ta BY 
21 l 
Now the total number of molecules in a cubic 
centimetre of gas which have component velocities 
between wu + ae was shown above to be given by 
the relation 


—au2 
e Au 


An 
u 


Hence as the tube contains / cubic centimetres 





* From what astronomers tell us it appears that this 
transformation, is in actual fact, nearly realised in certain 
stars, where bodies as dense as platinum are found to 
be behaving like perfect gases. This is practicable, 
because the mass of each atom is almost wholly con- 
centrated into a minute nucleus, which is extremely 
small compared with the dimensions of the atom complete 
with its surrounding guard of electrons. If, for 
example, a hydrogen atom were magnified to the size 
of the earth, the one electron at its surface would be 
about as large as St. Paul’s, whilst its nucleus at the 
centre would be about the size of a cricket ball, and 
this nucleus would contain practically the whole mass 
of the atom. The neutral atom is therefore an extremely 
empty structure, and hence when stripped of their elec- 
trons it appears that atoms may approach each other 
much more closely than they would ever do in the 
normal state. 
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of the gas the number in the tube having the 
velocity u will be 


te An =nt.y/t.e An 
T 


FZHence the total momentum communicated to 
one end wall per second will be 


— f+o u2 
a gee Re Au 
nl. fs\ l 


The value of the integral has already be found 


(see previous page) to be $ ~ so that the total 
change of momentum effected by each end wall per 


second is 
a Tr mn 
nma/= 4 === 
T as 2a 


Hence each end wall must exert on the gas a force 
which is numerically equal to this change of 
momentum. Since by hypothesis this end wall was 
one sq. cm. in area, the pressure per square centi- 
metre on any surface bombarded by the gas is 
given by 


Hence substituting for a the value found above 
we get 
_ mm 2c nm oe 
ees tse 8 
But nm is the total mass in grammes of one cubic 
centimetre of the gas, and the specific volume is the 
inverse of this. Hence if V be the specific volume 
in cubic centimetres of one gramme of the gas we 
get , 


dynes. 





~~ ae: 


ce 
pV= 7° 
Now at a pressure of 760 mm. of mercury and at a 
temperature of 0 deg. C., the specific volume of one 
gramme of oxygen is 790 c.c. and 760 mm. of 
mercury is equivalent to a pressure of 1-0132 x 10§ 
dynes per sq.cm. Therefore 


Vc? = 3 x 1:0132 x 103 x 700 
so that 
c2 = 46120 centimetres per sec. 

This, it should be noted, is not the mean velocity 
of the molecules but the square root of the mean 
squared velocity. The mean velocity is however 
easily obtained from .equation (3) (page 2 ante) 
where it was shown that the number of molecules in 
a cubic centimetre which have velocities lying 


between c + a was 


aa —ar2 
An =47n. oe : cAc 
ec N ws 


Hence the mean value of ¢ which we may denote 
by s; is given by the expression 


- 4277 as .(- ac, 
on AEt A / \° ede 
The value of the integral is readily obtained from 
that of the integral . 


J0 


e—ac? cdc . which may be 


written in the form — Bs | ya 0 (a c?). 
2a 0 


i+] 2) 
—az 

| jatiten— 2 * ] aan! 

0 2a o 2a 


Differentiating both sides of this with respect to a 
we get 


re) re) 
—ac2 -ac2 
o . | e ede = “| e cde 
oa 0 0 


. 


Hence 


_ Substituting the value in the expression found for 
8 gives us 


ad as 1 2 /S 2 
oa taal ass 5g =2- A gigi = Fe 


But 


522 /24_ on A/a 
3a 


It is of some interest also to work out the mass of 
molecules which collide in one second with each 
square centimetre of the surface. 

It has been shown above that a molecule 
having a component velocity u made $7 Wllisions 


with one end of the pipe per second. 
The number of molecules contained in the pipe 
which have velocities between wu + = is 


lAn,=nl age 2 tA Y 


Hence the number of impacts on the end plate by 


these molecules is 
Tei me Ae ee [4 e-ow u Au 
ft ee 2A 


The total number is therefore 


n a + _ gue n a 
ve a udumta/t * 9a 
“ee 
6 © 

If m be the mass of one molecule, the total mass 
falling on one square centimetre per second will be 


a os 
nma/ 6x av 
where V is the specific volume of the gas in c.c. per 
gramme. 
As has already been shown, however, c? = 3 pV. 
So that the total mass falling on one square 
c.m. per second may a'so be expressed as 


— 


=n 


mY d xy grammes per sq. cm. per second, where p 


is mzasured in dynes per sq. cm. 

We can calculate from this the actual weight of 
steam which comes into contact with each sq. ft. 
of the cooling surface of a condenser during a period 
of one hour. 

A vacuum of 28 in. corresponds to a pressure of 
about 6-755 x 104 dynes per sq. cm. The corres- 
ponding specific volume of the steam is about 
2-1210 x 10 cc. per gramme. Substituting these 
values in the above expression we find that in each 
second 0-7120 grammes of steam strike one sq. cm. 
of the cooling surface. This is equivalent to 5,250 Ib. 
per sq. ft. per hour. Since a condensation rate of 
12 lb. per sq. ft. per hour is high for such a condenser 
it will be seen that only a very small fraction of the 
steam molecules which touch the surface are con- 
densed, or it would perhaps be safer to say that the 
difference between the rate of condensation and the 
rate of evaporation from the moist surface of the 
tubes is remarkably small. In a similar way it 
can be calculated that that at boiling point some 
23,050 lb. of steam strike and leave each square 
foot of water surface per hour. 


(To be continued.) 





MULTIPLE-SPINDLE AUTOMATICS. 
By JosepH Horner. 

Tue idea underlying the scheme of the first 
machine tools was the removal of the control of a 
tool from the hand to a mechanism operated by 
power. Thus, instead of rotating a drill with a 
fiddle or a brace, it was inserted in a spindle rotated 
with a hand flywheel and bevel gears, or it was 
belt-driven. The lathe tool was supported in a 
rest, and traversed by it. The same kind of tool 
was carried in the tool-box of a planer. And so 
the one-tool, one-machine idea remained pre- 
dominant during two generations. The one excep- 
tion, and that arose rather late, came when the 
practice of drilling boiler plates supplanted that of 
punching, and gave birth to the gang-drilling 
machines. The idea did not mature in the machine 
shops until many years had elapsed, the single-tool 
system remaining entrenched there. 

Various circumstances have contributed to 
produce the present very marked change of attitude. 
Many years ago a prolonged strike occurred in a 
shop because men refused to operate more than 





one milling machine. Controversy raged round 


the one-man, one-machine principle. The union 
attitude was denounced, because, obviously, there 
was a large volume of repetitive machine work that. 
did not demand the constant supervision of the 
'machine-minder. Then, as new machines were 
being designed in which self-acting and automatic 
movements were being embodied, and for which 
skilled attendance after the set-up of tools became 
unnecessary, the old opposition was in a large 
measure broken, and it has become usual for one man 
to attend to more than one machine in cases where 
the nature of the work is such that the time occupied 
in cutting is much longer than that required for 
setting up the work or the tools. On the other 
hand, in some classes of manufacture the time of 
cutting has been reduced so much that the feeding 
of one machine requires the constant attention of 
an operator. This is the case with the multiple- 
spindle machines, the growth of which has been 
—— rapid. 

he simultaneous control of a gang of single- 
spindle machines is a stage in the evolution of ideas. 
lt preceded the multiplication of spindles, and still 
occupies a useful place. It will probably remain 
of permanent, though of lessening, value in the face 
of later developments. The principal examples are 
drilling machines and the single-spindle turret lathes 
and automatics. 

The latest idea—one that has made rapid 
advances, and which now has many applications— 
is that of multiplying the functions of a single 
machine to the highest limit that is practicable 
within its capacity, and the adequate attention 
that can be given to it by a single attendant. Itis, 
therefore, again a one-machine, one-man scheme, 
but with this very vital difference—that in the 
later designs the functions of several machines are 
embodied in one, with a directly corresponding 
increase of output. This is rendered possible 
because the elements are grouped within the compass 
of a single framing, and strictly automatic move- 
ments are included. In the last developments the 
task of the attendant is limited to feeding the 
material and removing the finished work. In 
almost al] cases these machines are run continuously 
between the setting up of the tools and their removal 
for regrinding. The growth of this practice is 
associated with that of quantity production. Apart 
from this it would lack its economical value. The 
necessity has provoked the development, 

The idea of the multiplication of work-holding. 
spindles is one aspect of the scheme of mass produc- 
tion. Another of equal value is that of retaining 
a single work-holding spindle, as in the common 
turret lathes and the semi-automatic turning 
machines, but mounting several] tools to operate 
at one time or in rapid succession. In a large degree 
these enter into rivalry with the many-spindle 
designs, but often they have adaptations which are 
not covered by the latter. 

The advantages gained consist not only in the 
multiplication of spindles and tools, but also in the: 
time saved by the avoidance of the transference 
and refixing of articles on different machines. In 
the older methods these labours often occupied 
more time than -that devoted to cutting. Some 
pieces of intricate forms and slender proportions 
involve much tedious adjustment in the way of 
packing and securing. If this has to be repeated: 
as often as the work is changed over from one 
machine to others, the total time wasted is enormous. 
Frequently now this is minimised by mounting the 
work in fixtures which can be transferred bodily 
from one machine to another; or in lathes, false 
jaws are fitted in chucks. Where these methods do 
not apply, the economy of performing all the opera- 
tions required on a piece at one setting is obvious. 

Often the work must be divided between two. 
operations, with different tools brought into action 
at each of the two stages. It is not always necessary 
that both operations shall be performed on the same 
machine, or even on separate machines of the same 
kind. Thus, in some schemes a preliminary task, 
such as boring or rough-turning, is done in a lathe or 
other machine, and the remainder in a turret lathe ; 
or the latter may be used as a feeder to an auto- 
matic lathe. Thereis no fixed rule to be observed ; 
the question is one only of relative economics. 





Often now, with the advances made in grinding: 
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practice, rough-boring or rough-turning is a prelimi- 
nary stage to finish-grinding. Time is saved and 
much more accurate results are secured by a 
division of tasks. 

A hampering condition that often arises when 
spindles are multiplied is the suitable selection and 
co-ordination of speeds. For every tool and every 
piece of work there is some speed of cutting which 
has been ascertained to be more efficient than any 
other. With the multiplication of spindles and of 
tools the best cutting speeds for every operation 
are not always available. Then approximations are 
made, based on that which occupies the longest 
time ; but provision is also made in a good many 
eases for different rates of speeds when that con- 
dition is desirable in permanence. 

In all the early multiple-spindle drills the spindles 
ran at one speed, each being driven usually through 
spiral or bevel gears from a common shaft. While 
suitable enough when all holes are drilled to a 
uniform size, this fails economically when holes 
vary greatly in size and when drilling has to be 
supplemented with other functions, as reaming, 
tapping, facing. These properly demand a range 
of spindle speeds related to their separate duties, 
for otherwise very much of the theoretical advantage 
to be derived from the design is sacrificed. The one 
practicable method of making these differences is 
by means of gear wheels suitably proportioned. <A 
wheel on the main eentral shaft drives pinions of 
different sizes on the spindles, which are thus 
rotated slower or faster, as required for separate 
functions. 

The Multiple-spindle Automatic.—In this and in 
some subsequent articles it is proposed to deal with 
one particular application of multiple-spindle work 
—that of the revolving work-head or turret-head 
equipped usually with from four to six spindles. 
The most obvious gain effected by the employment 
of these machines is the increase of output due to 
the fact that, say, six spindles are in operation 
simultaneously in one machine instead of dividing 
the work between six single-spindle machines ; 
yet an attendant who could not peregrinate between 
half a dozen machines will easily attend to one. 
In the most advanced types he does not move 
away from the loading station, nor is the machine 
stopped for a moment. But this does not reveal 
the whole story, for problems of floor space, of 
overhead charges, of the volume of identical work 
done, are all included. 

Floor space, the quantity of counter-shafting, the 
cost of supervision, and overhead charges are all 
reduced. Against these have to be set the enhanced 
cost of the more highly elaborated machine, the 
extra time required and expense of the sets-up 
of tools, and the problem of the suitability of these 
machines for production in mass, or perhaps in 
moderate quantities. 

The cost of machines is one of relative value. It 
must be compared on the basis of output achieved 
by the individual machines which it displaces— 
say, six in number—plus all the advantages just 
moted that concern floor space, number of atten- 
ants, supervision, and overhead charges. The 
increase of detail, much of which is highly compli- 
«wated, adds to the cost. But the only ultimate 
test is that of output in relation to expenditure. 
‘That this is favourable to their use is evident 
by their general installation in those shops where 
mass production rules. 

The expense and delay of preparing and setting 
up batteries of tools may act as a deterrent to the 
purchase of multi-spindle machines ; but the same 
objection has often been made to turret lathes in 
the vast, though it is now regarded as groundless. 
But, actually, to consider the time of making and 
setting-up apart from the time occupied in tooling 
is absurd; the two must be added and the mean 
struck in order to arrive at the efficiency. This, in 
fact, is a feature that characterises the work of all 
the later machine tools of any class—the time ratio 
between tool setting and actual performance. 
While the tendency now is towards ever-increasing 
elaboration in the setting up of tools, this is accom- 
panied with vastly lessened times occupied in actual 
cutting. If comparison is made with older methods 
when single tools were mounted and changed, the 
gain amounts to many hundreds per cent. The 





output of many machines handling small pieces 
appears nearly incredible ; it is rendered possible 
by the ingenuity displayed in the sets-up of tools, 
and by the mechanisms with which they are 
actuated. 


With some exceptions, the cutting tools are of | 


are cumulative. When a firm concentrates on one 
particular class of machine, it possesses unique 
opportunities of observing where improvements can 
be effected. Being in close and constant touch 
with its clientele, it is quick to distinguish the 
things that make for economy and for satisfactory 











Fig. 1. 








NationaL ACME 5-SPINDLE AUTOMATIC. 











Fic. 2. SprnpteE Heap oF 


simple forms, cut from plain bar and gripped in 
holders. The elaboration is not in the tools, but 
in the mechanisms by which they are held and 
operated for cutting transversely, with steadies, 
downwards, curved or spirally, boring or recessing. 
Many tools are kept in store and used in different 
combinations. 

The enormous productive capacities of the multi- 
spindle automatics are rendered possible by minute 
attention devoted to details, the results of which 








NationaL AcME AUTOMATIC. 


results from those which do not. It learns how to 
counteract the effects of wear in prolonged service, 
and to reduce lost motion to the least possible 
amount. Every detail bears the impress of the 
specialist in design, possessed of the mechanical in- 
stinct and equipped with an ever-widening ex- 
perience. One can hardly fail to admire the results 
that are accomplished with such apparent ease. The 
machines are full of marvellous elaborations, yet 





none deal with pieces of large dimensions such as 
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MULTIPLE-SPINDLE AUTOMATICS. 


Fig.7. BLANK SOCKET USED WITH A SOCKET 
WRENCH FOR NUTS. 
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18¢ Position. Rough Form, & 
Dri Large Hole. 












2° Position. Form all over 
with Dovetatl Tool, & Drill 
Small Hole part way. 
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37% Position, Finish Drilling 
Smodl Hole, & Chamfer. 














4% Position, Recess. 











5% Position, Cut off. 
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Fig.9. ORAY-LINK USED WITH MOTOR CAR BALL 
CRANK IN CONNECTION WITH STEERING MECHANISIA 





















18¢ Posttion. Rough Form,& Rough 
Cup, (Twist Drill). 


2" Position. Finish Form, & 
Drit part way. 





3° Position. Finish Drill, & 
Face from Top Stide. 


4” Posinon. Finish Cup. 
(Special Grouna Twist rul). 


5% Position. Cut off. 
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the National Acme Company, of Cleveland, Ohio, 
U.S.A. The firm’s “C” 5-spindle automatics are 
made in two sizes, & in. and 1g in. Their main 
characteristics can be gathered from Fig. 1, page 4. 
There are five work-holding spindles that are carried 
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18-In."Nationat Aome Set-Up For: MAKING BLANK SOCKETS. 





Fie. 10. Nationan AcmE Macuine Set-Up ror MAKING Dray LInkK. 


in an indexing rotating head A; they are presented 
to tools supported on aslotted tool bar B, occupying 
a central position. The drive is by belt from 
a countershaft, or with a motor as shown. 

The tool slide or “‘ turret ’’ B, which has five faces, 
is aligned with the work spindles—a most vital 
feature, by supporting it at three positions. At the 
front, an extension of its slide fulfils the function of 
a pilot C, entering the spindle carrier A; at the 
rear it is carried by a sleeve that is mounted in a 
heavy bearing D, supported in the framing, and 
below, with an extension of the pusher rod E into 
the frame. The extension travels along a steel 
guide, hardened and ground, along the centre of 
the bed. The pusher rod also has a bearing in 
the upright frame behind ; it is operated directly 
with a lead cam on the maincamdrum F. The tool 





slide is long, to permit of mounting tools one behind 
the other. The surrounding space leaves ample 
room for fixing up tools and making adjustments 
from either side of the machine. Right-hand tools 
alone are used. For threading and high-speed 
drilling, separate attachments are fitted. 

The spindles and their enclosing carrier reveal 
features that are improvements on earlier designs. 
Instead of placing the driving and indexing mecha- 
nisms at the rear of the spindles, the overhang there 
is reduced by locating them nearly centrally between 
the spindle bearings. This also enables the distance 
between the bearings to be extended, with increase 
in steadiness. Fig. 2 shows this, where, a cover 
being removed, the spindle-driving gears are seen 
supported adjacent to the front bearing. The 
spindles are fitted with bronze bearings, which run 
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in steel bushings, hardened, ground and lapped, 
and fitted into the carrier. The carrier fits into 
its casing at both ends with a total bearing surface 
equal to half the length of the cylinder. End thrust 
is provided against by counterboring the casing at 
the front to receive that portion of the cylinder. 
In case wear should occur, shoes are provided for 
taking-up above the bearings. The spindles are 
driven from a shaft G, seen at the right of Fig. 1. 
This passes through the main tool slide and drives 
the hardened spiral gears, Fig. 2, which are pro- 
vided with end-thrust bearings. 

The indexing of the spindle carrier is of vital 
importance because of its frequency and the neces- 
sity for avoiding shock ; indexing occurs far more 
frequently than in an ordinary turret. The ¥-in. 
machine has in some cases a productive capacity 


ROLLER BEARING CONE. 
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18t Position. Finish Form & 
Drill part way. 





2nd Position. Rough Face, & 
Drill part way. 





37% Position. Finish Drill, & 
Shave from Top Side. 





4% Position. Ream with 
accelerated Reaming Attachment, 
& Cut off. 









5% Position. Feed out, 
Rough Form & Centre. 
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of 3,000 pieces per hour. This means that the 
spindle-carrier must be indexed and locked nearly 
once in a second. Provision is made in this short 
period to turn rapidly, and lock at a reduced speed 
without excessive shock or strain. Locking is 
effected with a latch-bolt at the rear and a lock- 
bolt at the front. The lock-bolt is withdrawn by 
a positive cam from one of the five indexing notches 
in the cylinder. The latch-bolt slides up the slot 
on the opposing side of the head and springs into 
position at the next slot. Simultaneously the 
lock-bolt, which has a tapered face, is set in position 
with a positive cam action. 

The stock-feed slide, Fig. 3, has its bearing on 
two shafts, and is actuated by a cam roll direct 
from the main cam drum (see Fig. 1). This there- 
fore acts with a straightforward movement, which 
is better than the use of a radially swinging lever. 
The chuck-operating slide for opening and closing 
the collets is actuated from cam rolls direct from 
the drum. The feed tubes are supported in a disc, 
Fig. 3, to prevent whipping. The feed-tube return 
ring brings all five back. The stop for the stock 


does not occupy one of the tool positions, and 
therefore the use of tools for all five positions is 
available. The collets are of the draw-back type, 
and this with the employment of flat tool-holders 
permits of heavy cutting being done close to the 
work, 

The forming and cut-off slides H, Fig. 1, are 
not mounted on the bed casting, but on bearing 
plates attached to the bed. The cross-slide levers 
are actuated from a drum on the main camshaft. 
The tools are adjusted by means of a screw through 
the slide, so that tools and holders have not to be 
loosened and adjusted endwise. The tools cannot 
over-travel, for a forming stop bracket has five 
arms, holding adjustable studs, located between the 
work spindles, Fig. 4, one for each spindle. Contact 
made by these with an adjusting screw in the bracket 
on the forming slide fixes the distance of cross- 
travel for each spindle in the forming positions. 
The forming slides are of the “double deck ’’ design 
to carry tools above and below to reduce cutting 
time. The entire machine is mounted in a chip 
pan of large area. The-bed is of an oval form 
beneath the main slide, so that chips fall down into 
the pan. Lubrication is ample. 

A few examples of work done are given in subse- 
quent figures. Fig. 5 shows a group of specimens 
fromthe ~-in. machine, and Fig. 6, from the 1-in. 
Fig. 7 shows the successive stages in making a 
blank socket. The photograph, Fig. 8, illustrates 
the tool set-up of the 1§-in. machine for these. 
Figs. ‘9 and 10 show the tool arrangements for 
machining a motor-car dray link. Fig. 11 illus- 
trates the stages in producing a roller-bearing cone. 
The drawings, with the descriptions, are self- 
explanatory. 

(To be continued.) 





THE INTERNATIONAL RAILWAY 
CONGRESS. 
(Continued from page 809 of the previous volume.) 
LUBRICATION OF AXLE-BOXES. 


At the conclusion of the meeting of Section II on 
Wednesday morning, June 24, and on the resump- 
tion on Thursday morning, a final summary was 
adopted on the basis of the reports on Question IVB, 
Reduction of Cost of Traction: Lubrication of Axle- 
Boxes for all Rolling Stock. This showed that cast 
steel was the most common material in use for 
engine axle-boxes, although some use was noted of 
non-ferrous alloys. The fitting of dust shields was 
advisable wherever possible, and it was desirable to 
keep down the bearing pressure as far as was possible, 
to reduce wear and to avoid overheating. It 
would seem that a close study of the point would 
prove useful, although in some ways it was governed 
by factors in design not pertinent to the question 
under discussion. Generally speaking, a tin-base 
white metal was the more suitable for cases where 
alternating and hammering actions had to be 
contended with, but a lead-base metal could be used 
for other cases. Mechanical lubrication, though 
still in the experimental stage, was giving encourag- 
ing results. 

For axle-boxes of coaches and wagons cast steel, 
also, was referred to as being the best material for 
high capacity stock, especially when it was subjected 
to rough usage. Open-fronted or one-piece types 
of axle-boxes were in greatest use. Some care was 
necessary to ensure against loss of oil from the boxes 
and also to guard against the entry of rain water. 
Practice was divided on the question of pads and 
packing for boxes. Either system proved satis- 
factory, if proper attention were given to design and 
maintenance. It was becoming the general practice 
to abstract and refine waste oil recovered from 
discarded packing or pads. For the purpose of 
reducing the necessary stock of spares, it was 
desirable, especially for wagon stock, to adopt 
standardised types of axle-boxes. This provision 
would also expedite the work of the examining and 
repair staff. 

Tue Eieut-Hovur Day. 

In Section IV on Tuesday and Wednesday, 
July 23 and 24, consideration was given to the 
question of the eight-hour day. The reports of 





Mr. W. Clower and of M. L. Valani and M. P. 





Soulez were first presented insummary. In opening 
the discussion, Dr. J. H. Parmelee emphasised the 
vital importance of the subject and laid stress on 
the three main points brought out in the reports. 
These, he stated, as : the essential difference between 
eight hours of actual work and attendance during a 
period of eight hours, the ineffectiveness of the 
eight-hour day, unless it were synonymous with 
eight hours’ actual activity, and the necessity of the 
workman doing more work per hour. The discussion 
showed the extreme difficulty in many parts of the 
world of working on the eight-hour system, as 
climatic, service and other special circumstances 
varied in the different regions and made the adoption 
of any rigid scheme well-nigh impossible. 

At the conclusion of Wednesday’s proceedings, 
Sir Evelyn Cecil submitted a resolution to the effect 
that Section IV of the International Railway Con- 
gress was of the opinion, after full statements by the 
representatives of the different countries, that a 
rigid eight-hour day as laid down in the Washington 
and Geneva Conventions, was not practicable, and 
could only be adopted with limitations in accordance 
with varying local conditions and requirements. 

The original draft resolution was submitted with 
certain additions at the meeting of Section IV 
on Thursday morning, June 25, and after a discus- 
sion in which Sir Evelyn Cecil, M. C. Colson, of 
France, Mr. J. G. Clemente, of Spain and Mr. 
W.G.J. Hill, of South Africa, took part, the follow- 
ing form was adopted: ‘“‘ That Section IV of the 
International Railway Congress is of opinion, after 
full statements by the representatives of the different 
countries, that a rigid eight-hour day is not 
practicable, owing to varying local conditions and 
requirements, but that each case should be examined 
with due regard to surrounding circumstances 
and taking into consideration the special character 
of the railway work to be executed.” The Section 
also decided to draw attention to the necessity 
of not confusing hours on duty with those of actual 
work, while at the same time care should be taken 
to limit reasonably the number of hours on duty on 
any one day. It was also agreed that it was 
necessary to spread over a sufficiently lengthy 
period the compensating number of hours on duty, 
in order to strike an average of eight hours per 
day with a limited number of overtime hours, 
as the circumstances of the several countries would 
permit. 


Lieut RAILwAays AND COLONIAL RaILways. 


Under the chairmanship of Mr. G. Semenza, the 
meetings of Section V of the Congress, Light 
Railways and Colonial Railways, was devoted on 
Tuesday and Wednesday, June 23 and 24, to 
consideration of the report on Question XIII, 
Establishment of Light Railways. Mr. H. Marriott, 
late Assistant to the General Manager, London, 
Midland and Scottish Railway, summarised the 
teports made by himself and by M. Louis Bonneau, 
formerly Director of Public Works in Indo-China, 
on this subject. 

M. Bonneau’s report dealt with all countries 
except America, the British Empire, China and 
Japan. Many administrations it appeared had no 
light railways and appeared to have constructed 
on permanent lines at the start. The metre 
gauge was generally adopted. Rails varying in 
weight from 20 to 26 kg. (40°3 to 52°4 lb. per 
yard) were in use. Metal sleepers were used 
almost exclusively in French colonies, while in 
other places wooden ones were employed. The 
rolling stock generally consisted of light engines 
and goods wagons of 10 tons capacity, except in 
Java, where Mallet compound engines of 60 tons 
were in use. It was suggested in this report that 
there was need for differentiation between what are 
commonly understood to be light railways and those 
constructed to open up new territory. 

From Mr. Marriott’s report it was gathered that 
there were no light railways, as the expression was 
generally used, in Canada, and the term light 
railway was unknown in the United States. There 
were no less than 1,500 miles of light railways in 
the British Isles, with 14 different gauges, ranging 
from 14 inches to 4 ft. 8} in. The practice in New 
South Wales was to construct all lines to the standard 
gauge (4 ft. 84 in.), but since 1890, to minimise 
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capital cost, a large part of the mileage had been 
constructed of the light pioneer type with 60 lb. 
per yard rails, laid on earth formation and ballasted 
with earth. India had about 15,000 route miles 
of line of metre gauge and about 3,000 miles of 
2-ft. 6-in. gauge. In South Africa there were 
1,135 miles of narrow-gauge lines, of which 437 miles 
were in the South West. 

Mr. Marriott expressed the opinion in his report 
that in the development of new countries and in 
districts where the traffic prospects were not suffi- 
cient to justify the capital cost of a standard 
gauge line, a system with a 2-ft. 6-in. gauge might 
be laid cheaply, with the understanding that it 
could be easily lifted when the construction of a 
standard gauge line was justified. Light railways 
should, he said, be classified in two groups—those 
having an authorised maximum speed of 25 m.p.h. 
and those having an authorised greatest speed of 
15 m.p.h. This report concluded with a descrip- 
tion of the road-rail system, which is being tried 
at present in opening up new districts, and which 
combined the principles of road and rail transport 
and the “ Rutway” system, in which the wheels 
run without any flanges on flat metal surfaces 
at the bottom of two deep ruts in the lowest 
part of the permanent way. 

In the course of the discussion, M. Level, France, 
insisted that in opening up new countries a gauge 
of 1 metre should be preferred to the smaller ones, 
because of the fact that such a line could be used 
for the haulage of heavy loads. M. Teixeira, Portu- 
guese State Railways, suggested that speed should 
be the discriminating factor in differentiating 
between light railways and pioneer lines. In 
Europe, light railways were constructed for the 
purpose of establishing connection between neigh- 
bouring localities, whereas in the Colonies these 
railways joined up districts which were considerable 
distances apart. M. de Sousa, Minister of Commerce 
and Communications, Lisbon, asked that too fine a 
distinction should not be drawn between the two 
types of railways. There were really two groups: 
principal lines and feeder lines. There followed a 
considerable amount of discussion on the relationship 
and definition of the two types of railways, and 
eventually the chairman asked the delegates to 
confine their attention to pioneer lines. M. de 
Benedetti, Italy, M. van Leeuw, Belgium, and 
Professor Tajani of Milan, all referred to the gauges 
in use in their own countries and colonies, and their 
remarks showed great variation in outlook on the 
question of dimensions. 

In the afternoon session of Tuesday, June 23 
the question of speeds to be adopted for light rail- 
ways was discussed. It was pointed out by M. Level 
that the administrations in France at present en- 


joyed a great amount of liberty in determining] pensable. The differences in working conditions 
their speeds of running, and he suggested that it} on broad gauge and light railways should receive the 
was undesirable to establish any rule in the matter, | greatest consideration if the light railways and 
because the authorities might impose restrictions | feeder lines were not to be handicapped in their 
which would hamper their working. This opinion] working. Attention should be given to the develop- 
found strong support from M. C. Thonet and|ment of motor-’bus services and also to the disas- 
M. Jacobs, of Belgium, and the chairman then de-| trous effects upon the interests of the light railways 
termined from the delegates that no decision should | brought about by the considerable reductions in 
be sought regarding the question of speed regulations. | tariffs in suburban areas, which the broad gauge 
When this Section again met, under the chairman- railways were able to make owing to subsidies 
ship of M. Semenza, on Wednesday morning, June 24, received directly or indirectly from the public 
a draft resolution was submitted by the chairman, | authorities. The principle of the participation of 
which after discussion, in which M. Gillet, M. Level, | of the conceding powers in the gross receipts of 
M. van Leeuw, and M. de Benedetti took part, light railways, being irrational from the point of 
was finally adopted unanimously in the following | View of operation and opposed to the public interest, 
terms: ‘‘ Whilst recognising that gauges of less should no longer form a clause in legal agreements 
than 1 metre have been employed in various coun- | and deeds of concession, and should be replaced by 
tries, and -have given good results, the Congress participation limited exclusively to net profits. 


is of opinion that for pioneer railways in new coun- 
tries, a gauge of about 1 metre is to be recommended. 
In cases where special conditions call for the adop- 


tion of a smaller gauge, that of 60 cm. is advocated, | on Thursday, June 25, under the chairmanship of 
but at the same time curves less accentuated than| Mr. E. F. C. Trench, a summary of the reports on 
those which are possible with that gauge should be| Maintenance of Permanent Way, prepared by 
maintained as far as practically possible with the | Mr. W. H. Coomber, London, Midland and Scottish 
financial means at disposal. It is to be recom-| Railway, Mr. G. J. Ray of the Delaware, Lackawanna 
mended that gradients be reduced to a strict mini-|} and Western Railroad, U.S.A., M. R. Ruffieux, 
P.L.M., France, and M. H. Deyl, of Czecho-Slovakia, 
Major-General Sir H. F. E. Freeland (India) spoke | was submitted by M. Ruffieux. 


mum compatible with local conditions,” 


of the intense difficulties experienced in India in 


opening up néw country for the purpose of bringing} Railways was the subject of the report by Mr. 


labour and material costs were reduced, the chances 
of development would remain remote. He then 
described briefly what was desirable from the rail- 
way engineer’s standpoint, particularly with regard 
to straight alignment and the consequent expen- 
sive cuttings and bridges. Owing to the expense 
entailed in constructing such lines and keeping 
to the high standards required by Government 
inspectors, light railways commensurate with the 
requirements were not being built. The types of 
country, which had to be considered, could be 
classified as, flat open country, where a maximum 
gradient of 1 in 100 could be obtained without 
heavy cost, and where curves of 150 ft. radius need 
not be exceeded, and rough, semi-mountainous or 
undulating country, where, if heavy expense was 
to be avoided, grades up to 1 in 25 and curves as 
sharp as 50 ft. radius, must be employed. For the 
former, he thought it debatable whether light 
Decauville railways, with their adhesion locomotives 
or tractors, or the road-rail system was the most 
suitable. For the second class there was little 
doubt that the road-rail system was the most 
promising. He then referred to some Indian 
railways and showed that a road-rail system could 
be constructed in India at a cost of 1,4001. per mile 
in difficult country, and at 1,1001. per mile in easy 
country, as compared with 7,000/. per mile for a 
light broad gauge (5 ft. 6 in.) system, or 5,7001. 
for a light metre gauge one. 

When Section V, Light Railways and Colonial 
Railways, met on Thursday, June 25, they discussed 
Concessions for Light Railways based upon a report 
for all countries drawn up by Messrs. Biraghi and 
P. Lo Balbo. The interest shown in light railways 
by national and local governments was sufficient 
proof of the great importance of these secondary 
lines and of their influence in improving the economic 
and social conditions of a country. In many cases 
concessions involving financial assistance in the 
form of a subsidy were necessary in order to render 
the construction of a railway possible. When 
concessions were granted to public or private 
companies, it was indispensable that the powers 
given for the building and working of the railway 
should bring into harmony the interests of the 
concessionaires and those of the public. In a 
number of countries at the present time, the 
tendency of legislation was to give a more liberal 
interpretation to light railway regulations. Further 
action was still necessary, however, in the direction 
of allowing concessionaires the greatest possible 
freedom in matters regarding operation. 

This discussion led to the formulation of the 
following conclusions: For the construction and 
operation of light railways, financial aid on the 
part of the conceding powers was generally indis- 


MAINTENANCE OF TRACK. 
On the resumption of the proceedings in Section I 


The Maintenance of Track on British Empire 


designs of permanent-way materials, embodying the 
result of many years experience, were in use. The 
Committee on the Standardisation of Track had 
done much to bring about this state of affairs and 
were still working with the aim of obtaining absolute 
uniformity. Little progress had been made in the 
use of mechanical appliances for taking up and 
relaying track although some development was in 
progress on the Midland Great Western Railway of 
Ireland and also on the Canadian National Rail- 
way. This was in a great measure due to traffic 
and working conditions. Large stafis of men 
were necessary for patrol work and for dealing 
quickly with emergencies ; consequently, the capital 
outlay on machinery could not always be justified. 
Such operations as tamping were still done by 
hand although pneumatic tamping tools were being 
tried on one English and some of the Canadian 
railways. The amalgamation of the British railways 
into four great groups had brought about various 
alterations which were still in the transition stage. 
Again, insufficient time had elapsed since the 
previous report in 1922 for definite corclusions to 
have been reached respecting the value of the 
measures for economy in organisation which were 
still under trial. 

The report, prepared by Mr. G. J. Ray, on 
this subject as regards America, dealt chiefly with 
recent advances in the replacement of old or worn- 
out material by mechanical means. The most 
uniform and satisfactory results were obtained when 
the general repair work was so arranged as to 
provide for the overhauling of one-third or one- 
quarter of each section of track every year. Under 
such an arrangement, the whole of the permanent 
way of the undertaking was overhauled every three 
or four years. Although track maintenance work 
done by contractors had usually been found satis- 

factory it was the general opinion that better 
results could be obtained by doing this work with 
administration labour under the jurisdiction of the 
supervising officer and track foreman. 

Treated sleepers were now largely used, and it was 

essential that they should remain in use until no 

longer serviceable. Mechanical appliances for 
removing old sleepers and placing new ones without 

raising or digging out the ballast had been tried 

with some success in cases where gravel or cinder 

ballast was used. They had proved unsuccessful 

however, on heavy traffic lines using stone ballast. 

Pneumatic tamping machines were being operated 

with highly satisfactory results and had effected 

considerable savings in expense. Moreover, the 

machines could be adapted to other uses such as the 

drilling of rails, the boring of holes in sleepers, the 

driving of spikes and general riveting work. The 

power was derived from portable petrol engines. 

When traffic conditions permitted, economical 

results had been obtained by using locomotive 

cranes for laying long stretches of rail. Other 

administrations were utilising the three-man rail- 

layer. This machine consisted of a small frame 

mounted on four wheels and having a windlass to 

which was attached a chain running over a system 

of pulleys and provided at its fall with an idle 

pulley with rail tongs attached to it by means 

of suitable links; The cleaning of ballast by 

mechanical means had proved to be an efficient 

method of dealing with this class of work where 

traffic was not heavy. For this purpose a number 

of railroads were using locomotive cranes equipped 

with clam-shell buckets. The ballast was first 

dug out from between the sleepers by hand, it was 

then picked up and dumped on an inclined screen 

mounted on a gondola or dump car. The clean 

ballast was returned to the road bed, leaving all 

the fine stone and dirt in the car. Other railroads 

were using a rotary ballast cleaner. This machine 

consisted of a petrol engine driving a cylindrical 

screen and three conveying belts, mounted on a 

skeleton truck. The ballast was dug out by hand and 

shovelled on to a conveying belt which delivered it 

to the revolving screens. From the latter the 

thoroughly cleaned ballast returned to the track. 

The dirt was conveyed to the embankment by means 


of a belt. The machine was capable of handling as 


much dirty ballast as fourteen men could shovel 


on to its conveyor. 








new traffic to the existing railway systems. Unless 'W.H.Coomber. In the United Kingdom, standard 








Improved types of ballast cars and air dump cars 
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were coming into general use. Spreaders for 
distributing ballast and waste materials, and ditching 
machines, were also performing work at a very low 
cost compared with hand work. The use of track 
motor-cars for transporting men to and from work, 
and for handling the smaller stores, such as bolts and 
spikes, had materially assisted in keeping down costs. 

The methods of maintenance and repair of track 
adopted by the French railways were described by 
M. R. Ruffieux of the Paris, Lyons & Mediterranean 
Railway, who dealt principally with those points 
which were left somewhat obscure at the Rome Con- 
gress. He also briefly alluded to the changes which 
had taken place since 1922. The organisation of 
the track-maintenance department had been little 
affected by the recent application of the eight-hour 
day with the exception that the number of casual 
day-labourers had materially increased. There 
was a tendency to reduce the daily inspection of 
lines by local workmen and to increase inspection by 
more responsible officials, allowing the latter rapid 
means of transport for the purpose. The adoption of 
a system of methodical relaying of track was to be 
recommended. Renewals of line or ballast were 
almost exclusively done by contract, the French 
State Railway being the exception to this rule. 
Contractors were usually allowed to make use of 
such mechanical devices as they thought fit, and 
trucks fitted with appliances for the mechanical 
loading and unloading of rails had been utilised, 
notably on the Nord Railway. Devices for ramming 
and for the screwing up of bolts had also come into 
operation. .The question of costs was a vital one, 
and substantial economies could be effected by 
employing the permanent working staff to the best 
advantage. 

The report of M. H. Deyl, of the Czecho-Slovakian 
Railways dealt with the methods in use in other 
countries than the British Empire, America and 
France. From the experiences recorded it was 
thought that continuous inspections and renewals 
should be effected. It was advisable to examine 
systematically the methods and organisation of the 
work of continuous renewal of the track, including 
the rails, the sleepers and the ballast, so as to 
improve the methods of working and secure econo- 
mics in labour. It seemed possible to adopt 
a rational arrangement of the work by making use 
of the known methods in workshop practice and 
applying them to the requirements of track work. 
The-use of mechanical devices was advantageous in 
dealing with the more important relaying work 
and offered: economical and technical advantages 
as long as the tools used were appropriate. 

In the discussion which followed, M. Henry of the 
Est, France, M. C. Jullien and M. H. Quinquet, of 
the P.L.M., and M. A. V. Ferriera, of the Portuguese 
Railways, in addition to the authors of the various 
reports, took part. In the proposals, which were 
adopted, attention was directed to the necessity 
for proper construction and drainage of the 
formation and track. Standardisation of material 
was desirable for both technical and economical 
reasons. Time spent in periodical rounds of 
inspection should be reduced, and it was desirable 
to determine the proportion which should exist 
between labour employed and the work done. 
Although the system of carrying out local mainte- 
nance work where found necessary was adopted on 
many railway systems, the majority of the reporters 
considered that the system of periodical general 
overhauling was the safer and more economical 
way of working. It was desirable to undertake 
experimental work to determine the best methods 
of carrying out individual types of maintenance 
work, taking into account the advantages to be 
derived from the use of mechanical appliances. 
Ballast must be kept clean and free from vegetation, 
and sleepers should not be scrapped before reaching 
their limit of wear. The obstacles to the use of 
mechanical processes in routine maintenance work in 
European railway systems were generally of an 
économic nature. Where such troubles do not 
exist, as in America, considerable economies were 
effected by the use not only of tamping machines, 
but also of plant for screening ballast, levelling the 
track, &c. Motor trolleys constituted an economic 
means of transporting men and materials for 
maintenance work. 








Mr. Miles, of the L. M. and S. Railway, at the 
request of the Chairman, then gave a description 
of a track-laying equipment used on the Southern 
Railways of Ireland. This consisted of a locomotive 
drawing a truck carrying an electric generator, 
six or eight cantilever wagons and a van for the 
personnel. By means of the crane a whole section of 
track could be removed and a new section laid in 
its place. 

LEVEL CROSSINGS. 

The Chairman then asked M. R. Ruffieux to open 
the discussion of Question 1B, Level Crossings, by 
presenting a summary of the special reports on the 
subject. 

French railways were unanimous in maintaining 
that the costly guarding of level crossings could be 
gradually abolished. The report on the subject, 
prepared by M. R. Ruffieux, stated that the matter 
had been submitted to the Administration of Public 
Works and was still in their hands, Active oppo- 
sition on the part of road users and others had been 
encountered, and no progress had been made since 
1922. 

The report on the same subject for America, 
was drawn up by Mr. G. J. Ray, of the Delaware 
Lackawanna and Western Railroad Company. The 
laws and regulations pertaining to level crossings 
varied greatly in the different States, but the safety 
of the public was the first consideration. Improved 
mechanical devices for warning the public of 
approaching trains had made it possible for rail- 
roads to discontinue flagmen at a number of 
crossings. The authorities were permitting the use 
of these on highways where the density of traffic 
did not present a difficulty. Where crossing 
gates were installed they were always operated by 
the attendant by means of mechanical, electrical, 
or compressed-air devices. As a rule, one crossing 
only was worked by each gateman; sometimes, 
however, two or more near-by crossing gates were 
operated from a central elevated gatehouse. There 
were 256,000 public level crossings on first class 
railroads in the United States; many of these, 
which formerly were unimportant and only slightly 
dangerous, had become a menace to life on the 
highway and an obstruction to the safe passage of 
trains. The general abolition of crossings, although 
desirable, could only be considered in thickly 
populated districts and where rail traffic was dense. 
An average of 30 per cent. to 35 per cent. of the 
cost of eliminating level crossings was borne by 
the public in the United States. In Canada the 
expense was apportioned as follows: railroads, 
35 per cent. to 50 per cent.; municipalities, 35 
per cent. to 40 per cent.; Government level- 
crossing fund, 15 per cent. to 25 per cent. 

The report on “ Level Crossings” for all coun- 
tries except the British Empire, America, France, 
Italy, Spain and Portugal, was prepared by Mr. 
H. P. Maas-Geesteranus, of the Dutch Railways. 
There was, he said, a tendency to reduce working 
costs by abolishing level-crossing guards at all 
places where traffic was small or where approaching 
trains could easily be seen from the roadway in all 
directions. Automatic warning signals, preferably 
of the optical or luminous type, should be provided 
in place of gatekeepers, together with advance 
signals some distance away from the line, on roads 
frequented by motor-cars. It was desirable that 
these signals should be different from those indica- 
ting level crossings provided with gatekeepers. 
Special indications should also be given when 
crossings were supervised only during certain portions 
of the day. 

In the final summary of decisions, it was agreed 
that the abolition of gate-keepers gave important 
economic advantages, and yct caused no incon- 
venience to crossings at roads, except where the 
traffic was exceptionally heavy and where the 
field of view of approaching trains from the road 
was insufficient. Signals, visible by day and night, 
could be erected to notify users of the road of the 
approach of trains and they should be placed so as 
to allow drivers of the fastest vehicles to pull up 
before reaching the crossing. When the view of 
approaching trains from the road was poor, gate- 
keepers could be dispensed with if automatic 
apparatus was installed to announce the approach 


for part of the day, the warning apparatus should 
be hidden from public view during the time they 
were under supervision. Among the best types of 
automatic apparatus, those having two scintillating 
lights or oscillating signals, that could be depended 
upon, were regarded as valuable. Whatever was 
used should show a danger signal to road users, 
should the equipment get out of order. Standardisa- 
tiop of the devices used for signalling at crossings 
was desirable, so that their indications would be 
understood by all using the roads of any country. 


Frxep SIGNALS. 


The sections dealing with Locomotives and 
Rolling Stock (No. IT.) and with Working (No. III.), 
held a joint meeting on Thursday, June 25, under 
the chairmanship of M. du Castel, the Director- 
General of the Ministry of Public Works, France, 
for the discussion of the reports on Fixed Signals, 
prepared by Mr. W. J. Thorrowgood for the British 
Empire, M. C. de Benedetti for Italy, Belgium and 
Holland, Mr. W. H. Elliott for America, and 
M. Laigle for all the other countries. 

The report on current practice regarding fixed 
signals in Great Britain, Northern Ireland, India, 
the Dominions, Protectorates, and Colonies was 
drawn up by Mr. W. J. Thorrowgood, Signal and 
Telegraph Superintendent of the Southern Railway. 
The signalling systems and the various types of 
semaphores and combinations of lights in-use at the 
present time were stated to be the outcome of years of 
experience. Rules of the road and the organisation 
of shunting movements had also been formulated 
as a result of demands made for increased effici- 
ency and safety. In the administrations under 
review there existed very great differences not only 
in the indications conveyed by signals, but also in 
the aspects of the signals themselves, whether by 
day or by night. 

The greater weight and speed of trains had been 
the cause of the increase of the distance between the 
home and the distant signal from 880 yards, which 
had been the usual practice, to one mile and even 
more. The position and height: of a signal was 
always important and this was determined on all 
railways by a inspecting committee. Signals were 
placed on the left-hand side and as near the road 
to which they referred as possible. When it became 
necessary to have groups of signals, these were 
always spaced out in such a way as to render each 
group easily recognisable by the driver. On the 
majority of railways the drivers stood on the left- 
hand side of the locomotive foot-plate, but on some 
railways they stood on the right-hand side, and, 
being occasionally unable to see the signal which 
applied to their road, had to rely upon their fireman. 
There were objections to this practice and from a 
signalling and safety point of view, it would be 
advantageous that this and other matters be 
standardised. 

The types of signals for various classes of traffic 
were next considered by the reporter, as were the re- 
peater signals for use during foggy weather. In some 
cases the latter took the form of small semaphore 
arms mounted on short posts, so as to form a minia- 
ture of all the signals on the signal post or bridge. 
The small semaphores were connected by wire to 
the ordinary semaphore arms they represented and 
were worked in unison with them. In other cases 
the positions of the semaphore arms were repeated 
in the fogman’s hut by means of electric repeaters 
similar in shape and pattern to the signal repeaters 
in the signal box. On electric railways, where light 
signals were installed, a successful attempt had been 
made to dispense with fogmen by providing light 
repeaters about 11 ft. 6 in. above the rails and 
about 100 yards from the signal itself. 

Proposals which had recently been put forward 
for installing four-aspect daylight coloured signals. 
With these the colour red signified “stop,” one 
yellow light representing ‘‘ proceed, reduce speed, 
prepare to stop at next signal,” two yellow lights, 
close together, indicating “‘ proceed, reduce speed, 
next signal is at caution,” and green representing 
“proceed.” From a point of view of efficiency and 
economy, light signals were superior to the sema- 
phore by day and lights by night system in use 
at the present time. Experiments had demon- 
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general introduction of the system was a question 
of economics involving costs of installation. The 
subject of power signalling was receiving attention, 
as it tended to increase the efficiency of traffic 
working. Power and automatic signalling systems 
were undoubtedly costly to instal, but their 
superiority over manually-operated systems, especi- 
ally at large stations and in congested areas, justified 
the initial outlay. 

Railways in Canada, Australia, South Africa, New 
Zealand, India, and the Colonies were highly deve- 
loped. The principles of British signalling practice 
formed the basis of the systems used in these 
countries. In some cases, however, modifications 
had been introduced to suit the conditions of the 
climate and the labour employed. 

Mr. W. H. Elliott, of the New York Central Rail- 
road, reported on the subject of fixed signals for 
America, The signal section of the American Railway 
Association had done much towards the standard- 
isation of signalling practice. Early difficulties with 
older types had led to the introduction of the three- 
position semaphore. For dense traffic and for 
large stations, the automatic system of signalling 
was used, displaying three block indications. It 
had been found to meet the situation satisfactorily, 
as it permitted a reasonable minimum spacing 
between trains. In order that trains might be 
moved with safety in large stations it was necessary 
to install interlocking to insure that the switches 
and signals should be operated in such pre-deter- 
mined and proper order that no two signals could 
be cleared at the same time authorising movements 
on routes which conflicted. It has been demon- 
strated that for large termini two-arm signals 
could be arranged to give all the indications ce- 
quired, the upper arm working in three positions 
and the lower in two positions. For mechanical 
reasons and from a point of view of practicability, 
interlockings at most of the large stations in 
America were of the power-operated type. 

Light signals had proved so efficient, reliable, and 
safe that their use in place of the semaphore was 
considered advisable in all cases of renewals or new 
installations. Indications were given either by 
colour or by the position of the lights or by a com- 
bination of the two. 

In the United States, of the 40,065 miles of road 
equipped with automatic block signals, 20,226 
miles were single track. Under the older forms of 
blocking considerable delay and unnecessary ex- 
pense of operation were sometimes incurred, and for 
this reason the absolute-permissive-block system 
of automatic signalling for single track was deve- 
loped. In principle, the A.P.B. system was an 
arrangemént by which the section of single track 
between passing sidings could at a given time be 
used only, by trains running in one direction, these 
trains being allowed to follow each other from one 
siding to the next, spaced and protected by the 
automatic block signals as if running on a track 
with the current of traffic. While the section 
between passing sidings was occupied, the route 
was held and could only be used for following 
movements. Trains desiring to move in the 
opposite direction were held at the siding at the far 
end of the secti n by a signal displaying a “stop ” 
indication. Immodiately after the last train had 
passed and the track between passing sidings was 
unoccupied, it was possible with the A.P.B. 
system for a train to enter this single track section 
from either end, the first train entering establish- 
ing the direction of authorised movement and the 
signal at the other end chanzing to display a “stop ” 
indication. The A.P.B. method had been found 
so efficient in regulating single-line traffic as to 
increase track capacity greatly. Double tracking 
had in many cases been indefinitely postponed by 
the installation of this system of signalling. 

' Fixed signal practice in France and all countries 
except America, the British Empire, Italy, Belgium, 
Holland, Denmark, Sweden and Norway was 
dealt with in a report prepared by M. Laigle, of the 
French Midi Railway. In French signalling systems 
many types existed involving the use of semaphores 
and round or square discs by day, and single or 
double lights by night. Generally speaking, 
Spanish and Central European railways used both 
the semaphore and the disc for signalling purposes. 





The South Manchurian Company used the British 
signalling system. ‘ 

Although the absolute block system was used in 
one or two cases in France, the majority of the 
railways of that country preferred the permissive 
system, the latter method being mure flexible and 
equally safe, provided necessary precautions were 
taken. On the other hand, the absolute block was 
in force in most Central European countries, in- 
cluding Alsace-Lorraine. Daylight coloured and 
position signals were being experimented with. 
From the point of view of simplifying the signal 
system in the neighbourhood of large stations, they 
were oertainly advantageous. Their adoption 
might prove useful on electrified lines in conjunc- 
tion with the automatic block, but it should in all 
cases be remembered that the current required to 
operate fairly powerful luminous signals by day and 
night was appreciable. 

The increased cost of labour during the last four 
years rendered the use of the automatic block 
signalling system an attractive proposition. The 
French Midi Railway had had an automatic block 
system for more than 20 years, over 407 miles of 
double track. Other French railways were making 
extensive trials and while the companies concerned 
were showing some hesitation in adopting the 
system they recognised that it was capable of giving 
complete satisfaction as a safety device. 

In the report of M. Carlo de Benedetti, it was 
suggested that for the future semaphore signalling 
with home and distant arms should be generally 
adopted because of the advantages that it presented 
over other methods. On main lines having many 
curves and run over by trains at high speed, it was 
necessary that the signals should show the following 
indications :—For the home signal, ‘“ absolute 
stop,” “‘ proceed at reduced speed,” ‘“ proceed at 
normal speed ’’—and for the distant signal, pro- 
ceed, next signal at danger,” “‘ proceed, next signal 
is at proceed at reduced speed,” and “ proceed, 
next signal is at proceed at normal speed.” All 
indications should be quite distinct, clear and simple, 
so as to avoid any doubt in their interpretation. The 
best positions for a semaphore were undoubtedly 
horizontal, inclined at 45 deg. downwards, and 
inclined at 45 deg. upwards, At night, the most 
suitable lights corresponding with the three positions 
of the arm were, red (stop), yellow (reduce speed), 
and green (line clear). 

After discussions on each item of a draft proposal 
based upon all the reports, and submitted by M. de 
Benedetti, it was decided to make the following 
recommendations. As there was considerable varia- 
tion in practice in the different countries, as, for 
example, the use of two, three and four-position 
semaphores, it was suggested that signalling 
systems should be further examined and experi- 
mented with so that results may be obtained for 
communication to the next Congress. When three- 
position signals were used, the movable arms 
should give the three indications: ‘‘ Stop,” 
“Caution” and “Clear.” Other indications as to 
speed should be given by the relative positions of 
two three-position arms. The customary lights— 
red, yellow and green—should be used for “‘ Stop,” 
“Caution” and ‘ Clear” respectively. When 
signals could not be seen over long distances or 
in places subject to fogs, warnings by boards or 
white stripes on posts should be provided in order 
that the installation of a second warning by acoustic 
signals, fog signals or luminous repeating signals 
might be avoided, as far as possible. When electric 
current was available it might prove advisable to 
substitute electric lighting for mineral oil lamps. 
The gradual application of the automatic block 
system compatible with the local conditions, 
utilising the system which was most suitable, com- 
bined in certain places with luminous signals, was 
recommended. 


RaILway StTAtTISTICs. 


At a meeting of Section IV, General, on Thurs- 
day, June 25, under the chairmanship of Dr. J. H. 
Parmelee, a discussion was held on “ Railway 
Statistics,” and a series of proposals was formu- 
lated for presentation to the general meeting of the 
Congress. These indicated that statistics of rail- 
way operations were essential matters in dealing 





with possible increases in railway efficiency and 
economy. All statistics should not be regarded as 
an end in themselves, but as a means of increasing 
the production of an. adequate service at as low a 
cost as possible to the user and as remunerative as 
possible to the owners. Whatever statistics were 
compiled, their cost should not become an undue 
burden on the total costs of operation. It was 
also decided that the continuation of the efforts 


already made to standardise the collection and “ 


exposition of statistics in all countries was desir- 
able and that standard units should be established 
for use in their compilation in order that more 
exact international comparison could be made. 


BREAKAGE OF RAILS AND JOINTS. 


On the resumption of the meetings on Friday 
morning, June 26, the proceedings of Section I, Way 
and Works, were devoted to a consideration of 
Breaking of Rails and Joints. Four reports were 
submitted on each subject, those for America 
being prepared by Mr. W. C. Cushing, those for 
the British Empire by Mr. C. J. Brown, for France 
by MM. Merklen and Cambournac, and the other 
countries by Mr. J. Willem. 

The importance of systematically reporting all 
rail failures was fully emphasised by Mr. W. C. 
Cushing, of the Pennsylvania Railroad, in his 
report for America. Wear, unless excessive, was not 
a vital factor in rail failure ; elasticity of the track 
formation due to yielding soil was to a large extent 
responsible for rail-breakage. Again, the ballast 
was often frozen very unevenly in winter, according 
to the degree of water-saturation. This brought 
about additional punishment of the rail by the 
moving traffic. Opinions differed as to the advisa- 
bility of using inclined rails to minimise the risk of 
rail-breakage; further trials would, however, 
definitely settle the question. Frequent and 
regular stops and rising or falling gradients all had 
a bearing on the problem of rail-breakage. Corro- 
sion in wet tunnels and on sections over which a 
large tonnage of refrigerator traffic was hauled, 
had proved serious factors in promoting failure. 
In the latter case the attack on the metals was due 
to brine drippings from the refrigerator tanks. 

In 1864 steel rails were introduced into America 
for the first time; they were made in England by 
the crucible process, and their weight per yard 
amounted to 56 1b. Bessemer-steel rails were soon 
after purchased, and the weight of the rails was 
increased to 67 lb. per yard in 1867, Rail failures 
continued to be a source of trouble, however, 
owing to the rapid increase in the severity of the 
service. The latter seemed to outstrip the power 
for the economic replacement of rails. In 1873 
the American Society of Civil Engineers appointed 
a committee to. study the form, size, manufacture 
and testing of rails, with the object of ascertaining 
the endurance of the metal and its resistance to 
breakage. The earliest known written specification 
of the Pennsylvania Railroad was dated September, 
1876, and referred to Bessemer-steel rails. This 
specification laid down that the carbon content 
should not be less than 0-30 per cent., and not 
more than 0-50 per cent. The metal was also to 
be subjected to a bending test. After remaining 
in force for many years the specification was 
amended and more elaborate tests were imposed, 
following upon the work done by succeeding com- 
mittees of the American Society of Civil Engineers. 
Between the years 1908 and 1913 Bessemer steel 
was gradually superseded by open-hearth steel. 

Segregation was a matter of great importance 
because it was an almost invariable accompaniment 
of a defective head and web. Brittleness and 
hardness were nearly always associated with it, 
and slag was also sometimes present. The result 
of the examination of many “split-head”’ rails 
seemed to show that failure was due to segregation. 
Such rails nearly always consisted of a hard, unsound 
interior and a softer exterior. The flow of softer 
metal developed a crack in the harder, unsound, 
and less ductile interior, resulting in a “split head.” 

The failure of rails due to slight internal flaws and 
cracks (termed “transverse fissures”) had given 
rise to extensive research. The general conclusion 
arrived at was that a relation existed between high 
percentages of carbon (0-6 per cent. to 0-9 per cent.) 





Be tt De Gh ok a fee 6K 





Juty 3, 1925. ] 


ENGINEERING. 


If 








and the formation of transverse fissures, although 
the cause of the defects was thought to be thermal 
rather than chemical. Apart from this, little 
progress had been made towards the elucidation of 
the problem. Additional research into the materials 
and methods of rail manufacture was rendered 
necessary, however, by the increasing density and 
weight of traffic. 

Detailed drawings of the various types of rail 
profiles, fish-plates, and joints used in American 
practice were submitted. The strength and stiff- 
ness of fish-plates had been improved to a large 
extent by (a) modifications in the design ; (b) the 
employment of open-hearth instead of Bessemer 
steel in the manufacture ; (c) by the heat-treatment 
of the steel either with, or without, additional 
alloys. These improvements had reduced joint 
breakages to an almost negligible quantity. 

The British Empire report of Mr. C. J. Brown, 
of the London and North Eastern Railway, showed 
that primary cause of fracture, where it was not 
due to excessive wear or to abnormal conditions, 
could be attributed to chemical or mechanical 
defects in the steel and the weakness of the track 
at the joints and in their vicinity. As there were 
relatively few rail fractures where steel of a quality 
satisfying the British Standard Specification was 
used, it would not be justifiable to make any modifi- 
cations in the standards. Attention should still be 
given, however, to the improvement in manufacture 
with a view to eliminating flaws, segregations and 
other chemical and mechanical defects. Careful 
maintenance of the track especially at joints, 
seemed to be the best method of reducing the 
number of fractures. To keep down the number 
of joints, a length of rail as long as circumstances 
would permit was advisable. 

Again in the French report of MM. Merklen 
and Cambournac, it was shown that the initial 
causes of rail fractures were piping, segregation, 
zones of small blowholes, slag inclusions, excessive 
brittleness, and extremely fine cracks which had 
escaped notice during the inspection. The necessity 
for research into the primary causes of each fracture 
was evident. It was necessary to establish close 
collaboration between the works and the repre- 
sentatives of the railway systems to obtain the 
desired improvements. The fish-plate joint was one 
of the chief of the secondary causes of rail fracture. 
It would, therefore, be of service if investigations 
were conducted to effect improvements, particularly 
with a view to the abolition of the shock effect, 
which was absent on the length of the rail. 

Mr. J. Willem, of the Belgian State Railways, 
in his report for other countries, said that age had 
an effect on the quality of the rails, as it appeared 
that the phenomena of re-crystallisation and modi- 
fications of texture in material subjected to repeated 
shock would show themselves in rails that had 
been for long in service. The wear of rails, 
elasticity of the road bed, cold, the inclination of 
the rails,the sections of the line, curves and gradients, 
and corrosion had not given rise to any points of 
interest. The Netherlands State Railways con- 
sidered that the breakages at or near joints were 
seven times as common as in the other portions of 
track. Many railway systems were now using sor- 
bitic rails, but were unable yet to give information 
on the results obtained. The Belgian State 
Railways had put down trial sections of sorbitic 
rails, titanium steel rails and of electric furnace 
steel rails, but the European War interrupted the 
experiments and prevented practical information 
being obtained. After presenting his report, 
Mr. Willem read a statement received from Japan 
on a new instrument called the “ Magnetic Rail 
Defectoscope,” by which faults were determined 
by the amount of the magnetic leakage flux, when 
the rail was magnetised. 

A general summary of the reports was then put 
to the meeting, paragraph by paragraph, and 
discussed until agreement could be reached on 
its terms. It is not necessary to reprint the whole 
of the statements. It was shown that the examina- 
tion of the information regarding rail breakages 
supplied by the various systems had proved difficult 
and comparison was quite impossible, owing to 
the fact that statistics were kept in different 
manners. Uniform rules were, therefore, desirable. 


Breakage. was first defined as complete separation 
into at least two portions. Classification of break- 
ages should be made according to the weights of 
the rails in three groups—110 Ib. to 140 lb. per 
yard, 85 lb. to 105 lb. per yard, and light rails 
under 85 lb. per yard. Grouping of fractures 
according to the age of the rails was also necessary, 
and the ranges should be :—Under 5 years, 5 to 
10 years ; 10 to 15 years, 15 to 20 years ; and over 
20 years. The total number of breakages, irre- 
spective of weight or age, should for each company 
be considered in reference to the volume of traffic 
and the standard should be the number of fractures 
per 6,250,000 train-miles, or 10,000,000 train- 
kilometres. After the desire had been expressed by 
the Chairman that, in view of the discussion, infor- 
mation should also be added of the maximum 
axle loads, this provision was agreed to, and it 
was decided that the information provided by the 
railway companies should be collected for each 
year and published together. 

It appeared desirable that breakages should also 
be classified for light, medium and heavy rails in 
such a way as to give the percentage of breakages 
in the portions of the rails covered by and clear of 
fishplates, and also the percentage of the fractures 
with and without the characteristic “silvery oval 
spot,” and those showing signs of oxidisation. 
Investigation jointly with the steel manufacturers 
was necessary to find the initial causes of fracture. 
The segregation found in the metal of the greater 
number of fractured rails appeared to be the most 
frequent primary cause of the trouble. Heat treat- 
ment of rails appeared to have the effect of improv- 
ing the quality of the metal and certainly reduced its 
brittleness. It was thought necessary to follow up 
these deductions by further experiments with heat- 
treated rails. Among the secondary causes of 
breakages, the most important were the shocks 
produced at the joints by the rolling loads. This 
action could be reduced by increasing the length of 
the individual rails and by the improvement of 
the design of the joints. Careful maintenance of 
the track and the exercise of close inspection 
enabled the removal of rails when the initial signs 
of an impending fracture became apparent. 

Regarding joints, it was decided that they formed 
the weakest part of the whole track, and it was 
advisable that test should be made on all railways 
with a certain number of joints, such as bridge 
joints, in which the ends of the rails rested on a 
metal bridging piece between the sleepers on each 
side of the joint, suspended joints in which the 
sleepers each side of the joint were brought close 
together and joints in which holes in the web of the 
rail were not required. Means of stopping creep of 
rails should be provided independent of the joints. 
The periodical lubrication of fish-plates was to be 
recommended and the parts should be removed to 
facilitate the examination of the end of the rails 
covered by the plates. Heat treatment of fish- 
plates was recommended so that any abnormal 
brittleness might be removed. 


Hiau-SepEED Exectric LOcomMoTIvEs. 


When Section ITI, Locomotives and Rolling Stock, 
resumed their discussions on Friday, June 26, 
M. Lacoin took the chair, because the president of 
the section, M. Weiss, had to act as special reporter 
on the subject under consideration, namely, High- 
Speed Electric Locomotives. M. Weiss then pre- 
sented a resumé of the two reports, that prepared 
by Mr. J. T. Wallis for America and his own for all 
the other countries. 

The subject of the drive, or the mechanical con- 
nection between the armature shaft and driving 
axle, received a large share of attention in Mr. J. T. 
Wallis’ report on American high-speed electric 
locomotives. The New York Central, the New 
Haven, and the Pennsylvania Companies had each 
developed their locomotives independently, with 
the consequence that each had radically different 
types of drives. 

The bi-polar gearless system used on the New 
York Central Railroad gave the most direct connec- 
tion between motor and axle, the armature being 
built solidly on the driving axle. The use of a 
bi-polar motor permitted the armature to move 





freely in a vertical direction between flattened pole 


faces, so that the entire motor, except the armature 
and brush holders, could be carried by or be a part 
of the locomotive framing. Moreover, this type of 
motor had the advantage of a rigid connection 
between the armature and axle, and completely 
eliminated motor bearings. That it had not been 
adopted more generally was probably due partly 
to its restriction to direct current, and partly to the 
low efficiency and small capacity of the motor in 
slow service. The standard locomotive of the New 
York Central Railroad had a wheelbase of 46 ft. 5 in. 
Bi-polar gearless motors had been used throughout, 
and the weight per pair of 36-in. drivers amounted to 
33,437 lb. Taken altogether, the bi-polar, gearless 
motor had apparently led to the use of a relatively 
large number of driving axles, small wheels and light 
axle loading, with low centre of gravity. 

The geared quill drive used on the New Haven 
line had led to a smaller number of driving axles, 
with larger wheels, higher centre of gravity, 
and moderate axle loading. After extensive pre- 
liminary experiments, 40 passenger and freight 
locomotives of the 2-4 + 4-2 type, equipped 
with twin motors geared to quill-spring drive, 
were put into service in 1913, and had given 
eminently satisfactory results. Further increase 
in train weights made it desirable to build loco- 
motives of still greater capacity. Since the driver 
loads were already up to the road limit, locomotives 
built more recently were equipped with two addi- 
tional driving axles and two additional truck axles, 
making them 2-6-2 + 2-6-2, with a wheelbase of 
59 ft. 6in. This locomotive was now the standard 
of the road. 

The rod drive of the Pennsylvania Railroad 
had led to the minimum number of driving motors, 
heavy axle loading, and relatively high centre of 
gravity. With this type of drive it was necessary 
for the journals to be between the wheels, and 
therefore large in diameter. Locomotives driven 
by the gearless rod principle, having a wheel- 
base of 55 ft. 11 in. and driving wheels 6 ft. in 
diameter, had been in service on the Pennsylvania 
Railway since 1910, had shown great reliability, 
and were capable of remaining on the road for a 
long time without inspection or overhauling. The 
latest locomotive design for the Pennsylvania 
Railway embodied motors above the frames, rela- 
tively high centre of gravity, gears, jack-shaft in 
line with driving axles, and rod drive. [The latest 
examples of the Pennsylvania Railroad were very 
fully illustrated by means of two-page plates, &c., 
in our issues of January 30 and February 13 
last.—Eb. E.] 

The 2-6-+ 6-2 locomotives of the Chilean State 
Railways had relatively small motors, liftle heavier 
than some used on multiple-unit cars. They were 
geared directly to the axles by means of flexible 
gears, and were giving excellent results. 

The type and location of the motors and the 
design of the locomotive,as a whole was entirely 
influenced by the method of driving employed. The 
indications were that locomotives using the quill 
drive should not have more than three axles per 
truck, and, when load per wheel was relatively large, 
they should have only two axles per truck. When 
axles were connected in groups by means of rods, 
the motors were large in size and small in number. 
When each axle was separately driven the motors 
were small in size and larger in number, with a 
more complicated control system. No data were 
available to show any advantage of either method 
over the other. 

Generally speaking, there was a tendency towards 
greater application of the principles followed in 
steam locomotive design, and towards a greater 
co-operation between electrical and mechanical 
engineers. 

The report on “ High-Speed Electric Locomo- 
tives ” for all countries, except America, was pre- 
pared by M. Weiss, of the Swiss Federal Railways. 
While electric locomotives of various types had been 
running for many years, hauling slow passenger and 
freight trains, high-speed locomotives for hauling 
through express trains were comparatively few in 
number. Methods of driving could be divided 
into two main systems: rod drive and indepen- 
dent drive. The rod drive enabled the traction 
motors to be placed higher, and this appreciably 
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improved the running of the locomotives. More- 
over, the commutators were more easily accessible. 
The “Ganz” rod drive had been adopted by the 
Paris-Orléans line. There were two systems, the 
isostatic, in which there was no connection between 
the crank arms of the motors, and the hyperstatic, 
in which the cranks of the two rotors of the motors 
were coupled. The 4-4-2 and 4-6-4 locomotives of 
the German State Railways were driven by a large 
motor from the front and from the rear by means of 
two connecting rods, inclined at 45 deg. on each side 
to two intermediate shafts. These in turn, trans- 
mitted the movement to the driving wheels by 
means of coupling rods. 

The independent drive was that most generally 
used. In the Westinghouse system, in use on 
French and Swiss Railways, twin motors were 
rigidly fixed to the chassis above the correspond- 
ing driving axle, and by means of two pinions, 
rigidly attached to the shafts, were geared to the 
driving spur wheel carried at one of the ends of the 
hollow axle. The movement was transmitted on 
each side to the driving wheels through springs. 
Each spring was encased, at both extremities in 
collars carried, the one on the hollow shaft, the other 
on the driving wheel. The springs were clear of 
the wheels and could easily be replaced, they were 
rigidly fixed at both ends and absorbed all the move- 
ment. Consequently, there were no joints or pins 
which were subject to wear. The M.F.O. system 
of the Oerlikon Company, used on the P.L.M. 
Railway, was somewhat similar, the hollow shaft was 
connected to the wheels by a system of connecting 
links and springs. The Tschanz driving system 
was also used on the Swiss Federal Railways and 
made use of a pinion with an elastic drive geared 
with the toothed wheel of an intermediate shaft. 
The driving couple of this intermediate shaft was 
transmitted to another toothed wheel carried on a 
bearing attached to the frame. The latter toothed 
wheel had a hollow centre and carried a housing 
for the articulated driving shaft, the other end of 
which was carried in a corresponding housing in 
the driving wheel. The Brown Boverielastic drive 
used on the locomotives of the Swiss Federal 
Railways, allowed universal freedom of movement 
of the driving gear in relation to the driving wheel. 
Lubrication of all the driving mechanism was 
effected by an oil pump arranged on the bearing of 
the driving gear wheel and driven by the latter. 
The pumps took up the oil thrown out from the 
gearing (which collected in pockets provided for 
the purpose), passed it through a filter and then 
carried it to the various points requiring lubrication. 

The French Midi and the Austrian Railways had 
under construction locomotives with vertical motors 
placed above the axle, and bevel gear drives. The 
Midi type was fitted with twin motors, each driving 
a double bevel crown wheel keyed to the hollow 
axle, by means of bevelled pinions. The transmis- 
sion of the movement of the hollow axle to the 
corresponding concentric motor axle was effected by 
an elastic driving mechanism situated on each side. 
The Austrian type worked on a similar principle. 

Current collectors were either of the pantograph, 
bow, or shoe type, bui the latter were generally only 
used for voltages not exceeding 1,500 volts. The 
pressure of collectors against the wire differed 
appreciably. The bows on direct current locomo- 
tives, the bearing surfaces of which had to be 
of large dimensions in consequence of the large cur- 
rent used, exercised pressures of from 22 to 33 lb. 
The bows of single-phase locomotives exerted pres- 
sures of 6-6 lb. to 13-2 lb., while the bows of the 
three-phase locomotives of the Italian Railways were 
constructed to exert a pressure of about 11 1b. 

There was a fairly well-marked difference in the 
lighting systems and the supply of current to the 
lighting circuits. Whereas some Administrations 
utilised the traction current direct for this purpose, 
and, apart from auxiliary lamps, using paraffin, 
acetylene, and the like, made no provision for 
emergency, other companies fitted their locomotives 
with direct-current lighting plant with batteries 
and a motor generator set for charging them. This 
last method was to be recommended, because the 
lighting of the locomotives and the operation of the 
controls were by this means rendered independent 
of the traction current. 


THE “M.B.W.” 


FLEXIBLE COUPLING. 


CONSTRUCTED BY MESSRS. M. B. WILD AND CO., LIMITED, ENGINEERS, BIRMINGHAM. 


















The variation in practice in the different countries 
of the world having electric locomotives was found 
to be so considerable that difficulties were experi- 
enced in deciding upon definite proposals. 

Eventually a final summary of the reports was 
agreed to. by the Section and showed that both the 
tram type and. the gearless type of transmission 
could be used on high-speed locomotives with satis- 
factory results. It had been found, however, to 
be desirable in view of the unsprung weight and the 
relatively low centre of gravity, to limit the axle 
weight on the rail to a reasonable value. The 
“« quill-drive ’ might be and was used on high-speed 
locomotives. For this system of transmission the 
quill and the driving axle must be kept concentric, 
as far as was practically possible, and the difficulties 
contended with in this increased. as the number of 
axles under one frame was increased. For trans- 
mission systems for locomotives in which the rod 
drive was used it was advisable to fit shock ab- 
sorbers. The different types of gearing with oil or 
grease lubrication, which were actually in use on 
high-speed locomotives, seemed to give satisfactory 
results. Insufficient evidence was so far available 
to enable any recommendation to be made regarding 
the relative superiority of either the rod or the direct 
drive for high-speed locomotives. Bissel trucks or 
bogies only appeared to be necessary for locomo- 
tives running at very high speeds. Oil switches 
and transformers were generally used on high-speed 
locomotives operated with alternating current and 
did not appear to have given any particular trouble. 
Electric pneumatic control was thought to be the 
type which should give the best results. So far 
electric traction with high-speed locomotives had 
not been in use long enough to enable conclusions 
to be reached on the comparative difference in cost 
of upkeep between the various types of motors, 
but it was thought that it would be small. High- 
speed steam and electric locomotives were used in 
such different ways on the principal railways that 
it had not been possible to arrive at any definite 
conclusions regarding the relative mileage they 
would run between the execution of heavy repairs. 
So far, however, both experience and theoretical 
investigation had indicated that the electric loco- 
motive would show the better mileage. 


(To be continued.) 





THE INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Minutes of Proceedings No. 14 of this Institution contains 
a reprint of a lecture dealing with the history and evolu- 
tion of the Avro training aeroplane, delivered by Mr. R. J. 
Parrott at a meeting held on January. 9 of this year. 
A report of the discussion on the lecture is also included. 
Copies can be obtained, at the price of ls. 6d., on applica- 
tion to the Hon. Secretary of the Institution, whose 
offices are at 60, Chancery-lane, W.C.2. 
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THE ‘M.B.W.’’? FLEXIBLE COUPLING. 


TuE flexible coupling which we illustrate in Figs. 1 
and 2 on this page has been designed and patented by 
Messrs. M. B. Wild and Co., Limited, of Argyle-street, 
Nechells, Birmingham, primarily for use in connection 
with the hauling and winding machinery which they 
construct. It will be evident, however, that it is equally 
applicable for many other classes of work where heavy 
power transmission at low speeds has to be dealt with. 
The coupling, however, operates satisfactorily at speeds 
up to 750 r.p.m. 

As will be seen from the figures, the coupling consists 
essentially of two cast-iron discs with alternate pieces 
projecting into the space between them, and the drive 
is taken on these projections by interspaced units. 
These ‘units are made up of steel shoes bedded on 
rubber, one shoe being attached to the driving, and 
the other to the driven projection. Between each 
pair of shoes is a steel ball working on a slightly 
concave surface, and held in place by bosses cast 
on the steel shoes. The latter are of manganese 
steel, and it will be evident that the arrange- 
ment adopted enables one-half of the coupling to 
move either axially or radially with respect to the 
other, and thus to take up any misalignment or 
end play between the shafts. In assembly, the.shock 
absorbing and irisulating members are inserted radially, 
and are then held in position by the metal strips shown, 
which are secured by locked set-screws. We may 
say, in conclusion, that the couplings are manufactured 
in various standard sizes. 





GARRATT LOCOMOTIVE FOR THE 
LONDON AND NORTH EASTERN 
RAILWAY. 


On page 792 of our issue of June 26, we described, 
very briefly, the leading features of the 2-8-8-2 type 
Garratt locomotive,. constructed by Messrs. Beyer, 
Peacock and Co., Limited, to the designs of Mr. H. N. 
Gresley, C.B.E., for the London and North Eastern 
Railway. Our illustrations, Figs. 41 and 42, Plate 
LVI, and Fig. 43, page 791, showed the leading dimen- 
sions and the general appearance of the complete 
locomotive, together with its appearance when partly 
erected in the shops. 

By the courtesy of Mr. Gresley, we are able to give 
in this issue further illustrations of the detailed con- 
struction in Plates I to IIT and the illustrations on the 
opposite page, and for convenience of reference we 
reproduce in Figs. 1 and 4 the general view and the 
outline from our previous article. The locomotive 
is made up essentially of three units, consisting of 
the two engines, and the frame carrying the boiler. 
The two engines are practically duplicates of one 
another with the exception of the tank arrangements, 
and it is therefore unnecessary to describe them 
separately. The boiler unit is carried between the 
engines’ on two pivot bearings, on the well-known 
Garratt principle, which enables the engine to 
take very sharp curves, and: thus -to enter 
goods yards and turn-outs laid to short radii, when 
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2-8-8-2. GARRATT LOCOMOTIVE: L.& NER. 


H. N.- GRESLEY, C.B.E., CHIEF MECHANICAL ENGINEER. 
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Fie. 31. Front ENGINz Unit CoMPLETED. 


necessary. An additional, and more important, ad- 
vantage of the arrangement is that the boiler and 
firebox are entirely clear of the engine components, 
and their dimensions are therefore only limited by 
the loading gauge. It may be mentioned, in passing, 
that Messrs. Beyer, Peacock have built a consider- 
able number of Garratt locomotives for service on 
railways abroad which have been very successful, 
but that the engine which forms the subject of 
our description will be the first application of 
this principle to British railways, and is moreover 
of much larger dimensions than any locomotive of 
this type previously manufactured. It will, in fact, 
constitute by far the most powerful engine of any 
type in use on any British system, and is also the first 
six-cylinder locomotive to be built. It is intended for 
use as a banking engine for heavy coal trains on the 
Worsboro’ Branch between Wath and Penistone, a 
distance of 7 miles on a rising grade, of which 2 miles 
are on 1 in 40. The weight of these coal trains is 
approximately 1,000 tons, and at present they are 
worked by two engines in front and two or three 
banking engines in the rear. The Garratt engine will 
replace the latter. 

In describing the details of the construction, it 
will be convenient to deal first with the engine as a 
separate unit. Each unit consists of an eight-coupled 
engine with a two-wheel truck. The three cylinders 
drive on to the second axle from the outer end. Refer- 
ring to the illustrations, Figs. 41 and 42, Plate LVI, ante, 
and Figs. 29 and 31, annexed, show the unit completed 
and in course of erection. Figs. 5 to 8, Plate II, show 
the arrangement of the cylinders and valve gear, and 
Figs. 9 to 20 on the same plate show details of the 
cylinder construction. As stated in the note on 
the engine in our last issue, the arrangement of the 
cylinders and valve gear, shown in Figs. 5 to 8, 
is practically a duplicate of Mr. Gresley’s 2-8-0 
type engine, employed on the Great Northern 
section of the railway. From Fig. 5 it will be seen that 
the gear is of the Walschaert type for the outside 
cylinders, and does not call for special comment. To 
obtain the motion for the valves of the inside cylinder, 
the movement of the two outside gears is combined 
by the Gresley system of levers. This arrangement is 
shown in Figs. 6 and 7. Two horizontal rocking 
levers, of unequal length, are connected with the 
outside cylinder valve tail rods by means of two 
short links. The longer lever has a length between 
centres of 6 ft. 14, in., while the shorter has a length 
of 2 ft. 1 in. The latter is pivoted at its centre on 
the shorter end of the long lever, and this, in turn, is 
pivoted on a fixed point at a distance of 4 ft. 0} in. 
from the tail rod. The second end of the short lever 
actuates the valve spindle of the inside cylinder by 
means of another short link. The three cylinders all 
drive on to the second coupled axle as stated above. 
The two outside cylinders are inclined 1 in 40, and 
are slightly above the axle centre line, the inside 
cylinder being in line with the others across the engine 
but above them, and inclined 1 in 8 so that the rod 
may clear the leading coupled axle. Details of the 
cylinders are shown in Figs. 14 to 20 and Figs. 9 to 13, 
the latter figures showing the outside cylinders and 
the former the inside ones. The steam is taken from 
the header to each engine unit by lagged steam pipes, 
fitted with the maker’s special type of steam ball 
joint placed under the centre of the pivots. The 
three cylinders, which are separate castings, are 
bolted up together, and to the frame, to form one unit, 
as can be seen in Fig. 29. For the outside cylinders, the 
steam chests are above the cylinders, while for the 
inside one it is alongside. In all cases the steam pipe 
connects with the top of the castings. The lagged pipe 
from the ball joint to the cylinders is just visible in 
Fig. 31. The exhaust outlets of the outside cylinders 
are formed in the faces which bolt on to the inner 
cylinder, as shown in Figs. 9 to 13, and the passages 
are carried through the inside cylinder casting to a 
common branch in the centre of the casting as shown 
in Fig. 16. From this point the exhaust passes out 
through the elbow seen in Fig. 29, and thence through 
lagged pipes to the blast pipe. Unlike some types of 
articulated locomotives, both exhausts are made use 
of for draughting. All three cylinders are 1 ft. 64 in. 
in diameter, the stroke being 26 in. 

The coupled wheels, coupling rods, connecting rods, 
and most of the details of the engine units are identical 
with the 2-8-0 type engines. The inside crank is 
provided with balance weights. Plate frames, which 
can be seen in Fig. 29, are employed for the engine 
units. They are provided with heavy longitudinal, 
transverse, and vertical stays. The lower member of 
the pivot, which is carried on a cross transom between 
the frames, can be seen in this figure. The leading 
unit carries a water tank of 2,800 gallons capacity. 
This tank, which can be seen in Fig. 31, is shaped 
on the underside to give access to the steam pipes, and 
to the inside mechanism of the engine. The trailing 








unit, seen in Fig. 41, Plate LVI ante, has a 2,200-gallon 
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tank similar to the front one, but is fitted in addition 
with a coal bunker of 7 tons capacity. This bunker is 
of the self-trimming hopper type, to ensure the coal 
being automatically moved forward by gravity towards 
the footplate. It is made high and narrow in order to 
give the best possible outlook from the cab, The spring 
rigging of the engine unit follows Great Northern prac- 
tice, being under-hung and each spring being arranged 
with tension links. Each engine unit is provided with 
steam-brake cylinders operating brake blocks on each 
coupled wheel, the brake rigging being of the com- 
pensated type. The Doncaster form of steam sanding 
is provided to the outer and inner end coupled wheels 
of each unit. 

The boiler, shown in Figs. 21 to 24, on Plate ITI, and 
in Fig. 30, on page 13, is of the round-topped type, 
and is of exceptional dimensions. It has two parallel 
courses 6 ft. 10% in. and 7 ft. outside diameter, 
respectively, and is 12 ft. 5 in. long between the 
tube plates. As can be seen from Fig. 22, an out- 
standing feature is the wide water space round 
the fire-box. These spaces taper from 4 in. in 
width at the foundation ring, to 7 in. at the top. In 
general design the boiler follows the usual practice of 
the Great Northern section of the London and North 
Eastern Railway. The copper fire-box is exceptionally 
large, giving very free steaming combined with good 
fuel economy, and resulting in combustion being prac- 
tically completed in the fire-box itself. The working 
pressure is 180 1b. per square inch. There are 45 tubes 
5} in. outside diameter and 275 tubes 2 in. outside 
diameter. The heating surface of the tubes is 2,757 
sq. ft. and of the fire-box 237 sq. ft. The grate area is 
56-4 sq. ft. The smoke-box is circular, and contains 
a superheater header of the Robinson type, having 
45 elements. On top of the header are two Gresley 
air valves for relieving the back pressure when running 
with the steam shut off. The fire door is considerably 
wider than the normal to allow the very wide grate to 
be fired. 

The ashpan is provided with the usual front and back 
doors admitting air, and also two doors on each side for 
cleaning purposes. The firegrate is of the fixed bar 
type, but is provided with a drop section operated from 
the footplate for cleaning purposes. The two-wheeled 
trucks have double cradles or swing bolsters. One is 
shown in Figs. 25 to 28, on Plate III, the drawings 
being self-explanatory. Fig. 28 shows the position of 
the swing links, &c., under conditions of extreme side 
play of 9 in. 

The boiler cradle, which forms the centre unit of the 
engine, is shown in Figs. 2 and 3, on Plate I, from which 
it will be seen that it is built up of two long frame 
plates, tapering off at each end to a reduced depth, and 
reinforced by suitable stays and the end headstocks, 
the latter forming the upper portion of the pivot. The 
method of mounting the boiler on this frame is clearly 
shown in Fig. 31, the front bearers being riveted 
in the usual way and the rear bearers resting on 
expansion plates. This view also shows the front 
headstock and upper portion of the pivot. The regu- 
lator and main steam pipe are of unusual size for 
locomotive practice, the internal diameter of the former 
being 7} in. The driver’s fittings, arranged on the 
back of the firebox, are generally in accordance with 
the Great Northern Section practice. The engine is 
arranged for left-hand drive, in accordance with the 
latest practice decided upon for the London and North 
Eastern Railway as a whole. The regulator is double- 
sided—that is to say, it can be operated from either 
side of the engine with equal facility. 

The injectors are the Gresham and Craven type, 
No. 12 size, these being, we understand, the largest 
injectors of this pattern working in Great Britain. 
The injectors themselves are placed under the foot- 
plate, with clack valves on the firebox back. Steam 
reversing gear is provided for the motion of the usual 
steam and cataract-cylinder type. The operating 
levers in the cab are provided with an indicator showing 
the point of cut-off of the valve gears. The majority 
of the small steam valves are mounted on a steam turret 
on the top of the firebox; each valve has a separate 
cut-out valve, which enables the steam to be shut off 
at any time when repairs have to be effected to any 
pipe joints, &c. The driver's cab is of the totally 
enclosed type, with sliding side windows and half door, 
and is unusually commodious. 

In the following table we give a summary of the 
principal dimensions and other information regarding 
the locomotive :— 

Cylinders (three on each unit) 18} in. diam. by 

26 in. stroke. 


Valves, piston oe ite .. 8in. dia. 

+» Maximum travel ... -. 5 in, 

>» steam la Sat ane A tig 

» exhaust lap ... } in. 
Cut off, full gear 75 per cent. 
Wheels, diameter, bogie 2 ft. 8 in. 

ee a coupled ... 4 ft. 8 in. 

Journals, coupled wheels 


8} in. diam. by 
10 in, 





Boiler barrel, maximum diameter... 84 in. 

Ed minimum ... 82 @ in. 

cS length sam 12 ft. 5 in. 
Firebox shell, total length ... 9 ft. 4 in. 

a width outside 7 ft. 6} in. 

es length inside top 8 ft. 2% in. 

an length inside bottom 8 ft. 54% in. 
Tubes, small (275) ... . “ 2 in. 

» large (45) 5} in. 
» length Sate 12 ft. 5 in. 
Heating Surface, tube 2,757 sq. ft. 

9 firebox 237 sq. ft. 
Heating surface, total 2,994 sq. ft. 
Superheating surface 646 sq. ft. 
Grate area... vee . 56-48q. ft. — 
Working pressure... eve .-- 180 Ib. per sq. in. 
Tractive effort at 85 per cent. W.P. 72,940 lb. 
Tractive power wee +» 476-7 lb. per Ib. 

M.E.P. in 
cylinders 
Ratio of tractive effort (85 per cent. ) 
to adhesive weight (tanks full)... 1 to 4-37. 
Weight on bogie wheels (working 
order) ee ... 34 tons 8 cwt. 
» coupled wheels ... 143 tons 14 ewt. 
» total . 178 tons 


2,800 gallons. 


Tender water capacity, front tank... 
2,200 gallons 


rear tank ... 


” ” 


Coal ri 7 tons 
Total wheelbase be son 79 ft. 1 in. 
Distance between pivot centres 40 ft. 8 in. 
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RatLway-CeENTENARY MeEpAt.—In connection with 
the Railway Centenary Celebrations, a bronze com- 
memorative medal, designed and modelled by Mr. Gilbert 
Bayes, has been struck in London, the makers being 
Messrs. John Pinches, 21, Albert Embankment, 8.E.1. 
On the obverse are portraits of Edward Pease, chairman 
and guiding influence in the management of the first 
public railway, and of George Stephenson, who built 
the first engine on the railway and drove it on its historic 
journey on September 27, 1825. The coats-of-arms 
of the towns of Stockton and Darlington are also repro- 
duced. A figure of Vulcan holding Locomotion 
No. 1, is depicted on the reverse and, in the background, 
stands one of the London & North Eastern Railway 
Company’s 1925 type Pacific express locomotives. 
The medals, which may be obtained either from Mr. W. M. 
Teasdale, King’s Cross Station, London, N.1., or from 
Messrs. John Pinches, are of two sizes, 1? in. and 3 in. 
in diameter respectively. The price of the former is 
5s., and of the latter 10s. : 

All profits are to be devoted to the Railway 
Benevolent Association, 








NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—This is usually one of the quietest 
seasons of the year owing to the restriction of activities 
for stocktaking operations. From the standpoint of 
production, therefore, the position appears worse than 
it is, though the state of order books is anything but 
satisfactory in the heavy steel branches, and the difficulty 
of attracting sufficient business on export account to 
cover forward operations is the subject of no small 
measure of anxiety. Crude-steel makers are probably 


‘suffering worse than any, though the depression is almost 


equally as bad in pig-iron and hematites, while wire 
makers are adversely affected by the diminishing _—- 
tion of inquiries that yield actual orders. Foreign 
competition in wire rods has been very severe for the 
past twelve months, and consequently the volume of 
trade at local mills and se!ling prices have both suffered 
to a considerable extent. The latest reports from the 
big engineering and shipbuilding concerns afford further 
confirmation of the manifold difficulties against which 
British industry is labouring. Owing to severe compe- 
tition and high costs, prices also remain unremunerative, 
while, from the standpoint of those businesses that are 
closely allied with the South Yorkshire coal trade, the 
unprecedented collapse of coal exports has rendered the 
prospects of that industry most discouraging. At the 
same time, traffic returns prove that the weight of 
machinery and tools yeoving the Sheffield district is 
maintained at a level which, at any rate, compares 
favourably with pre-war figures. A satisfactory feature 
is that, in Sheffield alone, the number of commercial 
motor-cars in use has increased from 1,496 in 1922 to 
2,260 to-day. The undertone in the lighter trades is 
hardly as cheerful as has been the case during the past 
few weeks. Orders for various classes of tools and 
machinery parts have, to some extent, fallen off, though 
in what measure this is due to influences that are purely 
seasonal remains to be proved. Scythes and cutting 

arts for agricultural implements continue an active line. 
The gas engine installed by the Staveley Coal and Iron 
Company, Limited, which was started on Saturday in the 
presence of a large number of engineers, colliery officials 
and trade-union leaders, is one of the largest in the 
world. No fewer than 5,000 tons of concrete have been 
laid to form the foundations. The engine weighs 700 tons, 
the crankshaft 80 tons, and the main frame 77 tons. 
Waste gas from the blast furnaces will be utilised in 
the engine after purification. Over half a million 
cubic feet of gas an hour will be required, and for cooling 
purposes one hundred thousand gallons of water per 
hour will be needed. 


South Yorkshire Cval Trade—A further easing is 
shown in the house-coal position, due to the usual 
seasonal contraction, Derbyshire best brights having 
been marked down an average of 2s. per ton. Other 
qualities are maintained at recently revisedrates. Steam 
coal is unchanged, and collieries would be feeling even 
more acutely the effect of the export slump but for the 
substantial character of the home demand. Selling 
pressure in nuts has brought an average reduction of 
9d. per ton in both large and small nuts, and, though 
slacks have taken on a firmer tone owing to restriction of 
supplies from reduced colliery working, nutty slacks are 
fractionally cheaper. Quotations :—Best branch hand- 
picked, 30s. to 33s.; Barnsley best Silkstone, 26s. to 
27s.; Derbyshire best brights, 21s. to 24s.; Derbyshire 
best house, 2ls. to 23s.; Derbyshire best large nuts, 
17s. to 19s.; Derbyshire best small nuts, lls. 6d. to 
13s.; Yorkshire hards, 17s. 6d. to 21s.; Derbyshire 
hards, 17s. 6d. to 21s,; rough slacks, 10s. to 12s. 6d. ; 
nutty slacks, 8s. 3d. to 9s. 3d.; smalls, 3s. 6d. to 5s. 6d. 





Kennincton Tuse Station.—It is announced that 
the tube station at Kennington will be reopened for 
traffic on Monday next. The station was closed in 
November, 1923, and since then has been used as a base 
for engineering operations in connection with the 
enlarging of the City and South London Railway tunnels 
and the extension of the Underground route from 
Kennington to Charing Cross. When the work of tunnel- 
ling and laying out a ‘ig mpaa at Kennington is com- 
pleted, it will be possible for trains from the Hampstead 
or City lines to proceed round a loop and return north- 
wards or to continue southwards to Clapham and 
Morden. It is anticipated that the Kennington loop 
and the extension from Clapham to Morden will be 
opened for traffic early next year. 





THe BrrMincHam Excuance Drrectory, 1925.— 
The Directory of Members, Subscribers and Repre- 
sentatives of the Birmingham Exchange, published 
annually by the committee of the organisation, has just 
been issued for the year 1925 at a price of 2s. 6d. net. 
The book should continue to prove useful, for in addi- 
tion to notes on the history and regulations of the 
Exchange and information regarding the library facilities 
there available, a comprehensive alphabetical list of 
members and subscribers is included. The names of 
firms are followed, in each case, by full particulars of the 
nature of the work engaged on, the postal and tele- 
graphic addresses, and the names of company repre- 
sentatives. A second list gives the names of persons 
who are holders of admission tickets. Each name is 
followed by that of the company represented. The 
final of the work contains an alphabetically arranged 
classification of professions and trades. From this list 


the names of manufacturers or suppliers of an article 
may be ascertained at a glance, the names of the various 
firms being grouped under the names of their products. 
The book ore pas 200 pages and ‘appears to fill a 
distinctly useful p 


urpose. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
™ The Cleveland Iron Trade.—Stocks of Cleveland pig- 
iron were not large, but they are being added to some- 
what, and even with the further curtailment of produc- 
tion by two furnaces ceasing to operate at the Tees 
Bridge Works, make is apparently more than ample 
for current, very moderate needs, and values are still 
on the downward curve. Local and other home require- 
ments are disappointing, and demand from overseas 
is trifling. There is marked disinclination to negotiate 
for forward supplies. No. 1 is on sale at 76s. 6d.; No. 
3 g.m.b. is offered at 72s. 6d., No. 4 foundry is quoted 
71s, 6d.; and No. 4 forge is put at 71s. 


Hematite—Continental demand for East Coast 
hematite is also poor, and only very moderate home sales 
are reported. Producers are anxious to liquidate their 
rather heavy stocks, but they are reluctant to lower 
pricesagain. As arule 78s. is named for Nos. 1, 2 and 3, 
and 78s. 6d. is generally given as the price of No. 1. 


Foreign Ore.—Imported ore is as difficult as ever to 
—< of, consumers are not taking up anything like 
full supplies due and overdue under old contracts and 
firms in a position to make purchases are able to secure 
cheap lots. Best rubio is quoted 21s. c.i.f. Tees. 


Blastfurnace Coke.——Durham blastfurnace coke is 
httle sought after, and for good average qualities quota- 


tions run from 20s. 6d. to 21s. delivered to local con-: 


sumers, 


Manufactured Iron and Steel_—Prices of manufactured 
iron and steel are still unsteady, but with foreign com- 
petition slightly less keen in one or two branches, pro- 
ducers are not quite so ready to cut pr'ces as they have 
been. Railway requisites and constructional steel 
materials are fairly well sold and galvanised sheet 
makers have heavy order books, but plate and angle 
mills are badly in need of work and other branches are 
slack. Common iron bars are 11. 12s. 6d. ; iron rivets, 
131, 10s.; packing (parallel), 8/.; packing (tapered) 
1ll. 10s.; steel billets (soft), 727. 10s.; steel billets 
(medium), 8/.; steel billets (hard), 9/.; steel boiler 
plates, 127. 10s.; steel ship, bridge and tank plates, 
8l. 10s. ; steel angles, 81. 5s. ; steel joists, 81. 5s.; heavy 
steel rails, 87. 10s.; and galvanised corrugated sheets 
(No. 24 gauge, in bundles), 161. 10s. 





NOTES FROM THE NORTH. 
Guiasaow, Wednesday. 

Scottish Steel Trade.—The state of affairs in the Scottish 
steel trade is still very unsatisfactory, and at this time— 
just — to the annual holidays, when output 
should be taxed to the utmost—there is much of the plant 
lying idle. Normally, there would be pressure for 
delivery, but times have changed, and the holiday 
stoppage will be welcomed by harassed managements 
but dreaded by the workers, who can ill afford to lose 
even the present short working week. The outlook at 
the moment is such that plant in many cases may be out 
of operation for two or three weeks. The current inquiry 
makes this possibility more than probable. The past 
week has not been very fruitful as regards orders, and a fair 
quantity of Continental stuff is finding its way into this 
area, not only for shipyard consumption but for general 
purposes also, Prices keep steady round recent quota- 
tions, but producers are prepared at the present time to 
give favourable quotations for lines of good tonnage. 
Black sheet makers continue to be well employed, but 
mostly on export business, and producers of galvanised 
sheets are also turning out large lots. The following are 
the current market quotations :—Boiler plates, 12/. 10s. 
per ton; ship plates, 82. 12s. 6d. per ton; sections, 81. 2s. 
6d. per ton; and sheets, ¥ in. to } in., 10/. per ton, all 
delivered Glasgow. 


Malleable Iron Trade.—There has been little move- 
ment in the West of Scotland malleable iron trade during 
the past week, and depression is very general. Few 
orders are in the market, and inquiries are also exceed- 
ingly scarce. Re-rolled steel departments are quiet. 
The market price for ‘‘Crown” bars is unchanged at 
11l. 12s. 6d. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade—No improvement has taken 
place in the Scottish pig-iron trade since last report, 
and makers have to contend with the lower grade 
foundry qualities which are coming in from the Continent. 
The market continues weak, and prices have a downward 
tendency, the following being the current quotations : 
Hematite, 4/. 5s. per ton .delivered at the steel works ; 
foundry iron, No. 1, 4J. 5s. per ton, and No. 3 41. 3s. per 
ton, both on trucks at makers’ yards. 


Shipments of Scottish Pig-Iron—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, June 27, were again small and only 
amounted to 470 tons. Of that total 355 tons went 
overseas and 115 tons coastwise. For the corresponding 
week of last year the figures were 1,065 tons foreign and 
19 tons coastwise, making a total shipment of 1,084 tons, 


Scottish Shipbuilding.—If Scottish shipbuilding could 
be measured by output then it could be safely said that 
prosperity ruled in the industry. Unfortunately, how- 
ever, that cannot be done, because, although the output 
of new tonnage during the past six months ranks amongst 
the highest during recent years, the number of new 
contracts booked is very few indeed. The latter are 
far from enough to replace the new vessels launched, 
and the number of workmen in many of the yards is 
gradually becoming smaller. In the month of June there 
were 30 vessels, with a total of 51,186 tons, launched 


from Scottish yards, the details, with the figures for 
the six months being as follows :— 
June, 1925. Six Months, 
1925. 





Vsls. Tons. Vsls. Tons. 

The Clyde ... 27 «43,451 119 302,957 
The Forth ... ne aie 2 235 13 4,420 
The Tay ... nee ee 1 7,500 3 13,800 
The Dee and Moray Firth — _ 5 = 3,380 
Totals ... 30 51,186 140 324,557 


While the figures for the areas outside the Clyde are not 
satisfactory, those for the latter district are quite good 
and bring the monthly output up to fully 50,000 tons. 
If the figure could only be maintained by an influx of 
new orders the outlook would be brightened, but 
unfortunately trade conditions in the country dispel 
chances of such hopes maturing. The Clyde total for the 
six months now ended is only the fifth occasion in recent 
years when the 300,000-ton mark has been passed. 
It is the largest output for the corresponding period 
since the record year of 1913, when the figure was 348,476 
tons, and while 45,519 tons less than that year it was 
48,590 tons above the same six months of last year. 
New contracts placed during the past month total 
twelve, and of these only two are of moderate tonnage— 
one of 7,500 tons, and one of 3,500 tons. Of the re- 
mainder five are 80-ft. barges, two steam hopper barges, 
one a motor vessel of 200 ft. in length, one a small 
sternwheel vessel, and one a smal] passenger and trading 
vessel. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Although there is a possibility of a 
stoppage in the coalfield at the end of the month con- 
sumers do not appear at all anxious concerning supplies, 
and are following a waiting policy, apparently being 
convinced that whether there is a stoppage or not, the 
price of coal will eventually be reduced. Demand, 
though slightly more active, is still considerably below 
normal, and insufficient to keep collieries working any- 
thing like regularly ; prices are erratic, varying accord- 
ing to individual circumstances. Best Admiralty large 
rules from 25s. 6d. to 26s. with seconds from 24s. 6d. to 
25s., and Monmouthshires from 22s. 6d. to 24s. 6d., while 
smalls range from 11s, to 14s. 6d. according to quality. 
In the past week 427,510 tons of coal were shipped abroad 
as cargo from South Wales compared with 436,920 tons 
in the previous week. Of the total 72,000 tons were 
despatched to Argentina, 20,600 tons to Canada, 31,550 
tons to Egypt, 82,050 tons to France, 68,500 tons to 
Italy and 21,800 tons to Spain. Of the total 240,110 
tons were sent from Cardiff, 68,340 tons from Newport, 
69,180 tons from Swansea, 44,910 tons from Port Talbot 
and 4,970 tons from Llanelly. In June no fewer than 
101 vessels left the South Wales ports for foreign countries 
with empty holds. A large number of these vessels, as is 
usual at this time of the year, cleared in ballast to load 
potatoes at the French ports, while six oil tankers went 
from Swansea light. A specially convened meeting of 
the Coal Conciliation Board for South Wales was held at 
Cardiff on Monday, when the owners gave an indication 
of the changes they desired in any new agreement, 
including the abolition of the bonus turn to men employed 
on the afternoon and night shifts; the extension of the 
double shift system ; and a revision of the custom under 
which the workers are supplied with their house coal. 
The workmen’s representatives offered no comment on 
the suggestions, but indicated that they had no power 
to go into the matter as the questions would have to 
receive national consideration. 

Shipping Failure.—Another of the post-war shipping 
companies has been forced into liquidation by the 
trade depression and taxation liabilities. The Times 
Shipping Co., Ltd., with an authorised and issued 
capital of 200,000/., which was formed in 1919, and owned 
three steamers totalling 16,000 tons d.w., has convened an 
extraordinary general meeting to consider, and if thought 
fit pass, the following resolution :—‘“‘ That it has been 
proved to the satisfaction of this meeting that the 
company, by reason of its taxation liabilities, cannot 
continue its business, and that it is advisable to wind up 
same, and accordingly that the company be wound up 
voluntarily.” It is proposed to form a new company to 
take over the fleet, and shareholders are asked to express 
their views on the matter. 


Iron and Steel.—_Exports of iron and steel goods in the 
past week totalled 17,724 tons, compared with 10,388 
tons a week earlier. Shipments of tinplates and terne- 
plates amounted to 9,625 tons, against 8,131 tons, 
blackplates and sheets 2,539 tons, agai 728 tons, 
galvanised sheets 2,285 tons against 1,083 tons, and 
other iron and steel goods, 3,275 tons against 446 tons. 








THE INSTITUTION OF AUTOMOBILE ENGINEERS.—It is 
announced that the Society of Motor Manufacturers 
and Traders have placed the gallery of the New Hall 
at Olympia, London, at the disposal of the Institution 
of Automobile Engineers for the period of the Com- 
mercial Vehicle Exhibition, to be held from October 29 
to November 7 this year. The Council of the Institution 
proposes to organise an exhibition of inventions connected 
with mechanical transport in the New Hall during the 
period. Such inventions must not have been produced 
commercially, however. In order to ascertain whether 
an exhibition of this character would be well ——— 
inventors are invited to submit brief particulars of their 
devices to the secretary at the Institution of Automobile 
Engineers, Watergate House, Adelphi, London, W.C.2, 
from whom further information regarding the proposal 





may be obtained. 





NOTICES OF MEETINGS. 


Tue InsTITuTION OF MECHANICAL ENGINEERS.— 
Summer Meeting. Monday, July 6, to Friday, July 10, 
at Armstrong College, Newcastle-upon-Tyne. Tuesday, 
July 7, at 10 a.m. Address by the President, Sir 
Vincent L. Raven, K.B.E., on ‘‘ The Centenary of the 
Locomotive.” Paper on “‘The Three-Cylinder High- 
Pressure Locomotive,” by Mr. Herbert N. Gresley, 
C.B.E. At 2 p.m. Alternative visits to works. 
Wednesday, July 8, at 9.45 a.m. Visit to are 
in commemoration of the Centenary of the opening of the 
Stockton and Darlington Railway on September 27, 
1825. At 7.30 p.m. Institution Dinner at the Grand 
Assembly Rooms. Thursday, July 9, and Friday, 
July 10. Alternative whole-day visits. 


Tue Farapay Socrety.—Monday, July 6, at 5.15 
p-m., at the Chemical Society, Burlington House, Picca- 
dilly, W.1. Annual Gene Meeting. ‘“‘ The Electro- 
Deposition of Zine from Acid Zinc Sulphate Solutions,”’ 
by Mr. A. L. Marshall. ‘‘ The Nature of the Interfacial 
Layer between an Aqueous and a Non-Aqueous Phase,” 
by Mr. F. L. Usher. ‘‘ The Application of the Quin- 
hydrone Electrode to the Measurement of pH Values in 
Solutions containing Copper Ions and other Divalent 
Ions,” by Mr. J. B. O'Sullivan. ‘‘ Co-ordination and 
Valency,” by Mr. J. A. V. Butler. “A Chemical 
Theory of Remanent Magnetism,” by Mr. E. D. Camp- 
bell. 





Tur Locomotive Inpustry.—At a meeting of the 
Committee on Industry and Trade held on June 17, 
1925, evidence, on behalf of the Locomotive Manufactur- 
ers’ Association was given by Mr. C. N. Goodall, O.B.E., 
Managing Director of Messrs. Robert Stephenson and 
Co., Limited, and by Mr. Alec Campbell, O.B.E., Chair- 
man of the Hunslet Engine Co., Limited. The statement 
was made that the condition of the industry could only 
be described as desperate. This state of affairs had been 
brought about by: (1) The world-wide increase in the 
production of locomotives ; (2) The inadequacy of avail- 
able markets to absorb this production ; (3) the conse- 
quent ruthless competition, both at home and abroad, 
which was rapidly exhausting the capital resources of 
United Kingdom firms engaged in locomotive manu- 
facture: (4) The high costs of production in this country ; 
(5) The lack of support from home railways such as would 
enable the industry to meet foreign competition on better 
terms. 





TENDERS.—The Department of Overseas Trade, 35, 
Old Queen-street, London, S.W.1, announces that the 
Municipality of Antwerp is inviting tenders, to be pre- 
sented by August 31, 1925, for the supply, in one lot, 
of two steam tug-boats for service in the Antwerp 
docks. Further particulars may be obtained from the 
Department, quoting reference A.X. 2151.—It is also 
announced by the Department that the Municipal 
Council of Johannesburg is calling for tenders, to be 
received in South Africa by August 1, for the supply 
of 12 single-phase, reverse power relays, suitable for 
operation from 5-ampere current transformer secon- 
daries, and 110 volt potential transformer secondaries 
at 50 cycles. A copy of the specification and general 
conditions of tender may be inspected at the offices 
of the Department (Room 52), 35, Old Queen-street, 
London, 8.W.1.—The Department further announces 
that the Sanitation Department of the Montevideo Muni- 
cipality, Uruguay, is'calling for tenders for the carrying 
out of the first section of the drainage scheme for the 
Arroyo Seco district. The works will involve the con- 
struction of 21,800 metres of main sewers, two sewer 
chambers, 315 access shafts, &c. Those interested are 
invited to write to the Department of Overseas Trade. 





SS. “ Errineton Court” anp M.S. “ Port DunEDIN.”’ 
—Two vessels recently turned out from the North 
Yard of Messrs. Workman, Clark and Co., Limited, of 
Belfast, have just undergone satisfactory trials at sea. 
These ships, the single-screw steamer Errington Court 
intended for grain and general cargo purposes, and the 
twin-screw motor ship Port Dunedin, designed for the 
Australian and New Zealand routes, have been con- 
structed respectively for Messrs. Haldin and Co., Limited, 
and the Dominion and Commonwealth Line. In the 
first-mentioned vessel the length is 396°6 ft., the breadth 
53-15 ft., the depth 26-6 ft., and the gross tonnage over 
4,900. Five large cargo holds are provided and these 
are served by winches and derricks of the latest type. 
The propelling machinery, constructed by the builders, 
consists of one set of vertical inverted direct-acting, 
surface-condensing, triple-expansion engines, capable of 
imparting a speed of 10 knots to the vessel. The boilers 
are fitted with Howden-Ljungstrém air preheaters. The 
Port Dunedin is of the shelter deck type and has a length 
of 465 ft., a breadth of 59-5 ft., and a depth of 43-75 
ft., the deadweight being over 10,500 tons. There are 
five large holds and also upper and main "tween decks 
arranged for cargo, all but two holds being insulated 
for the carriage of refrigerated produce. Fan rooms are 
fitted in connection with the refrigerating equipment in 
order that fruit cargoes may be carried. Extensive 
oil fuel storage arrangements are included, a duct keel 
accommodating the required piping. The propelling 
machinery consists of two sets of four-cylinder, two- 
stroke cycle, solid injection Doxford opposed piston oil 
engines, installed by the shipbuilders, Electricity is 
used to operate the engine-room and deck auxiliaries 
and is obtained from three four-cylinder Diesel driven 
generating sets, made by Messrs. W. H. Allen, Sons 
and Co., Limited, of Bedford, and which supply power at 
220 volts. 
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MOTOR CABLE PLOUGHING. TRACTOR. 
CONSTRUCTED BY MR. A. BORSIG, ENGINEER, BERLIN. 
; (For Description, see Page 25.) 
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Fie. 2. Sipe View or TRACTOR. 

















Fie. 3. Front View or TRACTOR. ‘Fig. 4. Rear View oF TRACTOR. 
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2-8-8-2:GARRATT LOCOMOTIVE: LONDON AND NORTH EASTERN RAILWAY. 


CONSTRUCTED BY MESSRS. BEYER, PEACOCK AND CO., LIMITED, TO THE DESIGNS OF MR. H. N. GRESLEY, C.B.E. 


(For Description, see Page 12.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and apy other publications bearing 
somewhat similar titles. 

TELEGRAPHIC) “ENGINEERING,” WESTRAND: 

ADDRESS } LONDON. 
_ TELEPHONE NuMBERS—3663 and 8598 | GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


*“ ENGINEERING” may “may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 








For the United Kingdom ..............see00 £3 5 0 
For Canada— 
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LONDON SCIENCE DEGREES. 

For some time past acute differences have been 
felt between the University of London and the 
Imperial College of Science and Technology in 
respect of the examinations for the University B.Sc. 
degree. It is now announced that a modus vivendi 
has been found, and it is understood that the com- 
promise has the singular good fortune to have left 
each party thoroughly contented with the result. 
That is presumably as good evidence of its merit as 
the commoner test of leaving each party dissatisfied, 
and has the further advantage, so long as the 
parties remain of the same mind, of offering the 
prospect that the settlement will be permanent, 
Both the University and the Imperial College are 
accordingly to be congratulated on what they have 
agreed to do, even though some regret may be felt 
that they did not agree earlier. 

The difference between these bodies seems to have 
been quite definite. The Imperial College was incor- 
porated in 1907 in order, among other purposes, to 
carry on the work of the Royal College of Science, 
the Royal School of Mines, and the City and Guilds 
College. Before that date the Royal College of 
Science had been devoted primarily to teaching pure 
science, and was a nursery rather for teachers and 
scientific men than for practitioners in any form of 
industry. The Charter of the Imperial College ex- 
pressed, however, the intention not only to give the 
highest specialised instruction and to provide the 
fullest equipment for the most advanced training 
and research in various branches of science, but also 
to make such provision for training in science 

“especially in its application to industry.” The 
policy of the three members of the Imperial College 
has conformed to these intentions. For a long time 
past considerable stress has been laid on industrial 
applications in the training. given to its.students, 
and its courses have been laid out with the express 
purpose and the usual effect of leading up to indus- 
trial careers. Like all teaching bodies, it has held 


internal examinations, based on these courses, and 
awarded certificates. For some reason these certi- 
ficates, though furnishing fully as good credentials 
as the academic degrees to which they correspond, 
have not been accepted as such in awarding appoint- 
ments. It has accordingly been necessary for 
students to take not only the class examinations 
on which the certificates are awarded, but also 
the entirely separate examinations of the University 
of London, in order to set the seal of a degree on 
their attainments. 

The University of London, on the other hand, is 
essentially an academic body, and its examinations 
are based on the actual state of knowledge in the 
subjects with which they are concerned. It has felt 
itself unable to base them on courses in which more 
weight is attached to industrial applications than is 
allowed in the best academic expositions of the 
subject ; and the students of the Imperial College 
have, accordingly, been compelled not only to add 
to the number of their examinations, but to add one 
that is not based on the teaching they have received. 
The University seems to have maintained that its 
primary duty is to uphold the standard of the 
examinations on which it grants its degrees. 
Against this the Imperial College has protested 
that the standard of examination would not be 
lowered by basing the papers on the College courses. 
It maintains that the training of its students is not 
worse, but better, because of the industrial aspects 
it includes, and has urged that for its students to be 
forced to make independent preparation on a basis 
divorced from industrial application, and to take a 
separate examination when their energies should be 
absorbed wholly on their proper work, is a hardship 
and tends to reduce the benefit of their training. 

It has now been agreed that in the subjects in 
which the Imperial College confers the Associateship 
of its constituent bodies, the University shall hold 
and control B.Sc. (special) and B.Sc. (Eng.) exam- 
inations, based on syllabuses and courses of instruc- 
tion submitted by the College and approved by the 
Senate of the University. The papers are to be 
drafted by the internal examiners of the Imperial 
College, together with the external examiners, and to 
be submitted for approval to the University Board 
of Examiners, to which “an appropriate number ” 
of teachers of the Imperial College shall be appointed 
Subject to the external examiners satisfying them- 
selves, on a certain proportion of the papers, about 
the standards of marking, the papers are to be 
marked in the first instance by College examiners, 
and pass and honours degrees are to be awarded 
on the same lines as at present. Candidates are 
required to have passed the matriculation and 
intermediate examinations, and have taken pre- 
scribed classes to the satisfaction of their teacher, 
and the Fina] Examination is to be taken in stages 
following the course of work. Under these condi- 
tions, the College is to require of students who have 
obtained the B.Sc. under this scheme no further 
examination for its Associateship in subjects on 
which they have been examined by the University, 
though it may require fulfilment of other conditions, 
such, for instance, as attendance at courses for 
which no examination is held. Apparently, though 
no express statement seems to have been made on 
the point, the University examinations for B.Sc. for 
candidates other than students of the Imperial 
College will continue to be held on the same lines as 
before. 

This scheme seems to amount in effect to allowing 
the Imperial College to attach a B.Sc. to its own 
Associateship examinations, provided it examines 
in the name of the University and accepts a certain 
amount of control over its papers and markings by 
the University Board of Examiners. Wiser than 
President Kruger, the Imperial College has, in fact, 
consented to say suzerain to the University, pro- 
vided that in other respects it gets substantially 
its own way. No doubt can be felt that the settle- 
ment is much to the benefit of the students con- 
cerned. The art of passing examinations involves a 
variety of aptitudes, but not necessarily those that 
are of the most use either in science or in industry. 
Examinations are doubtless necessary, but, on the 
whole, they are probably a necessary evil; and 
their accumulation to any avoidable extent may be 





a very serious evil, of the same type as that imposed 
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on boilers by a needlessly high hydraulic test. 
Students at the time when they present themselves 
for final examinations are growing boys, very often 
working to the full extent of their capacity, and the 
‘little more” of a needless degree examination 
may in itself put a cruel strain on them, which 
serves no useful purpose for any one. Least of all 
is it justified when it compels a student to dismiss 
from his mind for the time being the practical 
aspect of his subjects to which his attention has 
been directed, and to contemplate his work as a 
purely academic branch of knowledge. 

The University of London has clearly been in a 
difficult position. It has obviously a responsibility 
for maintaining the high standard of its examina- 
tions, and that to the extent indicated in the scheme 
it should in effect have entrusted the control of 
these particular examinations to examiners from 
another body is not only creditable to its own insight 
but a considerable and well-deserved acknowledg- 
ment of the standard of teaching at the Imperial 
College. In default of some such arrangement the 
University examinations might well amount to a 
test rather of the value the University attaches to 
the College teaching than of the merit of the student. 
No circumstance could be more mischievous to the 
interests of the student, the College, or even the 
University. The present scheme seems to furnish 
a practicable means of allowing the Imperial College 
to continue its present admirable course of training, 
and of reserving to the University adequate means 
of satisfying itself that the standard of that training 
is maintained. 





SCREW THREAD STANDARDS. 


THE improvement and perfection of modern 
machines and tools has made permissible in recent 
years a demand for a higher grade of accuracy in 
the manufacture of all threaded articles. It must 
not, however, be lost sight of, that broadly speaking, 
where more accurate work is demanded, the cost 
will necessarily be greater. Though no definite law 
can be given, the costs will probably vary inversely 
with the coarseness of the tolerances allowed, so 
that halving the tolerances, will double the cost, 
and vice versa. 

Standard sizes and dimensions for bolts and 
nuts have been laid down and adepted in most 
countries, but the war brought out the need for 
more uniformity in gauging practice, as it was 
found necessary to make, in different parts of the 
world, components that could be used interchange- 
ably. This problem was taken up in the United 
States of America in the latter end of 1918, when 
a commission was appointed whose first report on 
Screw Threads was published in 1921. A revised 
1924 report has now been published by the American 
Bureau of Standards, in which the material has 
been generally rearranged and sub-divided into 
sections, all specifications relating to a given class 
of product being included in a single section. The 
Commission was originally appointed by Congress 
for six months, but it was soon apparent that it 
would be impossible to complete in the time speci- 
fied, the work outlined by the Commission as neves- 
sary, in a satisfactory manner, and the term was 
then. extended to March 21, 1927. In addition to 
the Commission’s thorough investigation in America, 
where authorities on screw threads, manufacturers 
and users of screw thread products, as well as 
manufacturers of taps, dies, and gauges, were 
invited to attend public enquiries and present their 
views on various phases of the subject, the Com- 
mission also paid a visit to Europe in July, 1919, 
and conferred with British anc French engineers, and 
manufacturers, with whom they discussed the pre- 
pared tentative report with reference to its suit- 
ability to serve as a basis for the international 
standardisation of screw threads. 

In screwed bolts and nuts considered individually, 
the various important points are the external, core, 
and pitch diameters, the lead, pitch, and angle of 
thread together with the helix angle. Of course, the 
external and core diameters are easily controlled, but 
the pitch is not so easily governed, and it is usually 
from error in pitch that trouble is met with. When 


the bolt and nut come together as mating parts, 
the errors of the one may intensify the errors of the 





other, and many other factors are immediately 
introduced, such, for instance, as, the length of 
engagement, the depth of engagement, and the 
minimum clearance, or maximum _ interference 
which is intended between the mating parts. The 
production of accurate parts is primarily a matter of 
constant vigilance, and of the training of workmen, 
as the smaller the tolerances to be maintained, the 
more complete must be the inspection or gauging 
system. External and core diameters are easily 
measured by “ go” and “ not go” gauges, but the 
most difficult element of a screw thread to control 
and gauge, is the lead. The report under considera- 
tion points out that lead testing devices for checking 
tools and gauges are available, but in general, their 
operation is too slow for use as productive inspec- 
tion equipment, and further, as regards the nature 
of the contact between the surfaces of mating parts, 
the fact is stressed that the result of an error in 
lead is almost double that of an error in diameter, 
as regards interchangeability. In connection with 
gauges and gauging methods, it is somewhat curious 
that no reference should be made to the principle 
of the Wickman system of adjustable gauges, 
adopted by Messrs. Alfred Herbert, Limited, of 
Coventry. This has been frequently referred to in 
ENGINEERING, a full description of the system having 
been given in Vols. cx and cxiii, pages 551 and 100 
respectively. 

It is obvious that the laying down of standard 
dimensions and standard degrees of fit is of little 
service, unless means are provided of ensuring that 
the degree of accuracy can be attained. The recom- 
mendations of the Committee are detailed and 
definite, on the sizes, clearances, and tolerances, that 
ate desirable for good workmanship and _inter- 
changeability, but the same can hardly be said 
of their treatment of the question of gauges with 
which to measure the sizes recommended. The 
report states in regard to gauges, that the Committee 
have at present, no proposals to make as to material. 
They await the results of extensive experimental 
investigations now being carried out at the Bureau 
of Standards in co-operation with the Ordnance 
Department, and various manufacturers. The art 
of measuring screw threads having developed very 
rapidly during the past few years, it would, they 
consider, be inadvisable to attempt to specify any 
definite method as standard for this purpose, and 
that the object of dealing with gauges at this stage, 
is to establish the fundamentals of the subject, 
and to point out practices now successfully used. 
As no mention is made of the Wickman gauge, it 
is perhaps not surprising to find that among these 
fundamentals no attention is paid to the effective 
diameter which this gauge specifically checks. 
Bolts and nuts being made to hold things together 
it is essential that the effectiveness of the fit of the 
two be checked, rather than their major or minor 
diameters, &c. This the Wickman gauge does in 
a practical manner, not accomplished by any other 
shop checking system. 
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(Continued from page 809 of the previous volume.) 

In proceeding with our comments on the work 
of the Engineering Department we may first refer to 
the acceptance test adopted for testing steel strip 
for aircraft struts in the place of the minimum 
deformation proof test so far in use. The specimen 
is perforated, longitudinally in the manner indi- 
cated in Fig. 1, which shows two strips after 
buckling by the new test. The two outer edges 
of the strip are clamped in a frame by means of 
bolts passed through the holes, and the inner un- 
supported area between the perforations is loaded 
until buckling occurs owing to the mutually- 
perpendicular shearing stresses set up. This 
crippling load does not appear to bear any 
relation to the load which will produce yield in 
tensile tests, but it is a physical characteristic of the 
material under the conditions which would arise in 
aircraft. 

Gases. Detonation. Liquefaction.—The  experi- 
ments made on the influence of initial pressure and 
temperature on the production of detonation in 





closed vessels are not in accord with the experience 





of motor engineers, and the phenomena, though 
observed under different conditions, do not so far 
help to clear up the peculiarities of detonation. In 
closed. vessels, at an initial temperature of 100 deg. 
C. and pressure of 95 lb. per square inch (absolute), 
Mr. Fenning found the tendency to knock to in- 
crease with the fuel content of the mixture, especi- 
ally with petrol and with hexane. But with a rich 
benzene mixture the knock was eliminated by raising 
the initial temperature to 300 deg. C. ; in hexane the 
addition of a small quantity (7 per cent.) of the 
products of combustion of the previous explosion 
had a similar effect. In normal petrol-air (Shell 
aviation spirit) and hexane-air mixtures (1 : 13 or 14) 
increase in temperature favoured knocking more 
than increase in pressure at the vapour concentra- 
tions pertaining to engine conditions, whilst in 
normal benzene-air mixtures (1 : 12) neither increase 
produced detonation. The apparatus for the study 
of the physical properties of liquefiable gases is a 














Fie. 1. 


steel cylinder, filled from below through a vent hole, 
and fitted with a steel plunger whichimay be screwed 
down. The indicating device consists of two steel 
strips so bent that a small gap is left between the 
ends, one strip being soldered to the fixed part of a 
Bourdon pressure tube, the other to the free end. 
Mr. Bailey has so far liquefied and studied sulphur 
deoxides, ammonia and chlorine and has also in- 
vestigated by various strength tests the advisability 
of substituting silico-manganese and manganese 
steels for the high-carbon steel now used as material 
for gas cylinders. Very careful heat treatments 
would be required, and a change is not re- 
commended. 

Miscellaneous.—The completed investigation of 
rust-preventing materials, for the preservation of 
stored machinery and other purposes shows that 
coatings of lanoline deposited from organic solvents 
(especially light solvents) will give good service. 
The best results were obtained with benzene, 
which dissolves 40 per cent. of lanoline ; coatings of 
the mixture will bear temperatures of 70 deg. C. 
well, though some of the lanoline will flow off. The 
strength of cement, Mr. Jakeman also ascertained, 
was little improved by the addition of calcium 
chloride, hydrated lime or sodium silicate, ®ut the 
silicate increased the resistance to abrasion. The 
““cement boiling test”? of Le Chatelier for the 
expansion, due to its contents of free lime, to be 
expected after the cement has thoroughly set he 
found quite satisfactory. In this boiling test 
the quantity of water used is not of influ- 
ence; the total expansion to be allowed for in 
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constructional work varies, however, not only with 
the cement, but also with the amount of water 
and the method of setting used. Mr. Jakeman 
further demonstrated how, by the aid of a kind of 
motor-generator set, the wind pressure on large 
structures can be recorded by an anemometer. 
Two crosses of four cups are fixed to a shaft which is 
geared with the electric set; the current from the 
first machine excites the field of the second, and by 
selecting a suitable portion of the field magnetisation 
curve the volts of the second machine can be kept 
proportional to the square of the wind speed. 

The new vibrator for recording the vibrations of 
floor-sets, due to Messrs. J. H. Hyde and G. A. 
Tomlinson, is remarkable for its simplicity and the 
beauty and compactness of its records. The 
arrangement consists of a smoked glass plate 
sliding down a vertical frame and controlled 
by the sinking at adjustable rate of the plunger of 
an oil dashpot. These parts are either mounted in 
a heavy iron cylinder resting with a rubber cushion 
on the floor, or they are suspended by flat springs 
in a cylindrical frame placed on the floor. A rod 
fixed to the floor actuates a bell-crank lever carry- 
ing a needle which scratches a curve in the smoke 
film. This film is produced by burning a solution of 
paraffin in petrol; the traces obtained, magnified 
20 times by the lever, are exceedingly fine, and 
are examined with a lens or further magnified by 
projection. The plate, 6 in. by 2} in., which 
descends in about 20 seconds, takes 40 records and 
= equivalent to 50 times its length of kinematograph 
film. 

Aerodynamics Department.—Mr. R. V. Southwell, 
the Superintendent of this Department is returning 
to Cambridge ; his successor is Mr. E. F. Relf, who 
has up to the present acted as his principal assistant. 
In the Department, increased attention has been 
given to researches of general, rather than of purely 
aeronautical, application. The publication of the 
research by Dr. R. Jones on the pressure distribution 
over a spheroid moving in straight or circular 
paths has been delayed by the illness of the investi- 
gator. As regards the theory of fluid motion, it 
has been found possible to impose a lower limit upon 
the value of the Reynolds number 8 d*/y, which 
must be exceeded if any disturbance is to increase 
at a specified rate. The consideration has been 
based. upon the analogy of the stresses in a flat 
elastic strip, clamped along its edges and subjected 
both to a uniform shear along those edges and to a 
uniform tension, and the stresses in a viscous fluid 
in two-dimensional motion between parallel-plane 
boundaries of infinite extent. Experiments on 
aerofoils extending from floor to roof in the duplex 
wind tunnel confirm the relation of Kutta and 
Joukowsky for an inviscid fluid, that the product 
of the density and general velocity of the fluid and 
of the circulation round an infinite aerofoil is equal 
to the lift per unit length of the foil. The theoretical 
streamlines, é.e., the equipotential lines round a 
conductor in the electric tank of Mr. Relf (see 
ENGINEERING, June 27, 1924, page 823), agree well 
with the streamlines deduced from tunnel experi- 
ments, although the stagnation-point (of zero 
velocity) is rather indeterminate in the latter case, 
where the streamlines are slightly flatter and less 
steep near the obstacle. For aerofoils of finite 
dimensions the velocity distribution in the wake 
has been investigated by means of the yaw meter, 
and also of a new hot-wire velocity meter. These 
measurements, the determination of the down- 
wash behind a skeleton biplane and of its neutrali- 
sation by an up-wash and of the eddy motion 
behind cylinders, are in general accord with 
Prandtl’s theory and the Géttingen experiments, 

Air Screws.—The flexual vibrations in the blades 
and shaft of an air screw have been determined by 
acoustical experiments. The motor which drove the 
air screw through a rubber coupling was mounted on 
rubber in an ordinary telephone box. As long as 
the air screw was rotating freely, neither shaft nor 
blades tended to vibrate; but when vibrations 
were stimulated by mounting a star of equally- 
spaced radial arms behind the screw, maximum 
vibration occurred when the natural period of the 
shaft or blades was equal to the frequency of the 
impulse. In the experiments on the vibration of 
bars a rod of }-in. diameter 5 ft. long, was attached, 





by a rigid clamp or a ball joint, to an oscillating 
lever connected to an eccentric driven by a small 
electric motor; the rod was supported at varying 
distances from the end by a simple guide. When 
the motor was driven at a speed corresponding 
to the fundamental period of the rod, or one of its 
harmonics, the agreement between theory and 
experiment was found to be very satisfactory, 
certainly for the first three harmonics. 

The other experiments on air screws aimed at a 
further extension of the vortex theory to working 
conditions and to special points. Theoretically the 
performance of any element of a blade depends 
only upon its shape, setting and working con- 
ditions, but is independent of the shape and setting 
of the neighbouring element. That has been 
confirmed by Mr. C. N. H. Lock and others by 
measurements of the thrust-grading, except for sec- 
tions very near the top or boss. The interference 
of the tunnel walls was investigated by experi- 
menting in the 4 ft. and 7 ft. tunnels. The reduc- 
tion of the gap between air screw and body in- 
creases the air screw thrust torque, but only to 
a slight degree. 

Measurements of all the three forces and moments 
and of the lateral rotary derivatives have been 
made on a Bristol fighter aeroplane by the 
apparatus which we mentioned on page 59 of our 
issue of July 13, 1923. The model used for 
a similar demonstration in the duplex tunnel 
was one-fifth full size and had a wing span of 
8 ft., the Relf three-phase motor being inside the 
model. Similar measurements have also been 
made on the Fairey N.4 Atalanta boat seaplane. 
The experiments on high-lift wings of the slotted 
type, introduced by Messrs. Handley Page, have 
so far been confined to wings which this firm found 
to give the best results. The aerofoil character- 
istics and the effect which scale has on aerofoils 
were found to agree with the Géttingen results, 
from which they differed seriously at first, after 
applying the Prandtl corrections for the constraint 
of the tunnel walls. 

The apparatus used for these researches comprise 
the hot wire velocity meter above mentioned, 
in which the rate of cooling of a short length 
(about 4-in.) of platinum wire, 0°001-in. thick, 
heated by a constant current, is watched. The 
lag in such an instrument is much smaller than 
with anemometers and Pitot tubes; but there is 
a lag with speed fluctuations and also a periodic 
temperature change which are now being studied. 
In use the wire or wires are orientated at a small 
angle to the wind direction. The old whirling arm 
of the Department which continues to render good 
service has been modified in such a way that three 
cubicle cells, large enough to take a model for 
the 7-ft. tunnel complete with its supporting 
wires, &c., can bodily be transferred to the arm. 
In the two 4-ft. tunnels the wind velocity can 
be reduced to 1 ft. or 2 ft. per second by potentio- 
meter control of the motor. 

Motor-Cars. Economic Flight.—Another special 
line of research taken up is the investigation of 
the wind resistance of models of motor-cars. The 
model, nearly 2 ft. in length, is placed in a wind 
tunnel and in order to allow for the ground resist- 
ance either a flat plate is mounted immediately 
below the model, parallel to the wind direction, or 
an inverted replica of the model—a mirror image— 
is put in that position. The problems of economic 
flight examined on behalf of the Air-Transport 
Committee, are varied. For machines of present- 
day design and cost, flight stages of 200 to 300 
miles should involve the least expense per ton- 
mile of commercial load; below 150 miles and 
above 350 or 450 miles the costs would increase 
rapidly. In these estimates a distinction is made 
between through traffic and local traffic. As 
regards design it would appear that a saving of 
30 per cent. on the cost per ton-mile might be 
obtained by an increase of 75 per cent. in the wing 
area of present-day machines, presuming that 
no instability troubles would arise. Further im- 
provements might be expected from an increase in 
the pitch-diameter ratio of the air screw at cruising 
speeds to be effected by the aid of a variable 
pitch air screw or by substituting wing radiators 
for the honeycomb radiators and other means. It 


is thought that considerable savings in the cost 
per ton-mile might not improbably result from 
modifications in present designs. 


(To be continued.) 





NOTES. 


JAPANESE SUBMARINE FLOTILLAS. 


Aut facts which contribute to our knowledge of 
the way foreign Powers intend to use their sub- 
marines, are useful and instructive. Submarines 
first operated in war as naval guerilleros, and Admiral 
Scheer must be given the credit of having been the 
first person to think out a consistent plan for using 
them in conjunction with surface ships. The 
Flanders and Ems flotillas were always actively 
employed as fleet outposts during the German 
sorties of 1916; they scored a great success on 
August 19, 1916, when the German fleet made its 
first sortie after Jutland ; and had Admiral Scheer 
been able to continue his fleet movements, the 
co-operation between the high seas fleet and the 
submarine flotillas might have filled an instructive 
chapter in the history of naval tactics. As matters 
turned out, the German submarines were required 
for unrestricted war upon commerce before Admiral 
Scheer could complete his experiments. Since the 
war, all naval Powers have given great thought to 
the same problem, and the latest news from Japan, 
shows that the Tokyo Admiralty have very definite 
views upon the subject. The Japanese fleet is 
divided into what we should call a battle squadron 
and a scouting group. In the first are the battle- 
ships, and the third cruiser squadron ; in the second 
are the battle cruisers and the fifth cruiser squadron, 
A recent re-organisation of the submarine flotillas 
has allotted eight ‘‘ Ro” class boats (numbers 54 to 
59 and 63 and 64) to the battle squadron and six 
“Ro” (numbers 26, 27, 28, 60, 61 and 62) and two 
‘* I.” boats (numbers 51 and 52) to the battle cruisers, 
This allocation is interesting: all the battlefleet sub- 
marines are small vessels of the 900-ton class, with 
a very light gun armament and a comparatively 
low radius of action; they are not comparable to 
the French Requin type, of which the first has 
recently been launched. The Japanese battle 
cruiser fleet has been given the larger type of boat : 
“TI” 51 and 52 are the biggest submarines in the 
Japanese Navy (1,500 tons), but, on the other hand, 
“Ro” 26, 27 and 28 are low-powered boats of 
750 tons displacement. The inference to be drawn 
confirms what we have said before in these columns : 
the Japanese fleet is not intended to operate over 
long distances ; it is a strong defensive organisation 
formed for the purpose of protecting the closed 
waters between the Japanese islands and the Chinese 
mainland. 


Tue Fusion or GRAPHITE. 


Some years ago E. Ryschkewitsch, of the Kropf- 
miihl Graphitwerke, Bavaria, claimed to have 
fused carbon (ENGINEERING, May 13, 1921, page 
588). Resuming these researches recently in the 
laboratories of the Bavarian Academy of Sciences 
(Zeitschrift fiir Elektrochemie, February), he makes 
the same claim for graphite. He graphitised lamp 
carbons by heating them, embedded in graphite, 
for several hours to 2,500 deg. C. The rods, 5 cm. 
long, 3 mm. diam., slightly tapering towards the 
middle, were placed vertically between graphite 
blocks and heated by alternating currents. The rod 
was surrounded by a protective cylinder of graphite, 
provided with an observation hole, and the whole 
was sealed in a glass globe through which argon 
was kept circulating. The rod began to glow as 
its temperature rose. Suddenly a bright ring 
developed in the central horizontal plane; in the 
next moment the rod split across that plane and an 
arc formed, which soon became extinguished, 
Kinematograph films, taken at intervals of 4 
second, showed the phenomenon well. At the mo- 
ment of rupture the protective cylinder became 
covered with soot, in which globules, up to 1 mm. 
in diameter, apparently of fused graphite, could be 
distinguished. These globules had the density of 
graphite, 2-232; analyses are not mentioned. As 
there was no visible evaporation of carbon before the 





rupture, Ryschkewitsch assumes that the graphite 
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was really fused and that the phenomenon was-not 
an explosive evaporation of the graphite. The 
temperature of fusion was estimated, by optical 
pyrometer, at 3,800 deg. C.—that is, about 400 deg. 
lower than the temperature of the positive crater of 
a carbon arc at 1 atmosphere. The curves taken 
showed that the temperature rose after the rupture 
and kept constant for a fraction of a second, whilst 
the current density—up to 2,100 amperes per square 
centimetre—fell at once. That would be in accord 
with Ryschkewitsch’s view that the arc temperature 
is higher than the fusion-point of carbon, and that 
the carbon-are crater is covered by a film of liquid 
carbon, the thickness of which Professor Fajans, 
in whose laboratory the experiments were made, 
estimates at possibly 0-2 mm. It ‘would also 
account for some of the apparently contradictory 
statements of Lummer, who first described experi- 
ments on the fusion of carbon in 1914. Fajans 
argues that the fusing substance is graphite and 
not the mineral impurities (which had been reduced 
to 0-1 per cent), though those impurities might 
accumulate on the surface of the hot graphite. 
But his arguments are hardly convincing. One 
rather inclines to the view of E. Sauerwald, that 
the globules-of graphite are impurities sputtered 
by an explosive evaporation. Sauerwald points 
out that, whilst fusing tungsten rods generally 
shows a core of fused metal in the colder solid 
shell, such a fused core has never been observed 
in burnt carbon resistances. 


Tue Irattan Navat BupGer. 


The Italian naval budget for the financial year 
1925-26 amounts to a total of 980,000,000 lire, the 
provision for ordinary expenditure being 934,649,400 
lire, and that for special outlays 45,350,600. lire. 
The greater portion of the ordinary expenditure, 
namely, 864,209,400 lire, is under the general 
heading “ Outlay on the Navy,” and the chief 
items under this include 177,000,000 lire for new 
ship construction and the transformation of existing 
units, 88,700,000 lire for liquid and other fuel, 
72,064,000 lire for fleet maintenance, 12,000,000 lire 
for ammunition and targets for firing practice and 
firing premiums, 29,000,000 lire for naval and coast 
defence, 49,720,000 lire for naval armaments, &c. 
The Rivista Marittima places this budget side by 
side with the one for the year 1924-25, which 
amounted to a total of 927,046,030 lire, and also 
with the budget for the year 1922-23, when the 
total amount was 611,102,100 lire. Compared with 
the latter total, the figure for 1925-26 shows a net 
increase of 368,897,900 lire. This expansion is 
due to an increase under ordinary expenditure 
of 433,736,300 lire, less a reduction of 64,838,400 lire 
in special outlays. Reviewing the two budgets, it 
is found that the chief item responsible for the in- 
crease also comes under the general heading ‘* Outlay 
onthe Navy.” Asabove stated, the figure under this 
heading in the present budget is 864,209,400 lire, 
while in the 1922-23 budget it was 470,727,300 lire ; 
this means an _ increased appropriation of 
393,482,100 lire for present and near future con- 
tingencies. The latter total figure is made up of 
increases in many items contributing to the greater 
efficiency of the fleet, and making for improvements 
in new units. The Italian journal, in drawing a 
parallel between the two budgets, quotes several of 
these items ; they include an increase of 26,000,000 
lire for naval and coast defence, 129,000,000 lire 
additional under new ship construction and the 
transformation of existing units, 50,064,000 lire 
increased expenditure on fleet maintenance, an 
increase of 9,000,000 lire for firing practice require- 
ments, of 29,720,000 lire for naval armaments, &c., 
all of which afford a proof that the Italian nation is 
fully resolved to maintain its naval power at a high 
standard. 





ConpiITIons For ELEorricaL ContTRracts.—The Insti- 
tution of Electrical Engineers have issued the two follow- 
ing additional sets of model conditions of contract for the 
supply of plant and materials (excluding cables) and the 
execution of work connected therewith : Bl. Conditions 
recommended for use in connection with export contracts 
(delivery f.o.b.); B2. Conditions recommended for use 
in connection with export contracts (including complete 
erection or supervision of erection). Copies of each may 
be obtained from the Secretary of the Institution, Savoy- 
place, London, W.C. 2; price ls. per copy. 


THE PASSAGE OF ELECTRICITY 
THROUGH VACUUM TUBES. 


In three Tyndall lectures recently given at the 
Royal Institution, Professor R. Whiddington, of 
Leeds, demonstrated, with the aid of modern: 
resources and from modern points of view, both 
familiar and novel vacuum discharge phenomena 
which have not lost their charm since 1858, when 
they were first studied by Pliicker and Geissler, by 
Tyndall, Warren de la Rue and others, but which 
still await their ultimate explanation. 

The luminous glow of simple, long or short tubes 
with terminal electrodes, Dr. Whiddington showed, 
was not uniform, and changed in intensity, colour 
and development of the different portions with 
the nature of the residual gas, its pressure, the 
electric conditions and the tube dimensions. In 
general, there could be distinguished the luminous 
glow on the cathode surface, the “dark space of 
Crookes,” the luminous “negative glow,” the 
“dark space of Faraday,” and the luminous 
“* positive column.”’ To start the discharge required 
some residual ions in the gas which the penetrating 
radiation from the radium in the earth might 
provide in the first instance. The positive ions 
travelled from the anode down the bulb to the 
cathode and ejected electrons from the latter; 
These electrons at first moved slowly, but they 
soon acquired sufficient speed on their way 
through the electric field to ionise the residual 
gas by collision and to set up the negative 











glow. It was astonishing that the boundary of 
the Crookes dark space was so sharp; the pheno: 
mena were complex because the electrons were free 
only for short periods and might be soon recaptured: 
As the gas pressure was reduced the negative glow 
was widened. When the anode was pushed up 
to the cathode, the positive column shortened; 
but the Crookes space did not change until the 
discharge suddenly broke down. When the anodé 
was screwed down very cautiously there at length 
came a point of instability when the slightest 
change in the conditions (distance, gas pressure 
or potential) suddenly extinguished the discharge ; 
it will flash up again, as was shown by Dr: 
Whiddington, when the gas in the tube is ionised 
by approaching a radium tube. 

The examination of potential gradient in the 
bulb by means of exploring wires, cathode ray 
beams shot transversely through the bulb (Aston 
after J. J. Thomson), the Stark effect (de Broglie), 
&c., showed that the potential was almost uniformly 
positive along the whole positive column, decreased 
in the negative glow, rose to a much higher value 
in the Crookes space, and fell off very rapidly at 
the cathode. Very little was, however, known 
about the immediate neighbourhood of the cathode: 
Very small discharge currents were chiefly carried 
by the electrons. With larger currents the electrons 
influenced one another, their field was superposed 
on the external field, and space charges in the 
tube and wall charges depending upon the nature 
of the glass were set up. Dr. Whiddington had 
studied these effects by making the disc cathode 
the stationary piston of a movable sleeve of glass 
which, when pulled out in the demonstration, 
concentrated and compressed the stream of electrons 
into a narrower beam of faster rays. The sleeve 
itself acquired a charge, but this charge was 
positive, not negative as might be expected— 
possibly because, to investigate that charge, the 
external current had to be switched off when the 
electrons would escape at once, while the positive 








charge remained. The space charge increased with 


: rising potential, as with the filament temperature 


in a valve, to a saturation value, but the relations 
were less simple; owing to the space and wall 
charges the local potentials might really be greater 
than observed. The anode itself was covered by 
a thin film of luminescence, in which the potential 
fall was as abrupt as at the cathode. That gradient 
depended mainly upon the nature of the gas ; with 
decreasing current the anode fall attained its 
maximum value, which was almost equal to the 
ionisation potential of the gas in question. 

The luminosity of the positive column was 
usually explained by the assumption that the 
electrons from the cathode, after passing the 
boundary of the negative glow, had acquired suffici- 
ent energy to ionise the gas, whilst the field was not 
strong enough to prevent recombination of the ions 
so that luminosity would arise. That view did not 
account for the striations observed in the positive 
column under certain conditions, nor why the 
striations sometimes travelled from anode to 
cathode with velocities which Dr. Whiddington 
had been able to measure with the aid of a 
rotating mirror, used by Wiillner in 1876 for similar 
studies. The lecturer used a vertical discharge 
tube of quartz which was provided with a wrap- 
ping leaving a longitudinal slot for observation 
and photography. To obtain a measure of the 
speeds, the light flashes from a mercury lamp, excited 
by currents of 40,000 cycles, were also thrown on 
the sensitised film. In the figure annexed the dots 
are time marks thus produced, and the black cross 
line indicates the edge of the mirror at rest. If the 


'| discharge through the tube were merely intermittent, 


but the striations were stationary, the striations 
should produce bands parallel to the mirror axis ; 


'|the bands observed in these experiments were 


inclined and their inclination proved that the 
striations travelled from the anode to the cathode 
at velocities ranging from 104 to 10° cm. per 


‘}second, whilst the electrons would have a velocity 


of 10° cm. 
Striations only seemed to be possible under 


certain conditions of pressure and current and only 


in impure gases, and to require a strong negative 
field at the head of a striation. In a series of papers 
on the physical and chemical character of the 
vacuum tube discharge A. Giinther-Schulze of the 
Reichsanstalt had within the last few months 
suggested that the striations were due to electrons 
from the cathode moving at low speeds, such that 
their collisions with gas molecules were practically 
elastic, the energy losses involved very small, and 
negative ionisation and recombination almost 
negligible. These electrons would move down the 
tube with a regular drift, wu, due to the external field, 
on which was superposed an irregular velocity v, 
due to local field; the u and v depended upon the 
ratio of the masses of electron and atom, the free 
paths, the field intensity and the potential applied. 
Giinther-Schulze observed the expected parallelism 
between the periodicities of field intensity, lumi- 
nosity and temperature, but Dr. Whiddington 
considered that the velocities deduced could not 
account for the phenomena, and he proposed 
another explanation,.also for other reasons. 

The rush of electrons up to the anode would, be 
suggested, at some distance from it, produce a layer 
of positive ions which temporarily shielded the 
anode; the positive emission ceased for a moment, 
and the positive ions were driven away witha de- 
finite speed from the anode by the potential applied ; 
but new electrons arrived at this sheet of positive 
space charge and kept up by ionisation the supply 
of positive ions therein. The process was then 
repeated, each “flash” of positive ions pushing 
out its predecessor by electrostatic propulsion. 
Starting some distance from the cathode, we should 
therefore find in the tube: fast ionising electrons, a 
layer of positive ions, another layer of electrons 
(slow after ionisation), a region in which the 
electrons accelerated again, a second layer of fast 
electrons, and so on. On this view one should 
expect to observe a Doppler effect in the moving 
positive “ flashes ’’ ; but Dr. Whiddington’s spectro- 
scopic studies did not reveal any trace of Doppler 
effect. That might be accounted for somewhat on 
J. J. Thomson’s view that radiations, photo- 





chemical in the first instance, from the immediate 
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neighbourhood of the cathode, would enter into the 
phenomena. Professor Whiddington suggested that 
the travelling positive ions emitted ultra-violet 
radiations, exciting luminous radiations in the atoms 
over which they passed, while the radiating centres 
themselves were not in motion. The supply of these 
ions was kept up by the electrons existing in the 
space between the sheets of positive ions which 
themselves moved mainly under the gradient 
produced by the field between two neighbouring 
sheets. Such a differential gradient might look 
improbable because, apparently, the flashes were 
equally spaced ; in reality they were slightly closer 
to one another at the anode than at the cathode, 
and the calculation of the speeds observed agree 
with Langevin’s formula for the mobility of the ions. 

In the demonstrations the tube was charged with 
pure argon. As the gas pressure was lowered, the 
‘“‘ flashes” (the bands of our illustration) became 
narrower and closed up and travelled at higher 
speeds. Sometimes the bands bifurcated in Y 
fashion, as if some particles moved at half the speed 
of the others, which they would do if carrying a 
double charge. Further, when the argon contained 
some hydrogen, two systems of bands were observed, 
the quicker flashes passing through the hydrogen, 
the slower flashes through the argon. With the 
strong currents used, up to 10 amperes—Dr. 
Whiddington used tungsten filaments to obtain a 
strong emission. of electrons—the hydrogen was 
swept down to the cathode, as the spectroscope 
proved, and the hydrogen striations appeared only 
near the cathode. On some. photographs three 
systems of flashes could be distinguished. The 
third system might represent ‘ combinations.” 
Dr. Whiddington demonstrated that, when two 
slides, each showing a system of bands at small 
inclination, were superposed, and the one slide was 
turned in its own plane, the light passing through 
the two slides indicated a third. system at steep 
inclination, produced by the intersections of the 
two systems. Finally, Dr. Whiddington demon- 
strated with the aid of an oscillograph that the 
discharge through a tube was generally intermittent 
though the source of current was a battery, but 
that the discharge remained steady under. certain 
conditions. Those conditions require further in- 
vestigation. 





LITERATURE. 


Principles of Transmission in Telephony.. By M. P. 
WernsacH. New York: The Macmillan Company. 
London: Macmillan and Co., Limited. [Price 17s. net.] 

THis book, as its title implies, deals with the 
fundamental ideas involved in electrical trans- 
mission for: telephonic purposes. It is essentially 
a mathematical analysis of the problems actually 
met with in practice, and a careful study of its 
contents will undoubtedly be of the greatest 
assistance to those engineers and students who 
are interested in the technical side of telephone 
transmission. The mathematical processes employed, 
which have been found to be most.useful in the 
analysis of these problems, demand a knowledge 
of the properties of trigonometrical functions 
including Fourier’s series, vector analysis and the 
algebraic expression of vectors by means of complex 
numbers, the exponential equivalent of circular 
trigonometrical functions, hyperbolic functions 
and their exponential equivalents and the inter- 
relationship between hyperbolic and _ circular 
trigonometrical functions. 

In the electrical transmission of energy, quan- 
tities occur which are growing or decaying hyper- 
bolically while they vary harmonically, such 
quantities are, therefore, subject to trigonometric 
and hyperbolic laws of variation simultaneously. 
It will be seen, therefore, that a knowledge of these 
mathematical processes is essential if the student 
is to understand fully the subject matter of the 
book. Given this knowledge, however, he will 
find all the problems dealt with admirably set forth 
and arranged in a logical and proper sequence. 

The principal problems involved are the propa- 
gation of the electric waves, the distortion and 
attenuation that take place during the propagation, 
the relationship between the factors that are 








responsible for the. distortion and attenuation, and 
the means of amplification. Sound waves, when 
caused by articulated speech, are unfortunately 
very irregular in shape, and consequently represent 
very considerable departures from the true harmonic 
type. They possess, however, a definite average 
frequency, a definite average wave-length and a 
definite average amplitude. It is, however, well 
known that, no matter how irregular in shape 
such waves may be, they can always be considered 
as the resultant of superimposed pure harmonics, 
and by this means they become amenable to 
mathematical treatment. 

To obtain an exact reproduction of the sound 
waves at the receiving end of the line it is essential 
that the wave shape should be maintained, 1.e., 
the relative frequency of the component harmonics, 
their amplitude and relation to one another should 
remain unaltered. This aspect of the question 
is brought out very clearly in the chapter dealing 
with distortion. It is there shown that where 
RC, the resistance multiplied by capacitance of 
the line, is equal to its inductance multiplied 
by the leakage conductance LG, waves of any 
frequency whatever, when transmitted over a line, 
the electrical constants of which bear this relation 
to one another, will encounter the same impedance, 
attenuate at the same rate and travel with the 
same velocity. It follows, therefore, that a complex 
wave will maintain its shape during its propagation 
and that such a line is a distortionless line. As in 
‘practical telephony the quantity RC is larger 
than LG, one of the main problems with which 
telephone engineers are confronted is to devise 
means by which this equality can be brought about 
without at the same time causing increased energy 
dissipation in the line, which obviously results in 
attenuation. 

It is shown that the only available method is 
to increase the inductance, and the chapter on 
the inductively-loaded line which follows deals 
‘with this question and shows why the principle of 
artificial loading has had its widest application 
in underground cables. Although inductively 
loading the line results in distortionless transmission 
and consequent gain in the distance over which 
articulated speech can be transmitted, a certain 
amount of attenuation is inevitable, owing to the 
resistance and leakage of the line. In order to 
extend the range it is imperative that the telephonic 
waves should be re-energised to compensate for 
this loss. A chapter on thermionic amplifiers 
deals with the general theory and the amount of 
amplification which can be obtained by this means. 
‘A fairly complete list of books and papers dealing 
with the subject is given in the bibliography. The 
book is printed on good paper, all the diagrams 
are perfectly clear, and the work is an excellent 
publication in every way. 


Reinforced-Concrete Beams in Bending and Shear. By 
Oscar Faser, O.B.E., D.Sc., M.Inst.C.E. Published 
by Concrete Publications, Limited. [Price 9s.] 

Tests on structures of practical dimensions con- 

structed by ordinary workmen are always of interest 


and value, but when such structures are specially 


designed to demonstrate the resistance to selected 
forms of stress, the value of the tests is immensely 
enhanced. 

Dr. Faber has not only specially designed beams 
of practical dimensions in such a way that they 


‘must fail under bending and shearing stresses, 


respectively, but he has also analysed, in the volume 
under review, the bearing which the results he has 
obtained from his carefully-conducted experiments 
have upon the methods of design recommended in 


‘the Report on Reinforced Concrete of the Royal 


Institute of British Architects, enforced by the 
London County Council Regulations dealing with 
reinforced concrete, and advocated by himself. 
Dr. Faber is to be congratulated upon the value of 


‘his experiments and of the deductions he has 


derived therefrom. 

For so complete a series of tests on structures of 
the nature experimented upon by the author, the 
results obtained are remarkably regular, indicating 
ingenuity of design, evenness of construction and 
accuracy of testing which are highly creditable. 

In Part I of the volume before us, the author sets 


out the derivation of the formule generally used in 
the design of singly-reinforced rectangular beams for 
resistance to bending, and compares the calculated 
safe loads with the ultimate loading carried by 
beams 8 in. in width, 10} in. in effective depth, and 
having a span of 9 ft., specially designed to ensure 
failure under bending. Eight beams were tested 
with reinforcements varying from nil to 2-37 per 
cent., and the results show factors of safety on the 
calculated safe load which are substantially constant 
and sufficiently near 4 to indicate that the formule 
are both safe and rational. 

Part IT deals, in a similar manner, with doubly- 
reinforced rectangular beams, the safe loads being 
calculated according to the usual elastic theory 
iand also by the theory (permitted under the London 
County Council regulations) which allows a beam 
with equal reinforcement at the top and bottom 
to be designed in the same manner as a steel flanged 
girder, the resistance of the concrete in compression 
being neglected. 

The safe loading calculated by each of these 
theories is compared with the ultimate loading on 
eight test beams of the same dimensions as the 
singly-reinforced beams and having reinforcements 
at top and bottom, varying from 0-467 per cent. to 
3-56 per cent., suitably secured by vertical links. 
These comparisons gave factors of safety for the 
usual elastic theory varying within fairly narrow 
limits and approximating to 4, whereas for the 
equal steel top and bottom theory the factor of 
safety fell off from 5-1 to 2-5 between the per- 


centages of 0-467 and 3-56, showing that this 


method of design is unreliable for higher percentages, 
the factor of safety for percentages over 1-0 falling 
consistently below 4, and becoming generally lower 
as the percentage increases. 

In Part III the author discusses the methods 
employed in the calculation of the resistance of 
beams to shearing or diagonal tension stresses, 
with special reference to the allowances recom- 
mended in the R.I.B.A. Report and permitted 
under the L.C.C. regulations, but this section of the 
book is mainly devoted to an exposition of the 
author’s proposed theory bringing into consideration 
“inclined compression.” This is perhaps the most 
interesting portion of the book and, without doubt, 
the author’s conclusions, observations and analyses 
are very convincing, while the correctness of the 
results obtained by the application of his theory is 
amply demonstrated by comparing them with the 
ultimate loadings on his experimental beams. 

Parts IV, V and VI are devoted to the description 
of the tests on the resistance to shear of T-beams, 
continuous beams and rectangular beams reinforced 
in various ways, and the comparison of the calcu- 
lated safe working loads with the ultimate loadings. 
The author is to be specially congratulated on his 
most ingenious design of continuous beams by 
which he has secured the rigid fixing at the supports. 
Sixteen T and continuous beams and eight rect- 
angular beams were tested, the T-beams having a 
top slab 12 in. by 4 in., an effective depth of 103 in., 
and a span of 3 ft. The continuous beams were 
rectangular, 4in. wide and 6in. deep, with a span of 
4 ft., eight having end splays. The rectangular 
beams were of the same width and depth, with a 
span of 5 ft. 

The comparisons of the calculated safe loads 
with the ultimate loadings indicate that, of the 
three methods of calculation examined, the author’s 
theory of “inclined compression ”’ gives the most 
consistent factors of safety. The range of the 
factors of safety for the three methods are given in 
the following table :— 

















Method of Calculation, 
Type of Beam. Inclined 
ncline 
R.1.B.A. | L.C.C, Compression. 
Tee i; ow 2-9to8-8 | 4-0to10°5 | 2-8to3-8 
Continuous .. 2-4to7-1 | 8-4to 8-8 3-2 to 49 
Rectangular .. 2:1to 3-4 | 3-1to 6-2 | 2-2to3-1 











Dr. Faber points out that the allowance of the 
shearing resistance of the concrete, in addition to 
that of the reinforcements under the R.I.B.A. 
recommendations, although wrong by reason of the 





fact that the concrete must crack in.tension before 
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the diagonal tension reinforcements can be stressed 
to their working resistance, appears to compensate, 
in some measure, for the neglect of the inclined 
compressions. 

The methods enforced under the L.C.C. regula- 
tions obviously give results bearing no definite 
relation to the ultimate resistance of the test pieces 
and err too greatly on the side of safety. 





LETTERS TO THE EDITOR. 


THE STORAGE OF COAL. 
To THE EpIToR oF ENGINEERING. 


Sir,—With a shadow of promised unrest, either in 
the coal-fields or on the railways, engineers of power 
stations become wary in these days and make provision 
by getting in ample stocks of coal. This has to be 
stacked in varying heights from some 5 ft., and 
where one has less room it has to be stacked perhaps 
10 ft. high. 

I wonder if any other engineer has discovered, as I 
did some years ago, that by taking a reading with a 
battery-testing voltmeter across the vent pipes, which 
some engineers let down in the coal at intervals of about 
12 ft., one can get a reading from 0-05 volt up to, say, 
0-3 volt. When its reading is thus high, it is time 
to look for combustion taking place in your coal 
heap. 

H. W. Watts. 

Cheltenham Electricity Works, 

June 27, 1925. 





TREVITHICK’S NEWCASTLE LOCO- 
MOTIVE, 1805. 
To THE Epriror oF ENGINEERING. 


Str,—The thanks of your numerous readers are due 
for your publication of the original drawing of the 
above, more especially as it enables a comparison to 
be made between the original and the copy of it repro- 
duced by Francis Trevithick, who in his ‘ Life” of 
his father, seeks to convey the impression that the 
1805 locomotive had a wrought-iron boiler. He 
distinctly shows a flanged curved end with a riveted 
joint and has added lines to indicate that the sup- 
porting brackets were separate pieces riveted on in- 
stead of being cast solid with the barrel of the boiler. 
Lines are also drawn through the stiffening bands which 
leave it to be inferred that these bands were also 
separate from the barrel of the boiler. Whether, by 
the separate bands, it was sought to convey the im- 
pression of butt straps is, of course, not now known. 
In any case they are too narrow to serve that purpose. 

I do not perceive, either on the original or on the 
copy, any indication of the regulator cock or the flange 
of the exhaust pipe from the cylinder. These missing 
items are no doubt shown on the drawing dated Sept. 
17, 1804. 

It is, of course, clearly recognised that the locomotive 
of 1805 represented a considerable advance beyond 
that of 1803, in that the moving mechanism was 
placed at the opposite end of the boiler and so out of 
the way of the fireman and driver. 

Yours truly, 
Jas. DuNtop. 
287, Duke-street, Dennistoun, Glasgow. 
June 27, 1925. 





StanDaRD Unit Loapines For GIRDER BrRIpGES.— 
The British Engineering Standards Association has just 
issued Appendix No. 1] (1925) to Publication No. 153, 
containing tables of British Standard Unit Loadings for 
Railway and Highway Girder Bridges. The price of the 
pamphlet is ls. 2d., post free, and it is obtainable from 
the Publications Department of the Association, 28, 
Victoria-street, London, S.W. 1. The tables refer to 
bridges for railways using the normal 4 ft. 8} in. gauge 
and over; tables dealing with medium and narrow-gauge 
railway bridges are in the course of preparation. Com- 
plete data on the maximum bending moments and the 
corresponding total, equivalent, uniformly distributed 
loads are _— Tables of maximum shears on main 
girders and maximum cross girder or pier reactions for 
spans of from 4 ft. to 300 ft. are alsoincluded. The tables 
are calculated for each foot of span up to 50 ft.; there- 
after, from 50 ft. to 100 ft., by intervals of 2 ft.; and 
from 100 ft. to 300 ft. by intervals of 5ft. Approximate 
metric equivalents of the English figures are also given. 
For British railways, the loading for bridges, recom- 
mended in the Requirements for Passenger Lines and 
the Recommendations for Goods Lines of the Ministry 
of Transport, in regard to Railway Construction and 
Operation (1925), is 20 units for heavy main lines, and 
lower multiples for lines with lighter loading. In the 
case of r bridges carrying ordinary main roads, the 


THE VOYAGE OF THE GOVERNMENT 
FLOATING DOCK TO MALTA. 


A TowINe operation of considerable interest and im- 
portance has been brought to a successful conclusion by 
the arrival at Malta of the largest floating dock which 
has made an ocean voyage. The dock is one of those sur- 
rendered by Germany to Great Britain, and was previ- 
ously stationed at Kiel. It is 720 ft. long, 180 ft. broad, 
and has a lifting capacity of 40,000 tons. The tow 
from the Medway to Malta, a distance of about 2,300 
sea-miles, was undertaken entirely by the Admiralty, 
Commander K. N. Humphreys, R.N., being in charge 
of the operation. Six of the largest Admiralty tugs 
carried out the tow. A destroyer, and a collier from 
which the tugs were coaled en route, were in attend- 
ance throughout the passage. 

The start was made from the Medway at 8.30 a.m., 
on June 1, Malta being reached on the morning of the 
27th, an average speed of about 3} knots being thus 
maintained. The weather experienced, on the whole, 
was good, but the dock encountered the full force 
of a long Atlantic swell and a strong cross wind while 
crossing the Bay of Biscay. This towing operation 
is one of the largest undertakings of its kind yet 
achieved. The Southampton floating dock, with a 
buoyant length of 856 ft., and having a lifting capacity 
of 60,000 tons, was delivered at Southampton, in 
April, 1924, from the builders, but, in this case, the tow 
was only about 400 sea-miles. Longer tows than that 
under notice have been made with floating docks, but 
in such cases the docks have been much smaller. 
Among these have been the following :— 











Present Lifting 
Location of | Length. |Capacity. Tow. Remarks. 
Dock. 
Ft. Tons. 
Bermuda... 545 17,500 | England to _ 
Bermuda, 
3,000 miles 
Rio Janeiro .. 550 22,000 | England to | In 1910. 
Rio, 5,200 
miles 
Sourabaya 460 14,000 | Rotterdam to | 170 days via 
Sourabaya, Suez Canal. 
8,950 miles 
Sabang 392 5,000 | Ymuiden to] 92 days via 
Sabang,7,780| Suez Canal 
miles In 1924. 
Tandjong 513 8,000 | Rotterdam to | 4 months via 
Priok Tandjong Suez Canal. 
Priok, 8,000} In 1924. 
miles 
Valparaiso 365 5,000 | Rotterdam to | About 34 
Valparaiso, months via 
7,500 miles Panama 
Canal. In 
1924. 














This is the first occasion on which the Admiralty 
have undertaken a towing operation of this magnitude. 
It is understood that in the first instance the authori- 
ties proposed to entrust the work to one of the private 
towage firms, and inquiries were made with this object 
in view from several of the best-known firms in this 
country and abroad, but eventually the Admiralty 
decided to carry out the work themselves. Having 
regard to the successful issue thereof, their enterprise 
in the matter is to be commended. 

The dock is to be lengthened at Malta by the addi- 
tion of a new section building at Chatham Dockyard, 
which will be towed out later. The completed dock 
will have a total lifting capacity of 65,000 tons, and 
will thus deprive the Southampton floating dock of its 
title of the largest floating dock in the world. 





AUTOMATIC TELEPHONE FACILITIES 
IN THE NEWPORT AREA. 


THE Strowger automatic telephone exchange at 
Newport (Mon.), which serves some 2,400 subscribers, 
was equipped, in 1915, by the Automatic Telephone 
Manufacturing Company, Limited, Milton-road, Edge- 
lane, Liverpool, and was one of the earliest Strowger 
exchanges to be put into service in this country. 
The Post Office has decided to extend automatic 
telephone facilities to Cwmbran and Risca, industrial 
centres within seven miles of Newport, and the manu- 
facture and installation of the equipment have been 
entrusted to the Automatic Telephone Manufacturing 
Company. Exchanges, which will work in conjunc- 
tion with the Strowger equipment at Newport, have 
been opened in each of the new centres. Both installa- 
tions are of the rotary P.B.X. type, comprising single 
units, that at Cwmbran being equipped with 76 sub- 
scribers’ lines and four coin-box lines and that at Risca 
with 57 subscribers’ lines and three coin-box lines. Sub- 
scribers’ meters are of the booster-battery type. The 
coin-box lines have access to two special repeaters in 
each exchange, and the junctions from these repeaters 
terminate on the manual board at Newport, where 





loading recommended is 15 units. 


an operator is in attendance to obtain the required 











number. Cwmbran is equipped with 8 outgoing and 
12 incoming junctions, and Risca has 6 outgoing and 
11 incoming junctions. The rotary line switches are 
mounted on two gates which may be swung outwards 
from the centre, allowing access to all the switchboard 
cabling. A power-connecting panel, with alarm fuses 
through which current is fed to the switches, is mounted 
above the line switches. Over this again is a terminal 
assembly, where the outgoing primary trunks from the 
line switches are connected to the trunks and to repeaters. 
Incoming trunks and final selector connections are 
also made at this point. Shelves, each with a capacity 
for eight switches, are on the final selector side of the 
two units. At Cwmbran, the present equipment is 
12 final selectors and one test and offering final selector, 
whilst Risca has 11 of the former and one of the latter. 
On the other shelves are mounted the regular and 
coin-box repeaters and the howler-circuit relay group. 
The banks of all final selectors are multiplied together, 
thus allowing any final selector access to any line 
terminating on the banks. 





THE BRITISH ZTHOMSON-HOUSTON 
SERVICE DEPARTMENT. 


In every department of industry a. great deal of 
ingenuity and skill have, of late years, been employed 
in the presentation of saleable goods. A well-arranged 
display of articles is of great assistance to the buyer 
as well as to the seller, and this is particularly true in 
the case of the electric fittings trade. The recently 
opened Mazda House of the British Thomson-Houston 
Co., Limited, situated in Newman-street, Oxford-street, 
W.1, is a large five-floored building in which are em- 
bodied the latest ideas and the most modern practice 
in electric illumination, heating, &c. The premises have 
been designed to meet the needs of the trade in all 
questions relating to electric lighting and wiring ; every 
form of illumination can be conveniently and quickly 
demonstrated. The main showrooms are on the first 
floor, and the displays of fittings are arranged so as 
to give a good general effect, and to permit the proper 
appreciation of any article in which a customer may be 
interested. On the ground floor are arranged three 
rooms; the first is a general showroom in which decora- 
tive fittings, heating, cooking, and other domestic 
appliances are exhibited ; the second is a demonstration 
room for Tungar battery chargers, small motors and 
fans; while the third contains trade counters specially 
designed to eliminate avoidable delay. Stocks of 
materials usually demanded are placed ready to hand ; 
larger quantities, or articles of a special nature, may be 
obtained rapidly from the store by means of lifts. 
Efficient telephone systems, including private lines to 
the main London stores at Wenlock-road, Islington, 
together with a well-organised motor delivery service, 
ensure prompt execution of urgent orders. The base- 
ment is fitted up for the demonstration of every variety 
of commercial and industrial lighting equipment ; 
a complete range of the B.T.H. wireless apparatus is 
here exhibited, including receivers, loud speakers, 
headphones, and valves. The administrative offices 
are situated in the two upper storeys of the building 
which is electrically heated throughout. There are no 
coal fires and no gas pipes on the premises. The special 
needs of engineers, architects, and others engaged in 
the design, installation and maintenance cf large arti- 
ficial lighting systems, are dealt with by a staff of 
lighting engineers and fittings designers. 





ContrAocts.—The International Combustion Engineer- 
ing Corporation, of New York, U.S.A., the associated 
company of International Combustion, Limited, Africa 
House, Kingsway, London, W.C.2, has secured the contract 
for installing a large low-temperature distillation plant 
for the Milwaukee Electric Light and Power Company.— 
The same ck pgp has also received recently contracts 
for the supply of complete pulverised-fuel equipments 
for the boiler plants of the following firms: the Cana- 
dian International Paper Company, Quebec ;_ the Cleve- 
land Electric Illuminating Company, Cleveland, Ohio; the 
Wisconsin Traction, Lighting, Heat and Power Company, 
Appleton, Wisconsin; and the Metropolitan Edison 
Company, Middleton, Pa. Orders have also been received 
for five fin furnace equipments, four Lopulco furnaces, 
five air heaters, and five Raymond pulverisers.—Messrs. 
H. R. Marsden, Limited, Soho Foundry, Meadow-road, 
Leeds, have received orders for six lever-motion stone 
breakers, three rock crushers, two lever-motion stone- 
breakers with screens, three granulators, and one set of 
high-speed crushing rolls, in addition to a number of 
smaller machines.—The Westinghouse Brake and Saxby 
Signal Company, Limited, have received an order, through 
Messrs. Head, Wrightson and Co., Limited, for fully inter- 
locked electro-pneumatic decking plant for the Champion 
Reef Gold Mine of India. The same company has re- 
ceived, through their Melbourne house, an order for 700 
resonated impedance bonds for the New South Wales 
Government Railway. Bonds of this type to the number 
of 28 were recently manufactured by them for the Ferro 
Carriles de Cataluna, Spain, and 64 of the same type 
or the Bombay, Baroda and Central India Railway. 
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LABOUR NOTES. 


A FURTHER conference to discuss questions arising 
out of the men’s application for an advance of wages 
has been fixed by the Engineering and Allied Em- 
ployers’ National Federation and the executives of 
the engineering trade unions for July 23, in London. 
At their recent meeting, it will be recalled, the repre- 
sentatives of the workers decided, while adhering to 
their previous policy, to meet the employers for the 
purpose of hearing further explanations of their 
proposals. An earlier date for the new conference was 
desired, but it was found that engagements on both 
sides did not permit of a meeting before July 23. 

On Tuesday night, the Mining Association of Great 
Britain gave formal notice to the Miners’ Federation 
of Great Britain to terminate the National Wages 
Agreement entered into on June 18 last year. The 
notice expires on July 31. In a letter accompanying 
the notice, Mr. W. A. Lee, the secretary of the Miners’ 
Association, said :—“‘ The owners had hoped that 
following on the joint investigation of the facts relating 
to the deplorable condition of the industry, and the 
causes thereof, it would have been possible for both 
sides to proceed jointly to examine and agree on the 
remedies to be applied. The owners are disappointed 
that the Miners’ Federation have not seen their way 
to agree that the state of the industry calls for an 
adjustment both of wage rates and of working con- 
ditions, and in the circumstances they have been 
engaged during the short time that has elapsed since 
the termination of the joint investigation on the 
23rd inst. in themselves drawing up proposals which, 
while according to the workers in each district the 
fullest possible share in the proceeds, will enable the 
industry in every district to continue in operation in a 
state of efficiency and to make the necessary provision 
for its normal development. The difficulty of drawing 
up wages proposals, which, on the one hand, must be 
governed by the economic conditions with which the 
industry is faced, and, on the other, should take account 
of the necessity for providing a living wage for the 
lower-paid classes of workers, has been greatly increased 
by the unwillingness of the Miners’ Federation to 
consider an extension of the seven hours day, for the 
terms which can be offered under a seven hours day are 
necessarily much less favourable than those which could 
be offered under an eight hours day. Further, the great 
differences between district and district, aggravated 
as they have been by the operation of the Seven Hours 
Act, render it necessary to consider carefully how far, 
while agreeing on general principles for the regulation 
of wages applicable to the country as a whole, the precise 
application of these principles must be left to be 
determined in the various districts in the light of their 
individual conditions. A further communication will 
be addressed to you at the earliest possible moment.” 

On the following day, the Miners’ Association met 
again for the purpose of receiving the opinions of the 
districts, and later the further communication referred 
to in Mr. Lee’s letter was sent to the executive of the 
Miners’ Federation. A national delegate conference 
has been called for to-day by the Miners’ Federation to 
consider the whole matter. ‘ 





Both the railwaymen’s unions and the craft unions 
with members employed in railway shops were repre- 
sented at the informal conference with the railway 
managers in London on Friday last week. The meeting 
was called to give the managers an opportunity of 
laying before the leaders of the men’s organisations, 
facts and figures relating to the present economic 
state of the various undertakings. The information 
given was regarded as confidential to the representatives 
of the men who undertook to lay it before their execu- 
tive councils. The following brief official communi- 
cation was issued at the close of the proceedings :— 
“* Aninformal meeting was held between representatives 
of the railway companies and every trade union con- 
cerned with railway employees, when the present 
railway position was frankly discussed. The con- 
ference adjourned to a date to be arranged.” 





The Ministry of Labour states that on June 22, 1925, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,299,700 
—1,033,900 men, 35,600 boys, 204,400 women, and 
25,800 girls. On June 15, 1925, the number was 
1,280,370—1,011,467 men, 34,767 boys, 207,228 
women, and 26,908 girls, and on June 23, 1924, it was 
1,013,782—766,960 men, 29,580 boys, 189,357 women, 
and 27,885 girls. 





The Industrial Bulletin, which is issued monthly by 
the Industrial Commissioner of New York State, 
intimates that Chapter 123 of the Laws of 1925 revises 
the two-shift schedule of work periods and open air 
intervals for those who work under compressed air. 
It reduces the maximum pressure under which an 





employer has discretion to determine the time of each 
shift from 21 lb. to 18 lb., and creates a one-hour day 
for workers under a pressure of 48 lb. or more. Shifts 
and intervals of work for each 24-hour period are 
amended as follows : 


| 











Pressure. Hours. 
Maximum] Minimum|Maximum 
Minimum |Maximum first shift rest second 
number of |number of|/Maximum in interval | shift in 
Ib. lb. total | compres-| in open | compres- 
sed air. air. sed air. 
Normal 18 8 + 4 4 
18 26 6 3 1 3 
26 33 + 2 2 2 
33 38 3 14 3 1} 
38 43 2 1 4 1 
43 48 1f 2 5 Z 
48 50 1 + 6 + 




















This amendment is effective from the Ist inst. 





The principal amendments proposed in the new 
Unemployment Insurance Bill—which was issued on 
Wednesday, are :— 

(1) Extended benefit, instead of depending solely 
upon the fulfilment of the conditions expressly laid 
down in the existing Acts, is to be allowed, subject 
to the conditions laid down in section 1 (3) of the 
Unemployment Insurance (No. 2) Act, 1924, if the 
Minister of Labour “ having regard to all the circum- 
stances of the case considers it expedient in the public 
interest ” to authorise the grant of such benefit. 

(2) The power of the Minister to waive compliance 
with the “ first statutory conditions,” which at present 
expires on September 30, 1925, is extended to June 30, 
1926. The “first statutory condition” requires 
payment of not less than 30 contributions since the 
beginning of the first of the two insurance years next 
before the beginning of the benefit year in which the 
application for benefit is made. 

(3) The “‘ waiting period,” which must elapse before 
unemployment benefit is payable, is increased from 
three days to a week. 

(4) The weekly rates of contributions are amended 
as follows, as from January 4, 1926, in the case of the 
contributions of employers and employed, and as from 
April 5, 1926, in the case of Exchequer contributions. 


Present Rate. 


Men. Women. Boys. Girls. 
d. d. d. d. 
Employer 10 8 5 4} 
Employed. .... 9 a 4 a 
Exchequer (a) 6} 5} 3% 3§ 


Proposed Rate. 
Men. Women. Boys. Girls. 
d. d. d. d. 


Employer *8 7 + 34 
Employed .... 7 6 34 3 
Exchequer f(a) 8 6 48 43 


* These rates will be reduced to the rates payable by 
employed persons when the outstanding advances 
from the Treasury to the Unemployment Fund (with 
accrued interest) do not exceed the debt at December 31, 
1925, and in the opinion of the Minister and the Trea- 
sury are not likely to exceed that amount. 

t These rates will be reduced by Id. for men and 
3d. for women, boys and girls from January 2, 1928. 

(a) As from January 4, 1926, the Exchequer contri- 
butions (at whatever rates they would otherwise 
for the time being be payable) are liable to be increased 
by 1d. for men and 3d. for women, boys and girls, 
both before and after January 2, 1928, in respect of 
quarters in which the average of the outstanding 
advances from the Treasury to the Unemployment 
Fund (with accrued interest) exceeds those out- 
standing on December 31, 1925. 

After the extended period, which expires in June 
next year, the rates are not to exceed: By employer : 
For men, 6d.; for women, 5d.; for boys, 3d., and for 
girls, 24d. By employed: 6d., 4d., 3d., and 2d. 
The Exchequer is to bear three-sevenths of the joint 
contribution of employer and employed. 





An interesting discussion on the question of working 
hours took place before the International Railway 
Congress in London on Thursday of last week. The 
decisions arrived at are referred to in our report of 
the Congress, page 7 of this issue. 





In his annual report to the members of the National 
Union of Railwaymen, Mr. Cramp, the general secre- 
tary, states that the organisation’s assets have in- 
creased annually since the fusion of the three unions, 
except in 1921, when a considerable amount of money 
was spent in assisting members who were unfortunate 





victims of the slump in trade. The figures for 1924 
show an increase of 179,5581. 1s. 6d. over those of 1923. 
The total assets were, at the end of the year, 1,742,5761. 
5s. 3d. as compared with 1,563,018/. 3s. 9d. in 1923, 
1,408,736/. 12s. 11d. in 1922, and 1,225,803. 5s. 2d. in 
1921. The total income of the general fund in 1924 
was 339,386l. lls. 3d.—an increase on the previous 
year of 23,0327. 19s. 4d. From this fund all adminis- 
trative and legal expenses are paid as well as donation, 
suspension and protection benefits, and, although the 
income has increased, the tendency of expenditure is 
downward. In 1921 the expenditure was 868,269/. 13s., 
in 1922, 335,710/. 10s. 11d., and in 1923, 213,1201. Os. 1d. 
In 1924 it was 194,424/. 14s. ld. The reduction was 
mainly due, Mr. Cramp explains, to decreased 
administrative expenses and to the fact that less was 
paid out in unemployment benefits, the figure for 
1923 being 27,017/. 4s. 1d., and that for 1924 
23,1901. 8s. 0d. There was, however, a large increase in 
the expenses of conferences and negotiations, these 
rising from 16,1581. 16s. 2d. in 1923 to 33,5461. 1s. 7d. in 
1924. ‘‘ Industrial fights are decided,” Mr. Cramp adds 
“by the length of time the men can hold out, and the 
time of holding out is largely determined by the financial 
position of their union. From the figures given it will 
be clear to our members that any movement initiated 
by the governing body will be adequately backed 
financially. What the future has in store we do not 
know, and our efforts must therefore be in the direction 
of strengthening our position, both industrially and 
financially, in order that we may make ourselves 
sufficiently strong to hold our own in all circumstances.” 





The Industrial League and Council and the National 
Alliance of Employers and Employed have amalga- 
mated, and propose to carry on under a single control 
all the branches of activity hitherto pursued by both 
the old societies. New and far-reaching developments 
are in contemplation. The control will be vested in 
joint committees, on which representatives of em- 
ployers and trade unionists will be in equal numbers. 
As hitherto, associate membership will be open to all 
individuals who accept the principles and constitution. 
All the provincial committees of both the old alliance 
and the league will continue their present activities, 
the district centres for groups of committees being at 
Birmingham, Cardiff, Leeds, Liverpool and Newcastle- 
on-Tyne. The headquarters will remain in London, 
the offices of both the amalgamated bodies will be, for 
the present, retained, and the staffs and executive 
committees will be merged. 





The National Committee of the Amalgamated 
Engineering Union at its recent meeting in Southport 
unanimously passed a resolution expressing the opinion 
that “‘steps should be taken to give effect to the 
principle of control of industry laid down in Rule 1, 
Clause 3.” Accordingly, the executive council was 
requested “ to make recommendations upon the follow- 
ing principles and to take steps to embody these in a 
Bill to be brought forward in Parliament, without undue 
delay, by the Labour Party, and to bring every pressure 
to bear upon the party to adopt the Bill as a party 
measure.” The “ principles” alluded to are: (1) Ap- 
pointment by the Government of a Commission of 
Inquiry into the engineering industry, invested with 
full powers to obtain evidence ; (2) to place the industry 
on a sound financial basis ; (3) to establish an improved 
standard of wages for all workers employed; (4) the 
institution of shop and factory workers control over all 
conditions of employment; (6) to secure the abolition 
of the character note system; (7) the suppression 6f 
the employers’ policy of the lock-out. Some private 
Labour member may have the hardihood to try his 
luck with such a measure, but the likelihood of his 
party adopting it is not very strong. 





The right of district committees and branches of the 
Amalgamated Engineering Union to affiliate to the 
National Minority Movement is the subject of a 
reference to this year’s Final Appeal Court. In these 
circumstances, the National Committee at its Meeting 
at Southport declined to pass the following resolution : 
* That in the opinion of this National Committee it is 
competent for branches and district committees to 
affiliate to the National Minority and other similar 
movements.” 





British AERO ENGINES AND THE RouND-GERMANY 
AEROPLANE Race.—lIt will be a source of satisfaction 
to British engineers to know that several German-built 
machines entered for the recent German Rundflug race 
were intended to be fitted with the Bristol Lucifer 
120 h.p. engine illustrated and described in our issue of 
April 25, 1924, on page 552. Unfortunately, however, 
only one of these machines, viz., the Heinkel, was 
completed in time for the start of the race, although a 
second machine, built by Messrs. Casparwerke, started 
about 24 hours late. The first tioned hi 
covered the whole distance, of about 3,250 miles, with 
an addition of about 400 miles, quite satisfactorily. 
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MIDLAND COUNTIES INSTITUTION 
OF ENGINEERS. 


A LARGELY-ATTENDED meeting of the Midland 
Counties Institution of Engineers took place on 
Wednesday, June 24, when the members met at 
Blidworth, where a new colliery is being sunk by the 
Newstead Colliery Company, in order to work the 
top hard coal, which is expected to be reached at a 
depth of about. 600 yards. The pit is situated some 
5 miles east of Mansfield, Notts., and, the site having 
been fixed, the surface works and sinking were com- 
menced on August 1, 1923. 

Much of the surface work has been completed, but 
the site of the screening plant, which has entailed a 
large amount of excavation, has only recently been 
finished, the excavated material being used for rail- 
way embankments to connect the colliery sidings with 
the L.M. & S.and L. & N.E. railways. The two shafts, 
each 20 ft. 6 in. in diameter, have been sunk through 
the water-bearing strata by the aid of two Evans 
steam pumps of 1,000 gallons per minute capacity, 
and the iron tubbing is now in course of completion. 
The head gears are of the lattice type, 75 ft. 3 in. high 
to the centre line of the pulleys, the bases being 
mounted on concrete foundations 21 in. above the 
yard level. 

The winding engines and power plant are housed in 
a building 248 ft. long and 46 ft. wide, of which the 
framework and roof trusses are constructed of steel, 
the spaces between the columns being _ brick- 
filled. The wails carry a crane track, on which 
is mounted a 124-ton crane capable of serving any 
part of the building. The two winding engines each 
consist of a pair of double-acting cylinders of 36 in. 
in diameter by 84 in. stroke, with drop valves for 
the inlet and piston valves for the exhaust; the 
steam pressure is 150 lb. per sq. in. The drums 
are semi-conical, having diameters of 28 ft. and 16 ft., 
maximum and minimum, respectively. The engines 
are fitted with steam reverser, steam brake, and an 
overwinder of the Whitmore type; behind them two 
air compressors are installed, each having a capacity 
of 3,000 cub. ft. of free air per minute. The electric 
power plant consists of a 1,500 kw., mixed-pressure 
turbo generator of 6,600 volts, the steam being supplied 
by the exhaust from the winding engines together 
with an added amount of live steam. The condenser 
is of the multi-jet type, the water circulating through 
a large cooling tower. As a standby a 300 kw. gene- 
rator driven by a high-speed steam engine is installed 
for emergencies. 

The boiler-house is 210 ft. long, of steel, with an 
asbestos tile roof; at present there are eight Lanca- 
shire boilers 8 ft. 6 in. in diameter by 30 ft. long, and 
provision has been made for the addition of a further 
four at a later date. The boilers are fed by two Weir 
pumps, and a Worthington-Simpson electrically-driven 
feed pump, together with a Weir feed heater, and two 
Clay Cross economisers, the steam passing through 
Ferguson superheaters on its way to the engine-house 
The hardness of the water, amounting to 14 deg., 
is reduced by a Kernicott water softener, capable 
of dealing with 10,000 gallons per hour. 

The shops, stores, fan house and locomotive shop 
are all under one roof in a building 550 ft. long and 
47 ft. wide. The stores and shops are separated by 
expanded metal partitions, and the fan house and loco- 
motive shed, by brick partitions. The building is divided 
into stores 162 ft.; fitting and smiths shop, 125 ft. ; 
joiners’ shop, 75 ft.; electricians’ shop, 50 ft.; fan- 
house, 87 ft.; and locomotive shed, 50 ft., respectively. 
The walls are of brick, with crane tracks running the 
entire length of the building, on which is mounted 
a travelling crane similar to that in the winding 
engine-house. The two fans are not yet installed, but 
these will eventually be of the Waddle type. 

The housing scheme in connection with the colliery 
is being carried out on broad lines and hygienic 
principles. It provides for the erection of 1,200 
houses, the village being laid out with ample space 
for gardens, schools and recreation grounds, the latter 
to include a swimming bath, »ricket ground, tennis 
courts and bowling greens. 

The Members of the Institution were entertained 
to lunch by the Company and, speaking afterwards 
Mr. Charles Markham pointed out that the sinking of 
the shafts had been accomplished below the water- 
bearing strata without great difficulty; the water 
had been dealt with without recourse to cementation 
or other processes. The tubbing would ensure a dry 
shaft at all times. He looked to the future of the 
coal trade with every confidence, and in support. of 
thet belief, said that after the war the companies 
with which he was connected had laid down programmes 
of sinking amounting to eight miles, and of these, five 
miles had already been accomplished. He hoped 
that the shafts inspected by the members would 
reach the coal measures by the end of this year. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports.of London Metal Markets.) 
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Norr.—In the diagrams the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 
those for steel rails are for heavy sections. The pig-iron prices are for East-Coast hematite and 
Cleveland iron, both of’ No. 1 quality. The price of quicksilver is per bottle, the contents of 
which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in other 
cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the 
horizontal lines represent 1l. each, except in the case of the diagram relating to tin-plates, in 
which they represent ls. each. 








himself exclusively to private technical work.—Messrs. 
John M. Henderson and Co., Limited, of King’s 
Works, Aberdeen, have announced that the address 
of their London office is now Amberley House, 12, 
Norfolk-street, Strand, W.C.2, and not 17, Cockspur- 


PrersonaL.—Messrs. Peter Brotherhood, Limited, 
engineers, Peterborough, have opened a branch office 
at 324, Harrogate-road, Leeds.—Mr. L. P. Sidney, 
M.B.E., who has held the position of Assistant Secretary 





of the Iron and Steel Institute for the past 21 P iam 
i evote 


is relinquishing his connection with that body to street, S.W.1, where it was formerly situated. 
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MOTOR CABLE PLOUGHING TRACTOR. 


CONSTRUCTED BY MR. A. BORSIG, ENGINEER, BERLIN. 

















ae Cc 
\<¢ i] B Fig.t 
Y ge ' 
N | B 
me piu 
El ti 
A 



























































































through the 
auaged over the cone-shaped gauze. 































































































A 


shown in 


throughout is by means of grease lubricators with the 
exception of the cylinder, which is supplied with oil fed 
by a special pump. The consumption of oil is approxi- 
mately 0-125 pints per hour. The carburettor or 

vaporiser is of very unconventional design, and is 
shown in Figs. 19 to 21. 
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the fuel pump. tter 

is of a special type and is actuated by the oscillating 
valve rod through an extension of the “pene the 
exhaust valve cam. The pump barrel is i moved 
and down in the casing and has one eo only. 
The pump plunger travels up and down with the barrel 
to an amount controlled by the governor arm at the top 
and the adjustable regulating plate at the bottom. 
This functioning of the governor and fuel pump will be 
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clear if reference is made to Figs. 22, 23 and 24. The 
downward movement of the barrel carries the plunger 
with it until the plunger head is held up by the regulat- 
ing plate, the barrel then travels on, creating a vacuum 
below the plunger. Next the port opens to the fuel 
supply pipe and a quantity of fuel, which is thus 
determined by the position of the regulating plate, 
flows in. The amount of this supply which is delivered 
to the vaporiser depends on the position of the governor 
arm, because as the barrel moves upwards it carries the 
plunger with it. If the engine is running light, the 
governor arm will be in the highest position and the 
barrel will carry the plunger without relative movement 
to the top of its stroke, but in any other position of the 
governor the plunger will be stopped before the barrel by 
coming in contact with the governor arm, and fuel will 
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be forced out into the delivery pipe. In concluding our 
description of the engine we may mention that a 
variable-speed control is provided in order that a 
slow start may be made on the ploughing rope, followed 
by even acceleration to full speed. The governor 
shaft is fitted with a four-step pulley, as shown in 
Figs. 23 and 24, belt-driven from a parallel face pulley 
on the engine crankshaft. The belt is shifted by means 
of a simple striking gear, the slack being taken up 
automatically by a deadweight jockey pulley. The 
arrangement may be seen in Fig. 6, and gives speed 
controls of 180, 240, 300 and 360 r.p.m. A half- 
compression device is fitted on the exhaust valve, and 
the engine is started by means of the detachable 
handle seen in Fig. 8. 

Turning now to the transmission, views of the gear 
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box are given in Figs. 10 to 14; the clutch is shown in 
Figs. 15 and 16, and the differential in Fig. 17. The 
clutch is of the internal expanding type, and is suffi- 
ciently delicate in its action to allow the ploughing 
rope to be inched up if necessary. As will be seen from 
Figs. 10 and 13, it is mounted on one end of the crank- 
shaft, and the same shaft also carries a sliding pinion 
which serves to transmit the drive directly to a first 
lay shaft in the gear box. The latter can be seen 
carrying the large external gear wheel in Figs. 12, 
13, and 14. The reverse is obtained by sliding the 
pinion along the crank-shaft, in which position it comes 
out of mesh with the lay shaft wheel and engages with an 
intermediate reversing train, which is not visible in the 
gear box drawings, but which can be seen below the 
crank-pin in the general section, Fig.5. Referring now 





to Fig. 14, it will be seen that the first lay shaft carries a 
fixed pinion inside the gear box and a sliding pinion with 
dogs on the outside. Sliding the latter to the right 
causes the dogs to engage with a corresponding pair 
cut on the large fixed gear wheel, and in this position 
the loose pinion serves to drive a large pinion on the 
winding drum shaft, which can be clearly seen in 
Fig. 6, the winding drum being shown in detail in 
Fig. 18. The gear box is of cast-iron and all wheels 
are machine cut. 

The transmission system to the rear axle is as 
follows :—Again referring to Fig. 14, it will be seen 
that the fixed pinion on the first lay shaft drives the 
second lay shaft, seen in the lower part of the illus- 
tration, through a sliding gear wheel. For the second 
gear, the latter is left in the position shown, in which it 
engages with the smaller of the two wheels on the 
differential casing seen in Fig. 17, and thus transmits 
the power to the road wheels. To engage the first 
gear, the sliding gear on the second lay shaft is 
moved to the right, in which position it engages with 
dogs on the pinion on the right-hand end of the second 
lay shaft. At the same time, the teeth of the sliding 
gear become disengaged from the smaller wheel on the 
differential casing, while remaining in engagement with 
the long-toothed wheel on the first lay shaft. The 
pinion at the right-hand end of the second lay shaft is 
in permanent. engagement with the larger wheel on the 
differential casing, and this completes the train for the 
first gear. 

The differential is of the usual bevel-pinion type, 
and the final drive is through the two spur wheels on the 
ends of the differential shaft to the corresponding wheels 
seen on the axle shaft in Fig. 7. The hand levers and 
mechanism for operating the clutch and sliding gears are 
shown in Figs. 10and 11. Two brakes are fitted, a foot- 
brake on the differential shaft, and an automatic hand- 
brake on the rope drum. These can be seen in Fig. 5. 
A second hand brake can be provided if required. 

Steering is by worm and rack. Each engine is 
provided with a detachable countershaft fixed forward 
of the exhaust silencer. This shaft is provided with a 
fast and loose pulley drive from the engine flywheel, 
and is fitted with a belt pulley for driving a thrashing 
machine or other auxiliary apparatus. The road 
wheels are of the spoke type, the rear wheels being 
straked. Detachable spuds for the rear, and angle 
iron rims for the front wheels are provided for use on 
soft ground. Tools and spares are carried in a box on 
the underside of the operator’s platform. 

The road speeds are 14 and 3 miles per hour, and the 
ploughing speed 2 to 34 miles per hour. The draw 
bar pull on the plough rope is 5,000 lb. and the weight 
of each tractor is 8 tons 10 cwt. The fuel consumption 
is from 1 to 14 gallons of benzol per acre ploughed. 
The agents for the machine are Messrs. F. A. Standen, 
Standpoint Works, St. Ives, Hunts. 





AncHoR Liner ‘“ CatepontA.’’—Messrs. Alexander 
Stephen and Sons, Limited, recently launched from their 
yard at Linthouse, Govan, the twin-screw double- 
reduction geared turbine liner Caledonia, under con- 
struction to the order of the Anchor Line, Limited, and 
intended primarily for service between Glasgow and 
New York. The vessel has a straight stem and cruiser 
stern, and will be fitted with two steel pole masts and 
three funnels. She is 578 ft. 6 in. in length, 70 ft. in 
breadth, and 59 ft. 3in. in depth, and will have a loaded 
draught of 29 ft. The gross tonnage will be 17,000. 
Building to the requirements of the Special Survey of the 
British Corporation and to the recommendations of the 
International Convention for the Safety of Life at Sea, 
the ship is divided by steel transverse bulkheads 
into 11 watertight compartments. Two holds will be 
refrigerated for the carriage of perishable cargo. A 
double bottom is fitted, extending fore and aft, in which 
are formed oil-fuel and fresh-water tanks. Accommoda- 
tion will be provided on the eight decks for 200 first, 
730 second and 800 third-class passengers. A passenger 
lift will operate between these decks. A feature of the 
first and second-class quarters is the incorporation in 
the construction of the builder’s system of fireproofing, 
utilising asbestos sheeting. Ventilation will be by 
means of the punkah louvre system, permitting the 
regulation of a current of fresh air throughout most 
compartments in the ship. The propelling machinery 
will consist of two sets of Brown Curtis turbines, each of 
three units, driving twin screws through double-reduction 
gearing. Separate astern turbines will be incorporated in 
the casings of the I.P. and L.P. machines, and the complete 
installation is capable of developing 13,500 shaft horse- 
power. Steam at a pressure of 220 lb. per square inch 
will be generated in three single and three double- 
ended boilers, so constructed that either coal or oil fuel 
may be burned, under the Howden system of forced 
draught, the latter provided by electrically-driven fans. 
The main electric generators will be driven by Rateau 
type impulse turbines, an auxiliary generator being motor 
driven, while a large capacity bilge pump, driven through 

earing by motor, will be placed, for use in emergency, 

igh up in the ship. On the bridge of the Caledonia will 
be carried gyroscopic compasses, submarine telegraphy 
equipment, a stability indicator, fire detectors, and power 
controls for the watertight doors. The cargo-handling 
ements will rte winches and capstans driven 

by electric-hydraulic gear. 
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ECONOMIES THROUGH THE USE OF 
HIGH PURITY OXYGEN IN CUTTING.* 
By Joun J. Crowz and GrorGEe L. WALKER. 

Tue discovery of the principle of the oxyacetylene 
torch was first announced by that famous French 
physicist Henri LeChatelier in 1895 in a paper read 
before the Academie de Sciences on the temperatures 
of flames. He stated at that time that the tempera- 
ture of the oxyacetylene flame was 1,000 deg. C. 
higher than the oxyhydrogen flame, and we know to-day 
that the temperature, approximately 3,480 deg. C. 
(6,300 deg. F.), exceeds that of any other known 
flame and closely approaches the temperature of the 
carbon arc. Practical application was made of the 
principle of the oxyacetylene flame by Fouché and 
Picard when they developed the first oxyacetylene 
torch in 1901. 

The first torches were for welding, but it was not 
long before application was made of the principle of 
iron and steel combustion, in an atmosphere rich in 
oxygen, when raised to their ignition temperatures. 
We are all familiar with the classic experiments made 
by chemistry teachers, wherein a piece of watch 
spring with burning charcoal or sulphur attached is 
lowered into a jar of oxygen. The steel spring is 
ignited by the burning charcoal or sulphur and burns 
freely in the oxygen rich atmosphere. This is the 
principle employed in the present-day modern cutting 
torch, which has found such wide use in the scrapping 
of battleships, old railroad cars, cutting scrap to 
charging box size for open-hearth steel furnaces, and 
for cutting machine members to shape, &c. 

Until quite recently oxygen users were contented 
with oxygen of 97-98-5 per cent. purity, but to-day, 
at least in the United States, such is not the case. 
By improving the apparatus and operation of liquid 
air plants it has been found possible to manufacture, 
commercially, oxygen of much higher purity. By 
stages the purity of oxygen has been increased until 
now it is possible to obtain, continuously by that 
method, oxygen with a guaranteed purity of 99-5 per 
cent., plus or minus a tolerance of 0-1 per cent. The 
question naturally arises what benefits are to be 
derived from small increments in purity as we approach 
the ultimate limit of 100 per cent. oxygen, and to 


laboratory conditions in which every possible variable 
was controlled as closely as possible. 

The laboratory was furnished with an ample supply 
of oxygen .varying in purity from 98-5 per cent. to 
99-5 per cent. by steps of approximately } per cent. 
for the first series and from 97-5 per cent. to 99-5 per 
cent. by 4 per cent. steps for the second series. The 
actual purities were determined at the time of manu- 
facture, and were carefully checked in the laboratory 





Curves, Fig. 3, show the number .of cubic feet of 
oxygen of the various purities required to cut one linear 
foot for the 12-in. metal thickness. The consumptions 
given correspond to the lowest possible pressures it was 
found possible to use. 

In order that the data obtained for all tests may be 
more easily compared, they have been tabulated in 
Table I, after reduction to a common basis, that is, the 
number of cubic feet of oxygen of the various purities 








answer this question the Air Reduction Sales Company | 
has carried out two series of experiments extending over | 
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a period of several years, and it is the results of these 
experiments which ave presented in this paper. 

The experiments were made on steel plates and rolled- 
steel billets, ranging in thickness from # in. to 12 in. 
To eliminate the human element or personal equation 
as far as possible, all the cutting done in the first 
series was done with a hand torch mounted on a machine 
(radiograph) geared to give variable speeds from a few 
inches per minute up to 60 in. or more per minute, 
and in the second test series the cutting was done with 
a machine torch mounted in the same manner (see 
Fig. 1). 

The speed of the radiograph was checked with a stop 
watch. The pressures, where practicable, were 
measured with mercury manometers, and the higher 
pressures were measured with standard test gauges, 
frequently calibrated and tested on a dead weight 
gauge tester. The gas (oxygen and acetylene) con- 
sumptions were obtained by weighing the cylinders 
before and after using, on scales accurate to } oz., 
and these weights were checked up making up the loss 
in weight with shot and then weighing the shot on a 
separate balance. All the material was cooled to 
approximately the same temperature before cutting, 
and, in short, the experiments were carried out under 





* Paper presented at a meeting of the American 
Welding Society, in New York City, February 16, 1925. 
Abridged. 
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by the method described in the appendix. Previous 
experiments in which oxygen of various purities 
manufactured by the electrolytic process compared 
with oxygen of the same purities manufactured by the 
liquid air process had shown no measurable difference. 

In the typical graph shown in Fig. 2 the minimum 
pressures required to cut a 12-in. thickness have been 
plotted against the purity of the oxygen used. A large 
number of preliminary cuts were made on each thickness 
of metal with oxygen of each purity. The method of 
procedure followed was to start with a pressure that 
would make the cut without difficulty, and then to 
reduce the pressure by stages until the minimum 
pressure was found that would just make the cut. 
Preliminary experiments were also made to determine 
the most economical size of tip and the speeds to use in 
making the final cuts. The shape of the curves is 
typical of all curves plotted in this manner. 

Taking Fig. 2 as an example, it will be noted that the 
pressure required to cut a billet 12 in. thick using oxygen 
of 99-5 per cent. purity was 99 lb. per square inch ; 
whereas it required a pressure of 112 lb. when the 
oxygen purity was reduced 0-5 per cent.—99 per cent.— 
and if the purity was dropped to 98 per cent. the pressure 
required was increased to 142 lb. As the cutting tip 
was the same for all cuts on the same thickness of 
metal, the oxygen consumption for the same amount 
“4 cutting increases with the pressure required to make 
the cut. 


30 975 97-0 400 995 99-0 95 30 
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required to cut metals of the various thickness, using 
100 cub. ft. of 99-5 per cent. oxygen as a standard of 
comparison. The mean of the results given in the 
table are shown graphically in Fig. 4. 

It will be noted that 11-9 per cent. more oxygen of 
99 per cent. purity is required to do the same amount 
of cutting as was done with oxygen of 99-5 per cent. 
purity, and when the oxygen purity was dropped from 
99-5 per cent. to 98-5 per cent. the increase in con- 
sumption was 29-2 per cent. In other words, it 
required 129-2 cub. ft. of 98-5 per cent. oxygen to 
make the same length of cut as was made with 100 cub. 
ft. of oxygen having a purity of 99-5 per cent. 

The preceding data have shown how the oxygen 
consumption increases with decrease in oxygen purity 
without reference to time. The time studies made 
were not extended to cover the larger sizes, all the 
cutting on the 6-in. and 12-in. thicknesses being made 
at constant speed. 

The loss in time expressed in percentages very closely 
approximates the waste in oxygen as the’ purity 
decreases, and the two go together, that is, as the 
oxygen purity decreases, the time required to: make 
@ given cut goes up, and the consumption of oxygen:in 
making the cut goes up at the same time. The average 
of the results expressed in percentages is’shown 
graphically in Fig. 5. 

The characteristic drags obtained on the 12-in. billets 





with oxygen of four different purities are given in 











JuLy 3, 1925.] 


ENGINEERING. 


29 








Fig. 6. For some work, such as straight line cutting, 
the amount of drag may not be of serious consequence, 
but in machine cutting of intricate shapes the drag 
must be maintained at a minimum as otherwise the 
underside of the shape cut will not register with the 
top side. To decrease the drag to correspond with 
that obtained with the high purity oxygen (99-5 per 
cent.) it would be necessary to greatly increase the 
pressures, and it follows that the consumptions for the 
lower purities would be much greater than those 
shown in the curves and tables. 

M. Piette in carrying out an elaborate series of 
experiments* to determine methods of eliminating 
oxygen waste, selected oxygen having a purity of 
96 per cent. as representing the lower limit of oxygen 
purity used in France. The results obtained by M. 
Piette with oxygen of 96 per cent. purity have been 
plotted in Fig. 7, and the corresponding results obtained 
by the authors with 99-5 per cent. oxygen have also 
been plotted to the same co-ordinates. The average 
of the results show that it requires 251 cub. ft. of 
96 per cent. oxygen to do the equivalent work done 
with 100 cub. ft. of 99-5 per cent. oxygen. 

The Bureau of Standards, Washington, D.C., had 
decided to use oxygen of 98-3 per cent. purity as best 


Fig.6 OXYGEN PURITY CUTTING TEST. 
TYPICAL DRAGS FOR VARIOUS OXYGEN PURITIES 
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representing the average purity available at that time. 
The Bureau of Standards found that the range of 
purity was 97-2 to 99-3 per cent. 

It was not the purpose of this investigation to enter 
into any considerable number of practical applications 
in cutting with high purity oxygen and the results 
obtained, but anyone interested can easily demonstrate 
the superior cutting properties of high purity 
oxygen by making simple and practical tests, if they 
will obtain oxygen of, say, 99-5 per cent. purity and 





* Eliminating the Oxygen Waste. The Welding 


Engineer, Vol. ix, No. 12, page 25. 





oxygen of 99-0 per cent. purity or less, and make cuts 
in the same steel plate or forging with both oxygens. 

As a field check on the investigation made in the 
laboratory, a large number of oxygen cylinders ana- 
lysing 99-5 per cent. and an equal number of oxygen 
cylinders analysing 99-0 per cent. were used for wreck- 
ing steel cars, and a careful study was made of the 
results obtained with the two oxygen purities. Ten 
cars were scrapped with each purity of oxygen, and to 
eliminate as far as possible the personal equation the 
operators were frequently changed from one oxygen 
purity to the other, and at no time were the operators 
informed as to the purity of the oxygen supplied them. 
Weather conditions were bad, the temperatures ranging 
from — 30 deg. F. to — 21 deg. F., and the cars were 
covered with snow. Working under these conditions 
and with operators some of whom had only a limited 
experience in oxyacetylene cutting, a saving of 10 per 
cent. was shown in oxygen consumption and 11-2 
per cent. saving in time, both in favour of the oxygen 
having a purity of 99-5 per cent. 


CoNCLUSIONS. 


1. That small increases in oxygen purity greatly 
increase the efficiency of cutting operations, both as 
measured by oxygen consumption and by time required 
to complete a given amount of cutting. 

2. That the difference of effect of small increases in 
oxygen purity decreases as 100 per cent. purity is 
approached, but the effect is of considerable magnitude 
for the interval of 99-0 per cent. to 99-5 per cent. 
oxygen purity showing a saving of approximately 
12 per cent. for oxygen consumption and an equivalent 
saving in time. 

3. That decreases in consumption and time with 
smallincreases in oxygen purity found by the laboratory 
have been substantiated by practical applications made 
with oxygen of 99-5 per cent. and 99-0 per cent. purity, 


TABLE I.—Ozygen Consumption] of Various'Purities Re- 
quired to cut Metals of Vestous Thicknesses, using 100 
Cubic Feet of 99°5 Per Cent. Oxygen as Basis of 
Comparison. 
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Thick- 99-5 
ness Of |Serjes} 99-5 | 99-0 | 98:5 | 98-0 97°5 
Metal, | No. |Per Cent.|Per Cent.|Per Cent.|Per Cent.| Per Cent. 
Ins. Cu. Ft. | Cu. Ft. | Cu. Ft. | Cu. Ft. | Cu. Ft. 
3 1 100-0 | 114-1] 125-5] — = 
} 1 100-0} 111-1] 121-5] — os 
3 1 | 100-0| 116-0] 140-0} — 
1 1 100-0} 115-4] 135-0] — a 
2h 1 100-0} 108-0] 128-4] — = 
2%, | 2 | 100-0| 112-1] 127-56| 148-8] 173-9 
43 1 100-0} 113-3] 141-5} — — 
6 1 | 100-0| 108-8} 133-6; — = 
6 2 | 100-0] 114-8] 131-7] 150-1] 169-3 
12 1 100-0} 108-4] 119-5} — iat 
12 2 | 100-0! 108-9! 122-0! 189-01! 161-0 














Average Cons. 100-0 111-9 129-2 145-9 168-1 


Difference for each $ 
per cent. decrease 
inoxygen purity .. 11-9 17-3 16-7 21-5 











PRESSURE DISTRIBUTION ON AIRSCREWS.—Reports 
and Memoranda No. 940 recently issued by H.M. 
Stationery Office is entitled ‘‘ An Analysis of the Pressure 
Distribution on a Model Airscrew by means of the Vortex 
Theory,” the author being Mr. A. Fage, A.R.C.Sc. 
The following is a brief summary of the Report : 

Several papers have been published in the Reports 
and Memoranda series on the application of the Prandtl 
vortex theory of aerofoils to the case of an airscrew. 
The original papers on this subject are R. and M., Nos. 
786 and 869, and the general accuracy with which the 
theory therein described predicts thrust, torque and the 
distribution of thrust along the blade has been considered 
in a further paper, R. and M., No. 892. In this last, 
comparisons have been made between theoretical and 
experimental results for a number of airscrews belong- 
ing to the same family. The pressure results now 
analysed include determinations of thrust and torque 
for each blade element at the working conditions of 
maximum efficiency, climb and zero advance, and so 
permit a close examination of the theory against prac- 
tical data for the particular case of an airscrew of medium 
pitch. It is found that the vortex theory, when applied 
to this airscrew, over-estimates the thrust by amounts 
which vary from 12 per cent. at zero advance to 5 per 
cent. at maximum efficiency. The measured and 
calculated values of the torque agree within 3 per 
cent., except at zero advance, where the error amounts 
to 7 per cent. Comparisons with the results of the 
pressure experiments show that both the thrust and the 
torque at the tip are considerably over-estimated. It 
is shown that better agreement with experiment is 
obtained if the theoretical values of the translational 
inflow factor are increased at the tip sections. A com- 
parison of pressure diagrams indicates, however, that the 
discrepancies at the tip cannot be completely accounted 
for by an under-estimation of the translational inflow 
factor. The price of the publication is 6d. net. 


CATALOGUES. 


Oil-Mill Machinery.—A new edition of their catalogue 
of machinery for use in oil mills has reached us from 
the Mirrlees Watson Company, Limited, Scotland-street, 
Glasgow. 

Electrical Equipment.—An album containing over 
twenty illustrations of their workshop and stock-rooms, 
has been issued by Messrs. Veritys, Limited, Aston, 
Birmingham. 

Transformers.—Illustrations of transformers for over- 
seas trade, showing the local conditions in which they 
are used, are to hand from Messrs. Ferranti, Limited, 
Hollinwood, Lancs. 

Safety Device for Air Compresscrs.—A description of 
the Monitor safety device for air compressors with some 
useful practical notes on safe working, has been issued 
by Monitor Patent Safety Devices, Wallsend-on-Tyne. 


Galvanising.—A small pamphlet explaining the pro- 
cess of galvanising by dipping is to hand from Messrs. 
Joseph Ash and Son, Limited, Rea-street-south, Birming- 
ham, who undertake this work for articles of practically 
any size. 

Water Heater.—A catalogue of their water heater for 
hot-water supply and boiler feed, with tables and 
diagrams of capacities and connections, is to hand from 
the Griscom-Russell Company, 90, West-street, New 
York, U.S.A. 

Screens.—A catalogue of rotary-barrel screens has 
come to hand from Messrs. F. and R. H. Kirkup and Co. 
155, Pilgrim-street, Newcastle-on-Tyne. The screens 
are 3 ft. in diameter and of length and mesh according 
to requirements. 

Carburettors.—The Zenith Carburettor Company, 
Limited, 40, Newman-street, London, W.1, have issued a 
new edition of their catalogue containing a full descrip- 
tion of Zenith carburettors, with complete working and 
commercial information. 


Motor-Car Accessories.—Messrs. Brown Brothers, 
Limited, Great Eastern-street, London, E.C.2, have 
sent us a further issue of their periodical catalogue and 
journal “‘ The Accessory,” containing articles on tools 
and accessories for motor cars. 


Varnishes, &c.—A list of fifteen black varnishes and 
stoving japans, for application in the manufacture of 
buckles, hooks and eyes, and small] metal articles, has 
come to hand from Messrs. Postans and Morley Brothers, 
Limited, Trevor-street, Birmingham. 

Power-Transmission Appliances.—A catalogue of 
power-transmission appliances for belt, chain and tooth 
gear drives is to hand from Messrs. Crofts (Engineers), 
Limited, Bradford. The firm holds a stock of all the 
necessary parts ready for immediate dispatch. 


Mechanical Stoker.—The Pluto Engineering Company, 
2, Upper Westbourne-terrace, London, W.2, have sent 
us an illustrated descriptive catalogue of their step-grate 
mechanical stokers for water-tube boilers, giving smoke- 
less combustion of low-grade or high-grade fuels. 


Cushion Tyres.—A new cushion tyre for light road 
vehicles, and for fitting in place of pneumatic tyres, is 
described in a circular received from the makers the 
Goodyear Tyre and Rubber Company (Great Britain), 
Limited, Chelsea Wharf, Lots-road, London, 8.W.10. 


Roller Bearings.—-A priced list of roller bearings for 
line shafting, with standard brackets and hangers, has 
been received from Messrs. Delco-Remy and Hyatt, 
Limited, 111, Grosvenor-road, London, S.W.1. ‘These 
bearings are split for easy assembly and removal without 
dismantling the shaft. 


Asphalte——An explanation of the composition and 
advantages of their rock asphalte is given in a catalogue 
received from Messrs. John Dickinson and Co. (Bolton), 
Limited, Fairclough-street, Bolton. The material is used 
for surfacing flat roofs, floors, roadways, tank linings, &c., 
and is also supplied in red or green colours for office 
floors, corridors, &c. 


Gas-Driven Electric Generators.—We have received a 
copy of the journal issued by the British Commercial 
Gas Association, 28, Grosvenor-gardens, London, 8.W.1, 
containing particulars of cases in which cinema pro- 
prietors have installed small gas-engine generating plants 
to produce the required current at a lower cost than is 
charged by the supply authorities. 








Launcu oF SS. “ Grentepi.”—Considerable interest 
attaches to the steamer Glenledi, recently launched from 
the Wallsend Shipyard of Messrs, Swan, Hunter, and 
Wigham Richardson, Limited, on account of the method 
of construction adopted. The ship, which is being 
built to the order of the Great Lakes Transportation 
Company, Limited, of Midland, Ontario, will be eventu- 
ally 379 ft. in length and capable of carrying about 
4,800 tons on a draught of 18 ft. in fresh water. To per- 
mit of the vessel passing through the locks of the Welland 
Canal, Ontario, a length of 144 ft. of the midship body, 
fabricated at the builders’ yard, will be omitted from the 
original assemblage and the fore and aft portions of the 
ship L yg together. The central part will be trans+ 

orted in the ship so formed and on arrival at the Great 
pri the vessel will be dry-docked, cut in two, and the 
midship, body built in place. The engines, of the direct- 
acting surface condensing triple expansion marine type, 
and the boilers, two of which will be ogee for forced 
draught, are being built by the North Eastern Marine 
and Engineering Company, Limited, of Wallsend-on- 





Tyne. 
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MODERN SYSTEMS OF ELECTRICAL 
INSTALLATION WORK.* 


Tue electrical installation of a modern building is 
an item in its equipment which calls for every possible 
care both in the design and the carrying out if efficiency 
and reasonable safety are to result, and although much 
may depend on the systems selected even more may 
depend upon its application. The history of the 
subject is not without interest. In the early ’eighties 
conductors were commonly fixed to the surface of wall 
or ceiling by cleats, without protection from mechanical 
or other injury. Next in order came wood casing, 
with its faithful regard for always maintaining a wood 
separation between wires of opposite polarity. The 
advantage of having a more mechanical and fireproof 
protection suggested the use of ordinary wrought iron 
barrel or gas pipe, on which system many installations 
were put down. Next in order probably came the 
original “‘ Bathurst conduit,” consisting of a compressed 
paper tube with brass socketted ends. Its career was 
neither long nor happy. From those somewhat experi- 
mental days up tq the present time practise, with but 
little exception, has been steadily in the direction of (a) 
metal pipe systems and (b) metal-cased wire systems. 
The systems which I propose to refer to more par- 
ticularly are :-—slip socket conduit, screwed conduit, 
metal-cased wire. 

Slip Socket.—Of this system I feel that little can be 
said in its favour unless it be cheapness in first cost. 
Its principle points of disadvantage are :—(1) Any 
attempt at bending an open seam tube such as this is, 
can only result in either opening or crushing in of the 
edges. (2) Waterproofing is obviously impossible. 
(3) Earthing of this system is only possible by the use 
of one or other of the several ‘‘ continuity grip fittings.” 
In this connection it may be noted that the Regulations 
of the Institution of Electrical Engineers state that :— 
“Plain slip sockets do not comply with the above 
conditions, some form of screwed or grip joint which 
will give ample and permanent electrical conductivity 
and mechanical rigidity throughout being necessary.” 
The “ above conditions”’ referred to in this note are 
the conditions relating to screwed conduits. 

In new buildings and in many old ones the wiring 
work is required to be concealed under the surface of the 
plaster work. Could anything be worse in such cases 
than the use of an open-jointed tube if dampness and 
moisture are to be excluded? Yet this is a practice 
of every-day occurrence. One has even seen slip 
socket conduit run along the outside of the wall of a 
building, and in one instance under the cart road of a 
factory. 

Screwed Conduit.—The patterns of screwed conduit 
in use are the brazed, the welded, and the solid drawn 
or seamless. These are stated in order of cost and 
likewise also in order of merit. The solid drawn though 
the most expensive is the most satisfactory, being free 
from the possibility of internal burrs or roughnesses. 
It is sometimes urged that a screwed conduit system 
affords every chance of trouble from condensation. 
Personally, I have found this suggestion more fanciful 
than real, given proper care and skill in selecting the 
positions for theruns. Doubtless there are a few places 
where such great and sudden changes of temperature 
prevail that a screwed conduit system would not be 
advisable. It is noteworthy that the most recent 
regulations of the Institution of Electrical Engineers 
suggest ventilating outlets to allow of circulation of the 
air throughout the conduit. 

The black enamel on the outside of the conduit is 
unfortunately often regarded as a protection against 
rust, but one sometimes wonders whether the manu- 
facturers who so glowingly describe it ever see the 
enamel on their materiai after it has travelled by-goods 
train, been delivered by the usual careful carrier, 
dropped on to a concrete floor, cut and screwed and 
ultimately deposited in its last resting place, frequently 
green brick work or quite damp plaster. To counteract 
the evil effects of rust two coats of red oxide paint 
applied to the conduit after it has been cut, screwed and 
fitted ready for fixing is desirable. The same treat- 
ment should be recorded to the conduit fittings, boxes, 
saddles, &c. Where conduit work is run on the surface, 
decorators often have a good cause for complaint 
against the wiring fraternity who leave their work quite 
untreated in any way whatever. Galvanised conduit 
though costing considerably more money than the 
black enamelled is very much better protected. The 
author has had this in use in factory installations for 
9 to 10 years and then found its condition to be as 
sound and free from rust as when it was put in. 

Enamelling the inside of a conduit is doubtless of 
value as tending to preserve its life, as well as that of the 
conductors contained. Galvanising likewise provides 
an anti-rusting interior surface and one which, if well 
done, is sufficiently smooth for receiving conductors. 


* Paper read by Mr. Frederic H. Taylor, A.M.I.E.E., 
A.M.I.Mech.E., before the Incorporated Clerks of Works 
Association of Great Britain, on June 8,1925. Abridged, 








Solid bends, elbows or tees are virtually prohibited 
and rarely used except in a slip socket conduit system, 
the “inspection” type of fitting being used in place 
thereof. A very inglorious exception which came within 
my experience within the last two years was that of a 
power job at 480 volts where the whole of the conduit 
work was carried out with solid elbows and tees. 
Happily, I found the insulation test was fairly bad 
and the installation was taken out. Naturally, one 
found that in many cases the wires supported the conduit 
fittings and prevented them dropping out. The wires 
themselves when extracted were tightly twisted around 
one another and sufficiently so for the insulation to be 
bruised, or cracked, sometimes showing the actual 
copper-conductor. The work had been duly accepted 
by the Local Authority supplying the current. 

That all conduit fittings should be of the “ inspec- 
tion”’ type is essential if good work is to be done. 
Bends or sets made up on the job to suit the particular 
local conditions are, of course, both necessary and per- 
missible. In many cases a watertight system is desir- 
able. Ordinary inspection fittings do not satisfy 
this condition, although often used to meet it. Fittings 
with machined joints are then necessary and can be 
obtained at but little extra cost. 

The advantages of lock nuts is frequently ignored. 
These are essential where the conduit enters an iron 
box, such as a switch outlet, a distribution board, or 
main switch or fuse box. The conduit entering by a 
clearance hole and lock nutted inside and out forms a 
good mechanical and electrical job. The bushing of 
all ends of pipe from which wires are to emerge is essen- 
tial, though often ignored. The practice provides a 
smooth edge for the conductors to be drawn over and 
may save the use of a lock nut. The bushes now used 
are of brass. 

Some engineers prefer what may be termed an 
“all iron” system. That is to say, iron-clad distri- 
buting boards are used in place of the more common 
teak cased pattern, and iron outlet boxes for all switches, 
ceiling roses or other fittings, the use of wood being 
thus everywhere avoided even to the wood fixing block. 
The practice has much to commend it from the fire risk 
point of view, and as regards meeting the conditions of 
metallic continuity and earthing it is, of course, ideal. 

The earthing of metal conduits or the sheathing of 
metal-cased wires and also other exposed metal work is 
not only recommended but required by all current 
regulations, as, for instance, those of the Institution 
of Electrical Engineers and the Home Office. The 
expression may be taken to mean the efficient and 
permanent electrical connection to the general mass of 
earth. One is sometimes asked, why is earthing so 
much advised. The answer is (1) it removes risk of 
injury by shock to the person and (2) incipient faults 
are more readily made manifest. I have known it 
to be a cause of complaint on the part of a contractor 
that his switches were put to an unfair test, by virtue of 
my insistence that their metal covers should be earthed. 

A metal conduit (or the metal casing of a conductor) 
should be earthed by means of a good solid clip making 
as much contact as possible with the surface of the con- 
duit or metal casing, this in turn being connected to a 
live water main or other selected earth by means of an 
earthing conductor of suitable section. The points 
to be considered therefore are (a) the earthing conductor, 
(6) the clips or connection at either end, and (c) the 
earth itself. The earthing conductor should be of a 
section suited to the current it may be called upon to 
carry, which may, of course, be the current of the largest 
conductor within the conduit. The most recent 
Institution rules prescribe that its section shall be not 
less than one-half of that of the largest of the con- 
ductors to be protected with a minimum size of 7/0-029 
and the material used always to be copper. With 
regard to clips for connection at each end, these should 
be of good mechanical and electrical design and visible. 
The earth connection is usually to a live water main 
and where this is impossible an independent earth in’ 
the form of a buried copper plate has to be adopted. 

To the proper and efficient earthing of the exposed 
metal work of an installation too much care and 
attention cannot be given. It is, however, a point 
which is frequently most seriously neglected, involving 
risk of accident if not actual injury to the users 
concerned. A few instances of malpractice in this 
connection will not be without interest. (1) Earthing 
conductors of utterly inadequate size, frequently as 
small as a 1/18 S.W.G. wire. (2) Earthing clips of a 
flimsy and unreliable design unsuited to the size of 
pipe and without any proper provision for receiving 
an earthing wire. (3) No clips at all, the earth wire 
being twisted more or less loosely round the pipe or 
conduit. (4) Earth connections to an insulated or 
semi-insulated metal work. 

The unsatisfactory earthing accessories which are 
still on the market to-day merely tend to add to the 
number of potential accidents. 


Of actual accidents due to lack of, or inefficient 


earthing one could say much, if time permitted. Two 





instances, however, must suffice. In the first case 
the job was in slip socket conduit inefficiently earthed. 
A tee-piece was noticed to eject a piece of molten 
metal which fell into an umbrella stand setting fire to 
an umbrella. The room was an office with match- 
boarded walls and a wooden floor. The fire risk in 
this case was obviously a very serious one. In the 
second case a slip socket system had been put in, under 
the surface. Soon after shocks were felt from the metal 
cover plates of the electric bell pushes. The bell 
system was a battery operated one, its wiring being 
also in slip socket. Inefficient bonding and earthing 
was found to be the trouble, but in less than a year 
the installation was scrapped and re-wired in screwed 
conduit. 

Until recently no rules for the testing of earthing have 
existed. The latest regulations of the Institution, 
however, now prescribe that earthing shall be tested, 
and that the maximum resistance shall not exceed 
two ohms, as measured between a point near the main 
switch and any other point of the completed installa- 
tion. Such a test should be insisted upon in every 
case, and the work not accepted until the earthing 
value obtained is satisfactory. As previously men- 
tioned, earthing applies equally to the metal sheathing 
of lead-covered wiring as to a screwed or slip-socket 
pipe system. 

Equally necessary as earthing would seem to be 
the isolating of all electric conduit work, &c., from 
gas pipes, girders, &c.; in fact, everything which is 
conducting excepting the selected earth connection. 
If this is not done it is impossible properly to test the 
earthing of the system without which one has but 
little idea of its goodness or otherwise. If isolating 
be not adopted, gas pipes or other non-electric work 
may become partially alive in the event of a fault 
developing. 

Metal-Cased Wire Systems.—-For many years past 
various wiring systems have been devised, using a 
metal-sheathed wire, intended to be fixed direct on 
the surface without further mechanical protection. 
The object in view has been the cheapening of the 
cost of wiring work by the eliminating of the screwed 
pipe. For such a system it is reasonably claimed 
that it is less obtrusive, takes up less room and in- 
volves less cutting away and making good. The 
conductors used are usually of circular section for 
single cables and flat for twin or three-core and the 
sheathing in nearly all cases a special lead alloy 
(‘Stannos,” the exception). In some instances, a 
metal-cased wire system is the only one possible. 

The name of Messrs. W. T. Henley and Co. is very 
well known in connection with this system since 
about 1911, and a very great number of installations 
have been carried out under it. Several other of our 
important cable makers have likewise introduced 
lead-covered wiring systems. The difference between 
these several systems is naturally one of detail; that 
is to say, it mainly consists in differences in the methods 
of bonding and connection at ceiling rose, switches or 
other outlets. 

The bonding, or connecting across of the sheathing 
of all conductors is a specially important point, probably 
the most important, and much ingenuity has been 
shown in this connection. Care in the erection of 
any metal-cased wire system is probably even more 
necessary than in a conduit system. The unpractised 
hand is liable to overlook the fact that lead is a soft 
and therefore vulnerable material. Injury is very 
easily caused by careless bending or in removing the 
lead sheath. 





Tue “Srar’’ Contra PROPELLER.—In January last 
Messrs. James Pollock, Sons and Co., Limited, of 3, 
Lloyd’s-avenue, London, E.C.3, issued a comprehensive 
brochure giving trial data showing the advantages to be 
obtained by the fitting of a Star Contra propeller either 
to new or old vessels. This brochure also gave details 
of the equipment supplied to 124 vessels of a total 
tonnage exceeding 436,000 and a combined ys) es 
166,000 that had been fitted, or were in course of being 
fitted with the ‘‘Star.’’ We understand that during the 
last four months contracts have been secured for the fitting 
of the device to a further 26 vessels having a total 
tonnage of over 100,000 and a combined i.h.p. of 40,000, 
which appears to prove the growing popularity of this 
apparatus. 





SLupcE STEAMER ‘‘ DARMARNOCK.”’—A few weeks ago 
Messrs. Wm. Simons and Co., Limited, of Renfrew, 
launched the twin-screw sludge steamer Darmarnock, 
for the Sewage Department of the Corporation of 
Glasgow. The vessel is 260 ft. in length, 42 ft. in 
breadth and 16 ft. in depth, and is fitted with sludge 
sewage tanks, having a capacity of 1,400 tons. The 
propelling machinery consists of triple expansion surface 
condensing engines of 12,000 i.h.p., designed to impart a 
speed of 12 knots to the ship. Steam is generated in 
two cylindrical multitubular boilers working at a pressure 
of 180 Ib. per square inch. Both hull and machinery 
have been built to the requirements of the highest class 
of the British Corporation Registry, and under the 
supervision of Mr. A. Scott Younger, of Glasgow. - 
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** ENGINEERING’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACIS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawtngs is stated 
im each case; where none is mentioned the Specification is not 


illustrated. 
Where inventions are communicated from abroad, the Names, <c., 
of the communicators are given in italics. 
ome of 6 ge may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 


the uniform of 1s. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the word “* Sealed” is —— 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of a to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


227,915. H.W. Spiller, Hampstead, London, and 
S. Smith and Sons (Motor Accessories), Limited, 
London. Carburetting Devices. (5 Figs.) October 
24, 1923.—The invention is for improvements in car- 
buretting devices. The float chamber 10 communicates 
through channels 11 with the fuel jets 12. The jets 12 
reach up into ducts 18, 19, 20 and 21 formed in a 
cylindrical duct block 22 supported in the interior of 
the casing 23. The ducts 18, 19, 20 and 21 are so shaped 
that their delivery mouths 24, 25, 26 and 27 respectively 
are all situated at a restricted portion of the cylindrical 
surface of the block 22. In other words, these delivery 
mouths are all brought close together so that the block 22 
can be arranged with all four mouths directly facing the 
delivery conduit 28 controlled by the throttle 15. 
Carburetted air, therefore, issuing from the mouths can 





pass directly into this conduit. The delivery mouths are 
arranged at different heights so as to be successively 
uncovered by asleeve valve 29 guided upon the cylin- 
drical face of the block 22 and upon a stem 30 upstand- 
ing therefrom. It will be understood that the sleeve 
valve 29 will be automatically raised and lowered accord- 
ing to variations in the pressure inside the conduit 28, the 
outer face of the sleeve valve being freely exposed to the 
interior of that conduit, and the inner face of the valve 
being exposed to the pressure in the ducts 18, 19, 20 
and 21, which leaks between the cylindrical faces of the 
valve and the block 22 and operates against the internal 
flat face of the valve. The mouth 24 is always almost 
<n open, and as more and more fuel is demanded 
by the engine the valve will uncover the other mouths in 
turn. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


227,508. F. G. Mitchell, London. Conveyors. 
(3 Figs.) October 12, 1923.—The invention relates to 
conveyors. The driving pulley a of a band conveyor 
is driven from either side at will by a driving unit com- 
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prising an electric motor b or b! adapted to be connected 
through spur reduction gearing at c or c! to the shaft al 
of the pulley a through a clutch d or d! arranged between 
the gearing c or cl and the shaft. The arrangement is 
such that either of the driving units can be connected at 





will to and disengaged from the shaft a! of the driving 
pulley a. (Sealed) 

227,973. Heenan and Froude, Limited, Wor- 
cester, and W. 8S. Francis, Worcester. Haulage 
Engines and Winches. (4 Figs.) December 11, 
1923. The invention relates to valve reversing gear for 
haulage engines and winches. The winch drum A is 
driven from two cylinders B!, B*, the steam or com- 
pressed air to the cylinders being controlled by valve 
chests 61 62, A drag crank C is affixed to the crank 
pin D of each cylinder, the crank of one cylinder being 
at 90 deg. from the crank of the other cylinder. A link ¢ 
is pivotally mounted on the free end of the drag crank C. 
The other end of the link c is coupled by a pivot toa 
sliding block e working in a slotted wrist plate E and 
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Fig. 7. 
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giving the necessary motion to the connecting rod F 
of the slide valve. The valve connecting rod F is 
pivoted at one end on the link ¢ below the point where 
the latter is connected to the sliding block e and at the 
other end to the valve. The wrist plate E for each 
cylinder is mounted on a reversing shaft G extending 
across the winch and a lever H! is keyed on the shaft 
G and is arranged to work over a quadrant bracket H, 
the periphery of which is notched to receive a projec- 
tion on the lever H! for different — of running. 
There are three notches on the bracket H, the two 
outer notches being forward and reverse and the mid- 
position being the position of the lever when the engine 
is stopped. (Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


227,939. The United Glass Bottle Manufacturers, 
Limited, London, and T. C. Moorshead, London. 
Glass Melting Furnaces. (4 Figs.) October 27, 
1923.—The invention relates to glass melting furnaces, 
and more particularly to so-called continuous tank 
furnaces. According to one feature of the inven- 
tion, the sides of the bridge wall C,C, which separate 
the working compartment B from the melting compart- 
ment A are inclined or curved relatively to both the 
melting and working compartments A,B, respectively, 
so as to,avoid right-angled corners in which dormant 
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glass can collect. The other boundary walls of the 
working and melting compartments, or either of these 
compartments, may also be shaped as to form, in con- 
junction with the inclined or curved sides of the bridge 
wall C,C, a compartment or compartments of oval, 
ovoid, elongated or substantially hexagonal, octagonal, 
diamond or like configuration. The most satisfactory 
configuration for the walls of the melting compartment is 
substantially torpedo shaped, as this confi tion, in 
conjunction with the inclined or curved sides of the 
bridge wall, not only avoids angled corners in which 
dormant glass can collect but also presents a streamline 





outline to the molten glass which does not impede its 
free passage from the melting to the working c ber ; 
however, by adopting any of the other shapes indicated, 
in which right-angled corners are also avoided, improved 
results over the ordinary tank furnace are obtained. 
(Sealed.) 


227,528. The Shelton Iron, Steel and Coal 
Company, Limited, Stoke-on-Trent, and C.}B. 
Gardner, Stoke-on-Trent. Treatment of Coal. 
(1 Fig.) October 18, 1923.—The invention has for its 
object to enable coal to be washed to be treated in a 
more effective, advantageous and economical manner 
than heretofore. For this purpose, the whole of the coal 
to be treated, without regard to its size, is caused to move 
on its way to a coal washer, over screens @ through 
which air is caused to flow in such manner that the coal 
is repeatedly subjected to the action of air during its 
passage over the screen, so that the smaller particles of 
coal and dust will effectively be removed from the larger 
portions and be carried away by the air. The air is 
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forced through the screen by a centrifugal fan e. The 
fine coal and coal dust removed by the air from the 
remaining coal is introduced in the dry condition to 
the remaining coal after the latter has passed through 
the washer c, and is passed with the washed coal through 
a crusher, disintegrator or mixer, the air laden with the 
fine coal and coal dust being conveyed to the crusher, 
disintegrator or mixer ¢ through a duct h so that the dry 
particles of fine coal become mixed with the moist coal 
passing through the crusher, disintegrator or mixer, 
The coal dust will adhere to the moist coal, thus leaving 
the air practically free from coal dust, the air passing 
out of the crusher, disintegrator or mixer with the 
crushed coal. (Sealed.) 


MOTOR ROAD VEHICLES. 


227,515. Roadless Traction, Limited, Hounslow, 
and P. H. Johnson, Hounslow. Endless Tracks for 
Vehicles. (10 Figs.) October 15, 1923.—The inven- 
tion relates to endless tracks for whole or part track 
vehicles, particularly those in which the track shoes 
are connected together by links having male and female 
ends cottpled together by a pin. In Figs. 1 and 2, 
10 is a track shoe welded to a link 11, the two parts of 
adjacent links being connected together by a pin 12. 
The link is formed with a space 13 for the reception of 
lubricant, the space being closed by the track shoe 10 
provided with a tapped hole for a plug 14, A passage 
130 leads from the space 13 to the male end 18 of the 
link, 16 and 17 are paths upon which the rollers sup- 





(227, 

porting the weight of the vehicle run. Teeth 15 which 
are formed in one piece with, and on the upper side of, 
the link 11 engage with a sprocket wheel whereby the 
track is driven. In Figs. 3 and 4,a bush 19 having a 
spherical portion 190 fits over the pin 12 and is housed 
in a spherical seating 180 in the male end 18 of the link. 
The end of the link is machined so as to allow the bush 19 
to be inserted into it, after which the sides of the link 18 
are pressed over the spherical portion of the bush. 
In Fig. 3, washers 20 of felt or the like enclosed in metal 
housing rings 21 are provided to prevent the entrance 
of dirt. In Fig. 4, washers of leather 22 held in engage- 
ment by spring rings 23 are provided for the same object. 
(Sealed.) 


227,581. C. H. Vidal, Croydon. Automobile 
Chassis. (3 Figs.) November 28, 1923.—The inven- 
tion relates to means for supporting automobile engines 
upon a chassis of the kind in which the engine is sup- 
ported on three points by means of two rigid bearers 
at one end of the engine bolted to the chassis and at a 
third point at the other end of the engine by means of 
a trunnion or swivel. According to the invention, this 
trunnion suspension is formed to act as an air vent 
or breather for the crankcase by leading the oily vapour 
away therefrom to the back of the car. The front end 
of the engine is supported by means of two rigid bearers 
A, A, which are bolted to the frame, while the crank 
case at the rear end of the engine is provided with a 
boss extension B of cylindrical form which fits within 
a trunnion bracket C provided with a lug D at each 








32 


ENGINEERING. 


[JuLy. 3, 1925. 








end to bolt down to the chassis. By making the boss 
extension B of convoluted form with an annulus E 
communicating with the interior of the crank casing 
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B° and, through boles F, with an annulus C! formed 
in the trunnion bracket, the oily vapour is led from the 
crank case to @ passage in the bracket leading to the 
outlet G to which a pipe G! can be attached. (Sealed.) 


PUMPS. 


227,885. W. A. McNutt, Stamford, and Kitson 
Engineering Company (London), Limited, Stam- 
ford. Rotary Compressors. (4 Figs.) August 24, 
1923.—The invention relates to that type of rotary 
compressor having a drum mounted for rotation eccentri- 
cally of the rotor, and a radial blade carried by the rotor 
and adapted'to slide outwards into engagement with the 
drum under the action of centrifugal force. 5 denotes 
the compressor casing, 6 the rotor having a radial siot 
7 (Fig. 2) in which the blade 8 is adapted to slide, and 
9 the drum surrounding the rotor. The rotor is fixed 
to the driving shaft 10, one end of which is hollow and 
in communication with an inlet passage 12. The drum 
9 is mounted on ball bearings carried by end rings 13, 
13 dis within the compressor casing 5. Each end 
ring 13 has a bore larger than the rotor shaft 10 and is so 
arranged that it can be adjusted vertically. In practice, 
the end rings 13, 13 are adjusted and set so that the drum 
9 barely makes contact with the rotor, but is sufficientl7 
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close to the same to secure an effective seal. Assuming 
that the drum 9 has been adjusted so that it merely 
makes line contact with the rotor, and assuming also that 
the shaft 10 is rotated in the direction of the arrow in 
Fig. 2, then the operation of the compressor is as follows : 
The rotor 6 rotates with the driving shaft 10 and the radial 
blade 8 is forced outwards by centrifugal action and makes 
driving contact with the drum 9, causing the latter 
to rotate with the rotor and with the driving shaft. 
At the same time, the movement of the blade 8 in the 
crescent-shaped working chamber 19 creates a suction 
in the rear of the blade with the result that the gas is 
drawn in by the suction inlet 12 (Fig. 1), through the 
hollow driving shaft 10, through a series of pene 18 
in the rotor, and thence into that portion of working 
chamber 19 which is behind the blade. Simultaneously, 
the blade compresses the which has been drawn, 
during the previous revolution, into that portion of the 
working chamber 19 which is in front of the blade. The 





compressed gas is forced through a series of ducts 20 
into spaces 21 (which are in communication with one 
another by recesses 22 in the ends of the rotor), whence 
it passes through orifices 23, 24 into the space. 25 formed 
between the drum 9 and the casing 5, and finally passes 
out by the discharge port 26. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


227,365. The Stirling Boiler Company, Limited, 
Westminster, London, and H. J. S. Mackay, 
London. Water-Tube Boilers. (1 Fig.) June 30, 
1924.—The invention is especially applicable to three 
drum boilers and to five drum boilers fired from both 
sides or both ends. A and B denote two of the upper 
steam and water drums, C one of the lower drums, 
and D the combustion chamber. E indicates the front 
bank, while F and G indicate the bank or banks of tubes 
connecting the rear steam drum and the mud drum, 
which bank or banks is, or are, divided by the four 
baffles M, N, O and P into three distinct passes, 
whereby exceedingly intimate contact of the gases 
with the tubes of these banks and a practically com- 
plete utilisation of the heat is pvcetcd The baffle H 
is located among the tubes E about midway of the bank, 
so as to allow, in conjunction with the front baffles 














M of the middle bank, a sufficient space for the flow of 
the gases. The upper end of the bafile H is preferably 
and, as shown, associated with the short baffle H! 
extending above the same but disposed at the rear 
of the front bank E, so that the gases will be caused 
to sweep over the superheater disposed between the 
front and middle of tubes. Conveniently the 
baffles H and H! are connected by baffle members 
extending among the tubes. Suitably the lower part 
of the front baffle M of the tubes F is extended for- 
wardly and downwardly and is supported at its lower 
end on bearer bars Ml, The gases passing down the 
front of the baffle M will thus be directed among the 
tubes of the superheater and then among the tubes 
behind the baffle H, before passing to the bank or banks 
connecting the rear steam drum and the end mud drum. 
(Sealed.) 

227,629. JohnI. Thornycroft and Co., Limited, 
Westminster, London, and J. H. Sp , Woolston, 
Southampton. Steam Condensers. ‘(2 Figs.) Janu- 
ary 17, 1924.—In a steam condenser, according to the 
invention, fluid-tight joints are formed between the end 
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portions of the tubes a and the tube plates d by packin 
rings b of relatively soft material which are compresse 
tightly around the tube ends by rings e of harder material 
which are forced firmly against the packing 6 and are held 
in position by the externally screw-threaded ferrule /f. 
(Sealed.) 

MISCELLANEOUS. 


225,668. E. A. Alliott, Nottingham, and Manlove 
Alliott and Co., Limited, Nottingham. Ironing 
Machines. (9 Figs.) October 12, 1923.—The invention 
relates to laundry ironing machines in which a clothed 
roller is associated with a heated concave polishing bed in 
which it rotates, suction being applied to the clothin 
of the rollerso that any —eorene the ~— beingiron: 
may be drawn away and the roller clothing kept dry. 
Better heating and drying of the rollers and the associated 
coverings is achieved by arranging for the supply of pre- 
heated air to the clothing by way of a casing that extends 
along and opens on to the roller so as to include any 
desired proportion of the exposed periphery of the latter, 
the clothing being subject to suction which draws the 
air through the rape According to one example, 
in which a perforated roller 2, cov with a blanket, is 
heated internally by a steam pipe and connected to 





mains for exhausting or withdrawing steam, air and 
moisture from the interior, there may be fitted externally 
a hood constituted by flaps 14, 15 extending the full 
length or major portion of the length of the roller 2 and 
end plates 16, which fit sufficiently closely to the rotating 
clothed roller to prevent leakage of air between them and 
the roller. At a suitable point within the duct or hood 
14, 15, 16 or close to the inlet thereto is carried a steam 
pipe 6 so arranged that airis heated as it passes into the 
hood and is drawn from the hood to the roller by the 




















internal suction through a portion of its clothed peri- 
pheral wall, which thus is more thoroughly dried and 
its temperature raised, so that it is in a more efficient 
state for fully effective action upon articles of washing 
from the moment that these enter the gap between the 
roller and the polished bed 1, which is stationary and 
heated. Thus between the two flaps an air inlet opening 
or openings may be provided, and the steam pipe 6, 
which may be gilled, may be carried along the length of 
the hood in close proximity to this opening. (Sealed.) 


226,897. A. Craig, Paisley. Flange Joints. (8 
Figs.) October 8, 1925.—The invention has reference 
to pressure and vacuum vessels and the like, and parti- 
cularly to the joints thereof. a designates a calandria, 
6 the tube plate, c the calandria tubes, and e the usual 
vessel below the calandria. The flanges al and el of 
the calandria a and vessel e respectively are both pro- 
vided with annular grooves f and the tube plate has 
annular grooves as at gon both faces thereof. The grooves 
f and g thereby form two annular oves of U cross- 
section. Packing h of rubber, soft metal or other suit- 





able material is inserted within the grooves, and the pack- 
ing surrounded by a flexible band?, such as a wire rope. 
When tension is applied to the latter the packing is 
forced downwards and held tightly against Ds edge of 
the joints formed by the calandria @ and tube plate b 
and the latter and vessel e, which joints are thereby 
rendered and maintained tight. The usual bolts j 
are provided to retain the flanges together, the bolt holes 
therefor being located so that the bolts are outside the 
packing and flexible members asillustrated. (Sealed.) 


225,669. Victaulic Company, Limited, West- 
minster, London, and P. G. Johnson, London. Air 
Receivers. (2 Figs.) October 13, 1923.—Theinvention 
relates to air receivers or air bottles for the storage of 
gases under pressure, and it refers particularly to the 
kind which are com d of more than one section con- 
nected together. The invention consists of an air 
receiver com of two or more open-ended portions 
a, b provided with means for holding them together at 
their open ends so as to form a closed container having a 
fluid-tight joint f, which joint comprises a leak-preventing 
ring f bridging adjacent portions and a rigid shrouding or 
housing ring g serving to encircle the periphery of the 


























leak-preventing ring and resist the internal pressure 
within the receiver. According to one embodiment of 
the invention, the joint comprises inturned and internally- 
arranged circumferential flanges c and a series of clamping 
bolts d ing through the flanges, also dist pieces ¢ 
located between the ges so as to hold the portions a, 6 
of the receiver with their opposing edges a certain 
distance a) - The distance pieces e may be in the 
form of tu 


surrounding each of the clamping bolts d. 
The leak-preventing ring f is completely enc. 





The losed by the 
rigid shrouding or housing ring g, which is located between 
the two rows of rivets h serving to secure the internal 
circumferential flanges c to the ends of the container 
portions. (Sealed.) 
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THE VARIATION OF POWER STATION 
EFFICIENCY WITH OUTPUT. 


By R. H. Parsons, M.I:Mech.E., M.E.I.C. 


Ir is now generally accepted that a straight line 
will represent the relationship between the output 
and the coal consumption of a power station with 
great accuracy over the usual range of load, and this 
fact has provided an extremely useful means of 
checking the efficiency of stations shift by shift. It 
is a necessary consequence of the straight-line law 
that the efficiency must continually increase with 
the output, rising more and more slowly but never 
attaining a maximum until the load on the station 
is infinite. The general increase of efficiency with 
output is a well-known characteristic of steam- 
plant, but it is equally well known that the rule 
cannot hold indefinitely. Beyond a certain load, 
flue-gas temperatures increase, unburned fuel finds 
its way into the ashpits, vacuum falls, generators 
get hot, and the effect of all these things is to bring 
about a rise in the fuel consumption. The station 
has departed from the straight-line law, and it needs 
more plant in service in order to restore the condi- 
tions of economical running. 

The load at which this departure occurs in any 
given station is a matter of considerable practical 
interest. The efficiency may begin to fall off long 
before any portion of the plant shows signs of dis- 
tress, and the engineer may be priding himself on 
the rate of evaporation his boilers are giving when all 
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the time he would be better off with a greater num- 
ber in service. It is true that something might be 
discovered by a thorough study of the log-sheets, 
provided that every necessary item of information 
was accurately recorded. The points to be watched, 
however, are sO numerous, and the inevitable 
variations of each factor are so great, that any infer- 
ences drawn from such a study are not likely to be 
very trustworthy. . It is much better. to tackle the 
problem as a whole, considering only the three main 
items, namely, coal consumption, steam consump- 
tion and output, and then look to the instrument 
readings for any explanation that may be needed. 
The Bow station of the Charing Cross Electricity 
Supply Company has an unusually wide range of 
load, and its records are kept in so complete a manner 
that it provided an exceptionally favourable oppor- 
tunity for an attempt to determine the nature of 
the variation of station efficiency with output. 
The average efficiency of the Bow station moreover, 
is remarkably high, a fact which would necessarily 
make it more sensitive to any change in operating 
conditions. By the kindness of Mr. W. A. Mac- 
kenzie, the resident engineer, and with the consent 
of Mr. W. B. Thorpe, the chief engineer of the 
company, the writer has been furnished with 
complete operating records of the station, shift 
by shift, for the month of March last, with per- 
mission to discuss them for the benefit of other 
station engineers. They. are, as will be seen, of 
‘great interest. Excellent as the performance is, a 
preliminary examination of the records appeared 
to indicate that, on the heaviest shifts, the point of 
maximum efficiency of the plant in operation had 


been passed, and that even better results might be 
obtained by bringing more plant into service. The 
station, in fact, seemed: to have definitely departed 
from the straight-line law at high outputs. It was 
therefore thought desirable to determine what sort 
of law it was following. This was done, and 
although, as will be seen later, there is in this par- 
ticular case an explanation which will account for 
some, if not all, of the apparent falling off in effici- 
ency at the higher outputs, the results of the investi- 
gation may be of interest to those who are con- 
fronted with a similar problem. The deductions 
drawn from the actual log-sheet records will there- 
fore first be given, without reference to facts subse- 
quently brought out in explanation which may or 
may not apply in the case of other stations. 

In order to show graphically the conditions to be 
investigated, the net output for every one of the 
93 shifts of the month, together with the corre- 
sponding coal consumptions, have been plotted in 
Fig. 1. It will be seen that the outputs range from 
12,100 kw.-hours to 124,510 kw.-hours per shift, a 
range of more than ten toone. The outputs fall into 
three well-defined groups corresponding generally 
with the three daily shifts, but as on Saturdays 
and Sundays the heaviest shift is much less than 
on other days, the correspondence is not exact. 
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This, however, is quite immaterial for our present 
purpose. 

Considering the lowermost group of dotsin Fig. 1, 
which includes the records of all outputs up to 50,000 
kw.-hours per shift, the centre of gravity has been 
determined by taking the average of all the coal 
consumptions and all the outputs included in the 
group. In a similar manner the centre of gravity 
of the intermediate group, containing records from 
50,000 to 100,000 kw.-hours per shift, has been deter- 
mined. A straight line has been drawn through 
the two points so obtained and continued across the 
chart. The equation to this line is 


C = 20725 + 164K (1) 


where C denotes the coal consumption in pounds 
per shift and K denotes the kilowatt-hours of net 
output per shift. This line clearly represents the 
average performance of the station at all outputs, 
from 12,000 kw.-hours up to about 100,000 kw.-hours 
per shift, and thus forms a standard of comparison 
for all performances within that range. Few 
stations would have a greater range of output than 
this, throughout which the straight-line law is seen 
to hold, but in the present case there is still another 
group of points representing outputs from 100,000 
kw.-hours to 124,510 kw.-hours. The line, as 
will be seen, passes well below the whole of. these 
points. Their average distance above it represents 
the amount of coal burnt per shift in excess of what 
would have been consumed had the plant been 
able to deal with these outputs’ as effectively as the 
outputs up to 100,000 kw.-hours were dealt with. 
Since, as has already been pointed out, conformity 











with the line does not betoken a constant efficiency, 
but an efficiency continually increasing with out- 
put, it follows that a group of points may be slightly 
above the line and still have an efficiency as good 
as that of a group on the line, but further down. 
Hence we have as yet no certain knowledge that 
the highest group of dots represents performances 
of less efficiency than those of the other two groups. 
This matter must, therefore, be determined. Com- 
puting the centre of gravity of the third group, we 
have, with the other two centres of gravity already 
obtained, three points which fairly represent the 
mean positions of the dots forming the three 
groups, respectively. These three points will be 
taken for purposes of calculation as signifying 
the average performances of the shifts to which they 
correspond. For greater clearness they are plotted 
by themselves on Fig. 2, and the same straight line 
as in Fig. | has been drawn through the two lower- 
most ones. 

It is obvious that some curve of a parabolic 
nature can be found to pass through all three 
points, and that such a curve will represent the 
performance of the plant with great accuracy 


STATION 
CONSUMPTION 
PER KWH. 


Wi aS | 
Qnsumption. | 





IO. 
“ENGINEERING™ 


(3061.6) K.WHL per Shift in Thousands. 
throughout the entire range of load and even beyond, 
A consideration of the physical aspect of the problem 
will show that such a curve would not contain any 
terms with an even power of 2, because such terms 
would distort the (theoretical) negative extension 
of the curve in a manner inconsistent with its nature. 
Hence it may be taken that a curve of the form 
y=A+Be+D23 

will meet: the requirements of the case. The 
co-ordinates of the three plotted points in Fig, 2 
are sufficient to enable the coefficients to be com- 
puted, and this having been done, it is found that 
the curve is given by the equation 

C = 26-159 + 1°401 K + 0°0000325 K3 = (2) 
where C is the coal consumption in thousands of 
pounds per shift, and K is the net electrical output 
per shift in thousands of kilowatt-hours. This curve 
has been plotted in Fig. 2. As will be noted, it 
follows the straight line extremely closely between 
outputs from 10,000 to 80,000 kw.-hours per shift, 
the variation being so slight that the straight line 
is every bit as good as the curve as a standard of 
comparison of operating results over this range. 
After this point, however, the curve bends upwards 
with increasing steepness and passes through the 
centre of gravity of the heavy-load shifts. 

Having obtained this curve, we can now deter- 
mine the point of maximum efficiency of the station. 
This may be done graphically by drawing a line 
tangent to the curve from the origin of co-ordinates. 
The point at which the tangent touches the curve 
will give the output for which the efficiency is a 
maximum. Alternatively, we can find the point by 
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dividing the above expression (2) by K and then 
differentiating with respect to K. Either method 
shows that maximum efficiency occurs when the out- 
put per shift is 73,830 kw-hours. Upto this output 
the efficiency of the station increases with output, 
but beyond it the efficiency falls off at a steadily 
increasing rate. The efficiencies over the range of 
outputs from 10,000 to 130,000 kw.-hours per shift, 
in terms of pounds of coal per kw.-hour, are 
plotted in Fig. 3, curve A showing the coal con- 
sumption corresponding to the curve of actual 
performance and curve S showing the consumptions 
which would have occurred if the straight-line law 
had held throughout the range. In the latter case 
it will be seen that the coal consumption con- 
tinually falls, while the curve shows that it is at a 
minimum at 73,830 kw.-hours per shift. At the 
output of 115,726 kw.-hours, which is the average 
of the 22 heavy shifts, the actual average coal 
consumption was 2-062 lb. per kw.-hour. This is 
0-130 Ib. per kw.-hour more than at the most 
efficient actual load, and 0-243 Ib. per kw.- 
hour more than would have been consumed had 
the straight-line efficiency been maintained. Con- 
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sidering the magnitude of the output on the shifts 
in question, these figures show how important it is 
to endeavour to operate the station so as to maintain 
the straight-line relationship between coal and 
output as long as possible. The difference between 
actual and “straight-line” efficiency means an 
average of 12-5 tons of coal on every heavy shift, 
in this particular station. 

Having found that the station efficiency falls off 
when any output greater than 73,830 kw.-hours 
per shift is called for, it is interesting to see whether 
the engine-room or the boiler-room performance 
is responsible. The enyine-room performances are 
shownin Fig. 4, where steam consumption is plotted 
against net output for the whole of the shifts in 
question. As before, the centre of gravity of each 
group of records has been determined, and a line 
drawn through the two lower ones. This line, 
the equation to which is 

W = 116,000 + 12°603 K ° - (3) 


does not quite agree with t1e uppermost group of 
dots, although the discrepancy is not so great as 
was the case with the coal. In this equation, W 
is the pounds of water evaporated per shift, and 
K is the output in kw.-hours per shift. Pro- 
ceeding still as before, the centres of gravity of the 
three groups of points in Fig. 4 are plotted in 
Fig. 5 and the line drawn through the two lower 
ones. The curve which includes all three points, 
is given by the equation 
W = 128-2 + 12-062 K + 0°0000749 K5 (4) 

in which W and K are both measured in thousands. 
This curve is drawn on the chart, and is practically 
indistinguishable from the line for all outputs 











below 80,000 kw.-hours. Dividing the equation 
to the curve by K and differentiating with respect 
to K, we find that the point of maximum engine- 
room efficiency is at an output.of 94,942 kw.-hours 
per shift. At higher outputs than this the steam 
consumption per kw.-hour increases, which may 
be either on account of the falling offin the vacuum 
or by reason of less efficient machines having to be 
called into service. As will be seen later, another 
cause was also operative at Bow to account for the 
apparent falling off in efficiency of the engine room 
on the heavy shifts. 

The water-rates corresponding to the line and the 
curve, respectively, are plotted in Fig. 6. The 
closeness of the curves to each other over the greater 
part of their range shows how accurately the 
straight-line law expresses the steam consumption 
of the station. At outputs greater than 94,940 
kw.-hours per shift the curves begin to show a 
sensible divergence. The actual steam consumption 
tends to rise, and at an output of 115,726 kw.- 
hours, which is the average output on the heavy 
shifts, it is 14-17 lb. per kw.-hour instead of 
13-30 Ib., as it would be if the straight-line law 
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still held. At the average medium-shift output of 
70,643 kw.-hours, the actual steam consumption 
is 14-26 lb. per kw-hour. At the most efficient 
output it is 14-08 lb., so that, although on the heavy 
shifts a lower average steam consumption is recorded 
than on the medium shifts, the efficiency is falling 
off, and the situation would be reversed at slightly 
greater loads. 

We will now turn to the boiler-room. The whole 
of its performances for the month are shown in 
Fig. 7, the weight of coal burnt on each shift 
being plotted against the water evaporated. The 
position of the line drawn across the chart to 
represent the standard evaporation, may either be 
obtained by making it pass, as in the other cases, 
through the centres of gravity of the two lowermost 
groups of records, or it may be calculated by elimi- 
nating K, from equations (1) and (3) above. The 
results should of course agree. From the two 
equations mentioned we get 


C = 5630+ 0-13 W. ° - (5) 


as the equation to the line in Fig. 7. The line 
passes below the whole of the evaporation records 
of the 22 heavy shifts, showing that the boiler 
efficiency on these shifts is unduly low. Taking the 
centre of gravity of each group of dots as repre- 
senting the mean performances, we find that the 
average performance of the boiler-house at all 
loads may be represented by the curve A in Fig. 8. 
The equation to this curve is 


C = 13-866 + 0-1164 W + 8355 x 10-12 x W5 (6) 


in which C and W are the weights of coal and water, 
respectively, expressed in thousands of pounds. 








Dividing by W, differentiating with respect to W 
and equating the result to zero in the usual way, 
we find that the point of maximum efficiency in the 
boiler-room is reached when the evaporation is 
866,330 lb. of water per shift. This is well below the 
average evaporation recorded for the medium shifts 
and tends to confirm the view that the best boiler 
performances are generally obtained at loads much 
lower than are usually carried in modern practice. 
The variation of evaporation efficiency with output 
in the case of the boiler -room we are considering, is 
shown by the curve A in Fig. 9. Curve S on the 
same diagram shows the evaporation efficiency 
which would be obtained if the boiler-room followed 
the straight-line law accurately throughout the 
whole range of output. 

The performance of the station in terms of 
efficiency at various outputs is shown by the curves 
in Fig. 10. The boiler-house efficiency has been 
plotted on a base of kw.-hours output per shift in 
order to facilitate comparison with the other curves. 
The way the boiler-house efficiency varies with the 
rate of evaporation is indicated in Figs. 7, 8 and 9, 
and this is really the fairest way of considering it, 
but there is a practical convenience in regarding it 
in relation to the station output as is done in Fig. 
10. The absolute value of the efficiency obtained 
will, of course, be the same in either case, for the 
only effect of the variation in engine-room efficiency 
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is to alter the station output to which any particular 
boiler efficiency corresponds. In computing the 
various efficiencies, the calorific value of the coal has 
been taken at 10,113 B.Th.U. per lb., which was 
the average of the daily analyses made during the 
month in question. It has also been assumed that 
1,180 B.Th.U. were absorbed by the boiler plant 
for every pound of steam generated, and that the 
turbines worked with an available heat drop of 
450 B.Th.U. per lb. of steam. The three points 
marked on each curve represent the efficiencies at 
the average outputs of the light, medium and heavy 
shifts, respectively. 

The first thing which will strike everyone con- 
versant with central-station practice is the very 
great merit of the general performance of the 
station, and particularly of the boiler house. The 
actual overall thermal efficiency for the month 
works out at an avergae of 16-04 per cent., the 
average boiler-house efficiency being 82-27 per cent. 
over the same period. These figures agree with the 
weighted averages of the points shown in Fig. 10. 
The latter, as we have shown, have been deduced 
simply from the log-sheet records of coal consump- 
tion, water consumption and output. As each 
point represents the average of a large number of 
tests—for it is no exaggeration to say that the 
Bow station is being run under conditions of con- 
tinuous test—errors of observation are cancelled out 
and the substantial accuracy of the points is placed 
beyond reasonable doubt. The conclusion-therefore 
appears inevitable that the overall station efficiency, 
during the month, rose from about 13-5 per cent. 
on the light shifts, to practically 17-4 per cent. on the 
medium shifts and then fell off again to an average 
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value of about 16-3 per cent. on the heavy shifts. 
The maximum point was reached at an output of 
73,830 kw.-hours, when the efficiency was as high as 
17-41 per cent. 

The cause of this variation is clearly connected 
very closely with the performance of the boiler- 
house. Here we find the efficiency to average 
about 81-2, 85-6 and 80 per cent. on the respective 
shifts, the maximum being as high as 86 per cent. at 
an output of about 60,000 kw.-hours per shift. These 
figures appeared so striking that reference was made 
to the detailed station records for the period in 
question, but the result was only to confirm them as 





representative of average performances. The engine- 
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room efficiency showed a somewhat different 
characteristic to that of the boiler room. Its 
efficiency rose to a maximum of 53-7 per cent. at an 
output of 94,940 kw.-hours per shift, but was well 
sustained beyond this point, showing only a small 
comparative decline on the heaviest shifts. The 
combined effect of the engine-room and boiler-room 
p2rformances was to cause the maximum efficiency 
of the whole station to occur, as has already been 
mentioned, at an output of 73,830 kw.-hours per 
shift. This, it may be mentioned, is less than 
60 per cent. of the greatest shift output recorded 
during the month. 

It was only natural that the reading of such a 
lesson from the log-sheet records should cause 
inquiry. The data were unimpeachable, so that the 
only question was whether they told the whole story. 
If they did, it had to be admitted that the operating 
conditions were less favourable on the heavy shifts 
than when the output was less ; otherwise some other 
reason must exist for the apparent falling off in 
efficiency. There is probably a certain amount of 
truth in both alternatives. The matter is still under 
investigation, but a partial explanation, at any rate, 
is to be found in the load conditions of the station. 
The heavy shifts are the day shifts, from 7 a.m. to 
3 p.m., and they follow the very light night shifts. 
The heavy load does not come on the station until a 
little time after the day shift has started, and then 
two or three large boilers have to be put on the line. 
The coal necessary to change them from the banked 
condition to the steaming condition is included, of 
course, in the consumption for that shift. During 
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the afternoon, or “‘medium-output” shift, these 
boilers are again banked. This latter shift therefore 
gets the benefit of all the heat stored in the brick- 
work by the excess coal debited to the previous shift, 
and thus shows an exceptionally high efficiency at 
the expense of the heavy shift. 

The extent to which this condition affects the 
relative apparent efficiencies of the shifts concerned 
can be determined with close accuracy by tests now 
in progress. The time lag between coal consump- 
tion and steam production, due to the ““‘heat inertia ” 
of the boiler setting, is being measured, and when 
known it will be evident to what extent one shift 





is benefiting by its inheritance from the other. The 
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effect of any correction made to allow for this time 
lag will be to reduce the nominal coal consumption 
on the heavy shifts and to increase it on the medium 
shifts in this particular station, thus tending to 
equalise the efficiencies recorded and to make the 
plotted points on the chart conform more nearly to 
the straight-line law. To bring the points represent- 
ing the average coal consumptions of the heavy 
and medium shifts on to a straight line passing 
through the point representing the light-shift con- 
sumption would require the transference of 6,329 lb. 
of coal per shift from the records of the heavy 
shifts to those of the medium shifts. Unless the 
effect of the time lag, above mentioned, can be shown 
to be equivalent to the transference of this quantity 
of coal from one shift’ to another, then some other 
explanation must be found for the recorded drop in 
the boiler-house efficiency at the greater outputs. 

The slight falling off in engine-room efficiency on 
the heavy shifts may be wholly or partially accounted 
for by a circumstance of which the log-sheet records 
do not take cognisance. During the day shifts, a 
certain amount of steam is used for purposes which 
have no connection with the generation of electricity. 
This steam is debited to the engine-room in common 
with all the rest of the steam produced by the boilers, 
and it therefore depresses the apparent engine-room 
efficiency on the heavy shifts. 

In spite of the fact that, as has just been shown, 
there are certain special causes operating in the Bow 
Station, in the light of which the results must be 
judged, it has been thought worth while to give the 





above analysis of the records. It was, indeed, owing 
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to this analysis that attention was directed to the 
influence of these circumstances on station efficiency. 
So far as other stations are concerned, the Bow 
results appear to justify two conclusions, firstly, that 
over an ordinary range of load the performances of 
the boiler-room, engine-room, and the whole station 
ean all be represented by a straight-line law with 
practical accuracy ; and, secondly, that any appar- 
ent deviations from the law at the highest loads may 
be susceptible of explanation, if not of correction. 
Hence the comparison of the results, as they are 
obtained shift by shift, with the standard lines for 
the station, will bring at once to light any tendency 
to depart from the best operating conditions. Only 
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by such constant vigilance can the highest efficency 
be maintained. 

If, when all factors are taken into account, it 
is found that any particular station is, in fact, 
being operated at a load beyond the most efficient 
performance of the running plant, it does not 
necessarily follow that conditions should be altered. 
The writer has far too much appreciation of the 
labours of those who have to operate power stations 
to think that commercial economy and continuous 
service are obtained by studying the properties of 
a curve. It may well be that it is economically 
sound to run a station well beyond the point of its 
maximum thermal efficiency, in order to keep down 
capital charges. Every case must be judged on its 
merits, and the engineer often has no choice in the 
matter. It is his duty to give the best and most 
economical supply with the plant at his disposal, 
but he will not be the less able to do this by analysing 
his station performances in some such manner as 





has been described. 
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34-IN. UNIVERSAL ROLLING MILL. 


CONSTRUCTED BY THE FRASER AND 
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the whole of this work being carried through 
without causing any special stoppage of the 
melting shop operations. A new group of build- 
ings has also been erected by Messrs. Orr, Watt 
and Company, Limited, of Motherwell, to house 
three Morgan gas machines, six slab re-heating 
furnaces, the rolling-mill motor and flywheel 
generator set, the universal mill, cooling bed, 
shears and loading bank. .As can be seen from 
Fig. 1, this group of buildings lies para'lel to the 
railway and main sidings serving the works, and 
is at right angles to the line of the rolling mills 
which previously existed. The total length of this 
group of buildings is over 1,000 ft., the largest being 
the mill floor building, of 107 ft. span by 960 ft. long, 
with the annealing-furnace bay alongside of 50 ft. 





span by 570 ft. long. All the buildings in this 
group are covered with cement asbestos tiles on 
the roof, and, with the exception of the motor- 
house, with galvanised corrugated sheeting on the 
sides. The motor-house is of 60-ft. span by 187 ft. 
long, and is closed with 9-in. brick curtain walls 
in steel framing. The specification stipulated that 
the stress in any member under the worst conditions 
of loading should not exceed 6 tons per square inch. 
No section of a thickness less than 3 in. was used 
in the main construction. All electric power cables 
are carried on the bottom tee of the roof trusses, 
thus distributing the weight of the cables, which 
are accessible from the overhead cranes and are 
protected from the weather. 

The arrangement adopted for the casting shop 





does away with the old casting pit, and with 
all handling of ingots and moulds in the casting 
bay. It will be of interest to follow out the 
sequence of operations. Referring to Fig. 1, ingot 
moulds are set on. cars, a train of which is 
shunted into the casting bay, and the moulds 
are then filled from a ladle suspended from 
an overhead travelling crane. When the ingots 
have cooled sufficiently, the train is shunted into 
the stripper shed, which can be seen adjoining the 
casting bay. An electrically operated overhead 
travelling stripper crane is installed in this shed, 
and one man operating this crane strips the moulds 
from the hot ingots and resets them on a train of 
empty cars placed on a parallel railway line. This 
operation completed, the train carrying the hot 
ingots is pushed forward into the soaking-pit build- 
ing, and the train on which the empty moulds have 
been set is pulled out into a yard to allow the 
moulds to cool before being shunted back into the 
casting shop to receive another cast. 

An electrically operated overhead travelling crane 
of the stiff-arm type, fitted with gripping arms 
under control of the operator, lifts the hot ingots 
from the cars and places them in the soaking pits. 
There are three soaking pits, with provision for 
the erection of a fourth, and these are fired by 
three Morgan gas machines set in line with the 
10 similar machines which supply gas to the melting 
furnaces, When ready for rolling, the crane lifts the 
ingots from the soaking pit and places them on a 
chariot which carries them direct to the cogging mill. 
This cogging mill forms part of the original lay-out, 
but has been altered to permit of rolling the. wider 
and heavier slabs which are required for the universal 
mill. After leaving the cogging mill, the slabs are 
passed on to the slab storage yard adjacent to the 
re-heating furnaces. 

We may now turn to the universal mill, shown in 

Figs. 3to 100n Plate IV and on this page. The mill 
is the largest in this country, and has been manu- 
factured by the Fraser and Chalmers Engineering 
Works, of the General Electric Company, Ltd., who 
are also responsible for the whole of the equipment and 
auxiliary machinery. The designs throughout were 
supplied by the Mackintosh, Hemphill Company, 
of Pittsburgh, Pa., U.S.A., and embody the latest 
American practice. The plant is primarily designed 
for manufacturing universal plate, in various widths 
up to 48 in., with rolled edges, instead of the usual 
sheared plates, but it can also be used to produce 
plates up to 84 in. finished width, 1} in. thick, ‘with 
sheared edges. The lay-out enables plates to be 
rolled up to 150 ft. long. The mill stand itself, 
which is shown in Fig. 3, will be fully described 
later, but it may be mentioned in passing that the 
horizontal rolls are 34 in. diameter, two high 
reversing ; and the four vertical rolls are 26% in. 
diameter. The mill motor, which is capable 
of a constant operating horsepower of 20,000, 
together with its associated equipment, has been 
supplied by Messrs. Metropolitan-Vickers Electrical 
Co., Limited, and will be described in detail when 
dealing with the mill. 
The operation of the mill and auxiliary plant can 
best be followed by referring to the key plan, 
Fig. 2. After passing through the re-heating 
furnaces, the slab is placed on a buggy in a hori- 
zontal position, and is then rope-hauled to the mill 
tables along the slab buggy track shown in the key 
plan. The electrical haulage gear is situated in a 
pit, entirely below the floor level, and incorporates 
an ingenious method of keeping a straight lead on 
the haulage rope. This is accomplished by a screw 
thread cut in the drum shaft with a pitch equal 
to the spacing of the grooves on the rope drum. 
One of the bearings has a corresponding internal 
thread, and so moves the drum and shaft: side- 
ways as the rope winds on and off. All the drive 
gearing is of cast steel, with machine-cut teeth, and 
all shaft bearings are ring oiling. A tensioning 
device, with a deadweight adjustment, is housed in 
a pit at the mill end of the track, and the endless 
rope system is used, the rope being clamped to the 
framework of the buggy. The latter is. built up 
with cast steel frame and ends, and cast iron 
wearing plates on the top. The wheels are of cast 
steel. 








The slab is removed from the buggy by an 
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electrically operated pusher, situated at the side of 
the buggy track, and shown in Fig. 4. The illustra- 
tion gives a somewhat exaggerated idea of the size 
of the pusher in comparison with the mill shown 
in. the adjacent view, but their relative sizes may 
he judged from the figures standing beside each 
machine. This pusher has steel arms, with a 
renewable hinged pusher head, which moves with 
a horizontal travel on the pushing stroke, and 
lifts clear of the buggy on the return stroke. 
This action is continuous, and it is possible to 
run the motor all the time without danger, as 
over-running is impossible. Speed reduction is by 
means of a totally enclosed worm gear. 

The pusher head can be seen on the extreme left 
in Fig. 3, and the same figure shows the mill table 
which receives the slab from the pusher. As can 
ve seen from the illustration, this table is fitted with 
five special rollers with tapered ends. ll the table 
rollers are of cast steel, an unusual feature in British 
practice being that the shafts are cast integral with 
the rollers. The roller bearings are ring oiled. 
The table is in two parts, and the general con- 
struction can be seen in Fig. 9, which shows the 
part which passes under the mill nearing completion 
in Messrs. Frazer and Chalmer’s works. As will 
be clear from this figure, each part is carried on a 
heavy beam. The bearings and oil baths for the 
side shaft gears are cast integral with these beams, 
the whole table being exceptionally massive in 
construction. Each casting for the large beams 
weighs over 16 tons. In the figure the gearing covers 
are not in place, but the complete protection to the 
gearing which these afford can be seen from Fig. 3. 
The rollers are driven by two 85 h.p. motors, which 
are visible in the same figure, coupled to one pinion 
shaft. All the drive gearing and also the mitre 
gears for the rollers are of cast steel, machine cut 
from the solid. — 

The need for providing a greater length of roller 
table when rolling long pieces is met by an exten- 
sion table, of somewhat lighter construction than 
the mill tables. The supporting beams in this case 
are broad flange rolled steel joists, machined along 
their entire length for the fitting of separate bearings 
for the rollers. These joists are supported at 
intervals on cast iron stands, which also carry the 
bearings for the side driving shafts. The outgoing 
mill table is a duplicate of the receiving side in 
every particular except that ordinary parallel 
rollers are used throughout. 

Referring again to the key plan, Fig. 2, it will be 
seen that all plates on leaving the mill travel to a 
straightening machine, or mangle, which takes out 
all the waves and buckles by rollers arranged alter- 
nately above and below. These rollers bear hard 
on the plate, the pressure and amount of bending 
being adjustable. After leaving the machine the 
plate is flat, but may not have straight and parallel 
edges, and in this case it will need treatment in the 
straightening presses to be described later. We 
illustrate the mangle in Fig. 5. It is of the 11 roller 
type, having five rollers above and six below, the 
rollers at each end of the lower row being some- 
what more widely spaced than the remainder in 
order to feed the plate to the remaining nine, which 
are the actual straightening rollers. Rapid simul- 
taneous adjustment to the centre rollers is attained 
by electrically-driven screw gear, the motor for this 
purpose being mounted on a bracket above the 
rollers as seen in the figure. There is an addition 
a fine adjustment by handwheel, which is entirely 
independent of the power adjustment. The top 
rollers are balanced by individual lever operated 
deadweights situated below the machine. All 
bearings are adjustable, and sufficient travel is 
allowed on the bearing chocks to permit of reason- 
able wear before renewal. The main drive is by 
electric motor, through spur reduction gearing 
to the main centre roller. The gears are enclosed 
by covers. 

Referring again to the key plan, Fig. 2, it will 
be seen that after leaving the mangle, the plate 
enters the cooling bank roller table, which can be 
seen in Fig. 10. The material separates here, accord- 
ing to the purpose for which it is intended. Narrow 
plates intended for the manufacture of lap-welded 
tubes pass directly along the full length of the 
cooling bank, through the shears and pinch rolls, 





to the piler seen on the lower right-hand side of the 
key plan. The shears, which are shown in Fig. 6, 
are of the vertical-geared guillotine type, having a 
capacity of 66 in. by 1 in. No side shears are, of 
course, necessary, as the plates as turned out from 
the mill have sharp, square, rolled edges. The 
machine has a cast-steel base, and cast-iron housing 
with cast-steel cap, all securely tied together with 
four steel forged bolts. All the bearings are 
bronze bushed top and bottom, with the exception 
of the motor shaft bearings, which are babbitt 
lined. The gears are of cast steel with machine-cut 
teeth. The main ram is of steel provided with 
suitable bronze and steel liners to take up the wear 
against the housings. The machine is fitted with 
a hand-operated clutch and an automatic gag, 
operated from the eccentric shaft. 

The pinch rolls are shown in Fig. 7, and are for 
the purpose of feeding the material to the piling 
table, shown in the foreground, on which it is 
stacked ready for lifting away in bundles by 
the overhead crane. A stop on the piling table 
ensures regular piling. This material is now 
ready for the further processes of tube making, 
and passes out of the scope of the equipment 
under consideration. 

Dealing now with the heavier universal plates, 
and sheared plates, these are transferred respec- 
tively to the straightener beds or directly to the 
table which is in line with the rotary shears, as seen 
in the key plan, Fig.2. The handling of the material 
on the bed is done by heavy plate link chains, run- 
ning in grooves in cast-steel lifting beams, which lie 
normally below the level of the rollers and rest bars. 
The lifting of these beams causes the moving chains 
to lift the material and carry it with them until the 
beams are again lowered. With this arrangement, 
the material neither slides nor rubs on anything, 
so that no marking or scoring of the hot plates is 
possible. The articulated beams run right across 
the cooling bank from one roller table to the other. 
The general arrangement can be clearly seen in 
Fig. 10, from which it will also be seen that the driv- 
ing gears and lifting arrangements are at each end 
of the two cooling banks, in an accessible and safe 
position. 

The straightening blocks, 22 in number, are 
situated on the entry side of the larger of the 
two cooling banks. A machined renewable straight 
edge is fixed to each machine, forming a sufficiently 
continuous line for the longest piece likely to be 
rolled. The machines are divided into two groups 
of 11, driven from opposite ends, and movement 
is given to the press heads by a horizontal shaft 
running the full length of each group, driving 
through machine-cut right-angle spiral gears to the 
press screws. Press screws and nuts are protected 
from scale, and the spiral gears are totally enclosed 
and dip into oil. 

Dealing now with the sheared plates, upon 
leaving the cooling bank, the material passes 
over the approach table to a duplex rotary 
shear, which can be seen in Fig. 8. This machine 
trims both edges of the plate simultaneously, the 
trolley which can be seen behind the shears 
carrying an electro-magnet which guides the plate 
during the operation. An automatic centreing 
device squares the plate on the roller table, 
and allows for an equal cut off each side of the 
plate. The main shear frames can be adjusted 
to approach or recede from each other, while main- 
taining a central position for the plate, so that a 
minimum of waste can be ensured. The shears will 
cut a maximum width of 96 in., and up to a thick- 
ness of ? in. for cold steel plate of the usual tensile 
strength of 26 to 32 tons. All the shear gearing is 
of cast steel, machine cut from the solid. The blades 
are of special tool steel, hollow ground and reversible. 
The blade shafts are of high carbon steel, and run 
in adjustable gun-metal bearings of great length, 
the adjustment being conveniently arranged and 
visible, thus facilitating proper and regular adjust- 
ment. The large end cutting shear following the 
rotary shear is similar in design to the 66 in. shears 
already referred to, but is capable of cutting plate 
96 in. wide by 1} in. thick. Two cutting speeds are 
provided, with the usual clutch for providing an 
idle stroke if desired. The blades are reversible, 
giving four cutting edges before re-grinding is 





necessary. The railway trucks on to which the 
plates are finally loaded, enter the building on a 
depressed track. 


(To be continued.) 





THE INTERNATIONAL RAILWAY 
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(Continued from page 12.) 
Jornt STATIONS AND LINES. 


A COMBINED meeting was held by Section III, 
Working, and Section IV, General, on the subject 
of joint stations and lines, under the chairmanship 
of Dr. Parmelee on Friday, June 26. Four reports 
were presented—that of M. C. Collot and M. M. 
Bruneau dealt with the circumstances in France, 
Mr. J. Murai with China and Japan, Mr. R. Cope 
with America and the British Empire, and M. U. 
Lamalle with all other countries. 

Mr. R. Cope summed up the various reports and 
a general discussion followed, in which Mr. Dash- 
wood; M. Ito Tsuneo, engineer to the Japanese 
Government; Mr. Graham, of the Great Indian 
Peninsular Railway ; M. U. Lamalle, of the Belgian 
State Railways ; M. Eberhardt, Poland ; Mr. Coates, 
of the Oudh and Rohilkhand Railway; and Dr. 
Wang, representing the Chinese Government, took 
part. Ultimately, it was decided to submit to 
the general meeting that every joint arrangement 
should be based upon the measures that were 
necessary to ensure that expenses were equitably 
divided, but it was recognised that differences 
arising from certain local factors prevented uni- 
formity of methods for the divisions of the costs. 
It was consequently impossible to say that any 
one method had any advantages over the others. 
With the exception of special cases where agreement 
had been reached for a fixed annual payment, an 
endeavour should be made to determine the value 
of the work done for each of the interested parties. 
When such an estimate could not be made with 
sufficient exactitude to admit of a division based 
upon number of passengers or tonnage, the number 
of trains, axles or other elements might be intro- 
duced. It was sometimes possible to limit these 
elements to a given period, and then adopt the 
results obtained as a fixed proportion for the division 
of expenses, with the option of revising the propor- 
tion periodically, should the circumstances change 
materially. 


TRACTION FOR Licgut RAILWAYS. 


The subject of traction for light railways was 
considered in Section V at its meeting on Friday, 
June 26, when the reports of Brig.-General H. O. 
Mance, late Director of Railways, Light Railways 
and Roads of the British War Office, and of M. de 
Croés, of the Belgian National Light Railways, 
were submitted and discussed. 

“Traction for the Light Railways of Great Britain, 
the Overseas Empire, and America,” was the 
subject of the report drawn up by Brig.-General H. O. 
Mance. So far as Great Britain was concerned, 
the advantage of rail motor-car traction had not 
yet been generally established in practice. In the 
Dominions and in America, however, a large 
number of short lines existed on which the traffic 
was very light, and ordinary steam traction had 
proved to be wastefully extravagant. This had 
led to the development of rail motor-cars for 
passenger services. This form of traction was, 
however, ill adapted to hauling trailers and had 
not been used for goods traffic. Steam practice 
was the rule for narrow-gauge railways, but the 
field was widening for the adoption of petrol 
tractors, especially in districts where there was 
risk of fire, where water for locomotives was bad, 
or where traffic was intermittent. 

The subject was also dealt with in a report 
drawn up by Mr. de Croés for all the other 
countries of the world. Steam traction, by reason 
of its safety and the facility with which it could 
be adapted to varying local conditions, was still 
the system used by the majority of light rail- 
ways. The small space available on low-powered 
locomotives, the rudimentary equipment of the 
repairing shops of many light railways, the con- 
ditions of working, steep gradients, frequent halts, 








JuLy 10, 1925.] 


ENGINEERING. 





39 








and great variations in the lIcading of trains, 
rendered it practically impossible to utilise on 
light railways the improvements introduced from 
time to time with ordinary railways. Superheating, 
the advantages of which was now beyond question 
on standard gauge railways, was a feature of no 
practical interest to the majority of light railway 
companies. The same was true of feed-water 
heating. Only the simplest forms of mechanism 
were suitable for use on light railways. 

In this connection the Restucci steam economy 
valve might be mentioned. This apparatus could 
be fitted to locomotives in service, and could 
function both as regulator and steam drier. It 
strained and sprayed the steam which was thereby 
dried and slightly superheated. The valve was 
fitted within the locomotive dome and consisted 
essentially of two cylindrical brass cases, the one 
capable of moving inside the other. The outer 
case was bell-shaped, and was connected by means 
of a rod to a handle in the driver’s cab. The inner 
case was perforated, the holes being arranged in 
the form of a spiral, so that they were progressively 
uncovered by the upward movement of the outer 
case. The centre of the inner case was connected 
with the main steam pipe. The fitting of these 
valves to the 22-ton locomotives of the Southern 
Italian Railway had resulted in a saving of 22 per 
cent. of fuel and 25 per cent. of water. 

When once the train service on lines which 
used steam traction, had been worked out to give 
the best possible daily utilisation of locomotives 
and staff, and when an effective control of the 
consumption of fuel and other materials had been 
organised, it was difficult to effect further appreciable 
reductions in the costs of traction. Special loco- 
motives had, however, been introduced on lines 
in which there were frequent curves or steep 
gradients, or where the load of trains made great 
demands on traction. The Garratt locomotive 
with its comparatively short boiler and low centre 
of gravity was doing good service for the Catalonian 
Railway Company. The number of steam motor 
coaches in use was small, and was not likely to 
increase. Their sphere of usefulness appeared to 
be very restricted. 

The initial expenses of electrical traction were 
unfortunately high, and at the present day this 
constituted a serious obstacle to the development of 
this system. Electric traction, however, possessed 
distinct advantages, smaller stafis were needed, 
the cost of upkeep of rolling-stock was reduced, 
supply organisation was simplified, special trains 
could be easily arranged and could be run at rela- 
tively low cost and greater convenience was offered 
to passengers. The Sangritana Railway of Italy 
was a recent example of a continuous-current 
2,400-volt. installation. This railway had a total 
length of 93 miles and the gauge was 950 mm. (3 ft. 
12in.). Ithad been found possible to supply all the 
energy required from two sub-stations. The latter 
transformed the three-phase high-tension current 
supplied by a local company into continuous current. 
The copper contact wire (cross-sectional area 
0-097 sq. in.) was in parallel with aerial feeders 
having a cross-sectional area of 0-093 sq. in., 
on one section and 0-124 sq. in. on another. The 
two and four-axled locomotives weighed 17 and 
284 tons respectively. Each axle was driven by 
an 83}-.h.p. motor. 

The Rhaetian Railway afforded a good example 
of a single-phase current installation. The lines 
were of metre gauge, and had a total length of 
172 miles. They were completely equipped for 
single-phase current at a frequency of 16% cycles, 
and giving 11,000 volts at the overhead wire. The 
whole of the railway system was fed from three 
points only.. 

Traction by means of _ internal-combustion 
engines was steadily developing. In France ve- 
hicles known as “ Autorails,” which were little 
more than motor-car chassis adapted for run- 
ning on rails, formed an economical substitute for 
steam trains hauling small loads, on lines where 
the traffic was light. Owing to its low weight 
and the smaller staff required, the expense of 
running the autorail was about one-third that of 
steam traction, in spite of the high cost of the 
petrol. Diesel-electric vehicles had been built in 


various countries, 200-h.p. to 250-h.p. motor 
coaches of this type being in use in Switzerland, 
while locomotives of 400 h.p. and 440 h.p. were 
on trial in Italy. The high thermal efficiency of 
internal-combustion engines, the smaller staff 
required to run them, the cessation of consumption 
during halts, the possibility of instantaneous 
starting, the negligible quantity of water required, 
the long journeys which could be made on the stock 
of fuel carried, were all of advantage and were the 
factors which recommended this system of traction 
to light-railway administrations. 

M. de Sousa drew attention to the modes of traction 
adopted in Portugal. In that country there were 
700 kilometres (400 miles) of metre gauge railway 
upon which steam traction only was employed. 
For their light railways with small curves the Mallett 
type of locomotive was used and permitted the 
haulage of heavy loads. There were, however, 
certain lines which necessitated a frequent passenger 
train service composed of small trains at short 
intervals, and a suitable motor coach was sought 
for with a view to meeting this requirement. He 
stated that there was an excellent type of Italian 
motor-coach now in existence, the motor portion 
of which could be detached when repairs were 
necessary. 

Major H. A. Watson of the L.N.E. Railway then 
gave details of experiments with the “ Sentinel- 
Cammell ’’ steam locomotive which he said had 
given very good results. Within the last few months 
a locomotive of this type of 115 horse power had 
hauled on the level a train of 500 tons. In view of 
this and other evidence he had, he felt that further 
economies were possible with steam traction on 
light railways, and he suggested that an endeavour 
should be made to reduce the costs on lines having a 
light traffic, which applied equally to normal gauge 
as to light railways. Afterwards M. Level, France, 
agreed that the limit of economy had not been 
reached with steam traction, and Mr. H. Forbes, 
of the County Donegal Railway, spoke of the value 
of the use of superheating. It had enabled them 
to reduce their coal consumption to the extent of 
between 35 and 40 per cent. Consequently all the 
engines working the main lines of the County 
Donegal system were being gradually converted for 
the use of superheated steam. On less remunerative 
lines, and on those where stops were frequent, 
steam traction was found to be too expensive. 
What was required was a petrol locomotive capable 
of hauling a light mixed train conveying passengers 
and three or four wagons for goods. It was then 
agreed that the first proposal to be submitted to 
the general meeting should show that steam traction 
was still the system of most general utility, but that 
it was desirable to pursue studies with a view to 
reducing the costs of this system of traction. 

At the Friday afternoon session Mr. T. Bals of 
the Roumanian State Railways occupied the chair 
in the absence of Mr. G. Semenza. It was agreed 
that the adoption of electric traction depended 
essentially on financial considerations. These differed 
according to the conditions prevailing on the various 
systems. In proportion as initial expenditure and 
working expenses diminished it was possible to 
develop the use of electric traction. 

The subject of traction with internal combustion 
engines provided a good discussion to which 
Mr. D. Verhoop of the Hague, contributed a 
statement about developments in Holland. All 
their present petrol cars were fitted with mechanical 
transmission and their weights varied according to 
type from 9 tons to 34 tons. The variable speed 
gears used on the heavy cars of the principal railways 
and on the lighter cars of the tramway companies 
were actuated by means of compressed air. For 
railway cars up to 22 tons weight hand operation 
was used. Although definite results had not yet 
been published, the mechanical drive was thought to 
be the weak spot in the construction, not only from 
the standpoint of maintenance but also from those 
of fuel consumption and noisy running when not 
in top gear. Generally speaking, these cars did 
not give an appreciable saving in working costs. 
Inspection, repairs, and higher fuel costs counter- 
acted any economies made in wages. 

Mr. L. Velani, of the Italian State Railways 
said that their Ministry of Public Works had 











instituted subsidies for the fostering of investiga- 
tions with internal combustion engines for railway 
traction. The Fiat Company in Turin had con- 
structed a 400 h.p. Diesel electric vehicle for use 
on light railways, which was capable of taking 
gradients of 1 in 17. The chief difficulty at first 
was found to be vibration in the driver’s cabin. 
This was, however, eventually overcome. The 
results of working with a Tosi oil-fuel locomotive 
capable of developing a speed of 60 kilometres 
per hour (34 miles per hour) would be available in 
the next six months. The Fiat Company had 
built a 150 h.p. naphtha locomotive with a speed 
of 50 kilometres (28 miles) per hour, also a 40 h.p. 
naphtha locomotive and the Alpha-Romeo Com- 
pany were constructing 150 h.p. naphtha and 
benzol locomotives for similar speeds to those 
mentioned in connection with the sets of the Fiat 
Company. Mr. G. Vallecchi, another Italian 
delegate, referred to the work undertaken by the 
Ferrautovie Company, which had under trial in 
Tuscany a 30 h.p. 5 ton coach seating 36 passengers 
and were building a unit of 80 to 100 h.p. 

Major H. A. Watson again spoke and referred 
to work done on the L.N.E. Railway. Two years 
ago, he said, they had converted an ordinary road 
bus for use on rails and had been running it for 
150 miles per day. Its weight was 6 tons, the 
horse power was 35, and it had seating capacity 
for 28 passengers. Costs of running worked out 
at 4d. per mile and a speed of 35 miles per hour 
was attained. The construction of larger vehicles 
was now being undertaken to provide more com- 
fortable accommodation for the passengers and 
thus popularise this mode of travel. With them 
vibration troubles would be reduced and additional 
passengers could be carried. Dr. Lo Balbo, of 
Italy, then gave a brief description of two types 
of Romeo internal-combustion engines of 100 h.p. 
and 160 h.p. respectively, with which gradients 
of 1 in 25 could be negotiated and a speed of 50 kilo- 
metres (28 miles) per hour could be attained. 
M. Level then gave particulars of experiments 
which were in progress on French lines with the 
conversion of motor lorries into rail vehicles. 
General H. O. Mance said that one of the greatest 
hindrances to the adoption of internal combustion 
engines on branch lines was the question of con- 
veying goods. Another matter of importance was 
the necessity for increasing the capacity of the 
trains on special occasions, such as market days. 
It was obviously not economical to have steam 
trains on some days and petrol motors on others. 

It was then agreed that traction by means of 
internal combustion engines furnished advan- 
tageous solutions to certain problems of working, 
and that the system was full of promise for light 
railways and every encouragement should be given 
to its development. It was desirable that in- 
formation on the cost of maintenance and de- 
preciation of rail motor coaches should be collected 
and submitted to the next Conference. The 
meeting was concluded with the suggestion by 
General Mance of further questions which were 
of importance in the present state of development, 
which should be dealt with at the next Congress. 


GENERAL MEETING. 


On Saturday morning, June 27, a general meeting 
was held under the chairmanship of Viscount 
Churchill, when the summaries of findings by the 
Sections relating to the various questions so far 
discussed were submitted for approval. The 
proposals relating to Maintenance of the Track, 
Level Crossings, Shunting Yards, Reduction of 
the Cost of Traction, Fuel and its Combustion, 
Lubrication of Axleboxes for all Rolling Stock, 
Fixed Signals, Eight-hour Day, Statistics, Estab- 


lishment of Light Railways and Concessions for 
Light Railways, were all approved. Only in two 


cases were additions made and these related to 


the fact that the recommendations in the report 
on Level Crossings did not apply to light railways 
and a reference to various types of brakes, which 
could be used to reduce the speed of wagons was 


made in the report on Shunting Yards. 


SUBURBAN SERVICES. 





On Monday, June 29, Section III met under 
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the chairmanship of M. du Castel to discuss 
suburban services. 

The report on the subject for the British Empire 
and America, prepared by Mr. E. C. Cox, of 
the Southern Railway, and Mr. A. R. Cooper, 
of the Metropolitan District and London Electric 

tailways, was divided into two parts, the first 
dealing with residential suburban services of 
ordinary railways, and the second with services 
of a distributive nature and relating generally to 
underground railways. The lay-out of a “stub- 
end” terminal station needed careful considera- 
tion. Where locomotives were used, conflicting 
movements could be minimised by the provision 
of a separate engine dock for and facing each 
platform road. On some of the Australasian rail- 
ways a middle road was provided between each 
pair of platform-roads, thus enabling the engine 
of an incoming train to be quickly released. A 
loop-terminal gave great reversing facilities. A 
suburban train, after discharging its passengers at 
the arrival platform, could then pass round the 
loop, empty, to the departure platform. The value 
of this loop could further be enhanced if it took the 
form of a line with passenger stations, thus providing 
a means of distribution as well as of increasing track 
capacity. The question of rolling stock and the 
relative value of compartment versus saloon type 
of coach needed careful consideration. The fre- 
quency and duration of stops had a bearing upon 
the number and speed of trains. Fast services at 
stated intervals were best for regular passengers in 
the business hours. At other times, when there 
were only occasional travellers, a frequent service 
calling at most stations met the requirements most 
successfully. The average speed at which ordinary 
suburban services were run varied from 14} m.p.h. 
for steam trains to 28 m.p.h. for electric trains. For 
services of an express, non-stop character, examples 
were the steam trains from London to Boxmoor 
for which the speed was 44} m.p.h., and the electric 
trains on the London Midland and Scottish Rail- 
way to Watford running at 314 m.p.h. 

A feature of the tube underground railways was 
the necessity of providing lifts or escalators, and of 
late years the latter had become very popular. 
Escalators in one stage for rises of over 60 ft. were 
unsatisfactory on mechanical grounds, and where 
a greater height had to be negotiated it was neces- 
sary to provide two machines. Each escalator 
could deal with about 8,000 passengers per hour. 
The London Tube railways had adopted the “‘ shunt” 
type of escalator, in which passengers stepped off 
at the side, in preference to the “comb” type 
generally used in the United States, in which 
passengers stepped off straight. The former type 
was more expensive on account of the greater length 
necessary, but it was thought preferable in London 
from the passengers’ point of view. An experiment 
was being made, however, with the ‘comb ” type 
escalator at the newly constructed station at Clapham 
Common. 

M. Direz, of the French State Railways, who 
reported on the question for all other countries, 
dealt chiefly with signalling and organisation 
questions, the object »eing to increase, to a 
maximum, the capacity of tracks. The circular or 
loop terminal station was advocated, together with 
shortened block sections working in conjunction 
with automatic coloured-light signals. Where a 
loop line was not possible in terminal stations having 
heavy passenger traffic, it was advisable to construct 
standing sidings or to devise other means whereby 
the arrival or departure of other trains should not 
be delayed. Tank locomotive: capable of obtaining 
great acceleration in starting were used by all 
railways having suburban traitic, and it was con- 
sidered essential that they should be maintained in 
a good state of repair. 

Although the electric locomotive had advantages 
over steam traction for suburban traffic, it did not 
improve the conditions of working of terminal 
stations because shunting operations were not in 
any way reduced. ‘The Swiss State Railway had 
avoided this latter disadvantage by providing a 
driver’s cabin at the rear end of the train, from 
which the locomotive could be worked. The 
adoption of motor coaches, however, was to be 
recommended, when trains could be made of either 





motor coaches exclusively, or of motor-coaches and 
trailers and could be varied at different times of 
the day, according to the volume of traffic. 

The general organisation of the train service and 
the working out of time-tables depended entirely 
upon whether the traffic was constant or whether 
there were differences in the density of traffic. The 
latter was the more usual case, and, moreover, it 
often happened that the density of traffic was very 
different on various sections of the line. It has 
been found economical, therefore, to limit some of 
the trains to intermediate stations on the line. 
When traffic was approximately constant the 
natural course was to run trains from end to end, 
and, in order that the output of the line should not 
be reduced, the time taken by each train in per- 
forming the journey should not vary. 

The Paris St.-Lazare Station suburban time- 
table was taken as an example, and it was pointed 
out that the aim of the compilers was to utilise the 
lay-out of the track of that terminus to the greatest 
possible extent. 

After some discussion it was decided to report 
that for the working of suburban services at 
terminal and intermediate stations, it was necessary 
to make a detailed study of all the requirements, 
including the scheduling of platform occupation, 
engine movements and parallel working at junctions 
in order to obtain maximum efficiency. The space 
at terminal stations might be used to the best 
advantage by arranging a platform between each 
pair of platform tracks. Island platforms at 
intermediate and junction stations also made for 
economy in steff and facilitated interchanging. In 
addition good interchange facilities should be 
provided at terminal stations, in or adjacent to 
large cities, between trains of the suburban lines 
and the distributing system within the city. It 
was also recommended that the provision of loops 
afforded a means of reversing trains with a 
minimum of inconvenience. Cases where this was 
possible were, however, very limited in number 
and the introduction of engine bays at terminal 
stations and also of flying and burrowing junctions 
were means whereby the capacity of a system 
could be .greatly increased. Track circuits and 
automatic signalling also provided increased capacity 
and freedom in working, and the adoption of special 
arrangements, such as luminous multiple aspect 
signals, enabled this increased capacity to be 
obtained even where the lines were used for different 
classes of traffic. 

On questions of rolling-stock it was agreed that 
saloon stock was more suitable for short journeys 
within the inner suburban area or for distribution 
within the city itself, where stations were only 
half-a-mile apart and the provision of seats for 
all passengers was of less importance. Provision 
should be made for large carrying capacity per 
unit of length and for ample door space. When the 
platforms and other conditions allowed, compart- 
ment stock was to be preferred for traffic to and from 
the outer suburban area on account of its high 
seating capacity. Economy and speed could be 
secured in rush hours when trains were frequent 
by the use of a system of zoned stops, so that 
train loads were concentrated for distribution to 
as few points as possible, but a reasonably frequent 
service should be provided at all stations with due 
regard to their importance. During slack hours 
the requirements could best be met by the use 
of trains of short length run at uniform intervals 
and, as a rule, calling at all stations. The use of 
the multiple unit system with electric traction 
provided the maximum flexibility for handling 
suburban services. It was desirable that railways 
should be empowered to close certain minor stations 
near the central terminal when the receipts were 
small and the provision of a service onerous. 


Locomotive SHEDS. 


Joint meetings were held, under the chairmanship 
of Mr. E. F. C. Trench, of Section 1, Ways and 
Works, and Section II, Locomotives and Rolling 
Stock on Tuesday, June 30, and Wednesday, July 1, 
for the discussion of practice in regard to Loco- 
motive Sheds. For the purpose three reports had 
been prepared, of which one giving the point of 
view of railway engineers of the British Empire, 


was prepared by Mr. R. E. L. Maunsell, another 
was on American practice, and was written by 
Mr. R. W. Bell, while the third covered the con- 
ditions in all other countries and was submitted 
by Mr. G. Forte. 

The installation and equipment of locomotive 
sheds used by railways of the British Empire formed 
the subject of the report prepared by Mr. R. E. L. 
Maunsell, of the Southern Railway. Two types of 
sheds were in existence, the straight type and the 
turntable or round-house type; there was much 
difference of opinion as to which was the more 
suitable. Incandescent electric light had been found 
to be the most satisfactory illuminant for running 
sheds, yards and coaling stations on account of the 
ease with which electric current could be conveyed 
to any point for inspection purposes. The roofs of 
sheds were usually of composite construction, steel 
and timber being used for the main members. The 
covering material consisted of slates, wood covered 
with asbestos mill-board, or corrugated asbestos 
sheets. A shed constructed entirely of ferro- 
concrete, including the roof, had recently been 
erected for the Southern Railway at Feltham. 

In sheds of the round-house type the smoke jacks 
were arranged in a ring so as to cover the funnels 
of engines. In straight sheds, troughing running 
the whole length of each road was provided, and 
uptakes were fixed at intervals of about 20 ft. The 
troughs and uptakes, formerly made completely of 
wood, were now constructed of asbestos sheets 
carried in angle-iron framing. In the Feltham shed 
already referred to, ferro-concrete was used through- 
out. In no case was any mechanical appliance 
utilised for the collection and discharge of smoke in 
running sheds. 

Engine pits inside and outside sheds on British 
railways were usually faced and paved with hard 
bricks, but concrete without brick facing was 
generally used by the New Zealand, Canadian, 
South African, and Australian Railway Adminis- 
trations. The depth of the pits for standard gauge 
lines was usually 3 ft., for broad-gauge lines 2 ft. 6 in., 
and for narrow-gauge lines 3 ft. 6 in. The practice 
of washing out boilers with hot water had been 
largely adopted, and in some of the main depots 
special plants had been provided for the purpose. 
The lifting appliances found most suitable for dealing 
with running-shed repairs were overhead electric 
cranes for the more important depots of the United 
Kingdom, and wheel drops for the smaller depots. 
Most of the overseas Dominions appeared to favour 
wheel drops. The methods adopted for cleaning 
tubes and the periods between cleanings varied 
considerably ; some administrations used rods with 
waste attached, others brushes, others, again, air 
or steam blowers. In the majority of cases, the 
superheater flues were cleaned by being blown out 
by steam; a few railways, however, used com- 
pressed air. The lighting up of locomotive fires 
was another question upon which most administra- 
tions held different views. Some utilised fire- 
lighters, but the majority preferred to use up any 
waste material that was easily obtainable. With a 
few exceptions, all the railways under review were 
adopting mechanical appliances for the coaling of 
engines. The fuel was raised by means of a bucket 
conveyor on to a chute, through which it fell into 
the tenders. It was almost universal practice to 
weigh or measure the coal supplied to individual 
locomotives with the object of controlling con- 
sumption. 

No novel method for the removal of ashes and 
clinker hed been communicated. On the Great 
Western Railway smoke-boxes were emptied by 
means of a steam ejector connected with a pipe, one 
end of which was buried in the ashes, the other end 
discharging into a wagon on an adjoining road. On 
the London, Midland and Scottish Railway the 
ashes were disposed of by being raked into a hopper 
in the engine pit which discharged them into a 
trolley skip. When full the latter was drawn up an 
inclined plane and the contents were tipped into a 
wagon on an adjoining road. 

Mr. R. W. Bell, of the Illinois Central Railroad, 
was responsible for the report on American practice 
regarding the arrangement of locomotive sheds. 
It showed that round houses were almost exclusively 





used in the United States, straight sheds were only 
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utilised at the very small depots. The majority of 
railways favoured composition roofing for engine 
houses, supported by wood columns and trusses. 
Concrete-slab roofs had also been erected. Cast-iron 
smoke jacks gave the longest life, but, owing to 
their superior lightness, plain wood or protected 
wood jacks were also employed. The wood-block 
floor was gaining in favour because it presented 
many advantages over concrete and asphalt floorings. 
Engine pits were made of concrete with side walls 
of sufficient thickness to give proper bearing to the 
hydraulic jacks used for lifting engines. The pits 
generally adhered very closely to the following 
dimensions: Width, 4 ft.; depth,’ shallow end, 
2 ft. 6 ins., deep end, 3 ft.; length for 100-ft. houses, 
75 ft. ; and for 125-ft. houses, 100 ft. Wheel drops 
were used in preference to lifting appliances by the 
majority of the reporting railroads. Washing 
boilers with hot water was the common practice, 
and the entire time occupied in blowing down, 
washing out and refilling a boiler averaged from 
34 hours to 4 hours. Compressed air was used for 
removing soot from flues. Superheater tubes and 
flues were first cleaned with hooked rods and were 
then blown out by steam jets or by compressed air. 
The lighting-up of engines was usually effected by 
means of wood soaked with oil; in some cases, 
however, crude oil flame sprayed through the 
fire door was employed for igniting the bed of 
coal. : 

All modern coaling stations for the loading of 
fuel on engines were of the mechanical type and 
were constructed of reinforced concrete. Some were 
equipped with automatic weighing devices, but the 
application was not general. All railways removed 
ashes fron: fire-boxes by shaking and raking the 
grates; in cases of difficulty, washing with steam 
or blowing with air jets was resorted to. Ashes 
were dropped directly into deep water cinder pits 
which, on an average, were 8 ft. deep and 14 ft. 
wide ; in length they ranged from 45 ft. for serving 
one engine, to 300 ft. for accommodating four 
engines at a time. The cinders were then loaded 
into trucks standing on an adjacent line by means 
of locomotive or overhead-travelling cranes. The 
treatment of water for locomotive boiler use was 
continually becoming more general, and at the 
present time was quite extensive throughout the 
“bad water” districts in America. The soda-ash 
and lime treatment was used in most water-softening 
installations. 

A mechanical method of cleaning locomotives, 
which consisted of washing down with a mixture 
of hot water and oil applied with air at a pressure 
of about 100 Ib. per sq. in., had been adopted in 
some cases, but hand wiping was more general. 

After the discussion of a series of individual 
points brought out by the various reporters, it was 
agreed that each type of locomotive shed in use 
at present had its advantages, and the type chosen 
must be determined by a consideration of local 
conditions. In some cases, all shed roads were 
provided with pits. Much oil was used for cleaning 
purposes, and, in certain circumstances, it had been 
found to be advantageous to put down plant for 
the recovery of oil from used waste and to put both 
materials back into service after treatment. The 
use of hot water for washing out and refilling 
boilers could be recommended when engines had 
to be kept at the shed for the shortest time possible. 
Generally speaking, running sheds were used to carry 
out all repairs on locomotives other than exception- 
ally heavy work, so as to keep the engines in a 
reliable state. For this purpose the repair shop 
must be able to accommodate a reasonable pro- 
portion of the engines sent to the running shed, 
and sufficient lengths of pits should be provided 
for them. Some of the pits would be necessary for 
wheel inspection and changing. In a locomotive 
shed a supply of compressed air and the provision 
of welding equipment were of great service. Proper 
provision must be made for the accommodation of 
such stores as tools or equipment for temporary 
issue or as reserve stock, spare parts or materials, 
oils and consumable stores for use on the locomo- 
tives. The use of mechanical coaling was increasing 
at the larger sheds. When soft coals were used 
there was a loss owing to breakage, but when the 
equipment for handling this fuel was installed in 


large sheds the loss was counterbalanced by the gain 
due to the saving in labour. Mechanical handling 
of ashes was recommended for use at large depots. 
Water-softening plants were everywhere increasing 
in use, and good results were obtained from work- 
ing with them. 


(To be continued.) 





THE RAILWAY CENTENARY 
CELEBRATIONS. 


Or all the. steps into which the progress of 
development of mankind from savagery through 
barbarism to civilisation may be divided up, the 
greatest in influence and results was made when 
man first learned to generate and control power. 
In entering on this phase of progress, the engineers 
of old started a movement without the effective 
progress of which the people of the world would 
have still remained in a state of primitive barbarism. 
The pioneer engineers and those who make the 
fundamental discoveries must therefore be regarded 
as amongst the finest types of human-kind and as 
worthy of the highest distinctions bestowable by 
their fellow men, though, it must be admitted that 
recognition is sometimes given tardily, if at all. 
One hundred years ago, George Stephenson, by the 
exercise of a mentality rich in inventive capacity, 
was enabled to start a movement, the consequences 
of which to the world, despite his foresight, he 
could never have estimated. We, in this centenary 
year, are able to look back and gauge the signific- 
ance of his work, and the many steps in the pro- 
gress of its development up to the present time. 
The gains have been not merely material, for from 
the start of railroad transport we must date the 
improved relations between peoples of different 
race and their better appreciation of each other’s 
nature and culture. It was therefore fitting that 
testimony to the value of Stephenson’s work should 
be made this year to the entire world, and our 
railway engineers are to be commended for their 
inspiration in inviting the Railway Congress to 
hold its tenth session in this country at a time 
when estimate could well be made of what we 
owe to a pioneer engineer and an_ illustrious 
Englishman. Happier still was the decision to 
put the old locomotives made by Stephenson back 
again on their historic line and show them running 
in association with British engines and rolling-stock 
of every period up to the present. That the pageant 
was an exceptional success will be acknowledged 
by all who were privileged to witness it, thanks to 
the hospitality of the London and North Eastern 
Railway Company, which dates its origin from the 
foundation of the original Stockton and Darlington 
line. Organisation could be carried to no higher 
level than was shown in this demonstration of the 
working of Stephenson’s engines and their relation- 
ship to modern designs, 

The celebrations were begun at Darlington on 
Wednesday, July 1, when H.R.H. the Duke of 
York opened an exhibition of railway relics at the 
Faverdale Works of the London and North Eastern 
Railway Company, to which all the British railway 
companies, many museums and individuals, had 
lent their historic treasures. In this collection, the 
student of the history of the development of railways 
was provided with the possibility of inspecting the 
original drawings of the pioneers and of studying 
the construction of the actual components of railway 
appliances of every age, as well as of contrasting the 
actual locomotives and rolling-stock of different 
periods in the history of British railways. It was 
from these engines, carriages and wagons that the 53 
representative examples were taken along the line 
of the Stockton and Darlington Railway in a proces- 
sion before the Duke and Duchess of York and the 
assembled railway authorities of our own and other 
countries. In the parade, first place was given to 
an engine built by George Stephenson and Nicholas 
Wood in 1822 at the Hetton Colliery workshops, prior 
to the establishment of Stephenson’s original works 
at Newcastle-on-Tyne. This engine was the earliest 
one shown in the procession and was succeeded by 
mineral and goods engines of the 0-6-0 type. The 
first was designed by Timothy Hackworth and built 





in 1845 by W. and A. Kitching, of the Hopetown 





Foundry, Darlington, Next came one of William 
Wheatley’s design, made in 1867 for the North 
British Railway. Another followed which was 
designed by William Bouch, of the Stockton and 
Darlington Railway, and built by Dubs and Co., of 
Glasgow, in 1874, and this was succeeded by an engine 
for which Wilson Worsdell was responsible, which was 
constructed at Gateshead by the N.E.R. in 1905. 
Then followed a 4-6-0 three-cylinder express goods 
engine, built at Darlington to the designs of Sir 
Vincent L. Raven in 1921, and a 2-6-0 example 
built in 1925, to the designs of Mr. H. N. Gresley and 
fitted with his valve gear. Similarly, the engines of 
the eight-coupled type, the first a compound-working 
four-cylinder model by F. W. Webb, built at Crewe in 
1901, were shown in order of date, which afforded 
the spectator an opportunity of contrasting the 
work of such designers as C. J. Bowen Cooke, G. J. 
Churchward and Mr. H. N. Gresley, the engineer of 
the London and North Eastern Railway. The last 
of this group was a 2-8-2 engine of the “‘ Mikado ” 
type, designed to develop a high tractive power with 
a speed higher than is usual with mineral trains. 
This engine has coupled wheels of 5 ft. 2 in. diameter 
to obtain the necessary speed, and the tractive power 
at starting, and at other times when exceptional 
demands are made, is increased beyond that obtained 
from the three cylinders by an auxiliary engine, 
or booster, driving the trailing wheels. The 
boiler is of the wide fire-box type and has a super- 
heater of 32 elements. An electric freight engine, 
constructed at Darlington in 1914 under Sir Vincent 
L. Raven, was then shown, drawn by a steam loco- 
motive as there was no electric supply available on 
the line. 

The next group of exhibits consisted of two- 
coupled locomotives, beginning with the “ North 
Star,” built by Robert Stephenson and Co. in 1837. 
Next came the “ Cornwall” of Francis, the son of 
Richard Trevithick, with driving wheels of 8 ft. 6 in. 
in diameter, the largest ever used. Designs by Patrick 
Stirling (1872), S. W. Johnson (1899), and Henry 
Pollit (1900) completed this section of the parade. 
Four-coupled express passenger engines were then 
shown, the first being a product of Edward Fletcher, 
which was built in 1875 and took part in the cele- 
brations of the Jubilee of the Stockton and 
Darlington Railway in that year. After an engine of 
the Tennant type (1885) came one due to Wilson 
Worsdell, built in 1892, which during the rail- 
way races of 1895 performed the journey between 
Newcastle and Edinburgh, a distance of 124 miles, 
in 112 minutes. Following the Great Eastern “ Lord 
Claud Hamilton,” came the first of the Atlantic 
engines built in this country. It was designed by 
H. A. Ivatt in 1898, and was succeeded in the pro- 
cession by another of the same design, but with a 
boiler of 5 ft. 8 in. diameter and with a wide fire-box. 
This engine was constructed in 1902 and was thus the 
first to make use of so large a boiler diameter and type 
of fire-box. Other Atlantics built by W. P. Reid, 
of the North British Railway Company, and by Sir 
Vincent L. Raven, completed the exhibits of this 
type. The 4-6-0 engines followed next, the first 
being that of Wilson Worsdell, which enjoyed the 
distinction of being the pioneer six-wheeled coupled 
bogie engine (1900) used for passenger work in this 
country. Others in this section were the Great 
Central ‘“‘ Lord Farringdon,” designed by J. G. Robin- 
son; the London and North Western “Sir Gilbert 
Claughton”’ of C. J. Bowen Cooke ; and the London 
and North Eastern “ William Whitelaw,” built by 
the North British Locomotive Company, Glasgow, to 
the designs of Mr. H. N. Gresley. Another electric 
locomotive, due to Sir Vincent L. Raven, was then 
shown. It had three motors with twin armatures 
transmitting power through spur gearing and quill 
drives to wheels having a diameter of 6 ft. 8 in. 
Then followed the ‘ Aerolite,” originally built by 
Kitson and Co, in 1851. Tank engines came next in 
the procession, that built for the Great Central 
Railway in 1876 for shunting work by Manning, 
Wardle and Co., of Leeds, being the first in this 
section. It was followed by an engine constructed 
for work on quay sides by the Great Eastern Railway 
in 1897, The passenger engines of this class were 
then shown, these including a design of Edward 
Fletcher built by Neilson and Co. in 1874, a Wilson 
Worsdell of 1901, and a three-cylinder four-coupled 














42 


ENGINEERING. 


[Juty 10, 1925. 








EXHIBIT AT THE ROYAL AGRICULTURAL SHOW, CHESTER. 


CONSTRUCTED BY MESSRS. JOHN FOWLER AND CO. (LEEDS), LIMITED, ENGINEERS, LEEDS. | 





Fie. 1. 80 H.P. Atconot-Motor Locomorive. 


engine due to Sir Vincent L. Raven and put to 
service in 1913 for the suburban and coastal trains 
in the North Eastern area. These were followed by 
six-coupled tank engines including the Great Central 
due to J. G. Robinson and the L.M. and S. “ Baltic” 
type designed by Mr. G. Hughes, while an eight- 
coupled universal engine of G. J. Churchward was 
also paraded. 

Of the next group of exhibits the main features 
were modern equipment, including the Garratt 
locomotive recently constructed by Messrs. Beyer, 
Peacock and Co., Limited, of Gorton, Manchester, and 
fully illustrated and described by us in our last week’s 
issue, a petrol bus converted for rail s:rvice, an 
auto-car, and a “‘Sentinel-Cammell”’ coach. These 
were followed by a mineral train of the L. & N.E.R. 
having wagons of 10}, 20 and 40 tons capacity, an 
L.M. & S.R, 4-6-0 engine, due to Mr. George Hughes, 
drawing a vestibuled train of nine carriages, the 
Great Western “‘ Windsor Castle ” 4-6-0 engine de- 
signed by Mr. C. B. Collett, and coupled to the Royal 
train ; Mr. H. N. Gresley’s design of articulated train 
drawn by the Great Western “ Viscount Churchill,” 
an engine originally of the ‘‘ Pacific’ class and built 
to the design of G. J. Churchward, but later rebuilt 
at Swindon works; a Southern Railway 4-6-0 
engine and train designed by Mr. R. E. L. Maunsell ; 
and the L. & N.E.R. “Flying Scotsman.” The engine 
of this train was the “ City of Newcastle,” designed 
by Sir Vincent Raven, and the triple-articulated 
dining car with electrically-equipped kitchen, due 
to Mr. Gresley, was a feature of the exhibit. In- 
terspersed between these modern trains a tableau 
was presented in six scenes of the evolution of the 
wheel in transport. The various scenes were accom- 
modated on separate vehicles drawn by an eight- 
coupled mineral engine, which its chevrons showed 
had seen service in France during the European 
War. A contrast in old and new passenger accom- 
modation was also afforded by the inclusion of a 
train of four-wheeled carriages built in 1865 for 
the Great North of Scotland Railway and the rolling- 
stock hauled by “ Locomotion No. 1.” This cen- 
tury-old locomotive concluded the parade and drew 
a train composed of “Chaldron” wagons and a 
coach, just as it did at the opening of the line in 
1825. Realisation of the appearance of this veteran 
example of engineering construction on the historic 
occasion was afforded to all at the Centenary 
Celebrations by the faithful reproduction in dress 
of the travelling company and the drivers of the 
engine and by a horseman riding ahead bearing the 
red flag. 

A banquet was held on Thursday evening, after 
the parade of locomotives, at which Viscount Grey 
of Fallodon presided over a company of 1,000 guests. 
In speaking on “The Centenary of British. Rail- 
ways,” he traced what the world of to-day owed to 
the pioneer work of George Stephenson and his 
associates in the development of railways. These 
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men were not speculators, he said, but had the 
driving force in their minds that they were doing 
something to develop the resources of the country. 
In replying, Sir Arthur Pease, Bart., spoke of the 
present conditions of the railways and the necessity 
for united sacrifice on the part of the whole com- 
munity to meet the circumstances in which the trade 
of the country had now to be conducted. The dele- 
gates to the Railway Congress were also entertained 
at Darlington by the London and North Eastern 
Railway Company, when they visited the exhibition 
on Friday, July 3. They were received by Mr. 
William Whitelaw, the Chairman of the company, 
who, after luncheon, delivered an address of welcome 
to the Congress. Later a presentation was made 
by Cavalliero Chiarugi of a bronze shield on behalf 
of the Italian railwaymen, to the British railway- 
men, and Dr. Wang then presented a Chinese scroll 
in commemoration of the Centenary of Railway 
Transport. 





INTERNATIONAL GEOLOGICAL CoNnGREsS.—It is an- 
nounced that the Fourteenth International Geological 
Congress will be held in Madrid during the months of 
May and June, 1926. This Congress will afford engineers, 
geologists, and geographers an excellent opportunity of 
prosecuting their activities in Spain, and of taking part 
in discussions on the world’s resources of phosphates and 
pyrites, on modern theories dealing with metallogeny and 
on many other aspects of geological study. Excursions 
will be undertaken to places of interest, such as Seville, 
Cordova, Granada, Toledo, and the Canary Islands, 
among numerous others, and the mining, industrial, and 
artistic interests will be specially considered. Those who 
desire to receive particulars regarding this Congress should 
write to the secretary of the Organising Committee, 
Instituto Geologico, Plaza de los Mostenses,\Madrid, Spain. 





THE ROYAL AGRICULTURAL SHOW 
AT CHESTER. 


THE practice of the Royal Agricultural Society 
of England of holding their Annual Show in 
different parts of the country each year has the 
efiect of showing a larger number of the members 
of the agricultural community what means are 
at their disposal to obtain increased and cheapened 
production than would be the case if the Show 
were always held in the same place. It is rather 
interesting, however, to note that the financial 
success of the project seems to depend more on the 
proximity to large industrial centres than to any 
other circumstance, in spite of the fact that the 
attempt to establish a permanent show ground in 
London was a failure. When the Show has been held 
in purely agricultural regions, small profits, or even 
actual losses, have been experienced, and it must, 
therefore, be acknowledged that this exhibition of 
live stock and the various appliances for power 


‘production and agricultural working makes an 


appeal to a much wider circle than that purely 
concerned with the raising of stock and crops, To 
an engineer, a visit to the Show is always anticipated 
with pleasure, because of the great number of 
exhibits with which he is particularly concerned. 
In this respect, the Chester Show, which was opened 
to the public on Tuesday, July 7, and will remain 
open until to-morrow, Saturday, must be regarded as 
even better than many of the Royal Shows of recent 
years, There are no less than 438 stands, on which 
are displayed exhibits of implements for work in 
farm and field. In addition, clear indications 
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are provided of the endeavour, through the use of| It is with the types of plant and implements 
experimental methods of investigation, to obtain | exhibited by the general and agricultural engineers 
efficiency in working, by the exhibits of the Ministry | that we are mainly concerned, and we are therefore 
of Agriculture and Fisheries, the Institute of|interested to note that some thirty new types 
Agricultural Engineering of the University of | have been submitted for consideration in the annual 
Oxford, the University College of North Wales|award of the silver medals of the Royal Agri- 
and other representative bodies. cultural Society. To some of these we. hope to 


refer in detail in the course of our description o! 
the main features of this year’s Show. 

The 80-h.p. motor locomotive which we illustrate 
in Figs. 1 to 3, on page 42, is shown on the stand of 
Messrs. John Fowler and Co. (Leeds), Limited. It 
is one of a number built to the order of Messrs. 
Booker Brothers, McConnell and Co., for use in 
connection with a light railway for transporting 
native labourers on their plantations in British 
Guiana. An interesting point in connection with 
the design is that the locomotive is arranged to run 
on alcohol, as this fuel can be obtained on the estate 
as a by-product in the process of manufacturing the 
sugar. 

The power unit consists of a four-cylinder, 
vertical-type, Ricardo engine, fitted with slipper 
pistons and having a bore of 5% ins. and a stroke of 
74 in. The engine develops 80 h.p., which gives a 
considerable reserve on the power actually required, 
runs at a normal speed of 1,000 r.p.m., and is fitted 
with a governor to prevent racing. The crankshaft 
is of high-grade steel, heat-treated.and ground after 
treatment, and runs in three bearings. Large 
inspection doors are provided in the sides of the 
crank-case, and the bottom half of the latter is 
detachable. Ignition is by magneto fitted with an 
impulse starter, and, as already mentioned, the 
induction system is fitted with a special vaporiser 
to enable the engine to be run on alcohol. The 
radiator, which can be seen in Figs. 1 and 3, is of the 
honeycomb type, and cooling is assisted by a fan 
driven by a belt from a pulley on the engine crank- 
shaft. The fuel tank is made up of welded steel 
plates, and is fitted with a large filling cap and 
strainer. 

Turning now to the transmission, the drive from 
the engine is taken through a friction clutch and 
universal coupling to the main shaft in the gear-box, 
the latter being arranged to give three speeds in 
either direction. Fig. 2 shows the gear-box with 
the upper portion, carrying the main transmission 
shaft, removed, leaving the layshaft and reversing 
gear in position. All the gear wheels are of forged 
steel with machine-cut teeth ground after hardening, 
and the change speed, and also the forward and 
reverse gears, are engaged by jaw clutches. It will 
be observed from Fig. 2, that the reversing gear is 
arranged in a separate housing in front of the gear- 
box proper, and this housing also contains the cross 
shaft mounted below the shaft carrying the reversing 
bevels. Both gear cases are totally enclosed, the 
whole transmission running in oil. As shown in 
Figs. 2 and 3, cranks are fitted at each end of the 
cross shaft. These are at 90 deg., and the drive is 
taken from them to the driving wheels by connecting 
rods, as shown in Figs. 1 and 3, All wheels are 
coupled, and fitted with balanced outside cranks. 

The frames are of cast-iron, twice cast, and are 
gusseted and stayed. The compensating spring 
gear is outside the main frame, and can be clearly 
seen in Figs. 1 and 3. The wheels are in accordance 
with English locomotive practice, and are fitted with 
renewable steel tyres. A hand-screw brake is 
fitted, which can be seen in Fig. 3. The control 
levers and change-speed levers are conveniently 
arranged in the driver’s cab, and are suitable for use 
in either direction. The cab is of sheet steel, riveted 
to an angle-ironframe. A chimney is fitted to carry 
the exhaust gases well clear of the driver and the 
passengers. The weight of the complete locomotive 
is about 16 tons. It may be mentioned that 
Messrs. Fowler were responsible for the design 
of the whole of the railway plant, in addition to the 
locomotives. Twenty passenger cars, each to 
accommodate 50 natives, were supplied, only one 
of these being built completely in England to serve 
as a pattern, the remainder being built in British 
Guiana with fittings supplied by the firm. 

Amongst the other exhibits of Messrs. John 
Fowler and Co. (Leeds), Limited, there is a com- 
pound, spring-mounted road locomotive specially 
built to the order of Messrs. Norman E. Box, 
Limited, of Manchester, for the haulage of 
electrical machinery, boilers and other heavy 
plant. The boiler is constructed for a working 
pressure of 180 lb. per square inch, and was tested 
under hydraulic pressure to 300 lb. per square inch. 
A geared feed-water pump is fitted, which works 





at half the speed of the crankshaft. From the 
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engine, power is transmitted through a  gear- 
box with machine-cut wheels, which provide three 
road speeds, and a safety interlocking clutch system 
is provided to prevent the possibility of two gears 
being engaged at once. The supporting spring 
gear has its plates enclosed in a dust-proof oil 
bath, to reduce friction and obtain the maximum 
resistance to wear. The springs for the front axle 
are such that they allow complete freedom for 
steering and lurching. Other features of the equip- 
ment are a winding drum with 75 yards of steel 
wire rope, a water lifter and 30 ft. of suction hose. 
The well-known Fowler 7-ton steam wagon, with 
its vertical stayless boiler and compound Vee- 
type engine, is also exhibited, and there are beside 
it an 8-ton compound steam road roller and a 
steam ploughing engine. The last-mentioned set is 
one of a pair, arranged for ploughing with the 
use of a cable haulage. The boiler was designed 
for a working pressure of 200 lb. per sq. in., and 
is provided with duplicate injectors. The engine, 
which is of the compound type, is used not only 
for the driving of the road wheels, through a two- 
speed gear, but also for the operation of a winding 
drum carrying 600 yards of Fowler’s steel wire 
rope. An automatic coiling gear is provided and 
adjustable rope guide pulleys are fitted. Asa brake 
is located on the ploughing clutch, the operator can 
prevent the slack rope from dropping when the 
opposite engine has completed its pull or in other 
emergencies. Another feature of the display made 
by this firm is a concrete mixer driven by a petrol 
engine and capable of dealing with 10 cub. ft. of 
material. This is one of a series of five machines, 
the smallest of which is of 6 cub. ft. capacity. 

The National Gas Engine Company, Limited, of 
Ashton-under-Lyne, make an interesting display of 
power plant working on suction gas and various types 
of fuel oils, and suited to the needs of agricultural 
concerns. In Figs. 4 and 5, on page 43, 
are shown two of the exhibits, namely, petrol- 
paraffin vertical engines, driving, in the first 
case an unchokeable pump, and in the second 
a small generator for electric lighting. ‘Lhe 
engine in erch case is of the same type and 
develops from 2} to 5} brake horse-power when 
runing at speeds of from 500 r.p.m. to 1,000 r.p.m. 
It is totally enclosed and works on the four-stroke 
cycle. Petrol is used for starting and a change- 
over may be made to paraffin after about a 
2-minute run on the former fuel. Should the engine 
be required only for intermittent work, the water 
cooler may be made of the hopper type, but for 





continuous operation the usual thermo-syphon 
system of circulation is employed. 

In design, this engine is of a simple but thoroughly 
reliable type, having the inlet valve over the exhaust 
one in an extension, to the side, of the combustion 
chamber. As the inlet valve may be removed 
along with its seating, the exhaust valve may easily 
be drawn out from above, and thus the operations 
necessary to get at the two valves for cleaning and 
grinding purposes are reduced to a minimum. The 
necessary clearances may be given to the valve gear 
by means of adjustable tappets without the removal 
of any part of the structure, as the parts in question 
are not enclosed. A substantial rod conveys the 
motion obtained from the cam and the associated 
lever to the overhead valve lever, which has its ful- 
crum centred in a forked casting bolted to the cylin- 
der head. The crankshaft, which is machined from 
a simple stamping, is provided with balance weights 
and carried in gun-metal bearings with large sur- 
faces. The carburettor is of a type which makes 
use of a horizontal tube with many fine holes on 
the upper part. Through this tube air is drawn, 
carrying with it the fuel which the suction causes 
to rise through a simple adjustable conical valve. 
As this mixture emerges into a wide cross pipe lead- 
ing to the space above the inlet valve, the main air 
is drawn in with it. The arrangement is such that 
it requires only the adjustment necessary to open 
up the fuel supply from the float chamber, and since a 
circular head with a graduated dial, connected with 
the small conical valve below and accommodated 
under a small brass cover, is provided, this may 
be easily done at any time. As the ordinary jet 
arrangements are eliminated, the fuel system must 
be regarded as one eminently suitable for use in an 
engine which has commonly to be put into the care 
of men with little or no engineering experience. The 
ignition is effected by the use of a high-tension 
magneto. 

In Fig. 4 the engine is shown mounted upon a 
four-wheeled bogie and driving a 3-in. Wallwin 
non-chokeable pump. As this plant is completely 
portable, it is of great service in many classes of 
work, The pump fitted will deliver 100 gallons of 
clean water against a head of 60 ft. when running at 
1,000 r.p.m. Its serviceability in dealing with 
semi-solid matter, such as paper pulp, sewage, 
&c., is demonstrated on the stand, when it is seen 
that all the solid matter passes right through the 
pump. Stones about the size of hens’ eggs are 
dealt with without the slightest hitch. The other 
illustration, Fig. 5, shows the engine put to service 





in driving an electric generator by means of a link 
belt, but direct coupling is also employed. Other 
exhibits of the National Gas Engine Company 
include many of their well-known manufactures, 
such as a 28-h.p. suction-gas plant and engine, a 
cold-starting heavy-oil engine and chain-driven 
lighting sets driven by horizontal engines. 

Another firm showing oil engines of interesting 
design is Messrs. Ruston and Hornsby, Ltd., of 
Lincoln. In Fig. 6 is shown a recent introduction 
namely a portable oil engine of compact type, 
capable of running efficiently, without alteration, 
on a wide range of fuels such as petroleum, gas, 
oil, crude oil and good quality residual fuels which 
do not exceed 0-89 in specific gravity. The 
engine is of the medium-compression, hot-bulb 
type, and runs on the four-stroke cycle. In the 
first three sizes, which give 10, 16 and 24 brake 
horse-power on crude oil and 10 per cent. more on 
refined fuels, a hopper system is used for the water 
cooling of the cylinder, but in the largest size, 
giving 31 brake horse-power with refined oil, a 
fan-cooled radiator is installed to reduce the tem- 
perature of the water. In this engine, the oil is 
injected by means of a powerful pump, which, as 
was apparent from the demonstration on the stand, 
is very quiet in working. From this pump the jet 
of oil enters the vaporiser under a sufficient pressure 
to ensure thorough atomisation and the absence of 
carbon deposits in the working cylinder. The 
engine is easy to start by hand, the first operation 
consisting of heating up the vaporiser by means 
of a pressure oil vapour lamp. While this is in 
progress the time is utilised to fill up with lubricating 
oil and look over the engine generally to see that 
all is in good order. Once the engine is started, no 
further lamp-heating is required. The main bearings 
are provided with forced lubrication. Governing 
is effected by controlling a by-pass valve attached 
to the fuel pump, which ensures that the fuel 
supply is regulated according to the load on the 
engine. The governor itself is of the high-speed, 
spring-loaded type, driven by machine-cut gear 
wheels from the camshaft. With suitable fuels a 
consumption of 0-5 to 0-6 pound per brake horse- 
power per hour is obtained, depending, of course, 
on the size of the engine. It will be observed 
that provision is made on the fly-wheel for 
bolting a pulley in place, and a similar wheel is 
available on the other end of the shaft. The 
carriage on which the engine is mounted is entirely 
made of steel and has a swivelling and tilting 
front axle; the four road wheels are also built 
up of steel components. 

Of petrol-paraffin engines, Messrs. Ruston and 
Hornsby, Limited show many of their well-known 
designs either directly coupled to “ Ransome” 
dynamos or mounted on skids or trucks, to obtain 
portability and in some cases driving air compressors 
or centrifugal pumps; vertical cold-starting oil 
engines, making use of pump injection and horizontal 
ones of thesame type are also exhibited. With these, 
consumptions of 0-48 pound per brake horse power 
per hour, in the smaller sizes, to 0-42 pound per 
brake horse power per hour in the larger ones, are 
commonly attained. 

For fire protection at the show, but also affording 
a display of modern equipment, Messrs. Merry- 
weather and Sons, Limited, of Greenwich-road, 
London, S8.E.10, have a complete fire-fighting 
installation, including one of their well-known 
“* Hatfield’ engines and a trailer fire pump of the 
type so largely used for fire protection in country 
districts. There are also a “ Valiant ” steam pump- 
ing and fire engine, as well as power-driven and 
hand-operated spraying machines and chemical and 
“Fire Suds ” extinguishers. 

Messrs. Boulton and Paul, Limited, of Norwich, 
in addition to their “ Electrolite” plants for use 
in generating an electricity supply by power obtained 
from a petrol or paraffin engine, make an effective 
show of their water elevator. This has an endless 
belt, to which is attached, not series of buckets. 
but a band of metal bent backwards and for- 
wards on itself to form prism-shaped spaces. 
As the band is drawn continuously through the 
water to be lifted, some of it is retained in the 
narrow parts of the prisms by the action of surface 
tension. Only when the top pulley of the system 
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10,000 H.P., DOUBLE-ACTING DIESEL ENGINE FOR THE 


M.S. “ASTURIAS.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, ENGINEERS, GLASGOW. 





is reached and the band is bent over, does the water 
fall out and at this point a suitable receptacle is pro- 
vided to catch it and deliver it to the desired location. 
As engine pulsations cause a twisting of the elevator 
band when working on very deep wells, there is 
introduced a special gear consisting of a weighted 
bar, which carries two vertical bronze wires attached 
to the bottom pulley, which is, of course, in the 
water at the foot of the well. By this means, the 
lowering of efficiency due to the pulsations have 
been obviated. The firm also show what can be 
done to obtain cheapness in the production of steel- 
framed sheds with corrugated roofs, such as are in 
great demand for other than farming purposes, by 
standardisation of parts. A very good example is 
a hay shed, which is shown. It covers an area 
of 60 ft. by 20 ft., and is 16 ft. in height to the eaves. 
It has stanchions of 6 in. by 3 in section and the 
simple trusses are erected at a pitch of 15 ft. There 
is effective corner bracing, and the roof is a con- 
tinuous curve of corrugated galvanized sheeting of 
22 gauge, laid single lap. 


(To be continued.) 








THE MOTOR PASSENGER LINER 
‘* ASTURIAS..”’ 


On the 7th inst., the motor ship Asturias was launched 
from Messrs. Harland and Wolff's East Yard at 
Belfast by Her Excellency the Duchess of Abercorn 
in the presence of Lord Kylsant, the Chairman of 
the Royal Mail Steam Packet Company and a dis- 
tinguished company. The occasion was of unusual 
importance, not only because of the substantial addition 
to the Royal Mail fleet that the vessel represents, 
followed as she is to be by a sister ship well on the 
way, but also because she is the largest and most 
powerful motor vessel that has yet been produced. 
The use of motor-driven vessels for small sizes has 
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been notably increasing for some years, but opinions 
are divided as to their suitability for large powers 
and heavy tonnage. Messrs. Harland and Wolfi’s 
reputation as successful pioneers in the increase of the 
size of vessels and their propelling machinery makes 
their production of this vessel a piece of practical 
evidence of which account must be taken in the 
controversy now pending. 

The Asturias is of 22,000 tons gross register, and 
how far the Royal Mail Company has gone since it 
began to carry mail, passengers and cargo in 1851, 
is suggested fairly by reference to the R.M.S. Teviot, 
with which its enterprise began, a vessel of 1,744 tons, 
propelled by paddle wheels with the help of sails. The 
leading dimensions of the Asturias are: Length, 
655 ft. 8 in.; breadth, 78 ft.; and depth, 45 ft.; 
and she is driven by a pair of Harland, Burmeister 
and Wain, 8-cylinder four-cycle, double-acting Diesel 
engines, running at 115 r.p.m. The engines develop 
10,000 i.h.p. each, and deliver their 20,000 h.p. 
on two shafts, thus enabling the normal twin- 
screw practice to be maintained. The engines are 
shown in Fig. 1, and, as will be seen, follow 
generally the lines of previous four-cycle double- 
acting engines by the same makers. Two three-stage 
air compressors arranged in tandem are mounted at 
the forward end of each engine, and driven off an 
extension of the crankshaft, providing compressed air 
for fuel injection. The output of each of these com- 
pressors is by itself nearly enough to serve the engine 
at full output. The fuel pumps are also driven off 
the main engine. The engines have forced lubrication 
throughout, oil serving also for cooling the piston, 
and fresh water being used in the cylinder jackets 
for cooling. Manceuvring air is provided by three 
two-stage air compressors, charging six steel reservoirs 
at 25 atmospheres, and like the other engine-room 
auxiliaries, the compressors are electrically driven by 
independent motors. A small emergency steam-driven 
compressor is also provided, and two oil-fired vertical 
boilers supply steam for cooking purposes, &c. 

Considerable use is made of electricity throughout 
the vessel, some of the applications being much in 
advance of what is usual on land. The lighting takes 




















some 4,000 lamps in all, in addition to the normal 
navigation lights with Morse lantern, and the high- 
candle power lamps and lanterns required by the 
latest B.O.T. regulations for working cargo. Ventila- 
tion, which in warm climates is much more than a 
luxury, is provided with unusual liberality. Over 
500 cabin and ceiling fans are fitted in state-rooms 
and public rooms, in addition to 50 large fans for 
delivering cold air to the accommodation. The 
heating likewise is exclusively electric, some 500 electric 
heaters being distributed throughout the public rooms 
and accommodation. Electric cooking ranges are 
provided for the service both of passengers and crew, 
in addition to salamanders, grills, toasters, griddle 
plates, and fish fryers, and electrically-heated hot 
plates are distributed at intervals over the dining 
room. There are also two large electrically-heated 
bakers’ ovens. Large sterilisers are to be installed 
in the hospitals and barbers’ shops, the latter having 
also electrically-heated hair dryers and vibro-massage 
machines. In the kitchen, for mincing, grinding, 
slicing, washing plates, peeling potatoes, mixing 
dough and other purposes, special machines are 
provided, and a printing machine, laundry motor, 
gymnastic motor and photographic printing machine 
for the dark room are among the miscellaneous applica- 
tions which have become conveniently possible because 
of the electric drive. There is, of course, a complete 
system of bells and telephones throughout the ship, 
and a particularly good equipment for wireless tele- 
graphy, both on the vessel itself and on the motor 
life- boats. 

As previously mentioned, the whole of the engine- 
room auxiliaries are driven electrically, including the 
three manceuvring compressors. The refrigerating 
plant consists of two compressors, each driven by a 
110 brake horse-power motor, together with electrically- 
driven circulating pumps and fans working with them. 
The pumps for supplying the hydraulic cranes, situated 
in the machinery spaces, are driven similarly by 110-h.p. 
motors. On the decks are a 135-h.p. warping winch, 
two 150-h.p. capstans and a 136-h.p. windlass, which, 
like the electro-hydraulic steering gear and the water- 
tight doors (controlled from the bridge, where an 
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indicator shows their position at all times), are all 
operated electrically. There are also seven electric 
lifts and hoists. The current for all these purposes is 
provided by four 400-kw. generators, each driven by a 
four-cylinder, four-cycle, single-acting Diesel engine, 
and over and above this provision, a 75-kw. emergency 
Diesel set is provided. 

The vessel itself on the stocks is seen in Figs. 2 and 3. 
Its overall dimensions have already been given, and it is 
equipped for 1,740 passengers and crew. It has a 
straight stem and cruiser stern, with 11 water-tight 
bulkheads dividing the ship into 12 compartments. 
The double bottom, continuous fore and aft, can take 
either fresh water or water ballast. The design and 
decorations of the vessel embody a considerable amount 
of luxury. There is a swimming bath, 29 ft. long by 
i7 ft. broad by 8 ft. deep, on the orlop deck, with marble 
and tile floors and an upper tier of dressing-boxes 
round a gallery, The height from the level of this 
deck to the top of the skylight over the staircase is 
about 60 ft. The forward staircase passes through 
six decks, and there is also a main staircase aft. The 
public rooms include dining room, social hall (corre- 
sponding to a drawing-room, but with a stage and a 
dance floor), lounge, reading and writing room, smoke 
room, and, on the top deck, a winter garden and a 
children’s playroom, all for the accommodation of 
first-class passengers, with some cabines de luxe, inclu- 
ding a bedroom 20 ft. by 10 ft., as well. The decora- 
tions of these several rooms are in the most various 
styles and carried out to the highest point of richness, 
models being sought in the styles of the French Empire, 
the Georgian epoch, and some country seats on which 
the brothers Adam, Grinling Gibbons, and others have 
done notable work, The winter garden is in the 
Moorish style, and the children’s playroom a cottage 
and gardens of a Kate Greenaway type. The choice 
of marbles, timbers, floorcloth, tiles, and other elements 
of decorative construction, shows a wide variety and 
careful thought. 

At the banquet that followed the launch, Lord Kylsant 
gave some interesting information in regard to the 
shipbuilding situation, particularly in Belfast. He 
regarded the conspicuous progress made by Messrs. 
Harland and Wolff in applying motor propulsion, as 
among the most important achievements in bettering 
the situation of the industry in competition with other 
countries. This, and co-operation on the part of Belfast 
shipyard workers, had enabled the yard to have an 
impressive amount of work on hand, considering the 
general condition of the trade. In 1913, Messrs. 
Harland and Wolff employed from 11,000 to 13,000 
men, and at the date of Lord Pirrie’s death, in 1924, 
the numbers had fallen to just over 6,000, including 
both shipyard and engine works. At the present 
time this number is well over 9,000, and the yard has 
over 90,000 tons of shipping fitting out or under repair. 
The firm has, indeed, recently secured extensive repair 
work on vessels that were actually lying at Continental 
ports. Four very large passenger liners are under 
construction on the slips at Belfast, amounting in all 
to over 60,000 tons gross register, and work is to be 
commenced at once on a large new passenger and cargo 
vessel for the White Star Line. It is hoped, too, that 
in the course of a few weeks the Union Castle Line, of 
which Lord Kylsant is also chairman, will place an 
order with Messrs. Workman, Clark and Co. for an 
intermediate passenger and cargo vessel. 








THE LATE MR. R. E. MIDDLETON. 


Mr. ReainaLD Emrson MIDDLETON, whose death 
occurred on July 1 ai the age of 81 years, will be 
chiefly remembered for his work in connection with 
various important water undertakings, but probably 
few engineers could lay claim to a wider or more 
varied experience. Born on May 30, 1844, he was 
the son of the Rev. J. E. Middleton, Vice-Principal 
of Saint Bees College, Cumberland. He received his 
early education at St. Bee’s Grammar School, and 
afterwards spent three years at Charterhouse. On 
the completion of his school career, he served a five 
years’ apprenticeship with Messrs. Robert Stephenson 
and Co., and during this per'od was fortunate in obtain- 
ing the permission of the firm to spend several months 
as a sea-going engineer. 

For several years after the completion of his appren- 
ticeship he was engaged purely upon railway work, and 
this stage of his career was marked by a number of 
rapid changes. The most important work associated 
with this period of his life was the completion of the 
Solway Firth viaduct, on the Solway Junction Rail- 
way; and the carrying of the same railway across the 
Boness Flow, an undertaking of considerable difficulty 
owing to the treacherous nature of the ground. 
Towards the end of 1870 Mr. Middleton temporarily 
severed his connection with railway work to join the 
firm of Messrs. Francis and Co., cement manufac- 
turers. He later became a director of this firm, and 








the experience he gained at this stage was probably 
of considerable value to him in his subsequent career 
as a civil engineer. 

He next became assistant to Mr. John Dixon, and 
was responsible in this capacity for the construction 
of piers and viaducts at Ventnor, Whitby, and other 
places. His next position was that of Resident 
Engineer on the Cadiz Waterworks, and on his return 
to England in 1876 Mr. Middleton set up on his own 
account as a consulting engineer in connection with 
piers, bridges, drainage and similar work. Among 
the more important undertakings, with which he was 
associated in his later career, may be mentioned the 
works of the Forth Bridge, for which he was principal 
contractor’s engineer; the Metropolitan Water 
supply, on which he acted as assistant commissioner 
to the Royal Commission; and his later work on this 
and a number of other water supply schemes. He 
acted jointly with Mr. Walter Hunter as engineer 
for the storage reservoirs at Staines, and was appointed 
jointly with Mr. Joseph Francis, M.Inst.C.E., as 
Engineer to the New River Company. The works 
of the latter company included the construction of a 
large storage reservoir at Enfield Chase, but the scheme 
was ultimately abandoned. 

As an expert witness, Mr. Middleton frequently 
appeared before the Committees of both Houses of 
Parliament in support of the Metropolitan Companies, 
the Derwent Valley Water Board, and other under- 
takings. He frequently acted as umpire, arbitrator, 
or witness, in important disputes bearing upon water 
supply projects. He was the author of numerous 
papers, and was for a number of years a lecturer at 
the Imperial College of Science and Technology, and 
at University College, London. He was a member of 
the Institution of Civil Engineers, a member of the 
Institution of Mechanical Engineers, and held the 
fellowship of several other technical societies, such as 
the Surveyors’ and Sanitary Institutes. 





THE LATE MR. H. S. CHILDE. 


TuE death took place at The Briary, Harrogate, on 
July 6 of Mr. Henry Slade Childe, consulting engineer, 
of the firm of Childe and Rowland, Wakefield. The 
deceased gentleman was born on April 4, 1861, at 
Eccleshill, near Bradford, and in 1877 was articled to 
his uncle, the late Mr. Rowland Childe, M.Inst.C.E., 
after completing his education at the Wakefield Grammar 
School. On the expiration of his pupilage Mr. Childe 
became assistant and later managing assistant to his 
chief, and on the latter’s death in 1886 took charge of 
the practice as a civil and mining engineer. He was 
an eminent member of his profession and experience 
gained in the construction of waterworks, railways, and 
the sinking of collieries proved invaluable in enabling 
him to carry on the business which had at the time of 
his accession been established for forty years. Besides 
acting as consultant to a number of owners of coal 
royalties in Yorkshire and also to several railway 
companies, Mr. Childe was chairman of the Yorkshire 
Railway Wagon Company, Limited. He was a member 
of the Institution of Civil Engineers and an office- 
bearer in connection with the Yorkshire Geological 
Society and the Yorkshire Archeological Society. Mr. 
Childe took a keen interest in public affairs and was 
Mayor of Wakefield on no less than three occasions. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Official returns relating to pe 
ment for Sheffield and district demonstrate conclusively 
that if the general position in the iron and steel trades 
since the beginning of the year has not improved, it 
has not, on the other hand, taken on a worse aspect. 
Last week’s unemployed were slightly more numerous 
than those of the preceding week, but as compared with 
January the number of men at work to-day is nearly 
five hundred more. Throughout the six months the 
total of workless has remained steadily round 22,000. 
Sheffield’s problem continues to be how to absorb that 
large number of semi-skilled and unskilled operatives 
imported for war work, who have since been a standing 
burden on the rates. Anxiety arising from the coal 
trade problem is doing something to check forward 
buying, and in these circumstances no improvement 
can be recorded in crude steel, pig iron, scrap, wire and 
wire rods. Railway departments have discharged 
many of the substantial orders placed within the past 
two years, but despite the keenness of foreign competi- 
tion, producers of axles, tyres and springs continue to 
operate at about 70 per cent. capacity. The manu- 
facture of forgings and castings for the shipbuilding and 
engineering trades is handicapped by low prices and 
insufficiency of orders. There is a substantial call for 
high-grade alloy steels, notably for corrosion resisting 
and stainiess materials, which are finding continually 
increasing application for technical and domestic pur- 
poses. A Sheffield firm had secured ‘a contract of a 
value exceeding 24,000/. for the erection of a new aque- 
duct to carry the Leeds and Liverpool Canal over York- 
shire-street, Burnley. The new bridge will be of steel 
and reinforced concrete, and will have a 70-ft. span, 
allowing double deck trams to pass under. The enter- 
prise will be carried out without interfering with the 
working of the canal. The crop-drying plant produced 
as the result of experiments conducted by the Institute 
of Agricultural Engineering for the Ministry of Agriculture 
is to be demonstrated in Sheffield to-morrow. Tests 
on visits to other districts have been successful, and 
have proved that damage to crops by rain can be 
minimised, and economy effected in labour. Delegates 
attending the annual conference of the Permanent Way 
Institution at Sheffield this week visited the Imperial 
Steel Works of Messrs. Edgar Allen and Co., and saw 
manganese trackwork in manufacture for the tramways 
of Amsterdam, Stockholm and Turin. Crossings for the 
Buenos Aires Western Railway were also inspected. The 
steel foundry at these works is capable of producing 
upwards of 300 tons of finished steel castings per week. 


South Yorkshire Coal Trade.—The coal export trade 
has taken on a firmer appearance, owing more to influ- 
ences arising from the possibilities of the labour situa- 
tion than to any appreciable improvement in the actual 
demand. There is a stronger call for inland supplies, 
which in turn has affected washed descriptions. Cobbles 
and nuts are also leaving collieries rather more freely. 
The minor improvement recently reported in house’ coal 
ismaintained. Quotations:—Best branch hand-picked, 
30s. to 33s.; Barnsley best Silkstone, 26s. to 27s. ; 
Derbyshire best brights, 21s. to 24s.; Derbyshire best 
house, 21s. to 23s. ; Derbyshire best large nuts, 17s. to 
19s.; Derbyshire best small nuts, lls. 6d. to 13s. ; 
Yorkshire hards, 17s. 6d. to 21s.; Derbyshire hards, 
17s. 6d. to 21s.; rough slacks, 10s. to 12s. 6d.; nutty 
slacks, 8s. 3d. to 9s. 3d. ; smalls, 3s. 6d. to 5s. 6d. 








INSTITUTE OF BRITISH FoUNDRYMEN.—The results of 
the John Wilkinson Memorial Medal Examination, held 
on May 2 of this year by the Lancashire Branch of the 
Institute of British Foundrymen, have now been 
announced. Mr. R. Yeoman, of 18, Lord-street, Stock- 
port, apprentice moulder with Messrs. Henry Hollindrake 
and Son, Limited, of Stockport, has won the John 
Wilkinson medal, while Mr. N. Masters, of 17, Cheetham 
Hill-road, Stalybridge, apprentice moulder with Messrs. 
John Carter (Stalybridge), Limited, and Mr. S. B. Poole, 
of Clevelands, Whitefield, Manchester, apprentice with 
Messrs. Whitehead and Poole, Limited, of Radcliffe, 
Manchester, have tied for second place. 





Rattway CENTENARY PusBtications.—A particularly 
interesting collection of material illustrating the develop- 
ment of railways has been published as a supplement to 
the Northern Echo, and is obtainable from the offices of 
that newspaper at Priestgate, Darlington. Early and 
modern locomotives are shown, and numerous repro- 
ductions of historical documents and prints relating 
particularly to the Stockton and Darlington line are given. 
Some of the original tools used by George Stephenson 
are also illustrated. The development of practically all 
branches of railway work, including permanent way, 
rolling-stock, signalling, bridge construction, &c., are 
fully dealt with in a manner which will be found of in- 
terest to engineers as well as to the general public. The 
price of this publication is 1s. The issue of our con- 
temporary, the Railway Gazette, for June 22 is also a | 
special centenary number, containing 128 pages of 
editorial matter printed in both English and French 
and very profusely illustrated with numerous excellent 
half-tone engravings. The matter covers the subject 
of railway legislation, track, locomotives, rolling-stock, 
engineering work, signalling, safety appliances, electri- 
fication and labour, all of which are dealt with in a con- 
cise and interesting manner. A copy of this issue, which 
is obtainable from the publishing offices, 33, Tothill-street, 
Westminster, 8.W.1, price 28., should certainly be kept 
for reference by all interested in the development of 
British railways. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business is quiet. Cleve- 
land pig-iron is not plentiful, stocks still being low, but 
the restricted output is quite ample for the very limited 
demand, and values are barely maintained. Cheap 
Continental iron is still cutting out the product of this 
district in markets both at home and abroad. Producers 
here complain that prices have sunk well below remune- 
rative levels, but they are compelled to make further 
price concessions to secure contracts. No. 1 is 76s. to 
76s. 6d.; No. 3 g.m.b., 728. to 72s. 6d.; No. 4 foundry, 
71s. 6d.; and No. 4 forge, 71s. 


Hematite.—East coast hematite makers are hampered 
by considerable accumulations at their yards, and the 
statistical situation is becoming worse. In their anxiety 
to liquidate stocks, producers are accepting lower prices. 
Nos. 1, 2, and 3 are 77s.; and No. 1 is quoted 77s. 6d. 


Foreign Ore.—Imported ore is almost unsaleable. 
Consumers are overbought and have large quantities 
at their yards to get through. Under these circumstances 
they are not taking anything like full deliveries against 
old contracts. Sellers base market rates on best rubio 
at 20s. 6d. c.i.f. Tees. ‘ 


Coke.—Durham blast-furnace coke is a little stiffer, but 
good average qualities can still be bought at 20s. 6d. 
delivered to consumers in this district. 


Manufactured Iron and Steel.—There is no new feature 
in manufactured iron. Steel plate and angle mills are 
badly off for work, and some other steel departments are 
slack, but producers of railway requisites, constructional 
steel, and galvanised sheets are busy. Moderate sales 
of semi-finished steel have been put through. Among the 
principal market quotations are :—Common iron bars, 
111. 12s, 6d.; iron rivets, 131. 10s.; packing (parallel), 
8l.; packing (tapered), 11. 10s.; steel billets (soft), 
7l. 108. ; steel billets (medium), 8/.; steel billets (hard), 
91. ; steel boiler plates, 127. 10s.; steel ship, bridge and 
tank plates, 87. 10s.; steel angles, 8/. 5s.; steel rivets, 
131. ; steel joists, 81. 5s.; heavy steel rails, 8l. 10s. ; 
and galvanised corrugated sheets (24-in. gauge), 16l. 10s. 


Imports of Iron and Steel——The Tees Conservancy 
Commission monthly returns give the imports of iron 
and steel to the River Tees from Holland, Belgium, 
France, Norway, Sweden, Germany, India, and coast- 
wise for the eight months ending June 30 last, together 
with the figures for the same time a year ago and for the 
corresponding pre-war period of 1913-14. Pig-iron 
arrivals to the end of last month amounted to 7,536 tons, 
as compared with 15,740 tons a year ago, and 218 tons in 
the pre-war period; crude sheet bars, billets, blooms, 
and slabs oaded to the end of last month reached 
90,950 tons, as compared with 50,560 tons a year ago 
and 30,307 tons in the pre-war period ; and plates, bars, 
angles, rails, sheets, and joists imported to the end of 
last month totalled 16,883 tons, as compared with 
12,081 tons a year ago and 17,419 tons in the pre-war 
period. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees during June totalled 75,404 tons, 
as compared with clearances amounting to 72,855 tons in 
May, the improvement being chiefly in shipments of pig- 
iron to foreign destinations. Last month’s loadings 
comprised 31,380 tons of pig-iron, 5,957 tons of manufac- 
tured iron, and 38,103 tons of steel. Of the pig-iron 
dispatched, 18,809 tons went abroad and 12,482 tons 
went coastwise; of the manufactured iron shipped, 
2,277 tons went abroad and 3,680 tons went coastwise ; 
and of the steel cleared, 28,291 tons went abroad and 
9,812 tons went coastwise. Scotland was, as usual, the 
largest purchaser of pig-iron, taking 11,062 tons ; whilst 
Denmark received 4,600 tons, Italy 3,600 tons, Germany 
2,036 tons, France 1,755 tons, Belgium 1,515 tons, and 
Finland 1,184 tons. Iraq, with an import of 741 tons, 
was the best customer for manufactured iron. Principal 
importers of steel were : India, 5,699 tons ; the Argentine 
Republic, 3,854 tons; Australia, 3,748 tons; New 
Zealand, 2,679 tons ; Natal, 2,056 tons ; the Netherlands 
1,868 tons; Kenya, 1,751 tons; Denmark, 1,139 tons ; 
and Portuguese East Africa, 1,105 tons. 


Blast-furnacemen’s Wages Reduced.—North-East Coast 
blast-furnacemen’s wages have been reduced by 3-50 
(34) per cent. as the result of the average net selling price 
of No. 3 Cleveland pig-iron for the second quarter of the 
year having been certified at 76s. 5-2ld., as against 
78s. 6-87d. for the previous three months. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Not the slightest improvement 
has taken place in the Scottish steel trade during the 
past week, and with the shipbuilding industry on the 
decline, the outlook is none too promising. Not only 
are contracts for new tonnage stilt very scarce, but to 
many of the yards a good proportion of foreign steel 
has recently found its way to the detriment of the local 
producers. Specifications for ship plates and sections, 
and, indeed, for almost all kinds of steel material are 
exceedingly difficult to pick up. The low prices which 
the Continental ‘sellers are offering have weakened the 
market here and makers are, in most cases, prepared to 
negotiate with consumers in the hope of securing any 
good tonnage on offer, and thus meet part of the current 
on-cost charges of the works. In the black sheet trade 
there is a fair amount doing and the booking of fresh 
orders has been tolerably good of late. This applies 


sheets have quite a large amount of work on hand, and 
employment generally is good. Prices current are a 
little unsteady, but the following may be taken as 
to-day’s quotations :—Boiler plates, 12/. 10s. per ton; 
ship plates, 8/. 10s. per ton; sections, 8/. per ton; and 
sheets, # to 4 in., 10/. per ton, all delivered Glasgow. 


Malleable Iron Trade—In the West of Scotland 
malleable-iron trade much difficulty is being experienced 
in securing enough business to keep the mills running 
from day to day. Orders are exceedingly scarce, and 
the industry is passing through a very hard time. The 
re-rolled steel branches are also suffering from a lack 
of demand and keen competition is general when buyers 
have any lines to give out. The price quoted for 
“Crown” bars is unchanged at 111. 12s. 6d. per ton, 
delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A weak and depressed tone 
rules in the Scottish pig-iron trade with a very poor 
demand all round. Not only are home consumers E y- 
ing little, but the export orders are exceedingly small 
overall. This condition applies equally in hematite 
and foundry grades, with the result that prices have 
a tendency to sag further. The following are to-day’s 
quotations :—Hematite, 4/. 5s. per ton delivered at the 
steel works; foundry iron, No. 1, 4l. 5s. 6d. per ton, 
and No. 3, 4l. 3s. per ton, both on trucks at makers’ 
yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 4 only, amounted to 444 tons. 
Of that total, 390 tons went overseas and 54 tons coast- 
wise. For the corresponding week of last year, the 
figures were 1,485 tons to foreign destinations, and 237 
tons coastwise, making a total shipment of 1,722 tons. 


Shipbuilding.—Messrs. Alexander Stephen and Sons, 
Limited, Linthouse, have secured ari order from Messrs, 
Elders and Fyffes, Limited, London, for a fruit-carrying 
steamer. This vessel, which will be about 300 ft. in 
length, will be rather smaller than the one Messrs, 
Stephen are at present building for the same owners, 
but will be very similar to those the firm ordered recently 
from Birkenhead. She will not have any passenger 
accommodation. Messrs, Stephen have also received an 
order form Australian owners for a single-screw tug, 
116 ft. in length, and of 1,000 i.h.p.—Messrs. Wm. 
Beardmore and Co., Limited, Dalmuir, have received 
an order from the London County Council for a sludge- 
carrying steamer, designed for service on the Thames. 
She will be 250 ft. in length, 43 ft. 6 in. in breadth, and 
15 ft. 10 in. in depth, and will be similar to the Henry 
Ward, which was recently built at Dalmuir for the same 
service. 





NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 


The Coal Trade——Consumers of coal are evidently 
realising the seriousness of the crisis in the coal trade. 
Demand during the past week has been more active, 
particularly on home account, but both buyers and 
sellers are following a cautious policy. Foreign con- 
sumers, however, apparently are not perturbed over 
the situation and evidently are confident that they will 
secure more favourable terms in the future. At any 
rate, though inquiries on export account are certainly 
more numerous, business is. by no means up to normal 
and there is room for a considerable expansion in the 
volume of trade. It is true foreign coaling depot owners 
have been busier of late but on the whole the export 
demand remains limited. The improvement in inland 
trade has, however, helped collieries to some extent, 
though free supplies are still plentiful with prices irre- 
gular. Sellers, however, are by no means eager to 
accept fresh commitments at current levels and are 
following a hand-to-mouth policy and in regard to export 
will not sell in the majority of cases except for named 
ships. At present best Admiralty large coal rules from 
258. to 26s. with Monmouthshires from 22s. to 24s. 6d. 
and smalls from lls. to 14s. 6d., according to quality. 
For delivery in the second half of the month, however, 
colliery salesmen prefer to wait rather than accept cur- 
rent,values, while buyers too are not prepared to increase 
their offers. Shipments of coal as foreign cargo from 
South Wales in the past week totalled 433,620 tons, of 
which 269,750 tons were shipped from Cardiff, 73,990 
tons from Newport, 43,780 tons from Swansea, 42,470 
tons from Port Talbot, and 3,630 tons from Llanelly. 
Exports to France were increased to 123,140 tons, the 
highest total for some weeks, while those to Italy 
amounted to 57,180 tons, to Portugal 32,760 tons, and 
to Spain 24,930 tons. 


New Dry Dock Manager.—Mr. Emile Aitken Quack, 
J.P., Managing Director of the Ardrossan Dry Dock 
and Shipbuilding Company, Limited, Ardrossan, has 
been appointed General Manager of the Cardiff Channel 
Dry Docks and Pontoon Company, Limited, and its 
associated concerns, the Bute Shipbuilding and Ship 
Repairing Company, Limited, the Mercantile Pontoon 
Company, Limited, the Barry Graving Docks and 
Engineering Company, Limited, and the Tredegar Dry 
Dock and Wharf Company, Limited, in succession to the 
late Mr. Alfred Cox. 


Iron and Steel.—A strike of tinmen in the Welsh tin- 
plate works has been averted, the men having accepted 
the advise of their district committee not to tender 
notice but to let the matter be dealt with by the Joint 
Standing Committee of the Tinplate Joint Industrial 
Council. Meanwhile the demand for tinplates is slow, 
but prices are steadier on the basis of 19s. 3d. to 1s. 6d. 
as the cost of production does not permit makers to sell 


NOTICES OF MEETINGS. 


Tue INSTITUTION OF MUNICIPAL AND County Enat- 
NEERS: YORKSHIRE District.—Saturday, July 11, at 
2 p.m., at the Technical College, Bradford. Lecture, 
**Modern Rapid Hardening Cements,”’ by Mr. H. H. 
Burness, B.Sc. 


Tue InstTITUTION OF CHEMICAL ENGINEERS.—Friday, 
July 17, at 9a.m. Annual Meeting at the Philosophical 
Hall, Leeds. At 9.30 a.m., Joint Meeting with the 
American Institute of Chemical Engineers. sidential 
Addresses by Dr. Charles L. Reese, of the American 
Institute of Chemical Engineers, and Sir Arthur Duck- 
ham, K.C.B., of the Institution of Chemical Engineers. 
Symposium on “ Industrial Water Supply and Stream 
Pollution.” ‘* Wool Scouring Waste Liquors, Composi- 
tion and Disposal,” by Mr. F. P. Veitch and Mr. Leon C. 
Benedict. ‘* Effluents from Ammonia Plants and Their 
Disposal,’’ by Mr. T. Lewis Bailey, Ph.D., F.I.C. ‘ Dis- 
tillery Waste Liquids and Their Purification,” by Mr. 
Robert D. Littlefield, F.I.C. ‘‘ Statutory Regulation of 
Stream Pollution and the Common Law,” by Mr. E. B. 
Besselievre. ‘‘ The Preparation and Comparative Per- 
formance of Base-Exchange Materials in Water Soften- 
ing,” by Dr. E. B. Higging, Ph.D., and Mr. J. P. 
O’Callaghan, F.C.S. ‘‘ Recent Experience of Doucil in 
Water Softening,” by Dr. T. P. Hilditch, F.I.C. ‘* Electro- 
lytic Conductivity and Hydrogen Ion Control,” by 
Mr, Henry C. Parker. ‘‘ The Absorption of Hydrochloric 
Acid and Some Data regarding the Tyler-Vitreosil 
System,” by Mr. S. L. Tyler. “The State versus 
Industry, or, The State with Industry,” by Mr. W. 
Laurie Stevenson. ‘“ Pioneer Studies by the Bureau of 
Chemistry on Pollution of Shellfish Areas,”” by Mr. J. W. 
Sale. At 1 p.m., Luncheon at the Queen’s Hotel, Leeds. 

Tue INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: SouTH-EasTeRN District.—Saturday, July 18, 
at 11 a.m., at the Town Hall, Folkestone. ‘“ Municipal 
Works at Folkestone,’’ by Mr. A. E. Nichols, M.Inst.C.E. 
‘** Folkestone New Sea Outfall Works,”’ by Mr. E. Carlen 
Fawcett. 








Tue NATIONAL PuHysicaL LABoraATORY. Erratum.—In 
stating, on page 19 of last week’s issue, that Mr. E, F. 
Relf has succeeded Mr. Southwell as Superintendent 
of the Aerodynamics Department, we should have said : 
Mr. Relf, so far Principal Assistant in the Department. 





Cosine DATE OF THE COKE COMPETITION EXTENDED. 
—It has been announced that the final date for submitting 
papers on the utilisation of coke in connection with the 
competition referred to on page 511 of our issue of 
April 24 has now been postponed for one month till 
July 31, 1925. 





THE MANCHESTER ASSOCIATION OF ENGINEERS.—On 
July 1 some 150 members of the Manchester Association 
of Engineers visited the Sheaf Ironworks of Messrs. 
Ruston and Hornsby, Limited, at Waterside South, 
Lincoln. During the early afternoon the party was 
conducted through the foundry, the forge, the machine 
shop, and then by way of the fitting and erecting shops 
to the painting, test, and dispatch departments of the 
works. The processes involved in the manufacture of 
oil, gas, steam and traction engines, and also all classes 
of agricultural machinery were simultaneously witnessed 
by, and explained to, the visitors. The itinerary 
included the inspection of Wood Works and the boiler 
works and at the latter the plant available for the 
making of locomotive boilers, welded and other tanks 
was examined. Further, a large capacity mechanical 
earth excavator was shown in operation at another 
section of the works while the pattern shop aroused 
considerable interest. Later in the day Lincoln Cathedral 
was viewed when the Principal Architect explained the 
work now in progress to secure the safety of the structure 
from the ravages of time. Colonel J. 8. Ruston and 
other company officials were warmly thanked by 
Mr. Edward Hiller, Vice-President of the Association, 
for the opportunity they had afforded the party of 
seeing the works. 





LIVERPOOL CORPORATION TRAMWAYS.—The Report of 
the General Manager of the Liverpool Corporation 
Tramways for the year ended March 31, 1925, has now 
been published. During the period reviewed in this 
booklet the total number of passengers carried on the 
system reached the record number of 234,906,356, com- 
pared with 207,670,401 in the preceding year, an increase 
of 27,235,955. Cheaper fares were introduced towards 
the end of 1923, which account for a reduction of 32,5471. 
in the latest receipts to 1,322,142. The operating costs 
amounted to 1,144,062/., so that a gross profit of 216,703/. 
was recorded. New routes opened up for traffic were 
Calderstones to Woolton, Carr-lane, Mather-avenue to 
Allerton Station, and Walton Hall-avenue, while a 
provisional Order has been obtained authorising con- 
struction of lines at Lake-road and Mill-lane, Mill- 
street, Brownlow-hill, Great Crosshall-street, and Mary- 
lebone, and a Light Railway Order has been granted for 
tramways to be constructed along Ullet-road. On the 
authority of an inspector from the Ministry of Transport 
various speed increases were recommended. The 
report is supplied with two graphs. In the first of these 
traffic receipts and operating costs have been plotted 
over the last quarter-century, and the latest results 
compare well with others registered during that period. 
The second chart shows the passengers carried at any 
time within the same period. A handsome large-scale 
map of the tramway system is included on which route 
details are printed, and this considerably enhances the 








to both light and heavy grades. Producers of galvanised 








on a lower basis without incurring losses, 


value of the book as a work of reference for the district. 
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MAIL MOTOR PASSENGER LINER “ASTURIAS.” 
CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, SHIPBUILDERS, BELFAST. 
(For Description, see Page 45.) 
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Fie. 2. Bow View or VESSEL BEFORE LAUNCHING. 
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Fig. 3. Stern View oF VESSEL BEFORE LAUNCHING. 
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34-IN. UNIVERSAL PLATE MILL AT THE CLYDESDALE STEI 


CONSTRUCTED BY THE FRASER AND CHALMERS ENGINEERING V 
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Fic. 3. GENERAL View oF Mitt STAND. 
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PLATE IV. 


E STEEL WORKS OF MESSRS. STEWARTS AND LLOYDS, LIMITED. 


INEERING WORKS OF THE GENERAL ELECTRIC COMPANY, LIMITED, ERITH. 


(For Description, see Page 36.) 

















Fig. 5. STRAIGHTENING MACHINE. 
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FACTORIES AND WORKSHOPS IN 1924. 


THE Home Office report* on the operations of 
our factories and workshops during last year seems, 
for some reason or other, less interesting and 
informatory than usual. Trade was, nevertheless, 
better than 1923, but, owing perhaps to the uncer- 
tainties of the situation, there seems to have been 
less eaterprise either in manufacturing processes or 
in welfare work than in some previous years. The 
improvement in trade had its inevitable concomitant 
of an increased accident list, which was the more 
pronounced because the trade improvement was 
most marked in some of the more dangerous trades. 
The tonnage launched from the Clyde was, for 
example, three times as great in 1924 as in 1923. 
No direct comparison can, however, be made 
between the accidents recorded in these two years, 
since drastic changes have been made in the basis 
of reportability by the coming into force of the 
Workmea’s Compensation Act of 1923. The regula- 
tions formerly in vogue required all machinery 
accidents to be reported if they occasioned one day’s 
absence from work, whilst other accidents were not 
recorded unless they occasioned the loss of a week. 
Under the new rules a uniform standard has been 
adopted for all accidents, which, however caused, 
must be reported if they involve three days’ inability 
to earn full wages. Machinery accidents are less 
numerous and are commonly more severe ‘than 
accidents otherwise arising. Owing to this latter 
feature the number of “machinery accidents ” 
reported will be but little affected by the extension 
from one day to three; whereas non-machine 
accidents, being on the average less severe, many 
more will be reported than previously. The total 
number of accidents in the year 1924 was 169,723, 
which was an increase of 44,172 on the previous 
twelve months. The report very properly points 
out that the figures are not comparable for the 
reasons above stated, but this may well be forgotten 
in future years, with the result that the progress 
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made in the amelioration of the accident rate may 
fail to receive due appreciation. 

It is interesting to note that the inspectors express 
themselves as extremely satisfied with the efforts 
made to comply with the new regulations. Fata- 
lities, of course, are comparable year to year and 
are not affected by changes in the regulations. 
These numbered 956 in 1924, which was an increase 
of 94 on the previous twelve months. This is 
largely attributable to the greater activity of the 
more dangerous trades. Amongst these special 
reference is made in the report to shipbuilding and 
to building construction, in both of which fatal 
falls are relatively frequent. A new code of regula- 
tions for shipyard work has now been drafted and 
will shortly be submitted to those interested, and 
practical agreement has been reached about an 
improved code for the building industry. 

Lifting gear is responsible for many accidents. 
€ranes are in universal use, and it is not remarkable 
that they are responsible for more casualties than 
any other type of machine. Out of a total of 3,093 
crane accidents, however, only four are attributed 
to over-loading. Some 70 cases of wire rope failures 
were reported, and in 58 of these information was 
available as to the ratio of pulley diameter to rope 
diameter. In two cases this was only eight, and 
in another case only nine. The report states that 
ratios of less than 20 are undesirable unless specially 
flexible rope be used, and that in no case should 
the figure be less than 15. Records were also 
obtained about the ratio of wire diameter to pulley 
diameter. In seven cases this was between 100 
and 200, and in four cases only did the ratio exceed 
1,000. 

For the first time in the history of the department 
the number of factories has been in excess of the 
number of workshops, the relative figures being 
142.494 factories and 133,729 workshops. The 
distinction between the two is that in a workshop 
no power is used, and the growth in the number of 
factories is mainly attributed to the increasing 
popularity of electric motors. These are almost 
equally popular with the small employer and in the 
large industrial undertakings. There is still, how- 
ever, much ignorance about the proper methods of 
installation and use, and this is by no means 
confined to the small user. In a previous report 
mention was made of a large Scotch firm which 
had installed 200 motors of which the largest were 
of 50 h.p., and nevertheless employed no electrical 
engineer, the manager declaring that he had noticed 
that they had nothing to do. This attitude of 
mind is, it seems, far from infrequent, and it is 
stated in this year’s report that many managers 
will have nothing done to electric machinery until 
there is a complete breakdown. The work of 
preventing a breakdown is evidently unappreciated, 
and managers of this type would probably also 
agree with the accountant who, with unconscious 
humour, classifies drawing-office expenses as non- 
productive. 

In past years voltages of 6,600 to 11,000 volts 
were considered very high. To-day these are now 
common, and there are several transmissions at 
33,000 volts and at least one at 66,000 volts. All 
new supplies are on the alternating-current system, 
and this has led to a great increase in the number of 
transforming and substations. In not a few cases 
the work has been entrusted to coatractors new 
to this class of work, whose designs have involved 
grave risks to those who have to operate the plant. 
In some cases where small stations have grown into 
large ones, those responsible have failed to appre- 
ciate the necessity of sectionalising the switch gear 
at an early stage of the development, and are now 
confronted with the necessity of difficult and 
expensive reconstructions. 

Many factory owners have got into difficulties by 
failing to employ a consulting engineer. They 
have entrusted the work to a contractor who has 
not infrequently given them, not merely a third- 
rate job, but one which fails to comply with the 
Home Office regulations. In certain of these cases 
subsequent inquiry has shown that the contractors 
were ignorant of the very existence of these rules. 

On high-pressure and extra high-pressure systems 
there were 37 accidents, of which six proved 
fatal, whilst there were 17 fatal accidents with 
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low-pressure systems, three of which occurred with 
but 200 volts. Where portable lamps are used under 
trying conditions of weather, exposure and rough 
usage, it is recommended that the voltage should 
not exceed 110. There is, it appears, a great need 
for a small type of circuit breaker as a substitute 
for the larger fuses. When these blow, the insulator, 
if of porcelain, is often shattered, and this material 
is also very liable to mechanical injury. 

The lighting of factories is being steadily improved. 
The department recommends that the general 
illumination of a factory should never fall below 
+ foot candles, and for fine work it should be 
not less than 3 foot candles, and for very fine 
work not less than 5 foot candles. Measurements 
made during the year in factories doing fine work 
showed that the lower limit of 3 foot candles 
was everywhere exceeded, and the illumination 
was often over 5 foot candles. In one instance 
where specially fine work was being done the illu- 
mination ranged from 13 to 23 foot candles. An 
intensity of 20 to 30 foot candles is said to be 
unobjectionable provided that the eyes are protected 
from glare, but the inspectors report that the 
provision made to this end is often inadequate. 
It appears, however, that the workers themselves 
do not always appreciate such protection. In 
one case in which the method of illumination had 
been altered from distributed lighting by conical 
opal reflectors and exposed lamps to steel reflectors 
and gas-filled lamps entirely shielded from the 
eyes, the operatives asked to have the old system 
restored although the illumination of the work had 
been increased manyfold. 

Reference is made to the experiments we dealt 
with on April 3 of the Industrial Fatigue Research 
Board on a comparison of the energy expendi- 
ture of a woman carrying loads in eight different 
positions, and some interesting data are given 
about loads actually carried in different trades. 
Women in Huddersfield and Dewsbury factories 
lift weights of 180 lb. to 205 lb. These figures 
may be compared with the 200-lb. loads which 
Darwin reported, 100 years ago, as carried by 
South American mine operatives up ladders 450 ft. 
high. Much of the weight lifting in industry is 
probably unnecessary, and its abolition would lead 
to an improvement in output. Even in up-to- 
date worsted factories the inspectors report that 
high-sided carts were being used, whereas low- 
sided ones would have been equally serviceable 
and would involve less strain on the operative. In 
South Wales tin works women and girls weighing 
9 stone lift piles of plates weighing 50 lb. many 
times a day. How far the weights handled are 
excessive is, of course, another matter, and one 
which can be settled only by experience. Amongst 
men the ability to handle heavy weights varies 
enormously, and probably those who would suffer 
by the work described above, either do not take 
it up or leave it before they have injured them- 
selves. The inspectors report that absence, from 
strains due to lifting, are rare, and it is probable 
that in no industry is the strain as great as it is 
in certain forms of athletics. There are, in fact, 
certain medical m2n who specialise in “ athlete’s 
heart,” produced by overstrain in University and 
College Sports. The intensity of effort necessary 
to lead to this condition is probably never demanded 
in industry, and the fact that strain injuries are rare 
seems to indicate that the magnitude of the loads 
lifted has been settled automatically by actual 
experience of what the average operative can 
handle without injuring him or herself. Muscular 
effort is, however, the dearest of all forms of power, 
and should be reduced to a minimum for economic 
reasons, even apart from other considerations. 





STATISTICS OF ELECTRICITY 
SUPPLIES. 


Wirtn the exception of the return relating to 
Greater London issued by the London County 
Council, the public has been dependent hitherto on 
private compilations for statistics of electritity 
supplies. Though the value of the information so 
provided is admitted on all hands, it could not be 
comprehensive or complete, and a useful purpose 





will be served by a volume just issued by the 
Electricity Commissioners,* giving for all authorised 
undertakings a considerable amount of statistical 
information on their engineering and financial 
position. This volume, moreover, is not intended 
to be an isolated production. It covers all local 
authority undertakers in England and Wales and in 
Scotland, and all company undertakers in Great 
Britain, that held statutory powers at March 31 and 
May 15, 1923, and December 31, 1922, respectively ; 
and its engineering and financial particulars relate 
respectively to the three years and the two years 
previous to those dates. The Commissioners have 
now under consideration the question of issuing as 
soon as possible a further return containing corre- 
sponding statistics for the years 1923-24 and 
1924-25, and hope thereafter to issue an annual 
volume of financial and engineering statistics. 

The figures do not, it is true, show the entire 
electrical development of the country. To do so 
they would have to include the supplies that railway 
and tramway authorities, collieries and other indus- 
trial undertakings generate for themselves and those 
of undertakings giving public supplies without 
statutory powers. Occasionally, too, the form in 
which the accounts of some undertakers have been 
kept does not allow the particulars to be given in the 
desired form ; where, for instance, one undertaker 
provides for several undertakings, exact sub-division 
of the figures is not always possible. But, making 
full allowance for these unavoidable omissions, no 
doubt remains that the present volume gives a 
picture of the electric supplies of the country, both 
in gross and in detail, that has been wanting up to 
now, and will be of essential service to those who 
have.to consider not only the arrangements for new 
supplies, but the possible reorganisation of old. 

In all, figures are given for 494 undertakings, 
counting for engineering purposes most supplies of 
contiguous areas by a single undertaker as one 
undertaking. About a sixth of the total supply is 
bought in bulk, which does not affect the aggregate 
figures except in so far as it includes supplies from 
non-statutory sources. The installed capacity of 
the generating stations varies from 15 kw. to over 
100,000 kw., about three-fourths of the total plant 
being installed in stations of 10,000 kw. or greater 
capacity. In round figures the aggregate installed 
capacity is 3,000,000 kw., of which about a third 
had been added between the beginning of 1920 
and the end of the period to which the present 
figures refer, About three-fourths of this increment 
was in the stations of local authorities, though in 
number and in installed capacity these stations 
form only about two-thirds of the total. Nearly 
seven-eighths of all stations are run by steam 
turbines and about the same proportion of installed 
plant delivers alternating current. Under 24 per 
cent. of the units generated by all authorised 
undertakers came from other than steam plant. 
The alternating-current units have 87 different rated 
capacities, varying from 10 to 30,000 kw., and the 
direct-current 134, varying from 6 to 6,000 kw. 
The most fashionable size of alternator is of 3,000 
kw. capacity, and of direct-current generator 
200 kw. About half the alternating-current stations 
generate at 6,000 volts or over, and a large majority 
of the direct-current between 250 and 650 volts. 
Nearly three-fourths of the alternating generators 
are of a frequency of 50 cycles, and of the 14 other 
frequencies the bulk are 25 cycles or 40 cycles. 

The consumption in 1921-22 was 9 per cent. less 
than in 1920-21, and in 1922-23 was 16 per cent. 
more, the difference being attributed to the state 
of trade. Some 70 per cent. of the total supplies 
was sold for power, less than a fifth being for 
lighting and domestic purposes, which however 
increased somewhat during the period under notice, 
Something under half the undertakings sold less 
than a million units, and between 80 per cent. and 
85 per cent. under ten million units. By far the 
largest numbers of undertakings delivered less than 
50 units per head of population, and the figure 
would really be less if the floating population, 
which is not included, were added to the residents. 
Great Britain as a whole, however, showed an 
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average consumption of 88 units per head supplied 
by all authorised undertakers in 1922-23. Bulk 
supplies interchanged between authorised under- 
takers varied from about 5 per cent. to 7 per cent. 
The maximum demand for the last completed 
period averages 50 watts per head of population, 
and the installed plant was some 69 per cent. in 
excess of the maximum demand. The load factors 
varied from 4-4 per cent. to 59-4 per cent., the 
average being about 28, and the most frequent 
between 15 per cent. and 25 per cent. Neglecting 
differences of calorific value, the average fuel ~ 
consumption in coal or equivalent was 3-4 lb. 
per unit in 1920-21, which dropped continuously 
to 2-8 Ib. in 1922-23. In the last period 11 under- 
takings generated at rates ranging from 2-24 lb. 
per unit to 1-8 lb. As against these there were 
24, 26 and 18 undertakings in the three periods 
generating at 10 lb. per unit and over. Excluding 
capital charges, generation accounts for from about 
half to three-fifths of total working expenses. 
For all undertakers the average cost per unit was 
0-54d. The whole industry employed in 1922-23 
about 36,000 men, about 45 per cent. on generation, 
40 per cent. on distribution, and 15 per cent. on 
administration. 

The average is doubtless not an ideal, but the 
figures of which these are a small sample are 
suggestive as well as instructive. The stations 
from whose experience they are drawn are set 
out individually, and the whole presents in a 
compendious form a picture of the wide variations 
in use, load factor, efficiency and other particulars 
to be found from station to station. Doubtless 
there are circumstances to explain each peculiarity. 
The present collection, however, shows how far 
circumstances can go, if they are not controlled, 
to make or mar an enterprise. 





THE WORLD’S MERCHANT SHIPPING. 


A FITTING opportunity is afforded for a review 
of the world’s merchant shipping by the appearance 
of the new annual edition of “‘ Lloyd’s Register of 
Shipping.” As the Register contains particulars of 
all the sea-going vessels of 100 tons and upwards, 
it would be a tedious task to attempt an analysis 
of the records, given in alphabetical order, of the 
33,000 vessels of various types which come under 
this category; but fortunately this is rendered 
unnecessary by the inclusion in the Register of 
an admirable series of statistical tables, in which 
the characteristics of the ships are classified in a 
variety of ways. 

In commenting on the previous edition of the 
Register, in our issue of July 18, 1924, we noted 
an actual decrease of upwards of 1,000,000 tons 
in the total merchant shipping, owned in all parts 
of the world, in the course of the preceding twelve 
months, but the corresponding figure for the period 
now under review shows a net increase of 617,851 
tons. This figure includes sailing vessels, which in 
themselves show a decrease of 248,385 tons, and as 
this type of craft is relatively unimportant, a more 
representative figure is given by considering steam 
and motor tonnage only, in which case the increase 
amounts to 866,236 tons. In view of the continu- 
ance of the world-wide shipping depression which 
has marked the last few years, this figure is some- 
what unexpected, and cannot fail to give rise to 
speculation. When commenting on the reduction in 
the total in the previous year, we suggested that it 
was due to the circumstance that the prevailing 
low freights had caused shipowners to dispose of 
large quantities of inefficient tonnage for breaking 
up, and that the continual general depression of 
the shipping industry had delayed the construction 
of tonnage for replacement purposes. We are not 
awate that either freights have appreciably improved 
or that the depression has become noticeably less 
acute since that date, and the explanation of the 
change over from a decrease to an increase must be 
sought elsewhere. The main increases in ships of 
all types have been, in the case of Great Britain 
and Ireland, 334,873 tons, in that of Italy 196,449 
tons, and in that of Norway 175,249 tons. On the 
other hand, the tonnage of the United States has 
suffered a very considerable reduction, amounting 
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as it does to some 579,000 tons less than it was 
twelve months ago. 

It is probable that the policy of scrapping in- 
efficient tonnage has reached its economic limit, and 
that the low price obtainable for vessels to be 
broken up has resulted in a considerable tonnage 
being laid up by the owners in preference to being 
scrapped. This supposition is to some extent borne 
out by the fact that the most recent returns show a 
decided falling off in the amount of tonnage with- 
drawn for breaking up. At the best, this factor 
can only account for an absence of further reduc- 
tions, and the increase remains to be explained. 
If we confine our attention to the case of Great 
Britain and Ireland, we find that the reduction in 
ships of all types was 175,711 tons for the year 
ending June, 1924, and, as stated, this has been 
converted into an increase of 334,873 in the year 
just ended. In commenting on the world’s ship- 
building in our issue of January 23 last, we men- 
tioned that there was a great increase in tonnage 
launched in 1924 as compared with 1923, due to 
improvements in the figures for British yards. We 
pointed out, however, that much of the building had 
been undertaken at prices which admitted of little 
or no profit, and that in some cases it had actually 
been undertaken at a loss. The actual increase 
of the year’s production was 604,570 tons, and a 
large proportion of this was to the order of British 
firms. It would thus appear that shipowners 
have been in a position to profit by the unusual 
economic conditions prevailing in the shipbuilding 
yards, and in this way to strengthen their fleets 
by the addition of vessels of the latest type. Con- 
siderable doubt may be felt about the economic 
soundness of such a state of affairs from a national 
standpoint, but with this we are not concerned at 
the moment. One of the results will certainly be 
to place British shipowners in a favourable position 
to obtain their fair share of increased trade, which 
may be looked forward to with some confidence in 
view of the more hopeful prospects of a return to 
stability in central Europe. 

This increase in the efficiency of the mercantile 
marine is not confined to the British Isles, as is 
shown by the considerable increase which has taken 
place generally in recent years in the number of 
sea-going steamers and motorships of relatively 
large tonnage. Confining our attention to vessels of 
both types of 4,000 tons or over, it is mentioned in 
the register that there were 3,608 such vessels-in 
1914, whereas to-day the figure reaches 6,069. If 
these figures are further examined, it is found that 
of the latter number, 356 are of 10,000 tons or over, 
while 36 are of 20,000 tons and upwards. It is 
satisfactory to note that of the 356 vessels of 10,000 
tons or over, no less than 211 are under the British 
Flag. The group of vessels which form the largest 
tonnage is that between 4,000 and 6,000 tons each. 
This group totals 17,768,634 tons, equal to 284 per 
cent. of the total steam and motor tonnage of the 
world. It is interesting to note that the largest 
liners, of 15,000 tons each and upwards, only repre- 
sent some 3-4 per cent. of the total. 

Considerable attention was devoted at the meet- 
ing of the Institution of Naval Architects, held in 
London in April last, to the relative overall effi- 
ciency of oil and steam-engined vessels, but as this 
subject was discussed in our columns as recently as 
June 12 last, we do not propose to comment on it 
here. As illustrating the growing size and com- 
mercial importance of motorships, it may be noted 
that 264 are of 4,000 tons and upwards. Forty-three 
of these are of 8,000 tons and upwards, the total 
tonnage of the latter amounting to 441,520 tons. 
Dealing with the figures for the last twelve months, 
the tonnage of motorships has increased by 738,000 ; 
of vessels fitted with steam turbines by 305,000 ; 
while that of vessels fitted with reciprocating steam 
engines has decreased by 152,000. Of the two alter- 
native types of transmission, a total tonnage of 
440,000 is now fitted with a combination of steam 
turbines and reciprocating engines, while 36 vessels, 
with a total tonnage of 110,000, are fitted with 
electric transmission, this figure including both the 
steam turbine and Diesel engine as the prime mover. 
Of the 3,490 steamers of 17,804,122 tons fitted for 
burning oil fuel, 730, of 4,679,695 tons, are regis- 
tered in Great Britain and Ireland, and 1,855, of 





8,999,050 tons, are registered in the United 
States. 

A table classifying all existing steamers and 
motorships according to age, shows that there are 
4,003 vessels less than, five years old, their tonnage 
representing just under 21 per cent. of the total in 
existence. There is thus a very large bulk of rela- 
tively inefficient tonnage still on the register, and 
it is reasonable to suppose that a revival in trade 
would lead to a very appreciable portion of this 
tonnage being scrapped, to the great advantage of 
ship-builders.. Some of the statistics in relation to 
the older ships are of considerable interest. Thus, 
it appears that there are over 7,000 vessels of 25 or 
more years old still in service, this figure including 
over 1,000,000 tons of wood and composite steamers. 
The general increase in the size of tonnage to which 
we have referred is reflected in the fact that of the 
vessels built in 1900 or before, nearly 65 per cent. 
are of less than 1,000 tons each, the average size 
of the remainder being 2,705 tons; while cf the 
vessels built during the last five years, only about 
33 per cent. are of less than 1,000 tons each, the 
average for the remainder reaching 4,708 tons. Of 
a proportion of tonnage less than five years old, 
Germany has 50-6 per cent., Holland 334 per cent., 
France 27 per cent., Denmark 26-7 per cent., and 
Great Britain and Ireland 25} per cent. - 





THE INSTITUTION OF MECHANICAL 
ENGINEERS ; SUMMER MEETING. 


Tue Institution of Mechanical Engineers appro- 
priately decided upon Newcastle-upon-Tyne as the 
venue of its summer meeting this year. The meet- 
ing opened on Tuesday last and ends to-day. An 
innovation was introduced on the occasion, in that 
only one meeting was held for the discussion of a 
single paper, the remainder of the time being devoted 
to visits to works, &c., and to social functicns, 
Formerly, as members will remember, papers on 
general engineering subjects were considered at morn- 
ing sessions on three days out of the four which the 
whole meeting covered. Latterly the papers have 
been fewer in number, and have dealt more speci- 
fically with subjects closely associated with the 
works of the neighbourhood visited, On the present 
occasion, the one paper taken was fittingly one by 
Mr. H. N. Gresley, C.B.E., and was on a locomotive 
subject, and, as all will admit, was most suitable for 
the year in which the Institution is doing honour to its 
first president, George Stephenson, while its present 
president, Sir Vincent Raven, K.B.E., is also an 
old locomotive man associated with the district 
in which the meeting has been held. 

Members assembled in the King’s Hall of the Arm- 
strong College, kindly placed at their disposal by the 
Principal, at 10 a.m. on Tuesday, when the Lord 
Mayor, Alderman Walter Lee, formally welcomed the 
Institution to Newcastle. In his welcome the 
Lord Mayor referred to the association of the Insti- 
tution’s first president with the Stockton & Darling- 
ton Railway and of that of Sir Vincent Raven with 
the North Eastern Railway. It was 23 years since 
the Institution had paid its previous visit to the 
city, and he hoped members would find that there 
was much to interest them and to enjoy. 

In reply, Sir Vincent Raven said the hospitality 
of the North was well known, while the Tyneside 
works had a reputation which was world-wide. It 
was particularly appropriate to hold their meeting 
in the year of the Railway Centenary, so close to 
the birthplace of George Stephenson. It was a 
great pleasure to him personally, since he had been 
connected with the North for all his engineering 
life and had acquired all his knowledge among the 
hard-headed engineers of that part of the country. 


GEORGE STEPHENSON. 


The Lord Mayor next called upon Sir Vincent 
Raven to deliver his address on George Stephenson. 

In the course of this address Sir Vincent said 
that it would hardly be fitting to hold a meeting of 
the Institution of Mechanical Engineers this year, 
in which the Centenary of the opening of the first 
public railway is being celebrated, without some 
reference to George Stephenson, more especially as 


the meeting was being held in Newcastle-upon- 
Tyne, so close to the birthplace and early work of 
that world-famed and eminent engineer. 

George Stephenson was born in 1781 at Wylam- 
on-Tyne, and his first engineering experience was 
gained at a neighbouring colliery. At the age of 
twenty-two he was appointed superintendent engi- 
neer at the Killingworth Collieries, and in 1813 he 
became civil engineer to the group of mines owned 
by the Grand Allies. Amongst his duties was to 
superintend all the locomotives, engines and 
machinery in a large number of collieries in the 
North, some separated many miles from each 
other. 

It was at these collieries that railways and loco- 
motives were first used for the ready and economical 
conveyance of coal, and it was from this beginning 
that the great railways of the world—and all the 
wonderful system of transport as it stands to-day— 
had grown up. It was the extraordinary strength 
of character and indomitable will of George Stephen- 
son that led to the triumph of the locomotive and 
railways in the face of fierce opposition of conser- 
vative land owners, canal proprietors and con- 
tractors, and road carriers, and despite the ridicule 
and scepticism of his contemporaries. It is interest- 
ing to reflect that in a few years’ time the world 
which had fought by foul means and fair means 
against the coming of railways went literally mad 
upon their construction, and the great railway mania 
broke out in 1846, when no less than 272 Acts for 
new railways were passed. 

There are many differences of opinion as to who 
should have the honour of first thinking of locomo- 
tion by means of steam, and no doubt it is true that 
the greatest admirers of George Stephenson cannot 
claim for him that distinction. Nevertheless, the 
progress of the steam-locomotive and railways for 
the purpose of conveying passengers and goods over 
the country for the public benefit, is due to the 
untiring determination’ and great engineering 
abilities of the Stephensons—father and son. 

The name of Stephenson is associated with such 
well-known north countrymen as Nicholas Wood, 
William Losh, John Dixon, Blackett, William 
Hedley, and others, who were all interested in colliery 
and engineering enterprise. To Richard Trevithick, 
of Redruth, the “ Cornish Giant,” we certainly owe 
the steam locomotive, but Trevithick had not that 
force of character and stability of purpose which 
characterised George Stephenson, and the history of 
the locomotive soon shifted from Cornwall and South 
Wales to the North. In 1811, Hedley, of Wylam, 
built the first colliery locomotive, a wonderful . 
machine on ten wheels with grasshopper beams 
driving a gear-wheel which in turn drove a long 
train of other gear-wheels. No wonder there was 
complaint of the noise! Then, because adhesion 
was not understood, Murray invented the so-called 
Blenkinsop engine, which ran on the Leeds and 
Middleton colliery railway. The driving wheel had 
teeth and the rails were made like racks. In 1813, 
Hedley produced his famous “ Puffing Billy,” 
which ran on smooth rails from Wylam Colliery to 
Lemington-on-Tyne. In the next year, Stephenson 
built the “‘ Blucher”’ and so took up the problem 
from which he ‘never turned back, and to ‘him, far 
more than to anyone else, even than to his con- 
temporary Hackworth, we owe the coming of steam 
railways. 

All the early locomotives had vertical cylinders 
and, what with this defective arrangement and the 
use of cog-wheels and rough workmanship, they 
produced great noise and ran very badly owing to 
the varying pressures on the wheels and the wearing 
of the teeth. To overcome this objection, Stephen- 
son introduced the direct drive to the driving wheels, 
and to increase the weight available for adhesion 
he coupled his wheels by rods or endless chains. 
This crank-pin drive was the first direct improve- 
ment in the locomotive. 

Time would not allow the speaker to follow the 
changes in locomotives up to 1825, when the first 
public railway was brought into use, but there 
wa3 no doubt, he said, that the colliery lines of 
the north at Hetton and Killingworth were used 
for numberless experiments, which enabled the 
engineers of that day to produce a locomotive 





fit to run through the country with less objection 
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to the public than the older and noisier machines 
of Hedley and Blenkinsop. 

The Stockton and Darlington Railway was 
opened on September 27, 1825, when a locomotive 
steam-engine, for the first time, hauled a train of 
passengers and merchandise over a public railway. 
A clause was inserted in the second Act of Parlia- 
ment in 1823 of this railway, at the instigation of 
George Stephenson, that locomotive engines should 
be used for hauling both passengers and goods, and 
this was carried out, and it is stated that George 
Stephenson himself drove the engine on the opening 
day. 

There were many determined attacks made against 
this railway, and it was largely through Stephen- 
son’s determination and ability that prejudice was 
overcome, One result of the success of that line 
was that he was appointed engineer to the Liver- 
pool and Manchester Company, whose railway was 
opened in 1830, five years after the Stockton and 
Darlington. It was, of course, a much larger and 
more ambitious undertaking. 

The first locomotive to run on the Stockton and 
Darlington Railway was built by R. Stephenson 
and Co., and did useful work for many years on that 
line. Indeed, it stands to-day at Darlington 
Station, and has so recently as last week moved itself 
in the remarkable procession of ancient and modern 
railway stock, between Stockton and Darlington, 
exhibited to the International Railway Congress 
which is meeting in England this year. 

It would not be right to pass over the considera- 
tion of these early and anxious times which gave 
birth to railways and steam locomotives for the 
general benefit of the civilised world without 
thanking Edward Pease and Jonathan Backhouse 
who, with their valuable counsel and financial sup- 
port, did so much to help Stephenson in those early 
struggles. 

The history of the introduction of the tubular 
boiler and the blast-pipe, and the account of the 
Rainhill trials, at which Stephenson carried off the 
prize with his locomotive, the “ Rocket,” are of the 
greatest interest and mark the true establishment 
of the steam locomotive for the purpose of trans- 
port, and indicate the natural engineering capabili- 
ties of the Stephensons—father and son, causing 
us to be so justifiably proud of these great engineers 
as the first two Presidents of the Institution, 

The railway steam locomotive has passed through 
many evolutions from the days of Stephenson to 
the present time. owing to the careful study and 
research of many eminent engineers. Its present 
power and speed are only limited by the road gauge 
and strength of the track and bridges over which 
it has to pass. We shall have presented to us 
to-day by Mr. Gresley, the Chief Mechanical 
Engineer of one of the four groups of railways which 
compose the whole of the railways in Great Britain, 
a paper dealing with one of the latest types of the 
most up-to-date steam-locomotives of the present 
day, and we shall, therefore, have an opportunity of 
judging the very great advances which have been 
made. 

It is interesting to reflect upon the enormous 
effects the opening of the Stockton and Darlington 
Railway, just a hundred years ago, had upon the 
whole world. Many of them are inestimable, and it 
is only when we endeavour to think what the world 
would be without railways that we are able to form 
any idea of their influence. A few figures may help 
to illustrate this point. Take the carriage of food- 
stuffs, for example. Every year no less than 600,000 
tons of meat are carried from the ports to London 
only; the fish trains carry 500,000 tons a year 
to the metropolis alone, and the farmers send yearly 
13,000,000 tons of their produce and 282,000,000 
gallons of milk to the capital. When it is remem- 
bered that all the cities, towns and villages of the 
kingdom have to be supplied and that all depend 
for those supplies on railways, some idea of our 
dependence for our mere existence on railways 
may be obtained. With regard to coal, without 
which our industries could not be carried on, every 
year the railways of the kingdom move the enormous 
total of 209,000,000 tons. Or consider the move- 
ments of passengers, whose journeys amount to 
something like 1,800,000,000 miles per annum, 

Let us for a moment turn to another aspect. 





The Stockton and Darlington Railway was 25 
miles long. Neglecting the few colliery railways 
and plate-ways, there were no others in the world. 
To-day there are over 20,000 miles of railway, or 
about 52,000 miles of single track, in Great Britain 
alone, and the stupendous figure of 741,175 miles 
is reached for the whole world. The capital of the 
Stockton and Darlington Railway, as granted by 
the Act of 1821, was 102,000/., and the total capital 
authorised in 1828 was something less than 250,000I. 
The capital of British railways, exclusive of the 
Underground, is to-day 1,060,000,0002. and of the 
world’s railways 13,500,000,0007. The Stockton 
and Darlington Railway gave regular employment 
to a score or so of railway servants. To-day the 
British railways alone give employment to over 
700,000 persons. 

All this we owe to the little group of determined 
men who built the railway whose centenary we 
celebrate this year, and amongst these men we owe 
it chiefly to George Stephenson, the first President 
of the Institution of Mechanical Engineers. 

At the close of the address, Mr. W. H. Patchell 
proposed a vote of thanks to Sir Vincent, and in 
doing so asked permission to carry the Stephenson 
history a stage further. At the Rainhill trials 
Stephenson’s right-hand man was a man named 
Dewrance. That man’s son was one of the Insti- 
tution’s past presidents—viz., Sir John, present with 
them. The proposed vote was seconded by Sir 
John Dewrance and passed with acclamation. 

Sir Vincent subsequently announced that the 
Institution had decided to perpetuate, in some 
definite form. the memory of its first president. A 
start had been made two years ago, but the subject 
was being taken up again, and it was hoped to 
found an annual prize and a research fellowship as a 
result. 


THREE-CYLINDER LOCOMOTIVES. 


The meeting then adjourned to one of the lecture 
theatres, and Sir Vincent Raven taking the chair, 
after the formal business, Mr. H. W. Gresley read 
his paper on “‘The Three-Cylinder High-Pressure 
Locomotive.” This we commence to reprint on 
page 58 of this issue. In the course of reading, Mr. 
Gresley stated that he had quite recently taken out 
the tyre mileage figures for all the engines of the 
classes referred to and had found that these agreed 
with the figures for the six of each class taken at 
random, an increase in mileage of 403 per cent. 
being shown for the three-cylinder engines. 

The first speaker in the discussion was Mr. J. 
Clayton, who said he thought the Institution did not 
get enough locomotive papers. The three-cylinder 
engine referred to by Mr. Gresley as being used on 
the South Eastern and Chatham Railway was intro- 
duced as a straight comparison with their two- 
cylinder machines. In the last stripping, after 
70,000 miles, the engine showed undoubtedly less 
wear than was usual with the two-cylinder engines. 
Their trials had shown it to besatisfactory in every 
way, and indicated 10 per cent. saving in coal, but 
1] per cent. more water consumption than the two- 
cylinder engines, indicating that the boiler efficiency 
was higher. The coal economy was due to the more 
numerous, but lighter, beats of the blast. The 
arrangement contributed to more even torque, 
and the engine could get away better with heavy 
loads. To make the loads fair, they had reduced 
the boiler pressure from 200 Ib. to 190 lb.; when 
200 lb. was used they had a more powerful engine. 
The valve gear was not quite the same as the 
author’s ; the third valve-spindle motion was taken 
from the back end of the outside spindles, thus 
avoiding expansion effects. In 1909, Mr. Holcroft 
and Mr. Churchward, on the Great Western, patented 
a combination lever gear for three-cylinder engines. 
Mr. Holcroft subsequently joined the S.E. & C.R. 
and assisted in the evolution of the three-cylinder 
engine he had referred to. The valve gear was part 
of the design thus worked out. 

He did not agree that the author’s type of gear 
gave entire satisfaction. It had the inherent defect 
that, in full gear with maximum valve travel, the 
inside valve would overrun, due partly to inertia 
and partly to backlash. That got worse as the 
stripping time was approached. The Caledonian 
Railway engine showed the same defect, and he 








believed had since been changed to three-valve 
gears. He thought it would be best to tolerate 
three gears. The Gresley inside motion required 
eight pin joints, just the same as the Walschaert 
gear. By means of special instructions to the 
drivers they had partly got over the trouble, but not 
altogether. The Germans, he believed, were turning 
to individual gears. The North Eastern Railway 
had also preferred them on their engines. 

Mr. E. C. Poulteney spoke next on the subject of 
the more even turning moment of the three-cylinder 
engine. Due to this, the static load on the drivers 
could be increased and the adhesive factor decreased 
—both points of value in connection with locomo- 
tives of very high power. The question ultimately 
became one of the solution of the valve-gear problem. 
In Germany, Gark had used combined gears, which 
had proved very successful with the class of engine 
concerned. He (Mr. Poulteney) had recently had to 
work out a design for a three-cylinder engine with 
poppet valves ; he exhibited at the meeting diagrams 
showing the arrangement adopted. 

Professor F. C. Lea next referred to the figures for 
consumption given in the paper, stating that he 
thought the figures given showed that greater 
saving should be credited to the boiler than to the 
engine. The actual efficiency of the engine should 
be measured in coal consumption. There was a 
difference in the ratios of water and coal consump- 
tions, and he thought that there must be some reason 
for the difference of some 8 per cent. or 9 per cent. 
shown between engines when compared on the 
water basis and on the coal basis. 

Mr. W. Sisson said that Prof. Lea’s point was 
answered, he thought, in the paper which showed 
that the more even draught meant less unburnt 
coal drawn through the tubes. The success of the 
triple-expansion marine engine was not purely due 
to economy of that arrangement as regards steam, 
but was, partly at least, due to the successful 
development of the three-throw crank. Three 
cranks at 120° had a great pull over any other type. 

Mr. J. Bowden expressed the hope that the 
Institution would have the benefit of the results 
of Mr. Gresley’s smoke-box investigations. The 
effect of smoke-box vacuum and of cylinder back 
pressure was very important. Could Mr. Gresley 
give any figures as to the saving accruing with the 
boilers? He thought there must be lighter repairs. 
Why did the author not include the lighter smoke- 
box vacuum among the advantages in his final 
summary? Had advantage been taken of the 
permissible increase of driving-wheel loading with 
the 3-cylinder machine? That was important in 
connection with bridge work. 

Dr. H. S. Hele-Shaw said that Stephenson had 
risked all when he had decided to adopt smooth rail 
adhesion. They had only to look at the diagrams 
in the paper to see what an advantage in this con- 
nection the 3-cylinder engine possessed mechanically. 
Looking forward they were bound to consider 
what other possibilities were in sight. There were 
two—the steam turbine and the interna]-combus- 
tionengine. The first would give a perfectly uniform 
pull, but required more boiler capacity and a 
condenser, while the transmission problem was 
difficult. The second had been tried by Mr. Gresley, 
but with an hydraulic gear giving 70-75 per cent. 
efficiency in the transmission. What was wanted 
was a transmission employing a hydraulic gear 
for starting, but capable of being cut out, giving 
a direct drive as soon as the machine got well 
under way. He hoped Mr. Gresley would try 
something of that type and let the Institution 
have the results. 

Mr. A. C. Stamer said he thought the question 
of shed repairs had not been stressed enough. 
Owing to the lightness of their parts, the 3-cylinder 
engines were favourites in the sheds and he believed 
they “‘ kept on their legs ” better than the 2-cylinder 
engines. That the 3-cylinder machines showed no 
less than 40 per cent. saving in tyre wear he thought 
very surprising but most important. He hoped the 
draught experiments would be continued and 
extended to ascertain what happened in the fire-box. 

Capt. Beames said he thought the diagrams showed 
that Mr, Gresley’s 2-cylinder engines were not pro- 
perly balanced—as they would balance at Crewe. 
He did not quite agree with the author’s remarks 
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on beiler pressure. In the United States, numbers 
of engines were working with 250 Ib. pressure and 
one with 350 Ib. He did not agree with three 
separate valve gears as suggested by Mr. Clayton. 
The less there was inside the engine the better. 

Mr. J. A. Gilchrist said he would like to see Mr. 
Gresley’s figures reduced to money, taking into 
account capital cost, etc., and Col. Stenning asked 
if Mr. Gresley would carry on his investigations to 
show what sort of temperatures obtained in the 
tubes from the fire-box to the smoke-box, 

Mr. F. H. Livens thought that an engine with 
four-cylinders driving on to two axles which were 
coupled so as to set the cranks at 45 deg. would 
give a still flatter draw-bar-effort curve than the 
three-cylinder engine, but there might be difficulty 
with the revolving weights and the compromise 
necessary might, in the end, prove to the advantage 
of the three-cylinder machine. With regard to 
tubes, he noticed great discrepancies in the ratios of 
length to diameter in different engines by Mr. 
Gresley. He would like an explanation of that. 

The President closed the discussion with a refer- 
ence to the three-cylinder engines of the North 
Eastern Railway, which were generally similar to 
those of Mr. Gresley, except for the valve gear. 
He had always adhered to the Stephenson gear, 
using the three-section gear. That he would do 
again if he returned to active locomotive work. 
Their first three-cylinder engine was a compound 
designed by Mr. Smith. Its starting effort was 
good and even, and that had really interested him 
in the type. 

In reply to the discussion, Mr. Gresley admitted 
that the Holcroft patents covered a gear giving the 
same events, but not by the same arrangement. 
He also had had trouble, at first, from over-running, 
but it only occurred when it did not matter. They 
had given more clearance and now used ball or 
roller bearings in which the wear was very small in- 
deed and, in fact, was negligible. These were so suc- 
cessful that he was extending their use. It was quite 
true that the inside-spindle drive embodied eight pin 
joints, but an inside Walschaert gear would necessi- 
tate an eccentric, which would be much worse. 
The more even draught accounted for the saving in 
coal. He thought boiler repairs would be lessened 
but had no information on the point. Advantage 
had not yet been taken of the increased wheel loading 
possible, but he believed the bridge committee had 
found reduced hammer blow effect in their bridge 
investigations for the three-cylinder machine. The 
four-cylinder type referred to by Mr. Livens would 
do all he thought, but was an expensive type of 
engine to build. As regards the President’s pre- 
ference for the Stephenson gear, he could only 
suppose that that was the only gear which it was 
thought proper to use in Darlington. 

After a vote of thanks, the meeting was adjourned. 
The afternoon was devoted to various visits, includ- 
ing the works of Messrs. C. A. Parsons and Co. and 
the Carville station of the Newcastle-upon-Tyne 
Electric Supply Company. Other parties went to 
other works, for an excursion on the River Tyne, 
orto Durham. In the evening a reception was held 
by the Lord Mayor and Lady Mayoress on behalf of 
the City Council, the function proving a most 
enjoyable one and being well attended. 


(To be continued.) 








SCIENTIFIC EXHIBITS AT THE 
BRITISH EMPIRE EXHIBITION. 


Tw some respects the British Empire Exhibition of 
this year seems at first sight to suffer in comparison 
with that of 1924 by having fewer exhibits, In 
some branches of work the appearance doubtless, 
corresponds to the fact. The number of exhibits, 
for example, classified under engineering is trifling, 
though there are a number of excellent machines 
to be found at work in the displays of other indus- 
tries, apart from the impressive collections contri- 
buted by the railway companies and the interesting 
exhibits from the Ford and the Morris works. In 
other industries the impression of relative insuffi- 


year, which is far more than enough to occupy the 
full time that most people are likely to be able to 
spare for examining exhibitions. Leaving, how- 
ever, exhibits of the industries themselves, those of 
the British Government, assembled in the fine 
Government Pavilion, are conspicuously better 
than they were last year. They seem to be more 
ample, and they are certainly far better displayed ; 
and of none of them is the observation more unre- 
servedly true than of those that relate to science. 

Most prominent among these is the Science 
exhibit organised by the Royal Society, in co- 
operation with the Department of Scientific and 
Industrial Research, the Fuel Research Board, the 
Geological Survey and Museum, and the Imperial 
Mineral Resources Bureau. The space allotted to 
these displays seems to be larger, and certainly is 
better adapted to convenient exhibition, ani the 
authorities concerned have taken full advantage of 
the facilities at their disposal. On the 8th inst. 
the President of the Royal Society and the Chairman 
(Mr. F. E. Smith, F.R.S.) of its Exhibition Com- 
mittee received a considerable company of persons 
associated with the sciences in question, to view 
the exhibits in physics, geophysics, and biology 
that have been collected by the committee, as well 
as those shown by the other co-operating bodies in 
regard to other sciences. We hope later to describe 
some of the more important of these in detail, but 
in the meantime may refer shortly to two notable 
characters of the exhibits collected by the Royal 
Society’s Committee itself. 

The exhibits of which it consists make no attempt 
to cover the whole circle of the sciences, but, 
selecting certain sections in which considerable 
British discoveries have been made during recent 
years, they give a full illustration both of what has 
been done and of the experimental methods that 
have been used. The exhibits in physics, for 
example, deal almost exclusively with the pheno- 
mena of electro-magnetic oscillations and radiations, 
extending from the gamma rays of wave-length 
2-10-19 cm. at one end of the spectrum to wireless 
waves 5,000 km. long at the other. These exhibits, 
too, are arranged generally in relation to the order 
in which the rays of which they illustrate the 
phenomena occur in the spectrum, starting from 
Thomson and Rutherford’s experiments on the struc- 
ture of the atom and those to which they have led. 
The treatment of the sections of knowledge illus- 
trated is not only unusually full, but it is unusually 
clear. The majority of the exhibits are arranged for 
practical demonstration, adequate supplies of gas, 
water and electricity having been connected, and 
a staff of scientific assistants is in attendance 
throughout the day until 8.45 p.m. for the purpose 
of demonstration. On the considerable scale on 
which these working exhibits are provided they give 
an opportunity to a general public interested in 
such matters to see immediately and in rapid 
succession phenomena of which ordinarily they 
can have only written or illustrated descriptions. 
From time to time visitors are drawn to the Friday 
evening discourses or occasional series of lectures 
of the Royal Institution, with the foreknowledge 
not only that eminent men will expound interesting 
doctrine, but that the phenomena to which reference 
is made will show it in the well-adjusted experiments 
for which the lecture theatre of Davy, Faraday, 
Tyndall, and Dewar has always been famous. Many 
phenomena thus seen in actuality are grasped more 
completely than is possible by the sole use of text- 
books or scientific memoirs. Most men who have 
not made a special study of modern physics would 
be better able to understand its theories if they 
would begin by admitting to themselves that many 
of these theories, and even of the phenomena on 
which they are based, are not quite clear in their 
own minds. The close thinking to which this 
candid admission should lead them will be helped 
and made much more readily fruitful if they take 
the present opportunity of viewing the actual 
phenomena in question instead of thinking them 
out as best they can for themselves. They can 
thus get on a smaller scale, buton a vastly greater 
variety of subjects, the sort of assistance and 
suggestion they would derive from the experiments 
of a Royal Institution discourse, and they must 


manage, to get clear and definite impressions of 
physical facts and theories of which at present 
their knowledge is formal and misty. 





A RAILWAY SOUVENIR. 


ALTHOUGH, as has many times been pointed out, 
the whole material structure of modern civilisation 
exists by and on the work of engineers, there is little 
apparent general recognition of the fact. The 
events of the last few days have, however, directed 
the attention of even the lay public to one par- 
ticular sphere of engineering activity, and one may 
presume that there has been some fleeting recog- 
nition of the debt which society owes to engineers 
for having in a hundred years built up the railway 
systems which connect, and to a very considerable 
extent hold together, the heterogeneous collection of 
nations which normally would appear to carry some 
quality of nrutual repulsion, like a group of posi- 
tively or negatively charged particles. In spite of 
one’s hopes, it must, however, be admitted that 
the Press showed, in general, little real appreciation 
of the occasion which was celebrated at Darlington 
last week. The matter was treated as a news item 
neither more nor Jess important than the latest 
fire or minor political manceuvre. In these circum- 
stances, it was an especial pleasure to see that our 
elderly contemporary Punch had a proper apprecia- 
tion of the importance of the anniversary of last 
week. This newspaper—we understand that Punch 
is a newspaper—is in no way in the habit of invent- 
ing occasions for special numbers, and this restraint 
added special significance to his issue of July 1, 
which contained a special section of sixteen pages 
devoted to the Railway Centenary. In the section 
were reproduced many of the cartoons and illustra- 
tions referring to railway matters which have ap- 
peared in the pages of our contemporary from 
1842 onwards. From these illustrations and their 
accompanying letterpress even railwaymen may 
learn something new about the early history of their 
craft. It is, however, especially the two-page 
cartoon which accompanied the special issue which 
we would welcome. Punch in many ways stands 
for the everyday educated public, and the appear- 
ance of this cartoon is one of the few signs of recog- 
nition in non-technical circles of the place which 
railways really occupy in modern life. The car- 
toon, which is entitled ‘“‘The Conqueror’s Way,” 
represents a modern locomotive end train passing 
at high speed on a railway built through difficult 
country. The artistic merits of the picture, which 
is the work of Mr. Raven Hill, are high, but are 
not at the moment our concern. From our present 
point of view the interest and importance of the 
cartoon lie in its obvious recognition and apprecia- 
tion of the cardinal importance of one of the great 
achievements of modern life. 





IMPERIAL INstITuTE.—In accordance with the pro- 
visions of the Imperial Institute Act, 1925, which became 
operative on July 1 of this year, the control of the 
administration and the management of the Imperial 
Institute was transferred on that date from the Secretary 
of State for the Colonies to the Parliamentary Secretary 
of the Department of Overseas Trade, who became the 
responsible Minister under the Act. The amalgamation 
of the Imperial Mineral Resources Bureau with the 
Imperial Institute was also effected on July 1. Hence- 
forth all inquiries and correspondence relating to the 
work of the Bureau should be addressed to the Imperial 
Institute (Mineral Resources Department), South 
Kensington, London, 8.W. 7. 





LavuNcH or THE Motor Suir “Ipa Knupsen.”—On 
June 24 the launch took place, from the Nakskov Ship- 
yard, Denmark, of the oil tank motor ship Ida Knudsen, 
which is being built to the order of the Norwegian ship- 
owner, Mr. Knut Knutsen, of Hangesund. The vessel 
is the largest yet constructed in Scandanavia, and has a 
length between perpendiculars of 465 ft., a moulded 
breadth of 61 ft. 10 in., and a depth to the main deck of 
37 ft. 3in. About 13,000 tons is displaced on a draught 
of 28 ft. The Isherwood system of longitudinal framing 
has been adopted in the construction, while provision for 
the cargo includes 20 deep and 10 Summer tanks. Large 
diameter piping is supplied for the intake and discharge 
of the oil. The propelling machinery consists of two 
Burmeister and Wain Diesel engines, the installation of 
which was undertaken immediately following the 
launching of the ship. It is anticipated that the total 
indicated horse-power of 3,800 will enable a speed of 
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FIFTY YEARS OF ELECTRICAL 
ENGINEERING. 


THE age of the electrical engineering industry is 
such that not many firms engaged in it have yet been 
able to celebrate the jubilee of their foundation. 
Fifty years ago practically the only commercial 
application of electricity was that of telegraphy, so that 
it will be found that the older electrical engineering 
firms generally commenced their careers by manufac- 
turing telegraph cables and instruments, although in 
most cases their activities have since been directed to 
the more important work of producing plant and appara- 
tus for the generation, distribution and utilisation of 
electrical energy. 

This has been the case with Messrs. Johnson and 
Phillips, Limited, of Charlton, London, S.E.7, who 
commenced business as telegraph engineers fifty 
years ago in a small building which is still preserved 
in close proximity to their present works. The latter 
however, now cover some 15 acres and employ several 
thousand workers. As suggested above, the early 
work of the firm was in connection with the manufacture 
and sale of cables, plant and stores for cable telegraphy, 
particularly submarine-cable telegraphy. Machines 
and gear for laying the early Atlantic cables were 
designed and constructed by the firm, and numerous 
cable ships have been, and are still being, equipped 
with paying out, picking up, and handling gear of 
Messrs. Johnson and Phillips’ manufacture. 

With the introduction of electric lighting, the firm 
took up the manufacture of generators, this branch of 
their work being, for some time, under the direction of 
the late Dr. Gisbert Kapp. Arc lamps, including the 
well-known Brockie-Pell lamp, were also made in large 
numbers at the Charlton works, until displaced by the 
gas-filled incandescent lamp which requires little or no 
attention. The development of electric lighting natur- 
ally gave rise to anincreased demand for insulated wires 
and cables, and the firm designed and constructed the 
necessary machinery and plant for this purpose, using 
them first for the production of insulated conductors for 
internal wiring, and later for the heavier cables required 
for underground and overhead distribution systems. 
At the present time, cable manufacture probably forms 
the most important branch of the firm’s activities, their 
productions including all classes of wires, cables and 
flexibles, insulated with paper, vulcanised bitumen: or 
rubber, according to requirements, and used for tele- 
phony as well as for power distribution. They also 
design and construct cable-making machinery for 
other manufacturers. 

Although Messrs. Johnson and Phillips were among 
the earliest firms in this, or in any other, country to take 
up the manufacture of polyphase motors and static 
transformers their energies have been concentrated on 
the design and construction of the latter, so that in 
recent years their production of rotary electrical 
machinery has become relatively unimportant. Trans- 
formers of all types and sizes, however, now form a 
very important item of the firms products, which also 
include switchgear, instruments, and overhead-line 
equipment. 

In these times of industrial depression it is satisfactory 
to record that the works, which we recently had an 
opportunity of inspecting, are fully occupied, several 
important contracts being in hand. Of these we may 
mention one for the manufacture and installation of 
some 125 miles of extra-high-tension feeder cable 
required for the electrification of the South-Eastern 
Section of the Southern Railway. This, we under- 
stand, is the largest contract of its kind that has been 
placed up to the present. 





THE RUTLAND WORKS OF MESSRS. 
SAMUEL OSBORN AND CO., LTD., 
SHEFFIELD. 


THE annual convention of the Permanent Way 
Institution was held at Sheffield this week, the 
delegates numbering some 150. Among the visits 
forming part of the programme, one was paid, on 
Tuesday last, to the Rutland Works of Messrs. 
Samuel Osborn and Co., Limited, and Titan Track- 
work Company, Limited. The inspection began with 
the moulding shop and foundry. Roomy and well 
lit, this building is divided into three bays, the first 
being reserved for the making of moulds for large steel 
castings, while the second and third are devoted to 
smaller castings, such as gearing, colliery wheels, 
ramps, and articles of a miscellaneous nature. A 5-ton 
rolling-mill housing was cast in the presence of the 
delegates. In the fettling shop, which was next visited, 
steel castings of all descriptions are dressed, and 
prepared for the machine shop, or are finished ready 
for despatch. ‘ The dressing is done by hand and also 
hy means of pneumatic hammers; the hand chisels 
and pneumatic tools used in the process being made by 





the firm at their Clyde Works. The equipment of this 
shop also includes three sand-blasting installations. 

The moulding and casting of railway and tramway 
points and crossings, crusher jaws and plates for cement 
plants, and other articles made from Messrs. Osborn’s 
‘* Titan” manganese steel, is carried out in a large and 
well-organised shop. The installation for the grinding 
of trackwork castings is very extensive and efficient. 
In this shop are also machines for bending rolled Titan 
steel rails. The finished junctions and crossings are 
all assembled in an extensive construction yard before 
being sent out. Several railway and tramway lay- 
outs were seen by the delegates in process of construc- 
tion, including a junction for the London Electric 
Railways, and an installation for the Sheftield Corpora- 
tion Tramways, to be erected shortly at Hill Foot 
Bridge. This latter comprised a junction followed by a 
very sharp bend of the track. Another interesting 
lay-out consisted of a level crossing of a tramway over 
a railway track. In each case, the points and crossings 
were made of cast Titan manganese steel and the 
intervening rails of rolled Titan steel. 

The visitors then proceeded to the machine shop, 
in which castings of all descriptions are turned, planed, 
drilled and slotted, all the tools used being made of 
Messrs. Osborn’s Mushet or double Mushet high-speed 
steel. The colliery wheel and axle fitting shops were 
also seen. The railway laminated-spring plant, one 
of the most modern of its kind in this country, was next 
visited. Spacious and well lit, it is used for the manu- 
facture of locomotive springs, carriage and wagon 
bearing and buffer springs, and motor-car springs. 
All the processes of manufacture were demonstrated in 
detail; the raw material, which is received in the form 
of long, flat rolled billets, is first cut up into lengths ; 
the plates are then sheared to shape, bent hot by hand, 
and finally hardened and tempered. The finished as- 
sembled spring is then subjected to a scragging test. The 
steel-sheet rolling mill installation was also inspected, 
and circular saws and other articles were seen in various 
stages of manufacture. Rustless iron and steel sheets 
for turbine blades, carriage panels, and other mis- 
cellaneous purposes are rolled in this building. The last 
shops to be visited were those in which such articles as 
wood-working tools and sheep shears are turned out. 

Other plants owned by Messrs. Samuel Osborn and 
Co., and situated in Sheffield are the Clyde Steel Works, 
Wicker, at which are manufactured high-speed and 
other tool steels, twist drills, milling cutters, and other 
cutting tools, and where processes of forging and 
rolling are carried on; and also the Brookhill Works, 
at which files and rasps are manufactured. 





PERSONAL.—Mr. A. G. M. Michell, of Michell Bearings, 
Limited, Crankless Engines, Limited, and Crankless 
(European Patents) Proprietary, Limited, has recently 
arrived from Australia and has opened an office at 20, 
Grosvenor-gardens, London, 8.W.5.—The address of the 
offices of the Combustion Publishing Corporation, 
publishers of the monthly technical journal Combustion, 
is now Hampden House, 84, Kingsway, London, W.C.2. 
—Messrs. Sheffield Steel Products, Limited, inform us 
that they have appointed Mr. Douglas Courtney, of 
D’Olier-chambers, D’Olier-street, Dublin, agent for 
Treland, and Messrs. Philpott and Cowlin, of 76, Victoria- 
street, Bristol, agents for South Wales and the West 
Country.—The Globe Pneumatic Engineering Company, 
of 1, Victoria-street, London, 8.W.1, have appointed 
as agents for their products in India Messrs. Hoare 
Miller and Co., Limited, of Calcutta and Bombay. 





TENDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, S.W.1, has announced 
that the South African Railways and Harbours Adminis- 
tration invite tenders to be received in Johannesburg not 
later than August 10, 1925, for the supply and delivery 
of six parachute tanks, each having a capacity of 4,000 
gallons.—The Victorian Railways Commissioners invite 
offers, to be presented .in Melbourne, Australia, by 
August 12, 1925, for the supply of 184,257 cwts. of mild- 
steel sheets and 1,135 cwts. of mild steel hoop, and 
for 1,100 solid-drawn brass boiler tubes for locomotive 
use. The latter must be 18 ft. 11 in. long, and have an 
outside diameter of 2} in., and a true taper from No. 12 
B.W.G. at one end to No. 9 B.W.G. at the other. Each 
tube should weigh approximately 58} lb. Tenders are 
invited by the same authorities, before August 19, 1925, 
for a supply of double-braided weatherproof copper- 
clad line wire. Tramway rails and fishplates are also 
wanted, and tenders for these may be submitted up to 
August 26, 1925.—The Municipal Council of Johannes- 
burg invites tenders hy August 8, 1925, for 100 4-in. 
sluice valves and a similar number of 2}-in. hydrants. 
—The municipality of Bulawayo, Rhodesia, invites 
tenders before August I1, 1925, for the manufacture, 
transport, and erection of two sluice gates, together with 
the necessary gearing superstructure, &c.—The New 
South Wales Department of Public Works invites tenders 
until September 14, 1925, for the supply and delivery 
of electrical equipment and metalwork for a bascule 
bridge over-Cook’s River in Australia.—All inquiries 
regarding these tenders should be made to the Depart- 
ment of Overseas Trade. 


TESTS OF STAND-BY STEAM PLANT 
OF WINNIPEG HYDRO - ELECTRIC 
SYSTEM. 


THE steam-driven electric generating station which 
has been installed as a stand-by to the hydro-electric 
system of the city of Winnipeg was officially opened 
on November 12 last. The generating plant consists of 
two turbines of 5,000 kw. each and one of 1,000 kw., 
all running at 3,600 r.p.m. and manufactured by 
Messrs. James Howden and Co., Limited, of Glasgow. 
The 5,000 kw. machines have six stages and a mean 
blade speed of 760 ft. per second ; the 1,000-kw. machine 
has four stages and a mean blade speed of 750 ft. per 
second. The governing and oil system of the turbines 
is completely enclosed, giving a very neat and well- 
finished appearance at the high-pressure end. The 
5,000-kw. turbines exhaust into condensers of Messrs. 
Hick, Hargreaves and Co.’s manufacture, which main- 
tain a vacuum of 28 in. The 1,000-kw. set is a back- 
pressure unit and exhausts into the hotwell at a pres- 
sure of 1 lb. per square inch gauge. The turbines are 
coupled to alternators of Messrs. C. A. Parsons and Co.’s 
manufacture. 

As has been said, the station acts as a stand-by to 
the hydro-electric plant, but each day all three turbines 
are run up to speed to ensure that everything is in 
order, and once each week they are put on the line. 
The 1,000-kw. set can be put on load within three 
minutes and the 5,000-kw. set within 30 minutes. The 
boilers supply the central steam heating system of the 
city, and if a sudden call comes from the stand-by 
plant to come on to the line sufficient steam is always 
available. Official steam consumption tests were run 
on May 12 last by the technical staff of the City Hydro- 
Electric System under the supervision of Professor 
N. M. Hall, of the Manitoba University, who acted as 
independent referee. A summary of the test results 
of the larger machines, which shows a considerable 
improvement on the guaranteed figures, is given in the 
following table :— 











Test Number | I | EE. | Tit 
Nominal Loads, kw... .-| 3,000 4,000 5,000(4,905) 
Boiler pressure, lb./in. gaug 234 229 227 
Press. at turbine, Ib. /in. gauge 217 213 211 
Temperature, deg. F. “a 540 552 548 
Vacuum recorded, ins. Hg. 27-78 27-66 27-27 
Barometer, ins. Hg. a 29-47 29-47 29-47 
Vacuum corrected to (30 in. 

Barometer) .. Ae i 28°31 28-19 27-80 
Exhaust Pressure Ib./in2abs. 0-82 0-89 1-08 
Duration of run-minutes and 

seconds .. ae ..| 30m. 6s. | 30m.08. | 30m.14s8. 
Generator Output, kw.-h. ..| 1,466 2,080 2,470 
Power Factor ba ais 1-00 0-965 0-965 
Condensate recorded Ibs, ..| 19,160 24,832 30962 
Primary jet air ejector lbs. 125 125 125 
Condensate net Ibs. .. .-| 19,035 24,707 30,837 
Water Rate observed Ib./ 

k.w.h. of =e <a 12-98 11°87 12-48 
Water Rate corrected for Pre- 

sure, Temperature and 

Vacuum Ib./kK.w.h. ~ 12-90 11-9 12-11 
Water rate guaranteed at 

observed P.F. ae Ne 13-10 12-455 12-155 
Difference actual Ib. /kw.-h. — 0:20 | — 555 — 0-045 

Ms in per cent. (above 

+) (below —) per cent. ..| — 1-525) — 2-26 — 0-37 
Tolerance permitted by Con- 

tract per cent. ‘ oo] + 2°5 + 2°5 + 2-5 

















CALENDAR.—We have received a well-printed monthly 
tear-off calendar for the year commencing July, 1925, 
from Messrs. Cochran and Co., Limited, boiler-makers, of 
Annan, Scotland. 


Contracts.—The Westinghouse Brake and Saxby 
Signal Company, Limited, of 82, York-road, London, 
N.1, have received an order from Messrs. Pease and 
Partners for interlocked electro-pneumatic decking plant 
and automatic gates for service at the pit top of the 
latter company’s Thorne Colliery.—Messrs. Howden- 
Ljungstrém Preheaters (Land), Limited, of 133, Helen- 
street, Govan, Glasgow, have obtained a contract from 
the Imperial Tobacco Company, Limited, of Boundary- 
lane, Liverpool, for an air preheater having a total 
heating surfage of 26,000 sq. ft. to work in conjunction 
with a battery of oil-fired Lancashire boilers.—The 
Woodall Duckham Companies, of 52, Grosvenor-gardens, 
London, 8.W.1, have received an order for a refuse 
destruction from the Metropolitan Borough of Mary- 
lebone, London.—Under the heading ‘‘ Contracts” in 
our issue of last week it was stated that the Westing- 
house Brake and Saxby Signal Company, of 82, York- 
road, London, N.1, had secured an order for 700 reso- 
nated impedance bonds for service on the New South 
Wales Government Railway. We omitted to point out 
that this contract was given to the company’s repre- 
sentatives, Messrs. McKenzie and Holland (Australia) 
Proprietary, Limited, of Melbourne, and that the material 
will be manufactured in the Commonwealth.—The Relay 
Automatic Telephone Company, Limited, of Marcon! 
House, Strand, London, W.C.2, have secured an order 
from the Director-General of Telephones, Berne, Switzer- 
land, for the fitting out of 20 automatic telephone 
exchanges throughout the country. 
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LABOUR NOTES. 


THREE resolutions on the subject of the provisions for 
avoiding disputes were submitted for the consideration 
of the National Committee of the Amalgamated Engineer- 
ing Union at Southport. One was “ That the National 
Committee instruct E.C. to give notice to the employers 
for the termination of provisions for avoiding disputes.” 
This was ruled out of order by the Chairman. The 
second was as follows; ‘‘ That the National Committee 
having considered the lack of success and the delay in 
arriving at settlements of cases dealt with at Central 
Conference,instruct the E.C. to approach the Engineering 
Employers’ Federation with a view to securing amend- 
ments to the present procedure, the new proposals to be 
submitted by the E.C. to the National Committee before 
ratification.” To that resolution this amendment was 
moved: ‘“ That this National Committee considers that 
the lengthy and abnormal delays which take place 
in dealing with questions on national lines tend to sap 
and destroy the morale of our members and also prove 
unprofitable. It, therefore, instructs the E.C. to take 
a ballot vote of the membership on the question of 
terminating the agreement known as the York Memo- 
randum, dated April 17, 1914, also the memorandum 
which embodies the same machinery, dated June 13, 
1922.” The amendment was rejected by 48 votes to 4, 
and the resolution adopted by 42 votes to 9. 





Alluding to the provisions in the course of his presi- 
dential address, Mr. Brownlie said: “‘Some say that 
we ought to get away from national negotiations—that 
the industry as a whole will never be in a uniformly 
prosperous state—that a district where trade is good 
should not be penalised in consequence of a district 
where trade is bad. To that extent we should, it is 
argued, get away from national negotiations and 
effect a modification of our agreement with reference to 
procedure. To those who express that point of view 
I submit it is a great mistake. They fail to appreciate 
what the procedure means. Since the lock-out 
there have been, probably, between 50 and 60 occasions 
where we could have taken the next step on “ failure 
to agree”’ at Central Conference for an advance in wages. 
After a “failure to agree,” the unions are perfectly at 
liberty to test the matter by a strike; why don’t we do 
so? Because conditions are against us; our financial 
resources leave much to be desired; the industrial 
position is not so prosperous as to enable us to take 
a forward step. There is no necessity, therefore, to 
ask for a modification of existing procedure. For one 
man—for the victimization of a shopsteward—once you 
go through the procedure you can declare a national 
strike. For the violation of an agreement on a local 
matter, and “failure to agree,” at Central Conference 
the employers are at liberty to take the next step, even 
to the extent of a national lock-out. There is nothing 
wrong with the procedure; it has stood the test of 
30 years and has been helpful to our members. What is 
wrong is that things are out of gear for the moment, that 
trade is bad, and that we have no resources to enable 
us to support our members in case of drastic action.” 





The further communication which the Mining Associ- 
ation promised to send to the Miners’ Federation was 
duly received by the executive committee of the latter 
body and communicated to the National Delegate 
Conference which sat in London on July 3. The coal- 
owners’ proposals were as follows :— 

1. A National Board shall be constituted consisting 
in equal numbers of persons chosen by the Mining 
Association of Great Britain and persons chosen by the 
Miners’ Federation of Great Britain. There shall also 
be established Area Boards, consisting in equal numbers 
of persons representing owners and workmen in each 
area. The National and Area Boards shall draw up 
their own rules of procedure, which shall include a pro- 
vision for the appointment of an independent chairman 
for each board. 

2. The wages payable in each area shall be expressed 
in the form of a percentage of the basis rates then pre- 
vailing, and shall be periodically adjusted in accordance 
with the results of the industry as ascertained in each 
area. 

3. The amount of the percentage to be paid in each 

area during any period shall be determined by the 
results of the industry in that area during a previous 
period, as ascertained by returns to be made by the 
owners and checked by joint test audit of the owners’ 
books carried out by independent accountants ap- 
pointed by each side. 
_ 4. In order to determine the percentage payable 
in accordance with paragraph 3, 87 per cent. of the 
difference between the proceeds in each area and the 
costs of production other than wages shall be taken; 
from the amount so determined shall be deducted any 
special allowances paid under paragraph 5, and the 
balance so remaining shall be expressed as a percentage 
of. the wages paid at basis rates during the period of 
ascertainment. 


5. Such provision as may be necessary to meet the 
case of any low-paid day-wage man in any district shall 
be dealt with in that district as a district question. 

In the case of Scotland, the words “ basis rates” 
in paragraphs 2 and 4 mean the 1888 basis. 





The delegates, on the unanimous recommendation of 
the executive committee, decided that, for the following 
reasons, the proposals could not be accepted :— 

1. The removal of the guranteed minimum wages, 
which are already below the level of the present cost of 
living. 

2. “ihe provision of guaranteed profits to the colliery 
owners, irrespective of the rate of wages. 

3. The immediate great reduction in wages varying 
from 13-14 per cent. to 47-91 per cent. on basic rates. 

4. The continued separation of the mining operations 
from the profitable undertakings in connection with 
the coking and by-product departments, &c. 

The Conference re-affirmed its claim that the mine- 
workers are entitled to a wage rate not less than is 
necessary to meet the increase in the cost of living, and 
urged all the districts to resist any offer which entailed a 
departure from the principle of national settlements. 





The executive of the International Miners’ Federation 
is to meet again on July 28 in Paris, for the purpose of 
deciding ‘‘ the form of joint international action” to 
be taken ‘if settlements are not arrived at in the 
various countries where the owners are attacking wages 
and hours.”’ The official report of this week’s meeting 
in London was as follows :—‘** Reports from the various 
countries represented in the International Miners’ 
Federation were given on the general economic con- 
ditions prevailing in each country. ‘The situation was 
proved to be practically similar in every European 
country, and the economic facts relating to the mining 
industry of America were shown to be possessed of all 
the characteristics of the countries of Europe—that is, 
unemployment on a large scale, irregular work, 
attempts to destroy national agreements on the part 
of employers, in certain cases to increase hours, and in 
all cases to decrease wages, accumulations of coal 
stocks in all countries, and general depression through- 
out the coal industry of the world. In the light of 
these facts the International Committee passed the 
following resolution with unanimity: ‘The Inter- 
national Miners’ Committee, having received the 
reports from the members of the various countries 
represented, all of them indicating that the colliery 
owners are attempting to throw the burden of the 
effects of the international coal crisis on to the shoulders 
of the mine workers by attacking their hours of labour 
and their already inadequate wages, decided that a 
further meeting of the committee shall be called on 
July 28 in Paris to decide the form of joint inter- 
national action if settlements are not arrived at in the 
various countries where the owners are attacking wages 
and hours.’ ”’ 





The principal suggestions offered by the railway 
managers at the informal conference with representatives 
of the railwaymen’s unions were as follows :— 

1. The trade unions to agree that all employees 
covered by the several national agreements or arbi- 
tration awards shall be subject to a uniform reduc- 
tion of 5 per cent. from the gross amount of salary 
or wages and other remuneration accruing to them 
for each day period. 

2. The railway companies to arrange for a like reduc- 
tion of 5 per cent. to be made from.(a) the fees paid 
to the directors of the companies; (6) the salaries 
of the officers of the companies; and (c) the gross 
amount of salaries and wages and other remuneration 
accruing to any member of the staffs not included 
in the clause governing employees covered by national 
agreements. 

3. Contributions to, and payments from, superannua- 
tion funds, according to rules, to be based on standard 
salaries or wages, and not on the amount of salary 
or wage as temporarily reduced under this arrange- 
ment. 

4. Railway companies to agree that as from the date 
this agreement comes into force railway workshops 
which are now idle or working for one or two days 
short time for a week, shall be restored to full normal 
working week. 

5. The cost-of-living sliding scales agreement to 
continue to operate. 

6. Twelve months after the coming into operation 
of this agreement, and at the end of each subsequent 
12 months, the position to be reviewed by the parties 
with a view to any necessary adjustment of the per- 
centage deductions being made. 





The committee appointed by the District Committee 
of the Middle Ward of Lanarkshire “to inquire in 
detail into the methods and labour employed in con- 
nection with the production and erection of the 


are (1) that the process of assembling and erecting the 
“Weir” type of house is of a special character, and 
does not involve the employment of building crafts- 
men; (2) that the proposition of the Federation of 
Building Trades Operatives that the “ Weir” type of 
house is building work in the sense and to the extent 
contended by them is not tenable; (3) that the 
arrangements made by Messrs. Weir for the applica- 
tion of the ordinary engineering trade rates of wages 
and conditions to the workmen employed on the 
‘“ Weir’ houses are not unreasonable; (4) that, in 
its opinion, as it present advised, the District Com- 
mittee is not in a position to say that there has been 
any breach of contract on the part of Messrs. Weir. 





In the House of Commons Sir J. Leigh asked the 
Minister of Labour what the total amount of money 
was that had been expended out of public funds in 
unemployment benefit since the Armistice. Mr. 
Betterton, in a written reply, stated that in England 
and Wales, from November 11, 1918, to May 31 last 
the amount was 173,540,000. In addition, out-of- 
work donation amounting to 50,620,000/. had been 
paid to ex-service men and women and to civilians. 





The Ministry of Labour states that on June 29, 1925. 
the number of persons on the registers of Employmenv 
Exchanges in Great Britain was 1,304,300—1,025,900 
men, 35,800 boys, 216,000 women, and 26,600 girls. 
On June 22, 1925, the number was 1,299,667—1,033,829 
men, 35,613 boys, 204,392 women, and 25,833 girls— 
and on June 30, 1924, it was 1,009,444—761,171 men, 
29,207 boys, 191,479 women, and 27,587 girls. 





The National Minority Movement, whose second 
annual conference is to be held in London on August 
29 and 30, is much less reticent about its objects than 
some of its adherents usually are. In a communication 
about the forthcoming meeting “to all trade unions, 
co-operative societies and guilds, district committees 
and trades councils,” Mr. Harry Pollitt points out that 
it is to be “‘ held immediately before the Trades Union 
Congress, and this affords a splendid opportunity for 
the active workers. . :.. to lay down a real 
policy.” ‘‘ Never was it more necessary,” Mr. Pollitt 
goes on to say, “for a real attempt to be made to 
unite all our forces to face the onslaught of the Capita- 
lists. Unfortunately, experience has shown that the 
Trades Union Congress, through a variety of reasons, 
does not attempt to face the big issues confronting the 
workers, or give a lead that can be transmitted into 
action throughout the whole working class movement. 
The National Minority Movement, by its constructive 
work inside the existing organisation of the workers and 
its alternative policies to the nerveless and timid 
leadership that too often permeates our movement, 
is trying to change the whole character and purpose of 
the movement as it exists at present, and develop real 
class organisations of the workers out to fight unitedly 
for a realisation of the immedate needs of the workers 
and finally to work and fight for the overthrow of 
Capitalism, and the establishment of Socialism, with 
real workers’ control of industry.” 





A “Council of Action” which has been formed at 
Paisley has drawn up «a plan of campaign which it is 
inviting trade union branches to endorse. It proposes 
a general strike with the General Council of the Trades 
Union Congress as co-ordinating authority, and one of 
the ten points of its programme reads as follows: “A 
pooling, in the form of loans to a central fund, of all 
available resources of all the unions for the purpose of 
financing the movement.” As the other points 
include (a) an agreement with the Co-operative Move- 
ment for food, and (6) the withholding of all rents and 
similar payments, the cost of the strike would be less 
than might otherwise be the case. The suggestion, 
however, that the pooling of the funds of all the 
unions would result in any considerable accumulation 
of money betrays a singular lack of knowledge of the 
financial position of the great majority of the unions. 
Some organisations, as a matter of fact, cannot at 
present pay donation benefit to their members, and 
oni “tiga A.E.U., for example—are only paying half 
benefit. 





Tue INsTITUTION OF ELECTRICAL ENGINEERS.—The 
annual conversazione of the Institution of Electrical 
Engineers was held on Thursday, the 2nd instant, at 
the Natural History Museum, South Kensington, the 
members being received by the President, Mr. W. B. 
Woodhouse, and Mrs. Woodhouse. A _ considerable 
portion of the museum was open for inspection and the 
members were further entertained by excellent musical 
programmes, but the main purpose of this function is, 
of course, to provide an opportunity for social inter- 
course, and in this respect it is probably the most im- 
ortant event of the year, as far as the electrical engineer- 
ing profession is concerned. Over 1,400 members and 
ladies were present, the attendance being quite up to 








‘Weir’ houses” has now reported. Its conclusions 





the standard of previous years. 
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THORNHILL POWER STATION EXTENSIONS. 

















Fig. 2.. Extrerior Virw. 
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Fic. 3. Tursrxz Room. 





power station. The switches are of the Reyrolle 
totallv-enclosed iron-clad pattern, with a rupturing 
capacity of over 500,000 kv.-a. at 11,000 volts. The 
control room shown in Fig. 5 is connected by a system of 
telephones and telegraphs with the turbine room, boiler 
houses, and the other power stations on the system. 
A large diagram of all the company’s distribution mains 
enables the control engineer to have before him the 
position of the controlling switches of all sub-stations 
and generating stations on the system. 

The net effect of the technical progress made since 
the station was opened may perhaps be best indicated 
by the fact that, whereas in the original station the 
coal consumption was 6 lb. per unit, the present station 
generates a unit for less than 2 lb. of coal. Considering 
that the station did not open till December, 1904, this 
is a striking advance, but even more striking is the 
history of the company’s progress during the same 
period. The company has been working for barely 
twenty-one years. It was started, indeed, in an area 
containing some 3,000,000 inhabitants and a large 
variety of industrial districts, but for the first fifteen 
years of its existence its progress, though steady, was 
slow. By the end of the fifteenth year it had invested 
something under 1,000,0001. of capital expenditure in its 
own undertaking and those of its allied companies. 
In the next six years, however, the investment had 
grown by over 2,000,000/. and, according to the pro- 
gramme that is actually being carried out, even this 
growth is small compared to what is actually in process 
of being carried out. The installation at Thornhill has 
at present plant for some 70,000 h.p., where on starting 
it had only 6,000 h.p. This capacity will be still 
further increased and the buildings reconstructed ; but 
the business assured by arrangements already made is 
such that in addition to its Barugh plant of 20,000 h.p., 
which is run wholly or mainly on coke-oven gas, it is 
constructing its great Ferrybridge station, on the 
Aire near Knottingley, where provision is being made 
for extension up to 200,000 h.p. 

The circumstances that have made this development 
possible are various, but in substances they come to 
this. The technical equipment has been so designed 
that the company can supply cheap current, the locality 
of the station so chosen that large users have arisen. 
It was not till 1905 that a worsted spinning mill was 
fitted to be driven electrically. The area is rich in 
industries to whom the company’s service is a source 
of convenience, saving and increased efficiency, and the 
variety of loads tends to improve the load factor and 
further reduce costs in a beneficent circle. Thus, for 
example, the gain in output and quality that has 
been shown to result from the steady running of an 
electrical drive has led it to be adopted in every branch 
of the textile trades. The absence of idle generating 
plant in slack times has led to a large introduction of 
electric running for all purposes in coal mines. The 
steel trade has found electric current of advantage for 
the heavy drives of its mills as well as for furnace work. 
The list could be extended considerably; and its 
length and variety suggests that the load factor of a 
station supplying trades so varied must be more 
favourable than that of a station with less varied cus- 
tomers, and its costs correspondingly increased. Among 
the 70 distributing undertakings in the company’s area 
many are glad to take their supplies in bulk from the 
company, and, as has been seen, the company has 
arranged with several cities to take current from them. 
The convenience and economy of electricity for the 
industrial and domestic needs of the population in the 
company’s area has been becoming rapidly better 
recognised, while with its increasing quantity and 
increasingly regular load, the company is gradually 
reducing its cost. At the moment transmission voltage is 
probably the least advanced feature of the system ; but 
it appears that arrangements are in progress to put in 
step-up transformers and carry current to sub-stations 
at 33,000 volts. We have to thank Mr. W. B. Wood- 
house, the President of the Institution of Electrical 
Engineers, and the engineer and manager of the com- 
pany, for the information and illustrations on which 
our account of the present state of this important 
station is based. 





INQUIRIES ON OVERSEAS COMMERCIAL MATTERS.— 
The Department of Overseas Trade, 35, Old Queen- 
street, London, S.W. 1 wishes to remind United Kingdom 
exporters requiring information on overseas commercial 
matters that it is always desirable to approach the 
Department rather than to write directly to the Depart- 
ment’s representative stationed in the market concerned. 
The information desired is frequently available in the 
Department itself, and direct application to the latter 
results in the saving of much time. In cases in which the 
information is not available, the Department takes 
immediate steps to secure it and to forward it to the 
inquirer. It is particularly emphasised that the method 
adopted by some firms of addressing the same inquiry 
simultaneously to the Department and to its overseas 
officers leads to delay and to unnecessary duplication of 
work. Inquirers will therefore find it to their advantage 
to proceed in the manner suggested above. 
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THE THREE-CYLINDER HIGH- 
PRESSURE LOCOMOTIVE.* 
By Hersert N. Gresvey, C.B.E., Member of Council. 


Tue Institution, in arranging the Summer Meeting 
this year at Newcastle-on-Tyne, has been actuated by 
a desire to pay a fitting tribute to its first president. 
This year marks the centenary of the greatest triumph 
of his distinguished career in the opening of the 
Stockton and Darlington Railway. The greatest 
feature of that triumph which is being celebrated 
was the successful evolution of his locomotive, which 
alone made possible the development of railways as 
a cheap and rapid means of transportation. It is, 
therefore, appropriate that a paper dealing with 
steam locomotives should be presented on this occasion. 
In the selection of the subject of Three-Cylinder 
High-Pressure Locomotives, the author has been 
actuated by the fact that this type is rapidly gaining 
favour in many parts of the world, and further, that 
its progenitor, the first three-cylinder locomotive, was 
designed by George Stephenson and built by Robert 
Stephenson and Son in Newcastle-on-Tyne in the year 
1846. 

Early History.—It cannot be said that he originated 
the idea, as a patent was taken out in 1839 by Isaac 
Dodds for a six-wheeled locomotive having three 
cylinders. The middle wheels were to be actuated by 
an inside cylinder fitted under the smoke-box, and the 
leading wheels by two outside cylinders fastened to 
the rear end. There is no record, however, that an 
engine of this design was ever built. The credit, 
therefore, for the design and construction of the first 
three-cylinder locomotive must be given to George 
Stephenson, who, jointly with one of his assistants— 
William Howe—took out a patent in 1846. Two 
engines were built to this design in that year for the 
York, Newcastle and Berwick Railway. 

These engines had two small outside cylinders and 
one large inside cylinder, the capacity of the two 
outside being together equal to that of the inside 
cylinder. Both outside connecting rods were attached 
to crank-pins, which coincided with each other; thus 
these pistons moved simultaneously in the same 
direction, the object of this arrangement being to 
remove any tendency to rolling, also to any lateral 
swaying of the front end of the engine, sometimes 
known as “nosing.” Rolling of the engine was attri- 
buted to the alternating upward thrust of the cross- 
heads on the slide bars, and nosing at slow speeds to 
steam being admitted to the front of the pistons 
alternately, and at higher speeds to the unbalanced 
reciprocating weights. 

The Newcastle Chronicle of May 7, 1847, describes 
a run from London to Birmingham that occupied 
two hours and 20 minutes, but the running time of 
which, gafter deducting stoppages, was only about 
two hours. One of these three-cylinder engines, which 
had been lent to the London and North Western 
Railway, worked the train from Wolverton to 
Birmingham, and ran the first 41 miles in 42 minutes. 
It is very remarkable that the first three-cylinder 
locomotive, built nearly 80 years ago, ran a train 
at a speed only equalled by the fastest trains which 
are running to-day. 

One of these engines was rebuilt about seven years 
later with a shorter boiler, and the fire-box placed 
between the driving and trailing wheels. There is 
not much known about this engine, but it was very 
favourably commented on for its steady riding, and 
was selected for working Royal trains between York 
and Berwick when Queen Victoria travelled by the 
East Coast route. It is of interest to note that these 
engines had only two valve gears, the slide valves of 
the two outside cylinders being operated simultaneously 
by a rocking shaft connected to the expansion link 
on one side only. 

In 1868 a three-cylinder six-wheel coupled engine 
was designed and built on the Blyth and Tyne Railway. 
This had the same crank disposition as Stephenson’s. 
It was built for mineral traffic, but it was found that 
the boiler was not capable of feeding the three cylinders, 
ar it was eventually -ebuilt with two cylinders 
only. 

The next three-cylinder high-pressure engines of 
which there is any record were four built for the Penn- 
sylvania Coal Company about 1879; they were small 
four-wheel coupled shunting engines. About ten years 
after, the same company built a small three-cylinder 
passenger engine, but details of this arelacking. About 
1894 the Erie and Wyoming Railway had three 2-6-0 
three-cylinder locomotives built for them by the Bald- 
win Company. The cylinders were of equal diameter 
and the cranks set at 120 deg. ; they are stated to have 
done good work, but there was trouble with the crank- 





* Paper read before the Institution of Mechanical 
Engineers, in Newcastle, on Tuesday, July 7, 1925. 
Abridged. 
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axles, and American opinion not being in favour of 
these, they were rebuilt as two-cylinder engines. 

It was not until 1902 that there was any further 
development in the construction of three-cylinder simple 
engines. In that year Mr. James Holden, of the Great 
Eastern Railway, produced a remarkable experimental 
0-10-0 tank-engine for use on suburban traffic, which 
was to give an acceleration up to 30 miles per hour in 
30 seconds, equal to that of any electric service. Rapid 
acceleration was obtained, but for several reasons the 
experiment was abandoned, and the engine converted 
into a two-cylinder coal engine. During the same year 
the Berlin Metropolitan Railway obtained twelve 
2-6-2 tank-engines, but these proved to be unsatis- 
factory, and were converted six years later into two- 
cylinder engines. Up to this time it will be noted that 
three-cylinder simple engines has not given such results 
as to justify their higher cost and greater number of 
working parts. Generally speaking, the boilers were 
too small, and they cannot be regarded as having been 
successful locomotives. 


Recent Developments.—Since 1907 there has been a 
rapid development in this country, and more recently 
this development has extended to the Continent and 
America. The reason for this is not far to seek. Owing 
to greater demands for power and the limitations of load 
gauges, there was increasing difficulty in getting the 
power required from two cylinders only, and already 
several four-cylinder engines had been built and proved 
satisfactory. They were very little better than two- 
cylinder engines so far as turning effort was concerned, 
and having four cylinders and pistons were costly to 
build. 

Realising the advantages which the three-cylinder 
arrangement gave, Mr. J. G. Robinson, of the Great 
Central Railway, in 1907, introduced some heavy 
tank-engines having this cylinder arrangement with 
cranks at 120 deg., for propelling heavy mineral trains 
over the humps of the Wath Concentration Yard, which 
had just been opened. Four engines only were built, 
but they proved to be most satisfactory for the work 
required, and are in use to this day. An “ Atlantic’ 
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engine was subsequently converted to three high- 
pressure cylinders, but the arrangement was not 
successful. 

In 1909 the Philadelphia and Reading Company built 
one 4-6-0 and two “ Atlantic” type three-cylinder 
engines, but no further examples were built. 


** Atlantic” type three-cylinder express passenger 
engines, of which there are now fifty in service. Subse- 
quently he applied this system to 4-4-4 passenger tank- 
engines and heavy 0-8-0 main line mineral engines, and 
4-6-0 express goods-engines, and finally two 4-6-2 
‘“‘ Pacific” type express engines. Under his direction 


APPENDIX I. 


1915 he designed an arrangement which will be des- 
cribed later, overcoming the objection referred to, and 
in 1918 the first three-cylinder simple engine with two 
main valve-gears only was put into service on the Great 
Northern Railway. This was a 2-8-0 type mineral 
engine. Engines of a similar type and power with two 


CoMPARATIVE TESTS WITH 2- AND 3-CYLINDER “ ATLANTIC”? ENGINES BETWEEN EDINBURGH AND NEWOASTLE, 1924. 
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. Average 
No. Dis- Pressure. 
Record Weight.| of Un- | No. of tance | Speeds. | Speeds. | Average | Average | Average Lb. per sq. in. Average 
No. Date. Train. Tons. | booked | Signal in M.P.H. | M.P.H.| Draw- | Draw- Super- Cut Off. Weather. 
Stops. | Checks. | Miles. | Booked.| Actual. | bar Pull.) bar H.P.| heat. Per cent. 
Tons. Deg. F. | Boiler. Steam- 
Chest. 
Engine |No. 701, | Type C.| 6 (two-jcylinder), 
1001 Sept.22 | 11.42 a.m. ex Newcastle .. | 362-5 — 1 122 47-55 46-9 1-64 459 _ 172 120 45 Showery. Strong wind. 
1002 Spal 5.55 p.m. ex Edinburgh .. a 1 — re n 46-7 1-54 429 610 172 120 40 ve ee 
1003 » 23 | 11.42 a.m.ex Newcastle .. He 1 _ ss "9 48-2 1-54 445 598 168 133 36 Wet. Moderate wind. 
1004 A ee 5.55 p.m. ex Edinburgh .. Me — 2 _ re 45-9 1-50 411 591 169 130 40 6 aa 
1005 » 24 | 11.42 a.m. ex Newcastle .. ¥ — 1 re 99 45-9 1-60 440 599 165 130 36 Fine. Calm. 
1006 ase ae 5.55 p.m. ex Edinburgh .. a — 2 , ” 45-2 1-56 423 597 169 128 36 as a 
1007 » 25 | 11.42 a.m.ex Newcastle .. cS —_— 1 ” ” 46°3 1-43 396 595 169 126 36 ” » 
1008 ia dee 5.55 p.m. ex Edinburgh .. pe 1 _ aa ” 46-3 1-45 402 598 171 127 40 * a 
1009 » 26 | 11.42 a.m. ex Newcastle .. a — 1 + ’ 46°7 1:53 429 611 171 126 40 99 , 
1010 -— “a 5.55 p.m. ex Edinburgh .. pi 1 2 ‘a se 44-5 1-45 387 596 171 128 36 is wi 
Engine |No. 729, | Type C.|7 (three-|cylinder). 
1011 Sept.29 | 11.42 a.m. ex Newcastle .. | 364-8 2 1 122 47°55 45-5 1-78 483 554 168 133 36 Fine. Calm. 
1012 ee 5.55 p.m. ex Edinburgh .. oe — 2 ” ” 44-8 1-79 480 551 170 132 36 ee ia 
1013 » 30 | 11.42 a.m. ex Newcastle .. res — 1 ” ” 46°8 1-54 432 554 169 123 34 ” ” 
1014 ae 5.55 p.m. ex Edinburgh .. = a 2 ‘+ ” 47-0 1-55 435 541 169 119 34 Showery. _,, 
1015 Oct. 1 | 11.42 a.m. ex Newcastle .. we 1 2 a ” 44-3 1-65 436 552 167 125 34 Fine. 1” 
1016 ae 5.55 p.m. ex Edinburgh .. ee _ 2 ” * 44-1 1-72 453 547 169 125 34 oa aa 
1017 He 2 | 11.42 a.m. ex Newcastle .. Rn — 3 we “ 46-1 1-51 416 554 168 122 34 Showery. _,, 
1018 ag)? 5.55 p.m. ex Edinburgh .. mi — 1 ” a 45-1 1-67 449 550 170 115 34 Fine. ea 
1019 i 11.42 a.m. ex Newcastle .. re — 1 pa a 46-4 1-75 483 552 169 131 32 ie ye 
1020 ne Pe 5.55 p.m. ex Edinburgh .. —_ 3 ” - 47-4 1-68 478 546 168 123 32 ‘- a 
Water on Trip. Pounds of North Walbottle Coal used on Trip. Evaporation. 
Gallons. Per Per Pounds of 
Record Pounds Pounds Per 1,000 8q. foot | sq. foot Water per 
No. per per square foot Eng. and | Per 1,000 Per of of Feed pound of Coal. 
Per 1,000 | Per 1,000 Draw- of Heating Train- Train- Per Per Draw- | Heating| Grate | Water 
Per Per Eng. and Train- bar, Surface ton-miles. | ton-miles. | Mile. Hour. bar, Surface DF an Temp. 
Total. Mile. Hour. Train- ton-miles. | H.P.-hr. per Hour. H.P.-hr. per our. bal pS From 
ton-miles. : Hour. Actual. | and at 
212°F. 
Engine No. 701, | Type C 6 (|2-cylinder). 
1,001 5,316 43-5 2,042 89-9 120-0 44-5 10-88 
1,002 5,088 41-68 | 1,945 86-2 115-0 45:3 10-37 123-7 165-1 59-8 2,801 6-3 1-49 | 103-7 54 7-12 9-62 
1,003 4,829 39-55 | 1,902 81-7 109-1 42-8 10-14 
1,004 4,788 39-22 | 1,800 81-0 108-2 43-8 9-60 109-0 145-5 52-7 2,480 5-8 1-32 91-8 53 7°47 10-05 
1,005 4,938 40-43 | 1,854 83-5 111-6 42-1 9-88 
1,006 5,063 41-49 | 1,877 85-7 114-5 44°3 10-01 114-5 152-8 55-4 2,523 5-84 1-35 | 98-4 54 7°39 9-97 
1,007 4,980 40-75 | 1,888 84-26 112-5 47-7 10-07 
1,008 5,050 41-35 | 1,914 85-41 114-1 47°5 10-2 111-6 149-0 54-1 2,501 6-26 1-33 | 92-6 54 7°58 | 10-20 
1,009 5,156 42-17 | 1,971 87-2 116-4 46-0 10-51 
1,010 5,160 42-28 | 1,880 87-3 116-6 48-6 10-02 120-7 161-0 58-4 2,660 6:54 1-42 98-6 54 7-23 9-76 
Engine No. 729, | Type C. 7 (|3-cylinder). 
1,011 5,139 42-08 | 1,913 86-5 115-3 39-6 10-2 103-8 138-5 50-5 2,281 4-76 1-22 | 84-4 54 8-14 | 10-77 
1,012 4,901 40-15 | 1,800 82-5 110-1 37-5 9-6 
1,013 4,519 36-98 | 1,732 76-1 101-4 40-0 9-24 92-9 124-0 45-2 2,121 4-89 1-13 78:5 55 7°88 | 10-38 
1,014 4,185 34-26 | 1,610 70-4 94-0 37-0 8-58 
1,015 4,615 37°8 1,674 77-7 103-6 38-4 8-93 97-1 129-4 47-2 2,089 4-70 1-11 77-4 53 7-96 | 10-53 
1,016 4,568 37-4 1,648 76-9 102-5 36-5 8-79 
1,017 4,394 36-0 1,660 73-9 98-6 39-9 8-85 86-4 115-4 42-1 1,918 4-43 1-02 71-1 54 8-39 | 11-08 
1,018 4,227 34-62 | 1,559 71-1 94-9 34-7 8-32 
1,019 4,356 35-68 | 1,656 73°3 97-8 34-3 8-83 88-9 118-6 43-2 2,030 4-23 1-08 75-2 54 8-21 | 10-85 
1,020 4,318 35°35 | 1,677 72:7 96-9 35-1 8-95 





















































Fig. CURVES SHOWING MAXIMUM,MEAN & MINIMUM CRANK EFFORT DURING ONE 
; 9 REVOLUTION FOR 2,3 &4 CYLINDER ENGINES OF EQUAL CYLINDER VOLUMES & PRESS URES. 
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_ The recent development of the use of three-cylinder 
simple engines in England is due principally to the 
initiative of the President, Sir Vincent Raven, on the 
North Eastern Railway. Realising the benefits which 
obtained with this arrangement, in the year 1909 he 
built ten 4-8-0 heavy tank-engines, and in 1910 twenty 
4-6-2 tank-engines for heavy mineral working. The 
following year he introduced the well-known 4-4-2 
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212 three-cylinder simple engines were built for the 
North Eastern Railway from 1909 to 1922. 

The author had for some years appreciated the advan- 
tages to be gained by this system, but felt that if two 
instead of three main valve-gears could be used, as in 
the two- and four-cylinder engines, one of the principal 
objections which from time to time has been urged 
against three-cylinder engines would be removed. In 


cylinders had been running for a few years on that 
system, but the improved results obtained in the matter 
of fuel consumption, maintenance costs, and general 
reliability were such that no more two-cylinder engines 
have been constructed for this service, and the three- 
cylinder type has been adopted. wr 

In 1920 the author built ten powerful 2-6-0 type 
three-cylinder express goods-engines having coupled 
wheels 5 ft. 8 in. in diameter, and boilers 6 ft. in dia- 
meter. For a period these engines worked the heaviest 
express passenger trains up to 600 tons in weight, and 
attained speeds over short sections up to 75 miles per 
hour with such trains. 

Subsequently in 1922 he introduced the three-cylinder 
“ Pacific” 4-6-2 type of express passenger engine, of 
which there are now 52 in service on the London and 
North Eastern Railway. All these engines wero fitted 
with the author’s valve gear previously 1eferred to. 

In 1921 and 1922 three-cylinder simple engines were 
introduced by Mr. Pickersgill on the Caledonian 
Railway, and by Mr. Maunsell on the South Eastern 
and Chatham. 

The greatest development, however, has been in 
Germany, commencing during the latter part of the 
war, and the author is given to understand that large 
numbers of three-cylinder simple engines are now 
working in that country. These engines were fitted 
with two main valve-gears only, differing in arrangement 
but embodying the principle of the author’s gear. In 
America the American Locomotive Company have built 
several very powerful engines, principally of the 
4-8-2 and 2-8-2 types, for the Lehigh Valley, New 
York Central, and other railways, utilising this gear. 
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Three-cylinder engines are also being introduced on 
railways in South America, Denmark, Sweden, Spain, 
and Manchuria. 

Tests with Three-Cylinder Engines.—It is evident 
from the development described above that the advan- 
tages of three-cylinder simple engines are being uni- 
versally realised. In order to ascertain the extent of 
these advantages, the author has carried out trials 
between two- and three-cylinder express passenger 


15 miles of an average of 1 in 200, directly after the 
speed restriction at Berwick. On the up journey there 
are 4 miles of 1 in 96 and about 2 miles of 1 in 150. 
The engines selected for test were in good running 
order, the three-cylinder engine having run 17,791 miles 
since last general repair, and the two-cylinder engine 
17,596 miles. The same driver and fireman worked 
both engines. Each: engine was tested for five days 





with trains weighing about 360 tons, including dynamo- 





start on a gradient of 1 in 200. . The measuring spring 
on the dynamometer-car has a clear range of 18 tons 
before coming to the end of its stroke, and was pulled 
right out to this load when starting. The same driver 
and fireman were employed throughout on these 
tests, and the coal and water used compared with the 
work given out at the draw-bar and with the weight of 
the train. Brief particulars are shown in Table ITI. 
The economy in coal consumption found by these tests 




































































APPENDIX II. 
CoMPARATIVE TESTS WITH 2- AND 3-CYLINDER 2-8-0 ENGINES BETWEEN PETERBOROUGH AND LONDON, FEBRUARY, 1925. 
Average 
Dis- Average Pressure. 
No. of | No. of tance | Speeds Speeds Draw- | Average | Average} .Lb. per sq. in. | Average 
Record | Date. Train. Weight. Un- Signal in M.P.H.| M.P.H. bar Draw- | Super- |... Ss «Cut OFf~”. Weather. 
No. Tons. | booked | Checks.| Miles. | Booked.| Actual. Pull. bar heat. Per 
Stops. Tons. H.P. | Deg. F. Steam- | cent. 
Boiler. | Chest. 
Engine |No. 3466,|Type 0-1 (|2-cylinde/r). 
1039 Feb. 17 9.30 a.m. ex Peterborough 1,304 3 1 73°5 11-3 12-95 4°67 361 499 161 109 47 .Fine. Mod. 8.W. Wind. 
1040 » 18 | 10.15 a.m. ex Clarence Yard 410 1 5 74-7 13-8 18-95 2°53 286 503 161 65 45 Fine. Mod. W. Wind. 
1041 wo 9.30 a.m. ex Peterborough 1,317 3 _— 73°54 11-3 13-53 4°35 351 501 166 106 47 Fine. Mod. W. Wind. 
1042 », 20 | 10.15 a.m. ex Clarence Yard 424 2 1 74°35 13-8 21-6 2-36 304 483 165 47 Fine. Calm. 
* Engine |No. 3479,|Type 0-2 (|3-cylinde|r). 
1043 Feb. 24 9.30 a.m. ex Peterborough 1,305 5 2 73°55 11:3 13-57 4°69 381 525 163 113 47 Wet. Strong S.E. Wind. 
1044 » 25 | 10.15 a.m. ex Clarence Yard 420 3 3 75-62 13-8 21-6 2-10 270 528 163 66 47 Wet. Strong S.E. Wind. 
1045 », 26 | 9.30 a.m. ex Peterborough 1,325 7 2 73-5 11-3 13-76 4°95 407 546 162 114 47 Wet. Strong 8.W. Wind. 
1046 » 27 | 10.15 a.m. ex Clarence Yard 422 3 9 75-5 13-8 20-3 2-16 262 622 161 63 47 Wet. Strong 8.W. Wind. 
Water on Trip. Pounds of Pleaseley Coal used on Trip. Evaporation. 
Gallons. Per Lb. of 
Recor Lbs. per Per 1,000 Per sq. foot Per Water per 
No. Lbs. per | square foot | Eng. and | 1,000 Per of sq. foot | Feed- Ib. of Coal. 
Per 1,000 Drawbar, | of Heating Train- Train- Per Per Draw- | Heating of Water |———_ —_—_—_—_- 
Per Eng. and | Per 1,000 H.P.-hr. Surface ton- ton- Mile. Hour. bar, Surface | Grate | Temp. From 
Total. Per Hour. Train- Train- per Hour. miles. miles. H.P.-hr.| per per Deg. F. | Actual. | and at 
Mile. ton-miles. | ton-miles. Hour. Hour 212° F. 
Engine No. 3466, |Type 0-1 (/2-cylindejr). 
1039 6,500 88-5 1,146 62-4 67:9 31-7 4-65 103-6 112-6 146-7 1,901 5-26 0-77 69-1 50-0 6-03 7°83 
1040 4,377 58-6 1,109 pe ie 142-7 38-8 4-51 155-0 197-3 80-9 1,534 5°36 0-62 55-8 48-5 7:24 9°43 
1041 6,150 83-6 1,130 58-5 63-6 32-2 4-59 95-0 103-1 135-8 1,836 5-23 0-75 66-8 50-0 6-16 8-00 
1042 3,975 53°5 1,153 99-8 126-0 37-9 4-68 129-2 163-2 69-3 1,496 4-92 0-61 54:4 50-0 7°72 9-95 
Engine No. 3479, |Type 0-2 (|3-cylindejr). 
1043 5,985 81-4 1,105 57-5 62-5 29-0 4-49 98-8 107-4 140-0 1,900 4-99 0-77 69-1 49-0 5-82 7:63 
1044 8,415 45-2 975 84-8 107-4 36-0 3-96 111-8 141-8 59°6 1,286 4°75 0-52 46-7 49-0 7°57 9-95 
1045 5,940 80-8 1,112 56-3 61-1 27°3 4-52 94-2 102-2 135-3 1,861 4-58 0-76 67-7 52-0 5-97 7-89 
1046 3,480 46-1 936 86-2 109-1 35-7 3-80 113-8 144-0 60-9 1,235 4°71 0-51 44-9 56-5 7°58 9-88 
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Variation in Tractive Effort at Rims of Wheels for One Revolution with 
Two, Three and Four-Cylinder Engines of Equal Cylinder Volume. 
Boiler pressure, 180 lb. per sq. in. ; stroke, 28 in.; wheel diameter, 

56 in.; cut-off, 75 per cent.; connecting-rod, eight times crank 


radius ; adhesive weight, 70 tons. 


engines of similar type and power, also between two- 
and three-cylinder mineral engines of the 2-8-0 type, 
which are identical in every respect other than the 
arrangement of the cylinders. 

Table I, on page 61, gives the particulars of the 
engines tried. Dynamometer-car records were taken 
showing the variation in the draw-bar pull; particulars 
were also taken of the coal and water consumed and 
train loads; details are given in Appendices I and II 
{pages 59-60). 

The ‘ Atlantic ’ engines have been tested on express 
passenger trains between Newcastle and Edinburgh, the 
distance of the run being 122 miles. This line contains 
some fairly heavy gradients, especially north of Ber- 
wick, and there are a good number of speed restrictions. 
‘On the down trip there are 4 miles of 1 in 170 and about 
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Variation in Tractive Effort at Rims of Wheels for One Revolution with 
Two and Three-Cylinder Engines of Equal Stroke, but Diameter of 
Cylinders Varied so that the same Maximum Effort is Attained 


Boiler pressure, 180 lb. per sq. in.; stroke, 28 in.; wheel diameter, 56 in. 


meter-car. The coal and water consumptions were 
taken in relation to the drawbar horse-power and 
weight of train, with the results shown in Table II. 

The eight-coupled mineral engines were tested 
between Peterborough and London, the distance of 
the run being 74 miles. Each engine was tested four 
days, two up-trips being made with coal trains weigh- 
ing about 1,300 tons gross, and two down-trips with 
empty wagons weighing about 420 tons. Both engines 
were in a good state of repair, the mileage with the 
two-cylinder engine being 20,298, and with the three- 
cylinder one 22,782. 

There are some long gradients of 1 in 200 on the up- 
trip, which entail hard pulling, considering the weight 
of the trains. A stop has to be made for water at Cam- 








bridge Junction, just before Hitchin, necessitating a 








is borne out by the average figures compiled from results 
of daily operation. 

The two- and three-cylinder ‘‘ Atlantic ’’ engines pre- 
viously referred to, of which particulars are given in 
Table I., are employed in working the Scotch expresses 
and other important main-line trains. There are 
twenty of the two-cylinder type and fifty three-cylinder 
ones. ‘Taking the average coal consumption of all 
these engines for the whole of the year 1924, con- 
clusively shows the advantage of the three-cylinder 
arrangement, the saving in coal being 13} per cent. 

The eight-coupled mineral engines shown in Table I. 
are employed in working heavy coal trains from Peter- 
borough to London and returning with empty wagons. 
There are sixteen of the two-cylinder class and twenty- 
two of the three-cylinder class employed on this service. 
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Taking the average of all these engines for the year 
1924, the three-cylinder engines show a saving of 7 per 
cent. The difference is less than with the passenger 
engines, and is to a certain extent due to the fact that 
the engines are working heavy coal trains of 1,200 to 
1,300 tons in one direction only, the return trips being 
with about 450 tons of empty wagons; also that the 
coal engines did not have through runs, having to be 
stopped and shunted for more important traffic, as the 
line over which they work is congested and frequent 
delays occur. 

It may be of interest to note that the fuel consump- 
tion of ninety-three superheated two-cylinder ‘‘ Atlan- 
tic’? engines during the whole of the year 1924, 
working over the section of the railway between York 
and London, averaged 51-1 Ib. per mile, but the con- 
sumption of twenty-two superheated three-cylinder 
“Pacific” engines of 50 per cent. greater power, 
running over the same section, averaged 54 lb. per 


Fug.4. CHARACTERISTIC DRAWBAR PULLS AT SLOW SPEEDS 
WITH 2&3 CYLINDER PASSENGER ENGINES, 





greatest fluctuation with the three-cylinder engine is 
10 per cent. from the mean, whereas it is 25 per cent. 
with the two-cylinder one, and 16 per cent. with the 
four-cylinder. It is interesting to note that the 
fluctuation with the four-cylinder engine is the same for 
all ratios of connecting rod to crank, the opposing rods 
neutralising the effect of obliquity. 

In order that the cylinder tractive effort may be fully 
utilised, it is necessary to have adequate weight for 
adhesion on the coupled wheels so that slipping does not 
occur. This adhesive weight, divided by the cylinder 
tractive effort, is usually referred to as the adhesion 
factor, and experience with two-cylinder engines has 
shown that it should not be less than about 44. Owing 
to the fluctuation in crank effort, it is evident that the 
actual adhesion factor is variable throughout one revo- 
lution, but as these fluctuations are similar with similar 
types of engines, the factor derived from the cylinder 
tractive effort is a useful basis of comparison, but cannot 

















maximum peaks of the curve are as high as the’ maxi- 
mum with the two-cylinder engine. The mean effort. 
is 16 per cent. greater than the mean with the two- 
cylinder engine, with no greater tendency to slip and 
no greater weight on the coupled wheels, also the 
minimum points are 30 per cent. higher than with’ the 
two-cylinder engine. 

Referring again to Fig. 3, a curve for a three-cylinder 
engine cutting off at 65 per cent. is shown, the cylinder 
volume being 23 per cent. more than that of the two- 
cylinder engine, so that the maximum peaks are the 
same. The mean effort is 16 per cent. greater and the 
minimum 26 per cent. greater. It is therefore quite 
possible to have an earlier cut-off in full gear with a 
three-cylinder engine with no dead-centre trouble. 

The effort at the draw-bar will fluctuate in a similar 
manner to that at the treads of the driving wheels. If 
engines with the dimensions shown in Figs. 2 and 3 were 
available, it would be possible to produce the corre- 


1g.5. CHARACTERISTIC DRAWBAR PULLS AT SLOW SPEEDS 
WITH 2&3 CYLINDER MINERAL ENGINES, 2-8-0 TYPE. 
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& 6 REGrank on Front Centre |0 R.HGrank on Front Centre 
— - ar — _— ve v — ig 
RECrank on Front Centre ~ 5 R.H.Crank on Front Centre ; : - 
te 2 CylinderEngine 3 Cylinder Engine 
Speed 4-5 Miles per Hour: gis Speed 4:3 Miles per Hour. 3 +7 
Cut-off 75 per Cent. S| Cut-off 65 per Cent. 6 
Steam Chest Pressure 170Lbs. %& P Steam Chest Pressure 170 Lbs. Il. 
per Sq.Inch. pS | a al 5g. Inch. S , 
9127-0] 0 ETE Speed 3 Miles per Hour | ls Speed 3 Mules per Hour 
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mile, although the latter engines were engaged on much Steam Chest. Fress.10Lbs per Sq, hi 2 Steam Chest Press.110Lbs.per Sq In. 
heavier and faster work, indicating that there is little I, 
difference in the coal consumption of a two-cylinder 
“* Atlantic’? and a three-cylinder “ Pacific.” THT} 0. ee 


Uniformity of Starting Effort.—Three-cylinder engines 
show a marked superiority over the two-cylinder type 
in giving a more uniform starting effort. In starting a 
heavy train from rest, the ideal condition is a perfectly 
uniform turning moment at the wheel rim. With a 
widely fluctuating crank effort, in some positions the 
engine may be unable to start, and at other crank 
angles the effort may be so much in excess of the mean 
that the limit of adhesion is passed and slipping 
commences. 

The relative starting efforts of two-, three-, and four- 
cylinder locomotive, as shown in Figs. 1, 2 and 3, are 














Taste I, 
4-4-2. 2-8-0. 
Leading Particulars. 
Two- Three- Two- Three- 
Cylinder. | Cylinder.| Cylinder.) Cylinder. 
Heating surface, sq. ft.— 
Fire-box es .-| 185-0 | 185-0} 163-5) 163-5 
Tubes a 763°9 | 763-9 | 1340-5 | 1340-5 
Flues... a 534-5 | 584-5] 528-0 | 528-0 
Total evaporative 1483-4 | 1483-4 | 2032-0 | 2032-0 
Superheater 392-0 392-0 430-5 430-5 
Total . ae ..| 1875-4 | 1875-4 | 2462-5 | 2462-5 
Grate area .. 8q. ft. 27 27-0 27°5 27-5 
Boiler pressure 
Ib. per sq. in. | 175 175 180 180 
Cylinders— 
Diameter in. 194 16} 21 184 
Stroke .. a a 28 26 28 26 
Volume.. cub. ft. 9-68 9:66} 11-23 12-14 
Cut-off per cent. in full = 
forward gear we 75 65 7 75 
Crank angle -. deg. 90 120 90 120 
Driving wheels diameter 
in. 82 82 56 56 
Weight of engine and 
tender .. .. tons| 121-5] 1238-7] 119-3] 118-9 
Weight on coupled wheels 
tons 40-2 39°8 67-4 67:4 














based on the first few revolutions from rest with full 
steam pressure on the pistons, the regulator being full 
open and the reversing lever in full forward gear. 

In Fig. 1 are shown calculated maximum, mean and 
minimum values of crank effort for all ratios of con- 
necting rod to crank during one revolution with two-, 
three-, and four-cylinder engines of equal cylinder 
volume, all cutting off at 75 per cent. of the stroke and 
being identical in all respects, except cylinder arrange- 
ment. The maximum and minimum values are shown 
as plus and minus percentages of the mean. 

The much more uniform turning moment given by 
the three-cylinder engine is clearly shown, for example, 
with an.8 to 1 ratio of connecting rod to crank; the 





be truly applied when comparing two-cylinder engines 
with other types. 

In Fig. 2 are shown the calculated efforts at wheel 
tread during one revolution of powerful eight-coupled 
locomotives, such as would be used for hauling heavy 
mineral traffic. The curves for two-, three-, and four- 
cylinder locomotives of equal cylinder volume are 
shown, and from the particulars it will be seen that the 
locomotives are similar except for the cylinder arrange- 
ment. It will be noted that the two-cylinder engine has 
one very high maximum peak and one minimum one. 























TaBLeE II. 
Two- Three- 
Coal and Water Consumption. .| Cylinder Cylinder 
** Atlantic.” | ‘‘ Atlantic.” 
Coal, lb.— 
Per draw-bar horse-power-hour ,, 6-15 4-6 
Per 1,000 ton-train-miles . . ; 154-7 125-2 
Water, gallons— 
Per draw-bar horse-power-hour , . 4-52 3°73 
Per 1,000 ton-train-miles . . 113-8 101°5 
TaBLeE III. 
Two- Three- 
Coal and Water Consumption. Cylinder Cylinder 
2-8-0. 2-8-0. 
Coal, Ib.— 
Per draw-bar horse-power-hour .. 5-19 4-76 
Per 1,000 ton-train-miles. . 4 144-1 123-9 
Water, gallons— 
Per draw-bar horse-power-hour . . 3°51 3-2 
Per 1,000 ton-train-miles . . a 100-0 84-9 











The four-cylinder engine has four maximum and four 
minimum peaks. The three-cylinder engine has three 
maximum and three minimum peaks, and gives much 
less fluctuation than either the two- or four-cylinder 
engines. 

It is evident that if the three-cylinder curve is raised 
so that its maximum point corresponds to that of the 
two-cylinder, a greater mean tractive effort will be 
obtained with no greater tendency to slip. 

In Fig. 3 (page 60) are shown the calculated efforts 
at wheel tread for the two-cylinder engine as shown in 
Fig. 2, together with curves for three-cylinder engines 
having the same maximum effort. 

Referring to the one with 75 per cent. cut-off, the 
cylinder volume is increased by 16 per cent., so that the 





sponding draw-bar pull curves experimentally on a 
stationary testing plant. 

Dynamometer-car records have been taken with 
the two- and three-cylinder 4-4-2 and 2-8-0 engines: 
referred to in Table I at very slow speeds with 
a sufficiently open scale to show the fluctuations. 
per revolution. The records are not the same as 
would be obtained on a stationary testing plant, 
because the kinetic energy of the engine appreciably 
affects the shape of the curve, tending to smooth 
out the extreme fluctuations even at speeds as low 
as 3 miles per hour. It was not found practicable 
to obtain satisfactory records showing each impulse: 
at.speeds lower than this. The results are, however, 
relative. All the curves were produced with the 
regulator full open and the reversing lever in full 
forward gear, the maximum effort with each loco- 
motive being obtained and the load adjusted so that 
a slow steady speed was maintained. As the engine 
draw springs would damp out the fluctuations in pull, 
they were removed and solid blocks substituted, thus 
giving an unyielding connection between driving-wheeF 
and dynamometer-car measuring spring. 

In Fig. 4 are shown the results obtained with the 
4-4-2 type locomotives, on Fig. 5 those obtained from 
the 2-8-0 type, and they constitute a practical proof 
of the previous reasoning. 


(To be. continued.) 





ELECTROLYTIC TUNGSTEN.—In the laboratories of the 
Philips Electric Lamp Works at Eindhoven, Netherlands,. 
successful experiments have been made by J. A. M. van 
Liempf on the often attempted electrolytic reduction of 
fused tungstates. Alkali tungstates have high melting 
points (750 deg. C. to. 950 deg. C.) and the electrolysis of 
the sodium tungstate generally used had to be conducted at 
about 900 deg. C. by current of 10 amperes to 80 amperes. 
per square decimetre. By using mixtures of several 
tungstates (lithium, sodium and potassium), the melting 
point can be lowered to 400 deg., but the tungsten de- 
posited, always powdery, was then very finely distributed 
and metallic fogs were formed. The crucibles were made 
of iron, ferrochrome or nichrome, or Battersea graphite 
(Zeitschrift fiir Hlektrochemie, May). The tungstate 
should be neutral for this electrolysis. When the 
tungsten was to alloy with the cathode of nickel or 
copper, acid tungstates proved advantageous. The 
films obtained varied dt in colour, but were always 
very thin; with prolonged electrolysis the tungsten 
became loose, but thicker deposits could be obtained by 
polishing and electrolysing again. Single crystals of 
tungsten have also been made to grow electrolytically, 
but only slightly. 
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‘* ENGINEERING ’’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where it ti are ted from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2., at 
the uniform price of 18. 

The date of the advertisement of the pt of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ** Sealed’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the ti of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentio: in the Acts. 





lot, 








GAS ENGINES, PRODUCERS, HOLDERS, &c. 


228,261. G. M. Blackstone, Stamford, F. 
Carter, Stamford, and E. Carter, Stamford. 
Internal-Combustion Engines. (2 Figs.) October 
31, 1923.—The invention relates to apparatus for in- 
jecting liquid fuel into the combustion chambers of in- 
ternal-combustion engines of the type in which the fuel 
in liquid form, without any admixture of spraying air, 
is injected by the movement of a plunger at or near the 
end of the compression stroke. The improved apparatus 
provides means for injecting the liquid fuel quickly 
and evenly when the engine is running slowly (as at 
starting) as well as when running at full or intermediate 
speeds, so that the point of commencement of injec- 
tion is approximately the same whether a full or a 
light charge is to be injected, and so that the point of 
cut off or completion of injection shall vary with the 
quantity injected, in order that the combustion shall 
be at constant pressure rather than at constant volume. 
ais acombustion chamber. cis aninjector valve pressed 
on its seat by a spiral spring c?. d is an oil chamber 
to which fuel is delivered by a governor pump through 
@ non-return valve. This chamber d communicates 





& (228.261) 


with an annular chamber c* around the valve c. d5 
is an injector plunger acted upon at its outer end by a 
spring plunger e surrounded by the spring e! normally 
held in partial compression. e4 is a cap adapted to be 

d inwards on the plunger e bya leverf. his a lug 
on the lever f adapted to take the pressure of a spring 
h2 off the valve c. The operation is as follows :—At 
any suitable point in the cycle, fuel is delivered to the 
chamber d thereby moving the plungers d3 and e out- 
wardly. At this time, the lever f is moving towards the 
outward end of its travel. During the return movement 
of the lever, the cap e4 is forced inwardly (as shown in 
Fig. 1), compressing the spring e! against the resist- 
ance of the oil which is held from escaping into the 
combustion chamber by the valve c. When near the 
inward end of its stroke, the lever f takes the force of the 
spring h? off the valve, allowing it to open against the 
pressure of the spring c?, whereupon the plunger spring 
el forces the oil through the valve into the combustion 
chamber. It will be seen that the injection always 
starts at the same point in the cycle, and finishes at a 
point governed by the quantity of oil to be injected. 
(Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


228,329. Mavor and Coulson, Limited, Mile 
End, Glasgow, and S. M. Mavor, Mile End, 
Glasgow. Coal- Cutting Machines. (4 Figs.) 
January 19, 1924.—The invertion refers to coal-cutting 
machines of the type comprising a cutter member 
capable of being slued about a sluing axis, and the 
invention principally relates to sluing feed mechanism 
for turning the cutter member angularly about its 
sluing axis for cutting operations. Sluing feed mechan- 
ism, according to the invention, comprises oscillatory 
frictional thrust means capable of being driven by power 
from the motor of the machine for producing motion 
which may be transmitted so as to cause the cutter 
member to turn angularly in either direction about its 
sluing axis. The cutter member is a cutter chain carried 
by a jib A capable of being slued angularly about an 
axis at 2. The sprocket wheel, by which the cutter 
chain is driven, is co-axial with the axis 2. The oscilla- 





tory frictional thrust means comprises a friction wheel 
B rotatable about an axis 3, two driving toggles C, Cl, 
two holding toggles D, D! and a cam device E. The 
two driving toggles C, Cl are carried by a rocking frame 
4 mounted on the axis 3 and the holding toggles D, D1 
are carried by the structure of the machine. For oscil- 
lating the rocking frame 4, motion is transmitted by a 
connecting rod 5 from a crank 6 driven by the motor 
of the machine. The driving toggles C, C! and the 
holding toggles D, D! are provided with springs 7 which 
tend to bring them into frictional engagement with the 
friction wheel B. The cam device E is capable of 
angular movement about the axis 3, the cam having 
peripheral parts and the toggles having pins 8 ar- 
ranged so that, in a first angular position of the cam 
device, the driving toggles are heid out of action, and in 
a second position the driving toggle, for forward rotation 
of the friction wheel B, is released for action and the 
holding toggle for checking forward rotation is with- 
drawn from action. Ina third position, the driving toggle, 
for backward rotation of the friction wheel, is released 
for action and the holding toggle for checking counter 
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forward rotation is withdrawn from. action, and in inter- 
mediate positions between the first, second or third 
positions, the action of the driving toggles C, C! is con- 
trolled and the feed to be imparted regulated from zero 
to maximum. The toggles C, C1 are situated at a dis- 
tance apart on one side of the friction wheel B and the 
toggles D, D! at a distance apart on the opposite side of 
the wheel, a driving toggle and its complementary hold- 
ing toggle being situated diametrically of the friction 
wheel. With a machine of the type illustrated, having a 
main bevel toothed wheel to which motion is applied 
for driving the cutter member arranged about the axis 
2, normally verticalin the gear-head casing of the machine, 
the crank 6 is driven by toothed gearing comprising a 
first toothed wheel 11 mounted to rotate with the main 
bevel, a second toothed wheel 12 in mesh with the first 
and a shaft rotating with the wheel 12 to which the 
crank 6 is fixed. Transmission from the friction wheel 
B to the jib A comprises a first pinion 13 connected to 
rotate with the wheel B, a large toothed wheel 14 with 
which the pinion 13 gears, and a second pinion 15 
connected to rotate with the large wheel 14, in gear with 
a circular toothed rack 16 of the head from which the 
jib A extends. (Sealed.) 


MOTOR ROAD VEHICLES. 


227,506. O. J. Thomas, Newport. Variable- 
Stroke Eccentrics. (5 Figs.) October 12, 1923.— 
The invention relates to variable-stroke eccentrics of 
the kind in which the sheave, which is slotted for the 
purpose, is moved laterally on its shaft by means com- 
prising an inclined slot or cam groove and a co-acting 
pin, the means for moving the sheave comprising a 
spindle sliding within a sleeve, upon a squared portion 
of which the sheave is mounted. According to the in- 
vention, the eccentric sheave a is formed with a flat 
sided hole b whereby the same may be mounted so as to 
slide upon a flat-sided block c carried by a sleeve d 





which may constitute an elongation of the engine shaft. 
The means for moving the sheave on the block comprises 
a — e sliding within the sleeve d and formed with an 
inclined slot f at its inner end, whichendis also reduced in 
thickness to enable the same to pass through a slotted 
bar g attached to, and extending across, the face of the 
eccentric sheave a. This bar carries the pin h, which 
extends through and works in the inclined slot /, and 
such bar passes through opposite openings g! in the 
sleeve d. Thus by moving the spindle e longitudinally 





distance equal to the vertical height between the two 
ends of the slot, such sheave sliding on the block c and 
the reduced end of the spindle e. (Sealed.) 


228,023. The Alvis Car and Engineering Com- 
pany, Limited, Coventry, and G. T. Smith-Clarke, 
Coventry. Mounting Engines upon Vehicles. (2 
Figs.) February 27, 1924.—The invention relates to 
the mounting of engines upon vehicles in order to 
eliminate vibration due to torque reaction. The system 
employed is that wherein the engine or unit is flexibly 
supported at three points, one at each side and one at 
the rear. According to the invention, the three-point 
suspension comprises a sliding spherical support at the 
back of the unit and trunnions at each side of the 
unit which can twist in bearings on the frame of the 
vehicle but which are completely insulated from them 
by means of a yielding non-metallic substance. Trun- 
nions E are provided at the side of the engine at about 
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the plane of its centre of gravity and are carried by 
plates E? secured to the crankcase B. Bearings F are 
provided upon the frame G to receive the trunnions E, 
The latter are surrounded by a thick sleeve F2 of rubber 
with flanges at the ends, preferably retained endwise on 
the trunnions by poe the latter with collars. The 
bearings F grip the rubber sleeves between the flanges 
without making metallic contact, either lateral or end- 
wise, with the trunnions or the unit. At the back of 
the unit is a hollow trunnion H through which extends 
the transmission shaft, and this trunnion is slidably 
mounted at H? in a spherical or part-spherical support 
J carried in a co-operating seating K or bearing attached 
to a cross-member of the frame G. (Sealed.) 


PRINTING AND ALLIED MACHINERY. 


227,318. E. K. Hunter, Battersea Park, and 
J. R. C. August, Maida Vale. Type-Casting Ma- 
chines. (4 Figs.) October 15, 1923.—The invention 
relates to type-casting machines in which each character 
matrix has a stop surface integral with it to operate as a set 
stop for displacing a movable side of the mould. Accord- 
ing to the invention, this stop surface, instead of being as 
hitherto placed on the side of the matrix that is adjacent 
the character imprint, is placed on the matrix on the 
opposite side to that carrying the character imprint. 
The mould sections present one or two movable side 
walls 72, 73 and spring-pressed top and bottom walls 
slidable in the side walls. For the automatic displace- 
ment of the walls 72, 73 in the casting of the character 
body, each matrix carrier is provided, on the opposite 
face to that carrying the character matrix 76 in bas relief, 
witha hole the bottom of which forms a stop 77, of vary- 
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ing depth, to co-operate with a spring-controlled plunger 
78 engaging against the end 79 of a lever 80 connected 
by pin and slot, or the like means, with a wedge bar 81 
engaging against a surface 82 on an arm 83 connected 
to the mould section 73. The stop 77 is set at varying 
distances from the end of the character matrix, that is to 
say, the stop in the case of a character matrix of the 
letter ““I’’ will be nearer the top than that for the 
character ‘‘ O,’’ whilst the stop for the character ‘‘ M” 
will be deeper orfurther away from the top than that of the 
character ‘‘O.” An eccentric 85 is rotated one revolu- 
tion to operate a plunger 86, having a strong spring 74 
within it, causing the depression of the arm 79 at the 
setting up of each character. It will be seen that the 


within the sleeve by a control lever ¢, the pin, and with it | engagement of the pin 78 with the stop hole 77 serves 
the eccentric sheave, is movable laterally a maximum | to assist in aligning the matrix over the mould. (Sealed.) 
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THE ELEMENTS OF THE KINETIC 
THEORY OF GASES. 
(Continued from page 3.) 

WE obtained in the preceding article the relation 

nme 
3 

where p denotes the pressure of the gas in dynes 
per square centimetre, n the number of molecules 
in one cubic centimetre of the gas, whilst m denotes 
the mass, in grammes, of one molecule and c? 
denotes the mean squared velocity of the aggregate 
of molecules. 

Since n is the number of molecules per cubic 
centimetre, the average volume occupied by one 





eee P . 
molecule is — cubic centimetres = 2, say. 
We thus get 


i. _ mec 5 
= pv= — > : - (5) 
The gas equation is commonly expressed in 
terms of the volume of one gramme of a gas, or 
alternatively as the volume occupied by a mass 
equal to M grammes of the gas where M denotes the 
molecular weight of the gas considered. Obviously, 
we can also express it in terms of the average 
volume occupied by a single molecule, so that we 
may write pv = kT. Where T denotes the absolute 
temperature of the gas and & is a coefficient whieh 
is the same for every kind of molecule. 
Comparing this with equation (5) we get 


: ss 
kT = ne which may also be written in the form 


kT a2 me 
2 
m c2 mee 
where — denotes the average kinetic energy of 
a molecule. 


This constant & corresponds of course to R in 
the ordinary form of the gas equation, and is of 
fundamental importance in theories of radiation. 
It is, it will be shown, the same for every kind of 
molecule. 

Thus referring back to the equation 
nm 

3 
suppose we have another gas having molecules of 
mass m, and let n, be the number of these molecules 


in a cubic centimetre and c,? the corresponding 
mean velocity squared, then 





p= 


n= mm c2 

Now, it is known that if at standard temperature 
and pressure we mix 1 c.c. of hydrogen with 1 c.c. 
of chlorine we shall get, when the reaction is complete 
and the heat liberated dissipated, 2 ¢.c. of HCl. 
There will be no surplus of either gas. Hence, for 
every molecule in the original cubic centimetre of 
hydrogen there must have been a molecule of 
chlorine in the other cubic centimetre. As the 
result of such observations, Avogadro formulated 
his famous hypothesis that at a stated temperature 
and pressure the number of molecules in a cubic 
centimetre is the same for all gases whether the 
molecules be as light as the molecules of hydrogen 
or.as heavy as the molecules of niton. This law is 
only approximately true, and as we shall see 
presently a condensible gas near its critical point 
will contain far fewer molecules in a cubic centi- 
metre than a “permanent” gas at the same 
temperature and pressure. 

The law is, however, very accurate for gases in 
conditions remote from the critical, and if we adopt 
it as exact, we see that if p,n, m, and c relate to one 
gas and p,, %,, m,, and c, to another, then, at the 
same pressure and temperature, we shall have 
_ nm ce _ _ Mm C2 

winch oD = 
and since by Avogadro's law n = n, we get 


Pp Pi 


mB = my 62 


from which it follows that at any stated temperature 
the kinetic energy due to the velocity of the molecules 
is the same for all gases. Unlike Avogadro’s law, 
this result holds universally, and is not a mere 
approximation. 





This result has been deduced from Avogadro’s 
purely empirical law. It can, however, be readily 
established as a necessary consequence of the laws 
governing the collision of perfectly elastic spheres. 
Suppose we mix a gas having spherical molecules of 
mass m with another having spherical molecules 
of mass M. Then, when the steady state has been 
attained, the two gases are necessarily at the same 
temperature, and according to the foregoing, the 
kinetic energy of a molecule of the heavier gas 
must, on the average, be the same as the average 
kinetic energy of a molecule of the lighter gas. To 
prove this, let « and U be the component velocities, 
along the line of centres, of two molecules just 
before colliding, where uw refers to the molecule 
having the mass m and U to the heavier molecule. 
Let the corresponding component velocities along 
the line of centres immediately after the collision 
be y and Y. Then since momentum is conserved in 
the collision we must have the equation 

mu+MU=my+MY. 

Since energy is also conserved, we must have, in 
addition, the equation 

mu2+MU2=my2 +M Y2, 
If we solve these equations for Y, we get 
2mu'+U(M —m) 
i m+M : 

Taking all possible values of U between — o and 

+o, the average “ component ” energy of the M 


¥ 





a U2 = 
molecules before collision was ~ where U? 


denotes the mean value of the square of the velocity 
U. Similarly, after the collision (taking all possible 
values of uw from — o to + o, and all possible 
values of U between the same limits), the average 
value of Y? is given by: 
Y2 = mean value of 
4m2u2+4m(M — m) Uu +(M — m)?2 U2 
[ (m + M)? ] 

Now, taking any specified value of U, the value 
of u associated with it, will be as often positive as 
negative, which, on taking the average, will thus 
cancel each other. Hence, the mean value of Uw is 
zero. 

We may, therefore, write 


4 m2 u® + (M — m)2 U2 ‘ 
(m + Me ’ (8) 
Now, if the average kinetic energy of the two 
kinds of molecules were equal, we should have 





Y2 





m ue —_ v2 
a 2 
And, making this substitution in (6) we should 
get 





U2(M2+2Mm+m2) _. 
(M + m2 wo 
So that the average kinetic energy of the molecules 
would be unchanged by the collisions. 
If, on the other hand, M U? is greater than mut 
it is obvious that Y? will be reduced. 





Ye = 


We may, in fact, then write 
4m.mue=4m.MU2—<A 
and, on making this substitution in (6), we get 


“ye = Ue nai 
i ™~ (m + M/2 


Such a result would imply a transfer of energy 
from the one gas to the other, that is to say, the 
steady state would not have been attained. 

It follows from what has been proved above that 
if two gases are mixed, having at the moment of 
mixing different average values for the kinetic 
energy of their molecules, the effect of the mutual 
collisions will be, to equalise the two. When this 
is accomplished, and the steady state attained, the 
two gases are necessarily at the same temperature, 
and as just shown, the average molecular kinetic 
energy is also the same for both. We infer, there- 
fore, that the absolute temperature of a gas is 
measured by the average kinetic energy of its 
molecules. 

We may, however, go further than this. The 
constant k in the gas equation p v= kT is the 
gas constant referred to the average volume v 
occupied by one molecule of the gas. Now, we 
know from any elementary treatise on thermo- 


dynamics, that if R be the gas constant and Cp 
and Cy be the specific heats at constant pressure 
and constant volume, respectively. 
Cp - Cy = R. 

provided, of course, that the gas obeys the ordinary 
gas law. A similar relationship holds in the case of 
k. If cp and cy be the specific heats at constaat 
pressure and constant volume of one molecule 


of a gas, we have 
Cp —-w=ak 


This shows that & is of the same dimensions as @ 
specific heat. Now, a specific heat is a mere ratio, 
being obtained by comparing the heat required to 
raise by one degree the temperature of a mass of 
one gramme of any substance, with the heat required 
to raise through a similar range of temperature 
one gramme of water, under certain strictly defined 
conditions. ; 
Hence, since pr = kT = ™©% and k is a mere 


ratio, it follows that absolute temperatures have 
the dimensions of energy, an important deduction, 
which makes it possible to establish certain interest- 
ing results by purely dimensional reasoning. 

The conclusion arrived at above is not, it would 
seem, universally accepted, since in one well-known 
reference book zero dimensions are attributed to 
temperature, and other writers often define specific 
heats as so many foot-pounds. The view that 
temperature has the dimensions of energy is, how- 
ever, that taken in Professor Reiche’s text-book on 
“ The Quantum Theory,” and it makes it reasonable 
to express entropy, which is a mere ratio, as |o - ’ 
where o denotes the specific heat of the body under 
consideration. If the specific heat be a mere ratio, 
the entropy of a body will then obviously also be 
a mere ratio, independent of the units used, whether 
metric or British, and this is known to be the case. 

As is well known, no real gas satisfies the gas 
law accurately, and the kinetic theory shows very 
clearly the physical cause of some of the dis- 
crepancies actually observed. 

The expression found for the pressure of a gas was 
obtained by assuming the molecules to be Boscovich 
particles—that is to say, Euclidean points possess- 
ing mass but having no dimensions. It was shown 
that, on this assumption, the number of times per 
second a particle having the component velocity « 
hits one end wall of the tube (in which the gas was 


confined), was ep Now suppose we shorten the 


tube by the amount 4 J, thus reducing its volume 
from 1 cc. to 1 —Al cc. Then the particle will 
not have so far to travel between successive 
impacts as previously, and will therefore make 
more hits per second. The number of these, 
instead of being equal to cr will, by the change 
of volume specified, be increased to ao hits 
on one end wall per second. The change 
of momentum efiected at each end wall will, 


4 P P 1 Vv 
therefore, be increased in the ratio imu" Wo 





where V denotes the original and V — 5. the 
altered volume occupied by one gramme of the 
gas. Hence the pressure will be increased from 
nm ce ie ‘a 

3 3V 





Pp = 
to 
ae 
“ 3(V —5) 

Now it is obvious that the ultimate pressure 
will be the same, however the reduction in the 
effective volume of the tube be made, whether 
as above, this be done by shortening the tube, 
or whether we distribute the volume 6 equally 
between all the Boscovich particles, thus restoring 
them to the status of real molecules. 

Since the molecules have actually each a real 
volume, this must be proportional to 6, and if, 
as we have so far assumed, the molecules are 
spherical it is easy to show that 6 will be four times 
the actual aggregate volume of all the molecules. 

To prove this let r denote the molecular radius. 


Pp 





Then the centres of two colliding molecules cannot 
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approach each other within a distance of less 
than 27cm. In other words, if we describe a 
sphere of radius 2 r around one of the molecules, 
this volume is denied to the centre of any other 
molecule with which a collision occurs. Hence, in 
each collision the “ prohibited ’’ volume is eight 
times the volume of a single molecule. Since two 
molecules are necessarily concerned in a collision, 
the aggregats ‘‘ prohibited ’’ volume is four times 
the aggregate volume of all pairs that can collide— 
that is to say, of the total volume of all the 
molecules. The term } is known as the co-volume, 
and the gas equation as modified to take into 
account the actual volume of the molecule becomes 
p(V—b) =RT. 

Since many gases obey, over a considerable 
range, the law p(V — b) = RT, the value of b 
can be determined by experiment, and hence, 
if in one of the numerous ways now available, 
we find the number of molecules in one cubic centi- 
metre of a gas we can deduce at once the size of the 
molecules if spherical. 

Another method of determining this depends on 
the fact that if the spheres were packed as closely 
as possible—that is to say, piled up like round shot— 
the total volume occupied would be one and a-half 
times the actual aggregate volume of the spheres. 
Hence by condensing a gas to a solid we can, 
if we know the value of n, form another estimate 
of molecular dimensions. 

Near the critical point, the “co-volume ” 6 is a 
large fraction of the total volume. Hence to 
produce a given pressure fewer molecules will be 
required than when V is large compared with 6 and 
Avogadro’s law will break down. 

The gas law modified as above is, as stated, 
very approximately followed by many gases over 
a considerable range of temperature and pressure, 
but experiment has shown that the simple expres- 
sion p (V — 6) = RT is quite inadequate to 
represent the wholé of the facts of observation. 
The volume .is less at high pressures than it 
ought to be. To account for this, Van der Waals 
assumed that the molecules of a gas had an attrac- 
tion for each other over and above the ordinary 
gravitational attraction, so that a mass of gas 
had a tendency to shrink in on itself. If any such 
general attraction exists, it must be proportional 
to the square of the number of molecules per 
cubic centimetre, or, what is the same thing, it 
will be inversely proportional to the square of 
the specific volume. The effect of this internal 
pressure, as it is called, will be the same as if 
the pressure exerted on the gas by the walls of 
the containing vessel had been increased by the 
amount — where a is some constant. 

The gas equation then becomes 


(p+ %)(V--RT, 


which is the famous equation of Van der Waals. 

Immense ingenuity has been expended in trying 
to modify this equation so as to make it agree 
with the facts of observation, but the effort has 
signally failed. The accord between experiment 
and calculation has never been more than qualita- 
tive, a ciroumstance which justifies a doubt about 
the validity of the hypothesis on which the equation 
is founded. So far as the present writer is aware, 
no convincing evidence has ever been brought 
forward that there really is any general attraction 
other than gravitational between the molecules 
of a gas. In liquids, no doubt, there is such 
an attraction, as evidenced by surface tension 
phenomena, but there ary undoubtedly some very 
marked differences between the properties of a 
gaseous molecule and those of a liquid one. For 
example, mercury charged with electricity and 
held in an insulated container can be completely 
evaporated without any of the charge being carried 
off by the escaping molecules, whilst the removal 
of the minutest drop of the liquid will involve a 
corresponding removal of the charge. 

One other hypothesis has been formulated to 
account for the departure of actual gases from the 
law represented by 

v-s—87T 
P 
and this hypothesis is supported by direct experi- 





ment, and is therefore certainly at least a vera causa, 
and possibly the only cause of the failure of gases 
to act quite consistently with the above law. 

This hypothesis may be explained as follows :— 
In deriving the equation between the pressure of 
a gas and the kinetic energy of its molecules, viz., 
c2 


pee 
3 2 

the definite assumption was made (page 2 ante) 
that the period during which a collision lasted was 
small compared with the interval between successive 
collisions. There is, however, very definite experi- 
mental evidence that this assumption is not satisfied 
in all collisions. In some cases, the colliding mole- 
cules find each other in a special state (for which, 
presumably, shifts of their electrons due to absorp- 
tion of radiation are responsible), so that, instead 
of separating immediately, they cling together 
for a period which is long compared with the 
interval between molecular collisions. The latter, 
in the case of air at normal pressure and tempera- 
ture, is of the order of 2 x 10-1! seconds. Whilst 
the partnership between two molecules endures 
they count as a single molecule, and hence by 
Avogadro’s law a greater mass will be packed into 
each cubic centimetre than if no association had 
occurred. Hence the specific volume of a gas is 
always reduced by any co-aggregation of the 
molecules. 

Conclusive experimental evidence that molecules 
do form partnerships as above described, was obtained 
in 1897 by Mr. C. T. R. Wilson, in his experiments 
on the expansion of super-saturated steam (Phil. 
Trans., vol. clxxxix), and it thus appears that 
molecular co-aggregation is a true cause of specific 
volumes running smaller than they otherwise 
would do. It is perhaps the only cause. 

To follow the matter out in detail, let n denote the 
number of molecules in a cubic centimetre of a gas. 
Then, by Avogadro’s law, this number is un- 
changed by any co-aggregation which may occur, 
but of this total n, we shall have, say, n, single 
molecules and n, double molecules. 

The total mass of a cubic centimetre of the gas will, 
therefore, be 

nym +n. X 2m grammes. 


p= 


where m denotes the mass of a single molecule. 
But 
ny +n =n. 
Making this substitution we get (n-+ m,) m as 
the mass in grammes of 1 c.c. of the gas. 
The reciprocal of this is the specific volume V 


so that 
1 


bcs (n +n2)m 
2 
- = ( me Me - ae. ) 
nm n n2 
Over a large range of temperature and pressure 
Mm, is small compared with n, hence, to a first 
approximation we have 
i 2S ae 
m ~ n2 
Ee ” 
But — is what the specific volume of the gas 
would have been had there been no co-aggregation, 
That is 


ee 
nm p 
Hence 
| a See RT_ 1m 
p m ne 


Now, molecules can only form partnerships when 
they collide, and the number of collisions which 
occur per second in a cubic centimetre of gas is 
proportional to ? as will be shown later on. 

Hence, since there are n, single molecules in 
lcub. c.c. of gas, the value of n, must be proportional 
to m,®. The partnerships formed are however 
temporary, although they endure for a period 
which is, in general, large compared with the interval 
between successive collisions. The disruption of 
the partnerships is due to the absorption of radia- 
tion (See Atoms, by Professor Jean Perrin, page 163). 
and is unaffected by molecular collisions. The 
intensity of radiation is a function of the temperature. 
Hence, n, is also a function of the temperature, 
the partnerships, in the steady state, being dissolved 
by radiation just at the same rate as new ones are 





formed as the result of a special type of molecular 
collision. 

Hence, , is proportional to n,? x ¢ (T) where 
¢ (T) is some unknown function of T, T denoting 
the absolute temperature. Moreover, if 7, is small, 
n, is nearly equal to n, and hence we get as our 
“equation of state ” the expression 


vba BT _g @ gn 
Pp ne 


RT 
se a ¢ (T) (7) 
where a is some constant. 

Callendar has shown that an equation of this 
type represents with remarkable accuracy the 
properties of steam over almost the whole of the 
working range. 

The formula has been deduced above from purely 
physical considerations and is, of course, valid 
only when n, is small compared with n. It cannot 
therefore represent either the liquid phase or the 
properties of a gas near the critical point. By 
including further terms it can, of course, be com- 
plicated to any extent. Thus, taking in an addi- 
tional term we should get the “equation of state”’ 
represented by a cubic, which would correspond, 
more or less, to Van-der Waals equation, but the 
term 6 in his expression would no longer be constant, 
but would be a function of the temperature. 


(To be continued.) 








NATIONAL PHYSICAL 
LABORATORY. 


(Continued from page 19.) 


The William Froude National Tank.—The report 
of this department, signed this year, not by its 
superintendent, Mr. G. S. Baker, but by the 
chairman of the Advisory Tank Committee, Sir W. E. 
Smith, records a steady increase in the demands 
for tests of both ships and propellers. During the 
year 52 models were tested for shape of hull and 
10 forms for appendage resistances; the totals 
for the years 1922 and 1923 were 35 and 56. Of 
the 27 designs, represented by the 52 models, the 
proportions of oil engines, reciprocating engines 
and turbines were about 5 : 3: 1; one design 
was a paddle steamer. It is pointed out that the 
improvements suggested by the Tank tests would 
save the industry sums sufficient to cover the 
expenses of the Tank for several years. 

The chief research now in hand concerns the wave- 
making resistance of a ship-shaped form. Photo- 
graphy is resorted to for the study of the waves 
made by the models and the artificial waves, 
magnesium flashlight being used at night. The 
calculations involve questionable assumptions about 
the non-effect of viscosity and frictional belt on 
the general streamline motion, which are to be 
tested. For the streamline flow research and 
to determine the effect of depth of wetted surface 
and edge effect in the length direction special 
planks have been obtained. The maximum depth 
tried so far is 3°3 ft. on a 16-ft. plank. The new 
28-ft. plank for small immersion is about 2 ft. 
deep, and built up of sheet aluminium ; it resembles 
a hull of very fine lines, tapering from 4 in. in 
the middle, and at the top down to a plate thick- 
ness, and is to be towed by the carriage with a 
propeller behind. The comparative tests in the 
wind tunnels and the tank are still in the pre- 
liminary stage; and the research on the fore- 
and-aft corrugations on the planing bottoms of 
flying-boats at high speed is not completed. When 
a P.5 flying machine having a curved frame bottom 
is taxi-ing, settling on water, or getting off, it was 
found that the forces experienced in rough sea 
may come up to 4°7 Ib. per square inch. This is 
only half the value previously determined in similar 
full-scale tests with the straight-framed F type of 
machine. But this P.5 hull, whilst very strong 
longitudinally, would theoretically have a low 
factor of safety against buckling under transverse 
hoop compression. This point is now being tested 
at Farnborough. 

Metallurgy Department.—What the work of the 
Department on alloys and pure metals means 
was well brought out by the numerous exhibits 
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illustrating the results of progressive changes in 
composition and purity. The further work on Y 
alloy (Al with Cu4, Ni2, Mg 1°5 per cent.) shows 
that the strength of chill castings can,. by heat 
treatment, be raised from 21 to 26 tons per square 
inch, but at a reduction of ductility. For a 
16-in. heat-treated engine piston forged material 
is recommended, for connecting rods drop-forging 
would give still better results. Cold work ages the 
wrought alloy, but wires have been drawn from 
4-in. rods down to 0°004 in. diameter. In solidify- 
ing, the Y and other aluminium alloys are apt to 
develop small gas bubbles, principally of hydrogen. 
Most of this gas can be expelled by passing 
nitrogen through the molten alloy for half an 
hour. For the study of Alpax, Silumin and 
other Al-Si alloys, specimens have been prepared 
in the Laboratory and others obtained from 
Messrs. Lightalloys, Limited. These alloy, 





Minor Metals.—Of the minor metals and their 
alloys investigated, cadmium does not promise 
well when alloyed with zinc and brass; an alloy 
of copper with 0.75 per cent. of cadmium makes, 
however, strong trolley wires of good conductivity. 
Beryllium has now been obtained, by electrolysis of 
the fluoride, in a state of high purity containing only 
0°05 per cent. each of iron and carbon in addition 
to 0°1l per cent. of aluminium and silicon; the 
metal becomes by purification less brittle and 
of higher reflecting power, but in the latter respect 
the rather dark beryllium remains inferior to silver. 

Physical Structure of Metals. Solubility of Gases 
in Metals. Glass—Dr. Rosenhain recently ex- 
plained his views on the inner structure of alloys 
before the Royal Society of Arts (see ENGINEERING, 
February 20 and 27, March 13, pages 233, 265 and 
311). Since only a few metals, not all metals, 
become super-conductors at low temperature, he 
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have a coarse structure; but modification by 
means of sodium fluoride or by a little metallic 
sodium renders the structure fine; this change, 
even in the absence of sodium, has been traced 
down to the presence of small amounts of calcium 
always present in the silicon, the purification of 
which is now being investigated. Magnesium and 
its alloys with aluminium and copper (6 per cent Cu) 
were shown in long rods up to 3 in. in diameter. 

Ferrous Metals and Alloys, Crucibles——In the 
study of the iron-monoxide diagram and of the slight 
solubility of iron oxide in iron, the attack of the 
crucibles by iron oxide caused serious trouble. 
This has been overcome by Mr. F. 8. Tritton, who 
makes crucibles from purified magnesia by a centri- 
fugal process, using arc melting. These crucibles, 
which are suitable also for glass making, are also 
constructed of zirconia and alumina, but so far only 
up to l}in. diameter. The dendritic flakes of elec- 
trolytic chromium are too loose to form satisfactory 
circuits for fusion in induction furnaces, and more 
compact chromium is now being prepared with the 
aid of rotating cathodes. Fortunately the flaky 
chromium is soluble in iron, and alloys can be 
melted. Slight impurities in chromium, in addition 
to carbon, possibly taken up from the refrac- 
tories, have not yet been eliminated; metallic 
magnesium has been found in certain parts of the 
furnaces. Electrolytic manganese oxides rapidly 
in air, but the pure metal can, for physical studies, 
be obtained by distillation in an Ajax-Northrup 
vacuum furnace. In the study of the effects of 
annealing mild steel at temperatures below the 
actual range it has been observed that the progres- 


- sive balling up of the carbide Fe,C is accompanied 


by a marked reduction in the impact strength 
and also the tensile strength; for this research 
new and old gas cylinders and chains are selected 
which have a known history. 





further argues that electric resistance cannot merely 
be caused by thermal distortion of the space lattice. 
Part of the resistance must reside in the atom itself 
or in the interatomic linkage affecting the move- 
ments of electrons through or between the atoms. 
That problem can be approached by the study of the 
correlation of the physical properties of pure metals 
and also of solid solutions of two metals in sym- 
metrical distribution and atomic ratio which should 
have the properties (single melting point, &c.) of 
pure metals; but small plastic deformation should 
materially alter these properties. An alloy of 
copper and nickel is being studied from this point of 
view. The work on the physical properties also 
comprises researches on fatigue, on strain, and the 
study of Neumann lines in nearly pure iron (Armco, 
Swedish and electrolytic iron). Slow plastic de- 
formation develops the well-known slip bands ; 
with very rapid deformation the slip bands become 
very fine and in addition a few stronger lines (the 
long-known Neumann lines) cross the crystal faces, 
frequently in pairs ; yet the phenomena may be of 
the same character. The statement by Czochralski 
that slip bands are not observed in severely 
cold-worked copper when once more subjected to 
plastic deformation after repolishing is not con- 
firmed by Drs. Rosenhain, Hanson, and Preston. 
With respect to the solubility of gases in metals, 
it is found that tin dissolves appreciable quantities 
of hydrogen at 800 deg. C., but not at 300 deg. C. 
The soluble power of metals for gases increases with 
rising temperature, and the gas can be removed by 
evacuation and displacement, but apparently not 
merely by heating. With respect to the heat 
generated by stress, a problem which affects all 
testing, Dr. Rosenhain has attempted to coil 
several hundred metres of wire in a cylinder of 
5 in. diameter, and to effect the drawing of the 
wire inside a calorimeter containing light oil. 


But there are great experimental difficulties. The 
viscosity measurements of glass made at 1,520 
deg. C. do not agree with Washburn’s data, and 
there are other reasons to assume that the physical 
properties of a sample of glass at a particular 
temperature are influenced by the mode of manu- 
facture and the past history of the glass. In 
a new method the viscosity is determined by 
dipping platinum wires into the molten glass 
and weighing the amount of glass adhering. 
Glass-melting pots made of ground fused alumina 
and a binder of a mixture of unfused alumina and a 
China clay in the proportions of the mineral mullite, 
3 Al,0;, 2 SiO,, with a small quantity of feldspar 
as flux, have given satisfaction in melting a dense 
barium borosilicate glass. 

Physics Department. Heat.—The study of the 
properties of matter takes up much of the time of 
the Heat and Radiology divisions of this depart- 
ment, of which Dr. G. W. C. Kaye is superintendent. 
Specific heats at high temperatures (above 800 
deg. C.) are being determined by the electric 
method and by the method of mixture; in using 
the latter with zinc, lead, cadmium and aluminium, 
large bulks (e.g., 12 lb. of lead) are taken to reduce 
the ratio of surface to volume. A report on 
the thermal conductivity of copper, nickel, zinc, 
aluminium and magnesium at temperatures up 
to 700 deg. C. is ready for publication; it is 
found that for some copper alloys, within the 
range 75 to 250 deg., the thermal conductivity 
can be derived from the electric conductivity, 
as with the pure metals. The conductivity of 
liquids is studied by placing films of the liquid 
between two blocks of metal, the upper one of 
which is heated and the lower cooled. In the 
investigation, undertaken for the British Elec- 
trical Research Association, of the thermal resis- 
tance of dielectrics, some 35 materials have been 
examined. Investigation was also made on the 
influence of air films, and compressibility. Among 
the materials were sheet steel stampings for 
transformers, insulated with paper and other 
dielectrics, and stator bars wound with mica- 
folium or micatape, which were tested at various 
temperatures and pressures up to 200 Ib. per 
square inch and aged by heating while clamped. 

The re-determinations of the heat losses from 
bare pipes confirm the previous figures of the 
Department. In the 6-in. pipe, 20 ft. long, still 
under test, special care is being taken to eliminate 
the end effects by developing the end caps into 
flow calorimeters. The pipe is heated by a long 
rod of carbon, suspended in the pipe on insulators. 
Temperature is raised to 400 and 500 deg. C., 
and the expansion of the carbon necessitates careful 
mounting. The central section of the pipe is only 
subject to radiation losses, and these can be deduced 
from the electric input and the surface temperature 
of the pipe, which is determined by means of dozens 
of thermocouples. 

Hygrometry. Ventilation.—In connection with 
the work for the Food Investigation Board, Dr. Ezer 
Griffiths is investigating the suitability of various 
materials, hairs (single and bundles), silk, tissue 
paper, mohair, gold beater skin, for hygrometers. 
In the apparatus for long duration tests the various 
threads or strips are attached to their pointers 
by flat strips not by pivots. The new fog hygrometer 
now under investigation, is of the C. T. R. Wilson 
cloud condensation type, and has the advantage of 
being free from time lag ; it is calculated in terms of 
a dew-point apparatus. The “ humidifier” is a novel 
apparatus constructed in response to the wishes of 
textile firms, confectioners, storage works, &c., for 
producing an air stream of definite humidity. The 
apparatus is based upon the fact that the vapour 
pressure over a solution of calcium chloride is a 
function of the chloride concentration ; it consists 
of two tanks fitted with spray nozzles delivering 
brine against the air current from a fan, a third tank 
containing baffle plates, for precipitating the free 
moisture, and a main brine tank to which the 
sprayed brine is returned. The density of the 
brine is kept constant by the aid of a float, the stem 
of which controls the directions of flow of two 
minute streams, one of water, the other of con- 
centrated brine. Another apparatus of Dr. Griffiths 





is used for studying the circulation of the air among 
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the stacked boxes in which fruit is stored on refri- 
gerator ships. On board, the cases, 10 in. by 15 in. 
by 20 in., are cooled in the holds on various systems 
by means of cold air or brine with or without the 
aid of grids ; layers of boxes are separated by wood 
strips 4 in. thick. In the model used, in which the 
different modes of cooling are imitated, the boxes 
are represented by blocks of 2 in. by 1 in. by 1} in. 
r Sound Acoustics of Buildings——In the Sound 
Division useful tests of the absorbing and reflect- 
ing powers of materials are being conducted on a 
small scale by the Weisbach method of nodes and 
antinodes and on larger scale by the modification of 
the methods of Watson and Sabine, partly in a 
room provided by the Building Research Board at 
Park Royal. Good acoustics in buildings demand 
uniform loudness of sound and absence of focusing in 
special directions, also of echo and of reverberation. 
The conditions are studied by the aid of models made 
of wood or plaster, and also by the photography of 
sound waves and air disturbances set up by sparks, 
on the Toeppler-Mach and Boys-Foley methods. 
The sound pulse to be photographed is generated 
within the model section by means of an electric 
spark; a few micro-seconds later a momentary 
shadow of the disturbance is cast upon a photo- 
graphic plate by means of a spark across a secondary 
gap. 

How the ripple tank of Dr. A. H. Davis was utilised 
for determining the acoustic properties of the 
proposed Ulster Parliament building is shown in 
Fig. 2. A wooden model section of the hall, made 
on a scale of } in. to the foot is shown lying in a 
shallow-water tank, about 5 ft. by 2} ft., which has a 
plate-glass bottom ; the floor of the hall can be seen 
on the right, the ceiling on the left, and the galleries 
in between. Ripples are produced at any point 
desired by a reciprocating plunger, dipping into 
the water, which is tuned to different sound waves. 
Underneath the tank is placed a large plane mirror ; 
and the photographic film is fixed above it to the 
ceiling of the room. A series of flash photographs 
are taken; they mark pronounced reflection from 
certain points—say, a corner of the gallery when a 
speaker is in a certain position; the wave-length 
of the ripples bear a relation to the sound wave- 
length in the building. In the development of 
sonometers for measuring the sensitivity and inten- 
sity of sound either a telephone receiver is used as 
a microphone, or the receiving diaphragm of a 
condenser is so stretched that it has a high natural 
period and that it will respond to wide frequency 
ranges. The electromotive force set up by the 
vibrations of the diaphragm is amplified by valves, 
and observed on a galvanometer, the deflections of 
which are compared to the deflections given by a 
standard e.m.f. of the sound-wave form. The 
purity of sound waves is tested with the aid of a 
cathode-ray oscillograph. 


(To be continued.) 





COKE-PUSHING AND COAL- 
LEVELLING MACHINE. 


THE introduction of the large capacity coke oven, 
with its silica construction and quicker coking time, 
has necessitated the development of heavier and 
much more substantial machinery to perform the 
various charging, discharging, and quenching opera- 
tions which are involved. The machine which we 
illustrate in Figs. 1 to 4, pages 67 and 78, has 
been designed by the Wellman Smith Owen Engi- 
neering Corporation, Limited, of 36-38, Kingsway, 
W.C. 2, for performing the taree operations of door 
handling, coal levelling and coke extraction, in the 
case of such installations. The machine runs on 
rails laid parallel with the face of the ovens, and 
carries three independent mechanisms for performing 
the operations specified. All the movements are 
power operated, with the exception of the location 
of the door-lifting lever, which is brought into 
position under the door socket by hand, the same 
operation bringing the latch lifters into position. 
The main motors are operated on the contactor 
system, the master controllers being mounted in 
the operator’s cabin, which can be seen at the top 
of the machine in Fig. 1. The contactor house is 











at the base of the machine, and is shown in the 
same figure. 

As can be seen from our illustrations, the main 
framework is built up of rolled-steel sections and 
plates, braced together to give the necessary rigidity 
to withstand all loads to which the machine may 
be subjected under normal working conditions. A 
main platform runs along both sides of the machine 
to give access to the motors and gearing; and 
another platform is provided at a higher level to 
give access to the leveller bar. In addition, two 
independent luting platforms are fixed to the 
extractor ram head, one above the other, as shown 
in Fig. 3. These various platforms are of chequered 
plates supported in curb angles, and are provided 
with suitable handrails as seen in Figs. 3 and 4. 
Stairways are fitted for approach to the various 
platforms. The operator’s cab is built up of steel 
angle framing, sheeted and covered with Robertson 
patent sheeting. It is provided with large 
windows, a door, roof, and ventilator. 

The hand-operated gear for positioning the lifting 
lever and latch lifters on the door of the oven can be 
seen in Figs. 1 to 3. It will be observed that it is 
mounted on the end of a ram, the mechanism being 
so arranged that the withdrawal of this ram results 
in a lift being given to the door at the same time. 
The lifting movement is for the purpose of breaking 
the door seal, and is achieved through the action 
of a series of levers which terminate in two flanged 
wheels. The arrangement of these levers can be 
seen in Fig. 1, and from this figure it will be seen 
that the wheels are guided by a pair of inclined 
guide rails attached to the main structure. As 
a result of this arrangement, the wheels rise 
as they are drawn through the guides by the 
movement of the ram. The vertical movement 
imparted in this way is transmitted through a 
system of levers, with the result that the catch is 
lifted at the same time as the door is given a back- 
ward movement. The ram motionis imparted by an 
electric motor, which can be seen below the ram in 
Figs. 1 and 4. - This motor, whichis of 12 h.p., drives 
aracking pinion through reduction gearing, the rack 
being mounted on the underside of the ram. The 
travel of the ram is sufficient to permit of the door 
being carried clear of the oven during the transverse 
movement of the machine, and is automatically 
limited by the opening of a self-resetting limit switch. 
The opening of the switch cuts out the motor, and 
at the same time de-energises a brake solenoid, which 
normally holds a deadweight shoe brake on the 
motor out of action. The brake and solenoid can 
be seen in Fig. 4. The ram head is attached to 
the ram proper through the medium of powerful 
coil springs, allowing a degree of elasticity in the 
mechanism when breaking the door seal. 

Turning next to the leveller bar, this is built up 
of plates and cast-iron separators with steel bar 
bracings. It is mounted on cast steel rollers fitted 
with bronze bushes, the rollers being mounted on a 
lifting frame which can be raised or lowered. For 
this purpose the frame hangs on three vertical 
screwed spindles. The double-ended hand levers 
for rotating the latter are clearly shown in Figs. 1 
and 2. The leveller bar is designed to work at a 
speed of from 80 to 90 ft. per minute, and, in place 
of arack, a wire rope drive is employed to impart to it 
the required motion. A reversible 30-h.p. motor is 
mounted at the level of the main platform of the 
machine, and this drives a grooved rope drum 
through suitable reduction gearing. From this 
drum the two ends of the rope are carried over 
pulleys mounted at each end of the leveller bar 
framework respectively, and both ends are anchored 
to the bar at a point near the rear end. This 
alrangement can be seen in Fig. 1. In the 
same figure also it will be observed that an 
automatic rope tensioning device is provided. The 
rear rope pulley is mounted on a sub-frame, which 
carries a rack, and the racking pinion which engages 
with the latter is mounted on a spindle attached 
to the leveller bar framework. This spindle also 
carries a cable drum and ratchet wheel, a dead 
weight fastened to the cable which terminates on 
the drum serving to maintain the tension on the 
rope. A pawl engaging with the ratchet wheel 
holds the sub-frame against any tendency to jerk 


when the leveller bar is in motion. An electric 
brake is fitted to the motor, and is of a type similar 
to that described in connection with the door 
extractor. It automatically limits the travel of 
the leveller bar in either direction. 

The coke pusher is fitted with a ram head of cast 
steel, faced with manganese steel wearing plates. 
A toothed scraper for scraping the top of the oven 
as the ram passes through is mounted behind the 
ram head, and can be seen in Fig. 3. This 
scraper is of manganese steel, and is normally held 
up to its work by means of a counterweight. It will 
thus turn over on its pivot if it encounters an 
unusual obstruction. The scraper is mounted in a 
socket, vertical adjustment being obtainable by 
means of shims secured by a cotter. The ram runs 
on cast steel rollers with gunmetal bushes, the sup- 
ports for the rollers being of heavy construction 
to take the great weight of the ram. A shoe, 
which can be seen in Fig. 3, is provided near the 
ram head to take the weight of the overhanging 
portign when the ram is extended into the oven. 
As in the case of the scraper, this shoe can be ad- 
justed by means of shims, the arrangement permit- 
ting of the latter being replaced without taking off 
the shoe. The ram is rack operated, both the rack 
and roller path on the ram being of cast steel. A 
rack is provided on both the upper and lower sides 
of the ram, but only the lower one is employed for 
racking. The upper rack is provided to retain sym- 
metry and avoid distortion of the ram when heated. 
The motor and reduction gear for driving the rack- 
ing pinion can be clearly seen at main platform 
level in Fig. 3. The motor is of 50 h.p., and is of 
the reversible type. It is provided with automatic 
cut out and electric brake of a type similar to 
those of the door extractor and leveller bar. 

The travelling gear comprises a 50-h.p. reversible 
motor mounted on the framework near ground 
level. This drives a main shaft running in axle 
brackets, through reduction gearing. A further 
reduction is obtained at each end of the shaft, 
where the shaft is geared down to the track wheel 
axles. The travelling wheels have solid centres with 
rolled steel tyres, and are double flanged for both 
rails. A foot brake operated from the control 
cabin is provided on the motor spindle. The 
arrangement can be seen in all the illustrations. 

A hopper is mounted on the main structure, as 
shown in Figs. 1 and 3. To this is hinged a 
mild steel chute leading to the ovens, and operated 
from the main platform at the oven bench level. 
Among other details which may be mentioned, a 
hand winch, or spool, is provided on the rack pinion 
shaft to facilitate the changing of rams. Remov- 
able hand emergency cranks are also fitted on the 
ram and leveller bar brake drums to enable them 
to be removed from the ovens in the event of an 
electrical breakdown. 

The electrical equipment is designed for a 220- 
volt D.C. circuit throughout, cast-iron collectors 
of the gravity type being provided to collect current 
from the main conductor rails. As already men- 
tioned, the motors for the pusher and leveller bar 
motions are controlled through a contactor panel 
situated in a house at the base of the machine ; 
the drum type master controllers are mounted 
in the operator’s cabin. Both the accelerating 
and reversing contactors are under current limit 
control, the contactors closing only when the value 
of the starting current on each sector in sequence 
drops below a pre-determined safe figure. To 
avoid unnecessary delay, the current limiting device 
is set at the maximum safe limit, but the protective 
nature of the device renders it possible for an un- 
skilled operator to throw the controller handle, 
without a pause, to the “full on” position, without 
damage to the gear. The contactors are mounted 
on slate bases assembled on a steel framework, 
and are protected with sheet steel covers. The 
protective panel carries a double pole electrically 
operated contactor type circuit breaker on the 
main ‘circuit, with time limit overload relays in 
each motor circuit, and a relay without time limit 
in the common return. The panel also carries a 
separate ironclad auxiliary control panel containing 
the switch and fuse for controlling the operating 





coil circuit of the contactor pilot lamps, portable 
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hand lamp, and switch and fuse for controlling the 
same. The panel is interlocked with the controllers, 
so that should the circuit breaker come out, due 
to an overload or failure of current, the operator 
has to bring his controller handles to the “ off” 
position before the contactor circuit breaker can 
be reset. This can be done without the operator 
leaving his control position. A push button emerg- 
ency switch is provided in the operator’s cabin 
for bringing out the main circuit breaker in emerg- 
ency. 

The machine is lighted throughout, and two flood 
light projectors are provided on the front. Wooden 
buffer blocks are fitted, together with wire brushes to 
sweep the rails. A starting signal gong is operated 
by a foot pedal in the operator’s cab, and a second 
gong of different tone is continually operated by the 
traverse shaft while the machine is in motion. 





THE INTERNATIONAL RAILWAY 
CONGRESS. 


(Concluded from page 41.) 
DESPATCHING OR CONTROLLING SYSTEMS. 


Tux important question in railway organisation 
of despatch and control systems was the subject 
of discussion at the’ meetings of Section III, on 
Working, which were held on Tuesday, June 30, 
and Wednesday, July 1, under the chairmanship 
of M. du Castel. Here again three reports were 
presented, the British one being the work of 
Mr. J. H. Follows, while that for America was pre- 
pared by Mr. F. P. Patenall; the third, for other 
countries, was submitted by M. E. Epinay. 

The report, for the British Empire, on ‘ Control 
Systems,” drawn up by Mr. J. H. Follows, of the 
London Midland and Scottish Railway Company, 
said that the object of control was to achieve the 
most efficient working of traffic generally, under the 
most economical conditions as regards staff and 
plant, whilst at the same time utilising the track 
capacity to its maximum, consistent with safety. 
It was particularly with regard to freight traffic 
that control was efficacious, inasmuch as, on busy 
railways, this fluctuated to such an extent that it 
was not possible to establish scheduled services to 
meet all requirements. The arrangement of special 
trains to meet fluctuating surplus traffic demands, 
the cancellation,.in the interests of economy, of 
_ trains when not required, and the regulation and 
manipulation of the flow of goods traffic in the case 
of congestion, provided full scope for control 
metneds, The regulation and distribution of rolling- 
stock could vsually be undertaken with advantage 
as an adjunct to traffic control. Completely cen- 
tralised control was generally of greater utility than 
district control, except on those railways where the 
length traversed was excessive, as was the case 
with some of the Overseas lines. Where freight 
traffic was heavy, the decentralised method of dis- 
trict controls had certain advantages and the 
matter could be summarised in the principles— 
decentralisation of details and centralisation of co- 
ordinating authority. The functions of the motive 
power and control sections were closely associated 
and, where both were responsible to one head, the 
possibilities of effective train and traffic control 
were considerably enhanced. The posting of 
trainmen and guards for regular duties and the 
responsibility for seeing that excessive hours were 
not incurred, and that the men’s time was utilised 
to the best advantage, were matters which naturally 
fell to the operating department. Where the 
control organisation was so arranged that it in- 
cluded all these functions, the supervision of train- 
men’s hours was greatly facilitated. It could not 
be too highly emphasised that whenever a tele- 
phonic control system was put into operation, there 
required to be behind it the necessary driving force 
and brain power, otherwise the whole apparatus 
might become more or less a mere recording instru- 
ment. Control offices had undoubtedly been the 
means of keeping the finger of the management on 
the pulse of railway operation, without the employ- 
ment of a vast amount of correspondence. It was, 
however, desirable that the staff in the offices 
should only be required to receive and give such 
information as was necessary for the current opera- 





tion of the railway, and that they should not be made 
the medium for the collection of information to be 
used statistically. The advantage of the control 
methods as practised in England had been so fully 
realised that systems, for the most part, founded 
on those methods, had been introduced on various 
railways in the Empire, many of the officers of which 
had, at some time or other, obtained experience on 
the Home railways. 

The report for America on this question by 
Mr. F. P. Patenall of the Baltimore and Ohio 
Railroad, stated that the practice of employing 
train “‘despatchers ”’ whose duties were to direct 
the movement of trains from a central point, was 
one which had been in vogue in America for a large 
number of vears. These officials issued instruc- 
tions to signalmen with regard to the regulation 
and spacing of trains, within a given territory, in 
order to obtain the greatest possible number of 
movements in the shortest possible time. The 
despatcher was in direct communication with all 
signal posts on his section of line ; on some railways 
the telephone was used, on others the telegraph, and 
in some cases both systems were employed. What- 
ever the method utilised, the aim was to make 
communication instantaneous between the central 
control office and each signal post, and vice versa. 
On most undertakings time-tables were used for 
goods as well as for passenger trains, and the 
despatcher issued supplementary orders and instruc- 
tions as occasion arose. Delays in working and the 
spacing and running of extra or special trains were 
all matters dealt with by the despatcher. On most 
lines this officer was in receipt of full information 
regarding the location of loaded and empty goods 
wagons. He was therefore in a position to issue 
orders, through station officials, to drivers of trains 
with reference to the picking up of rolling stock 
when ready for movement. Load per train-mile 
was thus increased and the movement of freight 
greatly accelerated. 

In his report for all other countries, M. E. 
Epinay, of the Paris-Orléans Railway, stated that 
an experiment made in collaboration with officials 
from America when the Expeditionary Force of 
that country began to run trains on French rail- 
ways, had given birth to the despatching organi- 
sation at present in force on certain sections of the 
French Eastern, State, P.L.M., and P.O. Railways. 
Under this system the traffic on a section of line was 
controlled by a single superior official who was in 
direct communication, either by telegraph or by 
telephone, with all stations, posts and depots of 
the section. In Belgium the recently introduced 
control organisation was being rapidly extended, and 
it was estimated that by 1926, all important lines 
would have adopted the system. The method was 
instituted in 1906 on the Norwegian Railways 
and had always been in existence on the Swedish 
lines ; in Czechoslovakia and in Spain systematic 
experiments were at present in progress. 

The duties and the sphere of action of controllers 
varied on different railways, but, wherever they had 
been put into operation, the despatching system had 
resulted in a more efficient train service. All train 
movements were recorded on diagrams, and any 
“blanks ” occurring in the latter could be taken 
advantage of by the controlling official. On single- 
track lines the system had proved particularly 
effective because the schedule could be modified in 
order to deal with train delays, and the unavoidable 
disturbance of other traffic was reduced to a 
minimum. 

The total amount of traffic on lines which 
had adopted the despatching system had greatly 
increased and it appeared that the expense incurred 
in the operation of controlling organisations was 
distinctly less than the economies resulting from 
its application. 

After the discussion, agreement was reached that 
a despatching system or control system consisted 
in the direction of traffic operations on a section 
of the line by means of a special organisation in 
rapid telephone and telegraph communication with 
shunting yards, traffic posts and engine depots, 
and had as its object the speeding up of the traffic 
so as to obtain the best use of the line. The 
individual types of work undertaken were thus de- 
fined. Subsequently it was decided that despatching 





centres might work independently, but their activi- 
ties could be co-ordinated as regards matters of 
common interest, or be under the control of a higher 
despatching organisation. Special mention was 
made of the despatching systems in use on the 
secondary railways of Czechcslovakia, which had 
made it possible to dispense with service super- 
intendents at stations, the only officials concerned 
with train movements being the despatcher and 
the head guards. The selector telephone appeared 
to be well adapted to the needs of despatching work. 
In most cases the despatcher received from the 
posts with which he was in contact, notification 
of delays which exceeded a certain limit, or of 
times of departure, arrival or passing of trains. 
This information was recorded on appropriate 
forms, on a map or on a diagram showing the 
actual running of all trains. This diagram was 
constantly added to as each notification was re- 
ceived. On lines where the density of traffic 
was sufficient to warrant it, the last method ap- 
peared to be the most satisfactory, as it gave the 
despatcher, at any moment, a complete view of 
the exact situation regarding every train on his 
section. Similar results were obtained on the 
British railways by means of boards on which 
cards corresponding to the various trains were moved 
according to the situation of the trains on the line. 
It was pointed out that the power possessed by the 
despatch officer on certain railways to authorise 
goods trains to be run in advance of their time-table, 
when circumstances permitted, was calculated to 
improve the circulation of the traffic and the out- 
put of the line. On certain British railways the 
officials considered that the economic results of 
the despatching system were improved when the 
locomotive service was placed under the same 
control as the traffic service, as far as maintenance 
and utilisation for hauling trains was concerned, 
but excluding, of course, repairs and construction. 
Wherever adopted, the despatching system had made 
possible an increase in the speed of goods trains and 
an increased output, and thus allowed work on 
extensions to be sometimes deferred. When the 
despatch officer controlled the loading of trains, 
it was found that there was an increase in the ton- 
nage carried per train-mile, and a decrease in the 
engine journeys per effective ton-mile. In every case 
the expenses entailed in the adoption of the des- 
patching system were more than compensated by 
the economies resulting from the application. 


Frnat MEETING AND CLOSE OF SESSION. 


On Wednesday afternoon, July 1, a general 
meeting was held, under the chairmanship of 
Sir Evelyn Cecil, when it was decided to reject a 
request from the Russian Railways for admission 
to the Congress on the ground that the situation in 
that country, especially from the railway stand- 
point, did not appear sufficiently stabilised to 
warrant their inclusion. Appointments were then 
made to the Permanent Commission of the Congress, 
amongst the members selected being Mr. H. G. 
Burgess and Sir Henry Fowler, of the London, 
Midland and Scottish Railway, Sir Albert S. Bell, 
of the Government of India, and Sir Henry W. 
Thornton of the Canadian National Railways. 
Amongst those re-elected were Sir Evelyn Cecil, Mr. 
J. R. Brooke, Permanent Secretary of the Ministry 
of Transport, and Viscount Churchill. 

After discussion, certain modifications were then 
made to the Articles of the Association, and the 
conclusions arrived at by the members of the 
different Sections were then submitted in turn. 
After some slight modification in the wording of 
one of them they were all adopted. These conclu- 
sions were those reached by Sections dealing with 
the Breaking of Rails and Joints, Electric Locomo- 
tives, Locomotive Sheds, Despatching and Control 
Systems, Joint Stations and Lines and Traction for 
Light Railways. 

Sir Evelyn Cecil and M. E. Foulon then expressed 
their appreciation of the work done by the Congress 
and paid tribute to the parts played in achieving 
that success by Sir Henry Fowler and M. Ghilain, 
the General Secretaries, and Messrs. H. Marriott 
and Arthur B. Cane, the Joint Secretaries of 
the organising committee of the Congress. The 
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tively water-jacketed, the jacket circulation being| are fitted to all the road-wheel centres. From the 


proceedings were then terminated with the cus- 
tomary votes of thanks. 

During the course of the Railway Congress, the 
delegates were entertained by His Majesty’s Govern- 
ment and the British railway companies, individu- 
ally and collectively. That the delegates from other 
countries were deeply impressed with the thorough- 
ness with which the London Congress was organised 
and appreciative of the efficiency of working of the 
British railway systems, was obvious to all who 
took part in the proceedings. At the conclusion of 
the meetings, the delegates proceeded to the North 
of England to take part in the Railway Centenary 
Celebrations. 





THE ROYAL AGRICULTURAL SHOW 
AT CHESTER. 
(Continued from page 45.) 

THE demand for road,rollers extends to places 
where coal is not so readily and cheaply available 
as oil, and the manufacturers have, in consequence, 
investigated the question of the application of 
internal-combustion engines to their propulsion. 
In this direction a great measure of success has been 
obtained, and it is now possible to obtain rollers, 
driven by oil engines, with every claim to recog- 
nition in view of their efficiency, reliability and 
economy. In Fig. 7 we illustrate an excellent 
example of this type of roller made by Messrs. 
Aveling and Porter, Limited, of Rochester, Kent, 
which was shown on the stand of the firm. These 
rollers are made in sizes ranging from 9} to 14 tons’ 
working weight. The 10-ton roller illustrated is 
of the three-wheel type, is of very substantial 
construction, and simple design, and is capable of 
operation without the necessity for any high degree 
of skill on the part of the driver. The engine is 
a horizontal one, the single-cylinder being effec- 





maintained by a pump operated by an eccentric 
on the engine side shaft. An arrangement is pro- 
vided by which the water is automatically drained 
from the jackets when work is ceased, thus prevent- 
ing any possibility of danger of damage due to 
frost. For starting, compressed air is used which 
is charged into the air bottle beside the driver, 
by means of an air pump driven by the engine. This 
charging continues during the time the engine is 
working, so that a supply of full-pressure air is 
at all times available, and consequently only some 
few minutes are necessary before the roller can be 
put to work. The speed of the engine is main- 
tained constant by the action of a sensitive 
governor, and arrangements are made that the 
speed can be immediately changed to any value 
between 20 per cent. above or 20 per cent. below 
the normal. Upon the engine crankshaft, which is 
a machined solid forging, provided with balance 
weights, there is a flywheel at each end. Steadi- 
ness of running is therefore obtained. 

Since it is sometimes necessary to operate various 
types of plant, such as stonebreakers, from a roller 
engine, provision is made on each flywheel for the 
accommodation of a pulley for the purpose. The 
drive from the engine is taken through powerful 
clutches of the expanding type, the parts of which 
are made of cast steel and are easy of adjustment. 
Suitable gearing for continuous operation at two 
road speeds, namely, 14 and 24 m.p.h., is provided. 
All the moving parts have been carefully con- 
sidered from the standpoint of obtaining effective 
lubrication. For the cylinder a sight feed lubricator 
is provided, but the shafts and axle bearings receive 
their supply of oil from a central distributing 
box fitted in a position which is readily accessible 
to the driver. A similar box serves for the clutch- 
operating mechanism, and Stauffer grease cups 





illustration, Fig. 7, it will be seen that the frame- 
work is built up from steel plates which are strongly 
stayed and riveted in position. It forms the 
engine bed and carries the bearings for the various 
shafts and the main driving-axle, and also, at the 
front end, accommodates the saddle in which is 
housed the upright stem of the front roller fork. 
A double brake system is provided, consisting of a 
hand-operated contracting type acting on an 
enlarged part of the driving axle and a pedal- 
controlled type, which works on the clutch drums. 
It may be noted that all the roller wheels have 
renewable tyres, and suitable scrapers are pro- 
vided to keep their surfaces clean. Other standard 
rollers shown by Messrs. Aveling and Porter, 
Limited, consisted of units with piston valve steam 
engines for simple and compound working, and 
there was also displayed a tractor with a Belpaire 
boiler and piston valve steam engine. 

Anexample of a serviceable oil engine mounted for 
drawing to the place where it has to be used is 
afforded by an engine made and exhibited by Messrs. 
Petters, Limited, of Westland Works, Yeovil, which 
is illustrated in Fig. 8. As will be appreciated from 
the illustration, this is a horizontal engine which has 
its bedplate bolted to a steel girder frame, provided 
with steel axles for four wrought-iron wheels. An 
efficient radiator cooled by fan-created draught is 
accommodated at the one end of the bogie, and 
the silencer at the other. Since shafts for a horse, 
or a pole for two horses, are supplied for use in taking 
the plant about, it will be recognised that this 
portable engine must prove of great value in dealing 
with the variety of work which has to be carried 
out at locations far removed from one another on 
a farm. The example exhibited is a 12 to 14 
brake horse-power set, but similar units of 8 h.p. to 
9 h.p. and 18 h.p. to 21 h.p. are also available. These 
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engines work on the two-stroke cycle, and are 
therefore free from valves and their operating 
mechanism, which is, of course, desirable when the 
engines have to be placed under the control of 
unskilled attendants. 

The engines are made on a repetition production 
basis in which accuracy of machining is ensured 
with a view to obtaining the characteristics of 
reliability and extended life. For the cylinder 
head, as well as the cylinder walls, ample water- 
jacketing is provided and sufficient clearances and 
openings are available for cleaning. An air valve 
is mounted on the crankcase, which is made of 
heat-treated spring steel and so proportioned as to 
ensure that a full charge of fresh air is obtained 
during every revolution. By the simple removal of 
the air valve cover from the crankcase ample room 
is available for the inspection of the big-end bearings. 
The fuel is delivered to the engine by a pump with 
a bronze cylinder and a case-hardened steel plunger 
which is of sufficient length to make unnecessary 
the provision of a gland, the construction result- 
ing in a long working life being obtained from the 
pump. On the delivery side of this pump there is a 
safety disc which serves to relieve the pressure 
should there be any obstruction in the fuel system. 
The vaporiser is of cast iron and made easily 
removable from the cylinder head, and also such as 
readily accommodates the cold-starter device made 
by the firm. This consists of a small cartridge 
which can be slipped into a holder before it is 
screwed into the vaporiser. This cartridge does 
not explode, but burns like a slow-acting firework 
and gives an effective ignition, and by its use the 
holder becomes hot enough to carry on combustion. 
The engine can by its use be brought up to 
speed in less than a minute. Complete atomisation 
of the fuel is ensured by the use of a sprayer nozzle 
which is completely water-jacketed to prevent any 
possibility of fuel carbonising in the sprayer through 
overheating. 

A double eccentric type of shaft governor, 
designed by the firm to vary the time of injection, 
as well as the quantity of fuel entering the cylinder, 
enables the engine to be run on load from the light 
condition to an overload without the necessity of 
making any adjustment whatever. These engines 
have forced-feed lubrication operated by air pressure 
for the cylinder and piston. As part of the standard 
equipment of this portable engine there is a friction- 
clutch pulley, by which it may be disconnected from 
the plant it drives whenever necessary, while a 
powerful screw brake is fitted to the rear wheels of 
the bogie to prevent movement when the engine 
is running. Messrs. Petters, Limited, also showed 
examples of their stationary engines of the same 
type, small electric-lighting sets with 14 and 5 
b.h.p. petrol-parafiin engine:, and similar units 
driving pumps. 

For places isolated from any general supply 
of electricity the advantages of electric lighting 
may be obtained by generating a private supply, 
and in situations where the demand is not con- 
siderable this may be done by the utilisation of the 
power of the prevailing winds. Until recent times 
there have been objections to this type of genera- 
tion, because of the magnitude of the revolving 
wheel that was necessary, and the size of battery 
needed for storage in order to obtain a supply in 
calm weather. Both these objections have been 
reduced through the progress made in the con- 
struction of electric lamps, since gas-filled metallic- 
filament incandescent lamps only require a fraction 
of the power that was necessary for the old carbon 
filament type. This reduction in the power required 
for any specific amount of illumination provided 
an incentive to the designers of small wind power 
plants, and very considerable success has now been 
achieved in providing efficient and reliable plant 
of this class. An example of a wind-driven 
generating equipment, one size of which was shown 
at the Chester Show, is illustrated in Fig. 9. This is 
the “Garty-Apex” installation manufactured by 
the Glasgow Electrical Engineering Company, 
Limited, of 45 and 47, Pitt-street, Glasgow. It is 
of 3 kw. capacity, giving 30 amperes at 100 volts. 
The wheel in this case is 18 ft. in diameter, but 
other units are also standardised productions, 
and have wheels of 5 ft., giving 100 watts, 8 ft. 
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with an output of 400 watts and 12 ft. with a 
capacity of 1 kw. Other sizes of greater capacity, 
embodying the same features of design, can also 
be provided to meet special requirements. 

It will be seen that the wheel is mounted at the 
top of the mast, which is put in compression by 
the load while the guy ropes are arranged to be 
always in tension. This is the special feature 
of this design, and follows from the fact that 
the wheel is at the apex of the complete struc- 
ture. The construction is much lighter with such 





a tied mast as compared with a lattice structure, 





while concrete foundations are unnecessary. To 
the opposite side of the mast from the wheel there 
is provided a vane which keeps the wheel up to 
the wind. It is not desirable to have the wheel 
always in the position presenting the maximum 
area to the wind, in view of occasional gales. 
Actually the wheel is set with its axis at one 
end of a short lever, the other end of which is 
connected to a spring forming the link between the 
vane and the wheel. By this means excessive wind 
velocities affect the action of the spring and cause 
the system to be in equilibrium when the wheel 
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Fig. 10. 


Fig. 11. 


is inclined at an angle to the.direction of the wind 
depending in magnitude on the velocity encoun- 
tered. Generation of electricity commences when 
the wind speed is about 5 m.p.h., and the machine 
reaches its full output when the velocity is 25 m.p.h. 
The entire structure is designed to withstand a 
wind velocity of 100 m.p.h. A switchboard with 
ammeter, voltmeter, main switch and an automatic 
battery switch completes the equipment. 

A tipping trailer made by the Eagle Engineering 
Company, Limited, of Warwick, is shown in Fig. 10, 
working in association with a Fordson tractor. 
From this illustration it will be appreciated that the 
draw-bar, which is linked to the frame of the trailer, 
is used to effect the tipping. Once the destination 
is reached the wheels of the trailer are scotched, a 
pin in the draw-bar system is removed, and the 
tractor is run back. While this continues, the first 
action is to swing the link on which the draw- 
bar is pinned under the body of the trailer until it 
comes in contact with the opposite side of its 
mounting. Any further pushing back of the draw- 
bar now acts to turn the entire body of the trailer 
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about the points of contacts of its wheels with the 
ground. Satisfactory and good tipping is thereby 
efiected, and on running the tractor forward again 
the trailer is brought back into normal position 
for the collection of new loads. The tractor used 
for the demonstration of this tipping arrangement 
is a Fordson, which is completely equipped with 
solid-tyred wheels and internal-expanding rear 
brakes to suit road-running conditions. Tipping 
trailers with vertical screw gear and side tippers 
with cross-screw gear, as well as a four-wheel trailer 
chassis of the turntable type, were also exhibited 
by the firm. 

A portable type of oil engine in which many 
improvements in design have been recently in- 
corporated is shown in Fig. 11. This formed part of 
the display of Messrs. Ransomes, Sims and Jefferies, 
Limited, of Orwell Works, Ipswich. It will be 
observed that it consists of a single-cylinder 
vertical oil engine from which the jacket water is 
taken toa cooling tank. A feature of the circulating 
system is that the water from the outlet is split 
up into jets by means of a perforated plate, against 


which it strikes in falling, and the water is then 
forced to trickle over the edges of a solid plate 
before falling to another perforated plate, prior 
to dropping into the tank. During this process 
the water is forced to come into contact with a large 
volume of air, and is thus considerably reduced in 
temperature. The engine, known as the “ Wizard,” 
is of the vertical type, is totally enclosed and 
works on the two-stroke cycle. It differs from other 
engines constructed by the firm in the method of 
injecting. In the older engines the injection of fuel 
was controlled by eccentrics mounted on the 
crankshaft. The oil is allowed to enter the cylinder 
when the piston is at the foot of its stroke. This 
it does under a pressure of about 24 lb. per square 
inch, obtained from the crank-case compression. 
Around the conical-seat of the valve, which permits 
the entry of the fuel, there is a cup forming at the 
bottom a cylindrical recess into which the oil is 
passed, and from which it is carried through a series 
of minute holes in its side into the cylinder. It 
will be appreciated, therefore, that the whole of 
the vaporisation occurs in the cylinder. The 
ignition is entirely automatic, and occurs at the 
proper time quite independent of the speed of the 
engine or the load it is dealing with. There is 
no magneto, hot bulb, or heating lamp to be 
a source of trouble, and the engine is started from 
cold on the same fuel oil on which it is ordinarily 
run. A handle is provided on the rim of the fly- 
wheel for the purpose of starting the engine, during 
which time half-compression is obtained by depres- 
sing a spring-loaded release valve in the cylinder 
head. Working on paraffin, the engine uses 
0-66 pints of fuel per brake horse-power hour, a 
good result for engines designed to give either 4 
or 7 brake horsepower. Lubrication has received 
careful attention, and plunger pumps supply the 
oil to a centrifugal oiler for the connecting-rod big- 
end and to the piston direct. For the crankshaft 
oil-bath bearings are used. In addition to being 
supplied as a portable unit, as is illustrated, the 
engine is also built for stationary work. In 
both types on a farm this engine has the great 
advantage that there is nothing about it which 
can go wrong due to the presence of dampness. 

In the construction of mowing machines it has 
been customary to get the motion for the operation 
of the long toothed knife or blade from the wheels 
of the machine, by means of bevel gears and a long 
connecting-rod drive. The need for a more compact 
means of obtaining the requisite motion has been 
felt by many agricultural engineers, and a solution 
of this problem provided by Messrs. Blackstone 
and Co., Limited, of Stamford, was an exhibit 
for which the Royal Agricultural Society presented 
the firm with a silver medal. An illustration of the 
gear is to be seen in Fig. 12. The knife of the mower 
is moved to and fro by a rocking lever the upper 
end of which is controlled by a cam secured to a 
small pinion which is rotated by the spur-wheel 
drive shown, when the machine is in motion. The 
force operating the knife is applied in the direction 
of its travel at all times. By this construction the 
space under the mower is quite free from all mechan- 
ism, and as the driving gear is totally enclosed, it is 
free from the possibility ofinjury. In operation this 
type of mower is very silent, vibration is reduced 
to a minimum, and it has a very light draught. 

Other exhibits of Messrs. Blackstone and Co., 
Limited, included their well-known cold-starting oil 
engines with spring injection, of both the fixed and 
portable type. A new model petrol engine of 
5 brake horse-power working on the four-stroke 
cycle was also shown. In this, both the petrol 
supply and the lubrication are maintained by the 
use of plunger pumps. For the fuel the carburettor 
is almost identical with that used in the vaporiser 
type of paraffin engines made by the firm, but in 
this case the supply jet has a self-locking needle 
valve, the aperture of which can be adjusted by hand. 
The examples of the vaporiser type of oil engine 
exhibited were the 7, the 9 to 11 and 15 b.h.p. sizes, 
while an engine of 11 b.h.p. was also mounted 
as a portable set. Belt-driven air compressors for 
service in charging the starting air vessels for large 
oil and gas engines also were given a place on the 
firm’s stand. 
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and efficient pump at a moderate price. Messrs. 
Tangyes, Limited, of Cornwali Works, Birmingham, 
have introduced a new design of vertical ram pump. 
The construction of this may be dealt with by 
referring to the belt-driven unit shown in Fig. 13. 
The ram is of cast-iron working in a cast-iron gland 
provided with suitable packing and the valves, 
made of indiarubber, are provided with brass 
guards and Muntz metal spindles. It will be 
observed from the illustration that the main casting 
includes not only the bedplate and cylinder but 
provides support for the two arms to which the 
bearings are fitted. A mild steel crankshaft, bent 
to shape, is used, machined at the crank pin 
and for the main journal bearings. Connection 
between the crankshaft and the piston is afforded 
by means of a rod of mild steel provided with 
adjustable brasses at the crankpin end and with a 
bush on the gudgeon pin. Only a fixed pulley 
is supplied and this is mounted directly on the 
crankshaft, as shown in the illustration, or a counter- 
shaft is fitted and spur gearing interposed in the 
drive. A suitable connection is made to enable 
any leakage past the ram and any drip from the 
bearings to be drained away. The design of the 
main bearings, it may be stated, is such that the 
creeping of oil on to the pump body is completely 
prevented. There is a cast-iron air vessel provided 
on the delivery side and a vacuum one on the 
suction inlet to steady up the working of the pump. 
Units such as are illustrated are manufactured to 
deal with 460, 1050, or 2,100 gallons per hour and 
deliver at heads up to 150 ft., while similar plants 
with electric motors or oil engines on the same bed- 
plates are available, forming complete equipments. 
Messrs. Tangyes, Limited, also displayed their cold- 
starting heavy oil engines, their horizontal paraffin 
engines, and vertical petrol engines of 5} and 7} 
brake horse powers mounted on skids for trans- 
portation. In addition to the ram pumps already 
referred to there were also shown centrifugal pumps 
and duplex ballast pumps. 

Messrs. Young, Osmond and Young, Limited, of 
Stafford House, Norfolk-street, London, W.C.2, 
devote themselves to the provision of plant for 
fa m electrification and they hai a comprehensive 
display of suitable units for connection to the 
mains of a general supply system or for use in 
association with a small private plant. In the first 
class may be mentioned crop dryers in which the 
air used for the purpose is heated by self-contained 
electrical elements and is propelled by electric 
fans into the crops. Electric heated boilers are 
shown of types suitable for the supply of hot water 
and steam for the cleaning of dairy utensils. Com- 
plete plants for the lighting of poultry houses in 
winter time and the maintenance of suitable tem- 
peratures in incubators were also features on this 
firm’s stand. A complete line of electrically- 
operated farm machinery and an electric milking 
machine were also exhibited. Perhaps the most 
interesting feature of the private plants shown was a 
wind-driven generating set mounted on a lattice 
tower 60 ft.in height. This is illustrated in Fig. 14. 
In the design of this windmill use has been made of 
recent research work which has led to an augmenta- 
tion of the efficiency of aeroplane propellers. The 
windmills supplied by the firm have four or more 
blades or wings of aerofoil section, mounted on fa 
special design of hub provided with the means of 
altering the angle of the wings relative to the shaft 
on which the hub turns. By this provision the 
wings are automatically turned out of the wind, 
or into it, according to the velocity with which 
it reaches the windmill. By means of a special tail 
or vanes the main sails or wings are so turned as to 
catch the wind, as soon as it reaches the minimum 
speed necessary for the work, but it should be noted 
that means are provided by the installation of a 
regulator so that the minimum wind pressure at 
which generation is possible may be varied at will. 
Gearing is fitted to transmit the power by a shaft 
to the base of the tower where it may be used for 
pumping or, as was the case on the stand, for driving 
an electric generator which has suitable character- 
istics for the provision of electric power at a steady 
voltage. 

A new design of “ Universal ” steam road roller, 
was shown by Messrs. Marshall, Sons and Co,, 


EXHIBITS AT THE 














Fie. 12. Mower BiapE Gar; Mzssrs. BLAck- 
STONE AND Co., LimrrEp, STAMFORD, 














Fic.13. Vertican Ram Pump; Mgssrs. TANGYES, 
LuitEep, BIRMINGHAM. 


Limited, of Britannia Iron Works, Gainsborough. It 
has been put upon the market to meet the modern 
requirements in roadmaking and in its construction 
combines the operating advantages of the standard 
three-wheel and the tandem types of rollers. For 
consolidating road bottoms it serves equally well 
as for completing top surfacings without developing 
corrugations. The weights are distributed almost 
equally between the rear and the front wheels, but 
the preponderance is at the back to obtain a good 
finishing effect. When it is desired to accommodate 
the working to any predetermined camber the 
articulated back axle, which is under positive con- 
trol, is made use of. The engine is a high-pressure 
double-cylinder unit completely enclosed by its 
cast-iron frame. It has a locomotive type of 
multi-tubular boiler which works at 150 lb. per 
square-inch pressure. We hope to describe this 
roller in detail in a later issue. 

There were other types of road rollers shown by 
Messrs. Marshall, Sons and Co., Limited, such as 
their standard machine, which has a compound 
engine making use of piston valves. In thisexample 
a working pressure of 200 lb. per square inch is 
arranged for, and the boiler incorporates the “‘ Mar- 
shall” firebox, corrugated smokebox tube plate, 
and reinforced boiler front plate. Instead of the 








more common Stephenson link motion, a’ simple 
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Fig. 14. Winp-Driven ELEotric GENERATING 
Piant ; Mzssrs. Youne, OsMOND AND YOUNG, 
LIMITED. 


radial type of gear is fitted, making use of a single 
eccentric for each cylinder, Metallic labyrinth 
packings are provided in the stuffing boxes. Motion 
is taken from the crankshaft to the axles through a 
three-shaft transmission and a differential gear with 
four pinions. As each roadwheel has its hub and 
spokes combined in a single steel casting, the 
possibility of loose or broken spokes causing trouble 
is practically eliminated. Every part of the equip- 
ment is made to standard gauges and templates and 
complete interchangeability is therefore obtained, 
a feature which must appeal to those’ who have but 
limited resources for fitting replacements of parts. 
A tandem road roller known as the “ Millars- 
Marshall” was another interesting exhibit, which 
was designed for preparing surfacings of tar and 
bituminous macadam, asphalte and other materials 
of the same characteristics. Being spur-driven 
from an engine practically free from vibration, 
and having a rapid reversing mechanism, -the 
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common troubles of dwelling when at work rolling 
soft surfaces are overcome. Hand steering is the 
standard equipment of this roller, but the one exhi- 
bited also had a power steering gear making use of a 
three-cylinder radial engine. 

Their well-known traction engines and portable 
steam engines also formed part of Messrs. Marshall’s 
display of plant, as well as standard oil engines 
working on the two-stroke cycle. These engines are 
of the hot bulb type and once started, the lamps 
used for the initial heating may be extinguished, 
although when fuel oils of specific gravities greater 
than 0-92 are used, a pre-heating device is recom- 
mended. Two horizontal engines, the one fixed and 
the other portable, were shown as well as a vertical 
engine, of 50 b.h.p. with a single cylinder, which 
was designed for industrial works installations. 
There were also exhibited by the firm thrashing 
machines and scutching machines for the treatment 
of flax. : 

As a result of the experimental work under- 
taken to devise means for drying crops by artificial 
processes, it is now possible to harvest in spite of 
unfavourable weather conditions and yet not suffer 
the enormous losses which previously were experi- 
enced. This crop-drying system for which plant 
has been put upon the market by Messrs. Geo. H. 
Gascoigne Company, Limited, of Lyndford House, 
Castle-street, Reading, depends on the introduction 
of hot air into the centre of a stack of damp produce, 
driving out the water and preventing the fermen- 
tation actions which would otherwise occur. The 
equipment consists of a heating unit and fan for the 
air used, anda canvas duct by means of which it is 
led to a central chamber left inside the stack. 
Heat is supplied to the air by contact with a duct 
of sheet metal bent to form a lengthy path for 
the products of combustion it contains. Oil 
burners serve for the creation of the heat and in the 
first section of the pipe system fireclay lining is 
resorted to in order to limit the temperature of 
the metal duct in this section. The air drawn 
in by a fan is forced to take a circuitous path, 
backwards and forwards, through the heater, in 
order to obtain as long a contact with the hot duct 
as possible. The air is delivered through a canvas 
hose to a rigid metal inlet duct which conveys it to 
an open conical space in the stack, made by 
its being built round a structure comprised of 
wooden battens, covered with wire netting to 
prevent the crops from falling through. Successful 
work has been done in treating various types of 
crops such as grass, many types of cereals and peas, 
and further work is being conducted to determine 
the value of the method of drying the produce 
in a filled Dutch barn. 

The same firm showed their metal silos for the 
storage of feeding stuffs for the winter. These are 
built up with curved plates the edges of which are 
bent outwards to permit their being bolted together 
in such a way as to leave a perfectly flush surface 
inside. By this method of construction the require- 
ments of air and water tightness may be met and 
the whole structure forms a cheap and serviceable 
silo. Alternative constructions were shown in 
timber and concrete for the same purpose by other 
companies. A timber silo was shown by the Farm 
Silo Company of Russell-street, Belfast. It is built 
up of tongued and grooved boards of Douglas fir 
which are tenoned to permit their association in a 
substantial structure without the use of nails or 
hoops. As all the parts are standardised the 
silo may be rapidly built up from them by unskilled 
labourers. A model of a silo made up of creosoted 
wood staves, with the use of steel frames, was 
exhibited by Messrs. English Brothers, Limited, 
of Wisbech. Another method of construction of 
silos was available forexamination in the extensive 
exhibit of the British Portland Cement Association, 
Limited, of 20, Dartmouth-street, Westminster, 
London, §.W.1. In this case the silo takes the form 
of a cylindrical structure built up of concrete with 
hoop reinforcements. As part of this exhibit was 
left open to permit inspection it afforded very good 
evidence of the suitability of concrete for the con- 
struction of an ideal silo at small expense. 
Farm buildings of all types, made in concrete, 
were also exhibited by the Association, and a 
good impression was created by them of the many 


advantages possessed by a material permitting 
smooth floors without joints, in cow sheds, pig- 
stys, and in the construction of other types of 
farm structures as well as for the building of 
houses. 

(To be continued.) 





THE RIBBLE POWER STATION OF 
PRESTON CORPORATION. 


SrxcE the passing of the Electricity Act of 1919, 
following the recognition that if the British nation was 
to regain its former position among the manufacturing 
countries of the world a cheap and adequate supply of 
electric power was essential, great progress has been 
made in the erection, in various parts of the country, of 
stations suited to modern requirements. Whatever 
has been done has been effected with the counsel and 
consent of the Electricity Commissioners, working 
under the leadership of Sir John Snell, and in every case 
the association of the new works in the future with 
others in the same district has been a vital considera- 
tion. The needs of Mid-Lancashire have received 
attention, amongst the other territories into which the 
country has been divided for the purpose of electric 
power supply, and a new station at Preston, which is 
to be formally opened for service on Wednesday, July 
22, by Sir John Snell, will undoubtedly play an im- 
portant part in the development of electricity supply 
in this area. : 

The history of power supply in Preston started in 
1891, when the National Electric Supply Company 
obtained a Provisional Order forthe Borough. At once, 
a beginning was made on a small scale with a temporary 
station in Corporation-street, while a permanent 
power station, which was opened in August, 1892, was 
in course of erection. Early in its history the supply 


. was only given by the company in the central district 


of the town, but as the undertaking grew an Extension 
Order was obtained in 1898 incorporating a greater dis- 
trict for distribution. Prior to the European War, 
progress was comparatively slow, as the costs of 
generation and distribution were then so high that the 
textile and other auxiliary trades in the district were 
not convinced that any economy could be obtained 
by taking a supply from the company instead of gene- 
rating power for the driving of their works by steam 
engines, the steam for which was obtained by 
the combustion of coal available at a low cost. 
After the Great War the increased costs of fuel and 
labour and the greater efficiency obtainable from large 
turbo-generators completely changed the position and 
enabled the supply companies to compete with 
private power generation on advantageous terms. 

The old station in Crown-street was quite inade- 
quate to meet the new conditions, and as ground was 
not available for extensions on a large scale, the com- 
pany acquired a site in Penwortham, on the south 
bank of the River Ribble. They did not, however, 
feel justified later on in proceeding to construction, 
since their undertaking would be purchasable by the 
Corporation of Preston in 1932. Earlier negotiations 
were then resumed between the two parties, with the 
result that the Corporation took over the system and 
all its properties in 1922. Arrangements were then 
made with Mr. J. A. Robertson, M.I.E.E., of 20, 
Brazennose-street, Manchester, who was the consulting 
adviser to the old company, to undertake the design 
of a modern power station for the Corporation, and 
sanction for its erection was obtained from the Elec- 
tricity Commissioners in May, 1922. Since the work 
was commenced, the Mid-Lancashire Electricity Dis- 
trict, extending from Fleetwood on the north-west to 
Colne and Nelson on the east, and Chorley on the south, 
was constituted, and an Advisory Board was appointed 
to make recommendations regarding the questions 
involved in the supply of power. Agreements have 
already been made by the Corporation of Preston 
with the Lancashire Electric Power Company to furnish 
a bulk supply for distribution by the company in the 
Leyland and Walton-le-Dale districts. A further 
development will be made by the interconnection of 
the Whitebirk Power Station at Blackburn and the 
new Ribble Power Station, which will enable the two 
systems to interchange energy and thus to utilise their 
plant to the best advantage. This interconnection 
will be made by a 33,000-volt main capable of carrying 
10,000 kilowatts, the contracts for which have already 
been placed. Further negotiations are in progress for 
dealing with a supply of 5,000 to 10,000 kw. to the towns 
of Blackpool, Lytham and St. Annes, and Fleetwood. 

The new power station, illustrations of which are 
given on pages 74 and 75, and on Plates V, VI, 
VII and VIII, is built on the south bank of the River 
Ribble, at a distance of about one and a-half miles from 
the centre of the town of Preston. Here the river is 
tidal, with a maximum variation in height of 22 ft. 
and with a minimum flow, during dry weather, of 








approximately 5,000,000 gallons per hour. This supply 





of water is considered ample for the requirements of 
the first section of the power station, but when exten- 
sions have to be made it is proposed to impound the 
tidal water by constructing a weir across the river, 
when it is hoped to get sufficient water for condensing 
purposes for a plant of 150,000 kw. capacity. The site 
of the station was found to have a bed of sandstone at 
a depth of 12 ft. to 15 ft. below the surface, and the 
excavations were carried down to this depth before 
erection was started. The buildings comprise three 
parallel bays, the boiler house, turbine house, and a 
smaller structure to house the switchgear and offices, as 
shown in Figs. land2. These buildings are constructed 
of steel with brick fillings, the outside walls being 
faced with Accrington bricks and the inside of the 
turbine house with white glazed ones. Window and 
roof lighting has been provided on a liberal scale, 
and adequate ventilation has been ensured. 

Prior to discussing the arrangement of the boiler- 
house it will, perhaps, be advisable to refer to the 
facilities provided for dealing with coal supplies. 
Generally the coal wil! reach the site by the railway, 
which is on the north side of the river. From here it 
will be conveyed by an aerial transporter across the 
river to a receiving tower at the station. In Fig. 3, 
which gives a general view of the station from the 
river, this transporter system is not shown, but the 
tower and part of the steelwork for it can be seen in place, 
and the lay-out is indicated clearly in the general plan, 
Fig. 1. At the receiving tower, the coal is delivered 
to duplicate belt conveyors, which carry it to the coal 
bunkers, or it is taken to the stacking ground at the 
west side of the station. Should coal have to be 
transferred from the stack to the bunkers, a jib crane 
of 30-ft. radius is used to lift it and place it in trucks, 
which are hauled on a 2-ft. 6-in. gauge railway and 
tipped into a receiving hopper. This hopper is also 
used for road-borne coal. From it, the coal is elevated 
by balanced skip hoists to the hopper above, which 
serves the belt conveyors passing over the boiler- 
house bunkers. There are duplicate conveyors, and 
each is capable of dealing with 40 tons of coal per 
hour. 

Having now explained how the coal is passed into the 
overhead bunkers in the boiler-house, which have a 
capacity of 900 tons, we can consider the design of this 
part of the station, the plan and cross-section of which 
are given in Figs. 1 and 2, while a view down the aisle 
between the boilers is reproduced in Fig. 5, Plate VI. 
This boiler-house, when completed, will be 180 ft. 
long, 84 ft. wide, and 81 ft. total height. Five Babcock 
and Wilcox boilers, of the marine cross-drum type, 
have been so far installed, each having an actual 
normal evaporation of 65,000 Ib. of steam per hour at 
325 lb. per square inch pressure and superheated to a 
temperature of 720 deg. F. when fired with coal having 
a calorific value of 10,500 B.Th.U. per pound, An 
overload of up to 75,000 1b. per hour under the same 
pressure and temperature conditions is within the 
capacity of each of these steam generators. Space 
within the present structure is available for a sixth 
boiler, and when the boiler-house is completed there 
will be room for two more. Each boiler, with its 
economiser, superheater, forced and induced-draught 
plant and steel chimney, constitutes a separate steam- 
generating unit. For cleaning purposes a Diamond 
soot-blower is fitted to each. Shafting extending 
under the firing floor and along the whole length of 
the boiler-house (see Fig. 6, Plate VI) serves for 
driving the chain-grate stokers, of which there are 
three provided for each steam-generating unit. The 
arrangement of one of the forced-draught fans is shown 
in Fig. 6, and of one of the induced-draught fans, 
beside the steel chimney, in Fig. 7, Plate VI. 

The ash-removal plant comprises two scraper con- 
veyors working in cast-iron troughs filled with water 
to a depth sufficient to seal the chutes delivering the 
ashes from the hoppers. From the basement of the 
boiler house, the conveyors raise the ashes to overhead 
hoppers, suitable for filling skips or carts. These 
hoppers are situated outside the station, their location 
being indicated on the general plan, Fig. 1. Provision is 
made, by employing stand-by ash trucks on a rail-track 
in the basement, so that if one conveyor breaks down, 
the ashes it should deal with may be transferred to the 
other. All the ashes-are taken away in trucks hauled 
by a battery type of electric locomotive to low-lying 
ground to the west of the station, which will be used 
as a dump. The entire coal and ash-handling plant, 
it should be mentioned, was supplied by the Mitchell 
Conveyor and Transporter Company, Limited, of 
Atlantic House, 45, Holborn-viaduct, London, E.C.1. 

The main generating plant, with its associated con- 
densers and auxiliaries as well as the boiler-feed pumps, 
is erected in the turbine house. This, when com- 
pleted, will have a length of 180 ft. and a width, 
including the pump aisle, of 77 ft. In Fig. 4, Plate V., 
a view of one end of this section of the station is pro- 
vided, and, in the foreground, one of the two 12,500 
kilowatt turbo-generators, at present installed, is 
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established throughout the various sections of the power 
station to ensure ease of control. 

Each of the two main condensers has a cooling surface 
of 17,000 square feet. In association with each 
condenser there are three air ejectors of the Hicks- 
Breguet type, each of suitable capacity to deal with 
50 per cent. of the full-load requirements. The plant 
was designed to obtain a vacuum of 29 in. with the 
barometer at 30 in., when supplied with 13,000 gallons 
of water per minute at a temperature of 53 deg. F. 
Duplicate condensate extraction pumps are installed for 
each unit (see Fig. 12, Plate VIII), and are arranged to 
deliver into a main header from which pipes provide a 
connection to surge tanks above. Over these surge 
tanks there are make-up tanks, and test tanks are also 
available provided with suitable’ valves for the per- 
formance of steam-consumption tests. The feed-water 
system for the boilers is arranged on the closed system, 
and the water is partly heated by steam bled from 
the low-pressure stages of the turbine and partly by 
exhaust steam from the boiler-feed pumps. Four 
feed pumps are installed, two of which are of Weir 
type driven by small steam turbines and two are elec- 
trically driven Mather and Platt pumps (see Fig. 11, 
Plate VIII). Each pump is capable of delivering 20,000 
gallons per hour against a head of 900 ft. Circulating 
water for the condensers is taken from the river 
through a screening plant, shown in Figs. 1 and 2, 
which consists of three circular screens of 27 ft. diameter 
made by Messrs. F. W. Brackett and Co. A consider- 
able amount of excavation was necessary to ensure that 
plenty of water would be available at low tides, and the 
inlet chamber was, for this reason, taken to a depth of 
6 ft. below the river bed. The inlet and outlet culverts 
are each 7 ft. 6 in. high and 6 ft. wide, the inlet being 
located below the outlet. To satisfy the Fisheries 
Board, the outlet end of the water culvert was extended 
to discharge over a spillway 100 ft. in length on the 
river bank, shown in Fig. 1. The water for each con- 
denser is dealt with by two electrically-driven circulating 
pumps situated in a chamber below the basement of 
the turbine house. The motors and the control gear 
for these pumps are seen in Fig. 13, Plate VIII. Each 
toms is driven by a variable-speed motor, and is 
capable of dealing with 85 per cent. of the requirements 
at the rated full load. 

The chief sub-station in Preston is in the old Crown- 
street station, from which part of the old steam plant 
has been taken away to make room for four rotary 
converters, two of which are of 1,500 kw. capacity, 
and the two others deal with 500 kw. each. Other sub- 
stations have been installed at the old tramway 
generating station at Deepdale, at the works of the 
English Electric Company, Limited, and at Greenbank 
Mill. In the case of the Dick Kerr Works of the 
English Electric Company, Limited, new generating 
plant was in process of construction when the advan- 
tages which would accrue from taking a supply from the 
Ribble Power Station were recognised. A sub-station 
taking high-tension alternating current from the 
Corporation was therefore decided upon, and in this 
sub-station there will be two 500-kw. rotary con- 
verters belonging to the Corporation, while the English 
Electric Company, Limited, are installing a 1,000-kw. 
rotary converter, a 1,000-kw. transformer taking 
current at 6,600 volts three-phase, and giving a dis- 
tributing pressure of 420 volts three-phase, as well as 
a 1,400-kw. motor generator for use in heavy test 
work. In the electric works of the company, 30 
direct-current motors, aggregating about 600 h.p., 
and in the car works 54 motors of the same total 
power, are being changed to take advantage of the 
alternating-current supply. From this sub-station the 
Siemens and English Electric Lamp Company will 
also receive a supply of about 250 kw. It is interesting 
to note that as a result of these changes in the power 
supply to the Dick-Kerr works, for a capital ex- 
penditure of 24,0007. an annual saving of 3,2501. will 
be effected. 

A static sub-station has recently been erected 
to supply the Ribbleton district, where the old three- 
wire direct-current network has been changed over 
to the three-phase alternating-current supply. For 
the inter-connecting transmission line to the Black- 
burn power station, step-up transformers giving a 
pressure of 33,000 volts are to be placed in an outdoor 
sub-station to the east of the main station. An induc- 
tion regulator is to be installed to give a 10 per cent., 
plus or minus, boost for interchange of current and 
an earthing transformer will be included in the system 
to enable the 6,600-volt system neutral to be earthed 
when either station is shut down and is receiving & 
full supply from the other. 

As has already been said, the whole of the work 
connected with the design of the station and specifica- 
tion of the plant was the work of Mr. J. A. Robertson, 
M.I.E.E., of Manchester, who also supervised the con- 
struction and equipment. In the later stages of the 
work he received valuable assistance from the Borough 
Electrical Engineer of Preston, Mr. J. F. Simpson, and 





his staff. The preliminary excavation of the site and 
of the river bed was supervised by Mr. James Barron, 
the Ribble Engineer, who was also responsible for the 
construction of the approach roadways. 





AN UNUSUAL PILE-DRIVING TUP. 


WE have received information from a correspondent 
regarding a particular application of cement which we 
deem to be of sufficient interest to put on record. 
On a contract at Fort William, a large number of 
heavy timber piles had to be driven through hard 
gravel to a penetration of about 15 ft. The work 
proved very difficult and little headway was made with 
the ordinary 2}-ton monkey available, the piles failing 
badly under the blows. The foreman in charge of 
the work thereupon decided to make a 1-ton monkey 
of reinforced Ciment Fondu, the dimensions being 
6 ft. in length by 18 in. square. This tup was brought 
into use 48 hours after pouring, and proved most 
successful. It was reinforced with four 14-in. vertical 
bars placed near the corners and held by +-in. 
wire loops spaced 2 in. apart at the top and bottom, 
and 4 in. apart in the centre of the tup. A 2-in. 
chamfer was given to the bottom edges. A 1}-in. 
bar, looped, was embedded in the upper part as well 
as two transverse ]4-in. pipes, in the upper and lower 
parts for use in connection with the toggle gear. No 
sheet iron or other form of shoe was used, and although 
the drop ranged up to 10 ft., the tup showed no signs of 
disintegration and stood up in every way satisfactorily 
to the work. The mixture used was 23: 14:1, with 
#-in. aggregate and clean river sand. 
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PERSONAL.—Messrs. Creed and Co., Limited, engineers, 
of Telegraph Works, Croydon, have acquired Mr. Donald 
Murray’s telegraph business, including the Murray 
telegraph patents, and will in future manufacture and 
supply the Murray multiplex and other apparatus. 
Mr. Murray will meantime act as consultant to the new 
proprietors.—The Lord President of the Council has 
appointed Mr. R. 8. Pearson, C.I.E., F.L.S., Forest 
Economist, Forest Research Institute, Delira, India, to 
be Director of Forest Products Research under the 
Department of Scientific and Industrial Research.— 
Mr. R. B. Hodgson, until recently general manager and 
director of Messrs. Ashmore, Benson, Pease and Co., 
Limited, engineers and gas-plant manufacturers, of 
Stockton, has taken up a similar appointment with the 
Whessoe Foundry and Engineering Company, of Dar- 
lington.—Messrs. W. E. Burnand and Co., electrical 
engineers, have removed from Chippinghouse Works, 
Lowfields, to Duo Works, 66-106, Shoreham-street, 
Sheffield.—That M. Léon Guillet, the eminent metallur- 
gist, has been elected a member of the French Académie 
des Sciences is announced in Le Génie Civil. 





THE ARMSTEAD SNOW MOTOR. 


TRACTION across snow-covered ground is a question 
which has always presented serious difficulties and, 
in certain countries, communities and industries suffer, 
to some extent, owing to the restricted nature of the 
means of communication available during the winter 
months. The problem of traction across rough and 
roadless country has been dealt with in our columns on 
several occasions, and, on page 318 of our issue for 
March 7, 1924, a description of the Armstead snow 
motor was given. Although the principle of the motor, 
as now constructed, is identical with that illustrated in 
ENGINEERING, two important mechanical improvements 
have since been carried out. The propelling drums, 
instead of being divided into two halves, are now made 
in one piece. These, as before, have their axes parallel 
to the axis of the car, and are shaped like projectiles, 
the point being in front. As was the case in the earlier 
machine, right-handed helical flanges are fitted on the 
one drum and left-handed on the other. The drums are 
chain driven and revolve in opposite directions. Neu- 
tralisation of lateral thrust is thus secured, and the 
snow motor is propelled along a straight course. 

The second notable improvement is that the front 
runners have been abandoned and steering is now effected 
by controlling the speed of rotation of one or other of the 
drums. The whole power of the engine is thus behind 
the steering, giving good manceuvring qualities. The 
control of the steering is such that the motor can be 
swung round in itsown length. A demonstration of the 
powers of the Armstead motor was recently given in 
Michigan and a film taken of the proceedings. The 
latter shows the machine travelling over deep snow 
drifts, running on frozen lakes, and making its way 
through brushwood. At times, during the trials, the 
motor was at an angle of 45 deg., either listing sideways 
or lengthways; it was, nevertheless, always under 
control. Another test showed the machine hauling 
20 tons of timber on sleds along a snow-covered road. 

The design of the Armstead motor is such that any 
standard make of motor car may be mounted upon it, 
the entire equipment being brought into play, with the 
exception of the wheels and axles. In the trials, referred 
to above, the Fordson tractor and the Chevrolet car were 
used. The Armstead machine is made by Snow Motors 
Inc., 620, East Hancock-avenue, Detroit, Mich., U.S.A., 
and the agents for Europe are Messrs. Perkins Macintosh 
Petroleum Tool and Boring Co., Limited, whose offices 
are at 25-27, Bishopsgate, London, E.C.2. Commencing 
on August 1, demonstrations will be given in Switzer- 
land by Mr. J. H. Sanders, on the Jungfraujoch, at 
the top of the Jungfrau Railway. Those wishing to 
be present are asked to communicate with Messrs. 
Perkins Macintosh at the address given above. Fur- 
thermore, Mr. Sanders proposes to attempt the ascent 
of Mont Blanc, in September, using one of the Arm- 
stead motors. 





Fixep CONDENSERS FOR WIRELESS RECEIVING 
APPARATUS.—We have received from the Igranic Electric 
Company, Limited, of Bedford, a sample of one of the 
small condensers of fixed capacity they are now making 
for use in wireless-receiving apparatus. In these con- 
densers, which are made with capacities ranging from 
0-:0001 to 0-006 mfd., the conducting sheets of hard 
brass, which are interleaved with ruby-mica dielectric, 
are tightly compressed within a flattened metal tube, 
from the ends of which thin brass sheets, provided with 
soldering tags, extend to enable the connections to be 
made. The makers claim that these condensers are 
quite impervious to moisture, that the dielectric losses 
are exceptionally low, and that the capacities which 
are within 5 per cent. of their rated values, remain 
constant over long periods. The smaller sizes are 
suitable for the grid condensers of rectifying valves, 
and the larger sizes for a variety of applications such as 
the shunting of audio-frequency transformers, tele- 
phones, high-tension batteries, &c. 





Lattice Constants oF Common Metats.—The lattice 
constants of metals are so often referred to now that 
we give their values as determined by Wheeler P. Davey, 
as in the Laboratories of the General Electric Company, 
of Schenectady (Physical Review, June). The figures 
given indicate side of unit, cube and closest atomic 
approach in Angstrém units (A) and also the density from 
X-ray data (with ordinarily a ae density in brackets). 
Aluminium, 4-046, 2-860 A, 2-688 (2-708); nickel, 
3-499, 2-474 .., 9-04 (8-6 to 8-93); copper. 3-597, 
2-543 A, 9-01 (8:91—8-96) ; palladium, 3-859, 2-729, 
12-25 (11-4—11-9); silver, 4-079, 2-884 A, 10-49 
(10-50 to 10-53); platinum, 3-912, 2-766 A, 21-51 
(21°16 to 21-5); gold, 4-065, 2-874 A, 19-37 (19-27 to 
19-32); lead, 4-920, 3-479 A, 11:48 (11-34). All these 
metals give crystals of face-centred cubic pattern. Body- 
centred cubic patterns occur in iron: 2-885, 2-472 A, 
7-93 (7-8 to 7-9), in molybdenum: 3-142, 2-720 A, 
10-21 (8-6 to 9-1); and tungsten: 3-55, 2-732 A, 
19-32 (18-77). Finally, bismuth, of rhombohedral pat- 
tern, gave: 4:539. ; axial ratio, 2-606; density. 
9-8 (9-75 to 9-8). It will be seen that the densities by 
X-ray examination are not in the best possible accord 
with the other density determinations. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Hull Coal Traffic—As was generally anticipated, the 
official returns for June show further substantial falls 
both in the total tonnage received at Hull and in the 
amount exported. Receipts from South Yorkshire col- 
lieries for the month aggregated 329,916 tons, or nearly 
32,000 tons less than in the corresponding month last 
year. Exports were down 92,000 tons, bringing the total 
drop under this head for the first six months of the year, 
as compared with the first half year of 1924, to nearly 
300,000 tons. The main cause of the contraction was the 
reduced demand from Germany, France and Sweden. 
Sales to South America also showed considerable reaction. 
Increased business, on the other hand, was done with 
Belgium. 


Iron and Steel.—Although several of the finished 
branches maintain considerable activity, there has been 
no change for the better in the principal basic forms of 
iron and steel. The demand for crude steel has shrunk 
to proportions that are little short of tragic, nor is there 
any sign of upward movement in pig iron, hematites, 
wire and wire rods, bar iron and scrap. Plants are 
mostly operating substantially below production capa- 
city, supplying a large proportion of current require- 
ments from stocks. Increased output may be called for 
when reserves have been further reduced. The South 
Yorkshire Bar Iron Association have reduced the price 
of that material 10s. per ton. This makes the basis price 
of crown bar iron 12/. 10s. per ton net, compared with 
81. 5s. in August, 1914, and with the maximum of 30/. 10s. 
reached during 1920. This week’s reduction has been 
largely anticipated, and has so far made little difference 
to the demand, which, despite limitation of output, is 
sluggish in the face of exceptionally keen competition. 
The railway departments have booked further orders, 
mainly on British account, and are working regularly, 
but the demand for general engineering products is 
disturbed by unsettlement in the coal industry and the 
uncertainty of conditions in the Far East. Electrical 
engineers and makers of constructional parts for the 
automobile industry have fair order books, while there 
is a moderate demand for engineers’ tools. File makers 
have further benefited from increased bookings on Rus- 
sian account. The new crop-drying apparatus was 
successfully demonstrated during the past week at a 
Sheffield farm. 


South Yorkshire Coal Trade.—The threatened trouble 
in the coal industry finds little reflection in the demand 
either for industrial or domestic consumption. If house- 
holders are laying in emergency stocks, they are doing so 
in a manner that is by no means disturbing to merchants 
or collieries, both of whom are easily capable of meeting 
current requirements. The further fall in exports has 
increased the difficulty of maintaining profitable produc- 
tion, though the home demand for steam hards, cobbles, 
and nuts is maintained at a fair level, while an increased 
call for slacks has reduced stocks in wagons. Quota- 
tions: Best branch handpicked, 30s. to 33s.; Barnsley 
best silkstone, 26s. to 27s. ; Derbyshire best brights, 21s. 
to 24s.; Derbyshire best house, 21s. to 23s. ; Derbyshire 
best large nuts, 17s. to 19s. ; Derbyshire best small nuts, 
lls. 6d. to 13s. ; Yorkshire hards, 17s. 6d. to 21s. ; Derby- 
shire hards, 17s. 6d. to 21s. ; rough slacks, 10s. to 12s. 6d. ; 
nutty slacks, 8s. 3d. to 9s. 3d.; smalls, 3s. 6d. to 5s, 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Transactions in Cleveland 
pig iron continue on a very limited scale, but producers 
are rather less disposed to make price concessions than 
they have been, and they report inquiries just a little 
better. Cheap parcels have been sold to Scotland, but 
it is doubtful whether business could be reported on the 
terms that have been accepted, and Glasgow fair holi- 
days have practically closed demand from beyond the 
Tweed. No. 1 Cleveland pig iron is 75s. 6d. ; No. 3, g.m.b., 
71s. 6d.; No. 4 foundry, 70s. 6d.; and No. 4 forge, 70s. 


Hematite.—Rather heavy but steadily declining stocks 
still hamper the East Coast hematite trade. Producers 
are very disinclined to make actual alteration in market 
quotations, and whilst price concessions are obtainable, 
as arule they ask 77s. for mixed numbers, and 77s. 6d. for 
No. 1. 


Foreign Ore.—Sales of imported ore are almost unheard 
of. Sellers base market rates on 20s. to 20s, 6d. for best 
rubio c.i.f. Tees. 


Blastfurnace Coke.—Durham furnace coke is in only 
moderate request for local use. Good average qualities 
are about 21s. 6d., delivered to consumers in this district. 


Ironstone Miners’ Wages MReduced.—Cleveland iron- 
stone mineowners and miners’ representatives have, 
after lengthy discussion, agreed to a reduction in wages of 
2-7 per cent. to take effect from the 27th inst. 


Manufactured Iron and Steel.—Little news is ascertain- 
able concerning manufactured iron and steel. Sales of 
most descriptions are difficult to arrange, but producers 
still quote : Common iron bars, 11/. 12s. 6d. ; iron rivets, 
131. 10s. ; packing (parallel), 82. ; packing (tapered), 111. ; 
steel billets (soft), 71. 10s.; steel billets (medium), 8. ; 
steel billets (hard), 9/.; steel boiler plates, 12/. 10s. ; 
steel ship, bridge and tank plates, 8/. 10s. ; steel angles, 
81. 5s. ; steel rivets, 131. ; steel joists, 8/. 5s.: heavy steel 
rails, 82. 10s. ; and galvanised corrugated sheets (24 in., 
gauge, in bundles), 16/. 10s. purer 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—No change has taken place in 
the state of the Scottish steel trade over the week, and 
there is an entire absence of any pressure for deliveries 
before the works close down for holidays this week. 
Buying has recently been very disappointing and the 
output far from satisfactory. Forward business has been 
much neglected and producers have very little booked 
for future delivery. The general inquiry at the moment 
is also poor as consumers are still disinclined to fix up 
anything beyond their most immediate requirements, 
with the result that the outlook is rather obscure. The 
shipyards have few orders to give out and other buyers 
are in a like condition. The black sheet makers on the 
whole continue to do well, although one or two could 
do with a few more orders. Galvanised sorts are meet- 
ing with a quick sale, and the prospects for the next 
month or two would seem to be quite satisfactory. 
Continental competition is still being felt here, but prices 
show little change, the following being the market 
quotations :—Boilerplates, 12/. 10s. per ton ; ship plates, 
8/. 10s. per ton; sections, 8/. per ton; and sheets, + -in. 
to }-in., 107. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—Dullness is all too general in 
the West of Scotland malleable iron trade, and despite 
the approach of the-holidays, there has been little demand 
for supplies. The past few months have been about as 
poor as any experienced for some time back, and the 
trouble is that the future does not hold out any prospect 
of a better state. Makers are hoping that a revival may 
take place in the autumn, but inquiries so far are not 
encouraging. In the steel re-rolling departments, things 
are very quiet and prices quoted for any lots on offer 
are very keen. The price of ‘‘ Crown ” bars is unchanged 
at 11l. 12s. 6d. per ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—There has been no improve- 
ment in the tone of the Scottish pig-iron trade during the 
week. The demand has only been about the average of 
recent weeks and inquiries in the market are only for lots 
of small tonnage. Consumers of hematite iron are 
buying next to nothing at present and foundry grades 
are also moving very slowly. Current prices are again 
weaker, and are as follow :—Hematite, 4/. 4s. per ton, 
delivered at the steel works ; foundry iron, No, 1, 41. 5s. 
per ton, and No. 3, 4/. 2s. 6d. per ton, both on trucks at 
makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, July 11, only amounted to 165 tons. Of 
that total, 115 tons went overseas and 50 tons coastwise. 
For the corresponding week of last year the figures were 
1,308 tons to foreign destinations and 158 tons coastwise, 
making a total shipment of 1,466 tons. 


Contracts.—The Clyde Crane and Engineering Company, 
Limited, Mossend, has secured the contract from the 
Great Western Railway Company for several level luffing 
jib cranes required in connection with the extension to 
Plymouth Docks.—Messrs. John G. Kincaid and Co., 
Greenock, have received the machinery contract for the 
two large steamers for the Blue Star Line, which are 
to be built by Messrs. Lithgows, Port Glasgow. The 
order for these vessels was placed some time ago. Each 
will be fitted with two sets of Parsons’ turbines, steam 
will be supplied by two double-ended and two single- 
ended boilers, and otherwise the specification is a very 
complete one. The main turbines will be supplied to 
Messrs. Kincaid by the Parsons Marine Steam Turbine 
Company, Wallsend-on-Tyne, and these, with the other 
machinery equipment constructed by Messrs. Kincaid, 
will be fitted on board the vessels at Greenock. 


Shipbuilding.—It is reported to-day that Messrs. John 
Brown and Co., Limited, Clydebank, have secured a 
contract to build two new steamers for the Blue Star 
Line. These vessels will be very similar to the two 
recently ordered from Messrs. Lithgows, Limited, Port 
Glasgow. 





Satvace Work at Scapa Firow.—The most recent 
work done by Messrs. Cox and Danks, Limited, of 
168, Regent-street, London, and Queenborough, Kent, 
in salving the ex-German naval vessels lying in Scapa 
Flow, had the somewhat unusual feature that one of 
the torpedo boat destroyers dealt with was lying on 
its side across the other. The vessels had to be dis- 
engaged from each other before removal was possible. 
Starting work on July 3, the two vessels were safely 
beached in Mill Bay by the evening of Tuesday last, 
the 14th inst. No less than 15 of the total of 26 
torpedo boat destroyers scuttled in Scapa Flow have 
how been raised, 





TENDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, 8.W.1, has announced 
that the City Council of Port Elizabeth, South Africa, 
invites tenders, to be submitted before August 10, 1925, 
for the supply of 63 steel roof trusses having a clear 
span of 53 ft. 9 in., 68 verandah brackets having a pro- 
jection of 5 ft. 9 in.; and a length of approximately 
13,750 ft. of angle and tee steel.—The State Electricity 
Supply Works at Montevideo, Uruguay, invite tenders 
for the supply of 55 three-phase oil-cooled static trans- 
formers. Offers should be presented not later than 
September 9, 1925.—The Municipal Council of Johannes- 
burg invite tenders, to be received not later than August 
22, 1925, for the supply and delivery of one gas-fired 
tilting furnace and one moulding machine.—The Secretary 
of the Tenders Board, South African Railway Head- 
quarter Offices, Johannesburg, invites tenders for the 
copely caf delivery of shovels, ballast forks, picks, and 

aters. ‘ ‘ ' 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—In view of the uncertain labour out- 
look, demand on both home and foreign account has 
become more active and pressing during the last week. 
Colliery stems have been filled up and prices have appre- 
ciated for all classes of coal. In fact, buyers are now ex- 
periencing difficulty in arranging fresh parcels, as colliery 
owners are following a waiting policy and are not prepared 
to commit themselvs further for any appreciable quan- 
tity. At the same time, the effective demand is curtailed 
by various difficulties. In the home trade delay in 
securing wagons is holding up business, and in the export 
business a shortage of ready shipping is limiting trans- 
actions. Even so, the price of best Admiralty large coal 
has increased 6d. to ls. per ton to 26s. to 26s. 6d., while 
Monmouthshires now rule from 23s. to 25s., compared 
with 22s. 6d. to 24s. a week ago. Dry coals, in view of a 
strike of some 25,000 anthracite miners, has also advanced, 
the best large ruling irom 25s.to 25s. 6d. and ordinaries 
23s. 6d. to 24s. 6d., an increase of 6d. to 1s. Anthracite 
coals are practically unobtainable. Sized coals, too, are 
out of the market and more or less nominal in price, 
with dry nuts from 23s. to 28s. and bituminous nuts from 
21s. to 24s. Small coals of all descriptions are tighter 
and difficult to secure. Collieries in practically all cases 
are banking supplies for use under their own boilers in the 
event of a stoppage. The best steam smalls have ad- 
vanced from 14s. 6d. to 16s., with other grades relatively 
increased. There has been an appreciable increase 
too, in the price of pitwood, which has touched 37s. 6d. 
per ton for half and half, compared with 32s. 6d. a week 
ago, and 30s. a fortnight ago. Exports of coal foreign 
as cargo from South Wales in the past week totalled 
469,810 tons, compared with 433,620 tons in the previous 
week. Shipments from Cardiff amounted to 276,650 
tons; from Newport, 100,800 tons; from Swansea, 
61,470 tons; from Port Talbot, 27,700 tons; and from 
Llarelly, 3,120 tons. The Argentine took 37,450 tons ; 
Belgium, 23,050 tons ; Brazil, 25,850 tons ; Egypt, 51,670 
tons; France, 104,230 tons;. Italy, 32,800 tons; Las 
Palmas, 32,160 tons; and Spain, 27,260 tons. 


The Tinplate Trade.—Business in the Welsh tinplate 
trade has been on quiet lines. Buyers are apparently 
awaiting developments in connection with the labour 
troubles, and though fair quantities are being shipped on 
export account, prices generally are on the easy side, 
on the basis of 19s. to 198, 14d. per basis box. Tinplate 
bars are maintained at 61. 15s., delivered, while foreign 
bars are on offer at 5/. 10s: Galvanised sheets are steady, 
at 167. to 161. 2s, 6d. The scrap market remains easy 
with heavy steel scrap offered at 65s. to 67s. 6d. ; bundled 
scrap and shearings, 60s. to 65s. ; cast iron scrap, 65s. to 
70s. ; and good machinery scrap, 75s. 





ConTRAcTS.—Messrs. Cammell, Laird & Co., Limited, 
of Birkenhead, have received an order from the Blue 
Star Line for three 12,000-ton steamers.—Messrs. Howden 
Ljungstrém Preheaters (Land), Limited, of 133, Helen- 
street, Govan, Glasgow, have obtained orders for an air 
pre-heater having an area of 6,220 sq. ft. from the Royal 
Alexandra Infirmary, Paisley, and for an air pre-heater 
having a surface of 9,810 sq. ft. from the Automatic 
—— Manufacturing Company, Limited, of Liver- 
pool. 





Tae InstiruTion oF EtxectricaL ENGINEERS.—The 
next examination for associate membership of the Insti- 
tution of Electrical Engineers will be held on October 29, 
30 and 31, 1925. Candidates must be either students or 
graduates of the Institution, or have lodged with the 
secretary a duly completed form ‘“E’’ for election as 
associate member. Entry forms for the examination, 
which must be completed and returned by September 1, 
and particulars regarding election to membership of the 
Institution, may be had on application to the Secretary, 
The Institution of Electrical Engineers, Savoy-place, 
Victoria-embankment, London, W.C.2. 





GERMAN CaR Triats.—We are informed that a 
reliability trial for cars and motor-cycles, arranged by 
the Bayerische, Badische and Wiirttembergische Auto- 
mobile Club, will be held in Germany from July 17 to 
July 24, The trial will take the form of a three days’ 
run over a course of 1,000 km., the route for the first day 
being a circuit embracing Munich over Passau, Kulm- 
bach, Wiirzburg, Niirnberg, and Ausburg. The route 
on the second day will be Munich, Reichenhall, Oesterr, 
Inntal, and Friedrichshafen; and on the third day 
Friedrichshafen, Donaueschingen, Stuttgart, and Baden- 
Baden. We understand that there is an entry of 92 cars 
and 43 motor-cycles. 





PropuctTion oF Iron anp STEEL In June.—In the 
monthly report issued on the production of iron and steel 
in the United Kingdom by the National Federation of 
Tron and Steel Manufacturers, of Caxton House, Tothill- 
streot, London, 8.W.1, it is recorded that the production 
of pig iron in June, 1925, amounted to 510,300 tons, 
compared with 574,700 tons in May and 607,800 tons in 
June, 1924. Furnaces in blast at the end of the month 
numbered 148, a net decrease of nine since the beginning 
of the month and a decrease of 37 compared with the 
number in blast at the end of June, 1924. Included in 
the monthly production were 134,700 tons of hematite 
and 179,000 tons of basic, 139,100 tons of foundry 
and 24,600 tons of forge pig iron. Steel ingots and cast- 
ings made amounted to 585,400 tons compared with 





651,600 tons in May and 651,600 tons in June, 1924. 
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COKE-PUSHING AND COAL-LEVELLING MACHINE. 
SMITH OWEN ENGINEERING CORPORATION, LIMITED, LONDON. 
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THE 


RIBBLE POWER STATION OF THE PRESTON CORPORATION. 
CONSTRUCTED TO THE DESIGNS OF MR. J. A.. ROBERTSON, M.IL.E.E., ENGINEER, MANCHESTER. 


(For Description, see Page 73.) 
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THE RIBBLE POWER STATION OF THE PRESTON CORPORATION. 


MANCHESTER. 


CONSTRUCTED TO THE DESIGNS OF MR. J. A. ROBERTSON, M.I.E.E., ENGINEER, 
(For Description, see Page 73.) 
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MECHANICAL CASUALTIES. 


PROHIBITION has presumably extinguished Mr. 
Dooley, possibly to the relief of the long-suffering 
Hinnessey, but to the regret of the numerous 
appreciators of his pithy philosophy. Amongst 
the most pregnant of his apothegms was the remark 
that there is ‘“‘no news” in being good. Thus, 
the nation that has no history, though it may as 
the proverb suggests, be happy, is certain to be 
supremely uninteresting, and in matters mechanical 
it is the mishaps to which prime movers and other 
machinery are subject which most arrest the atten- 
tion of the engineer, in part, no doubt, because 
the incidents have at times certain more or less 
dramatic features. Occasionally the “ impossible ” 
seems to happen, but the main interest in the 
study of these failures and fractures lies in the 
fact that they provide the engineer with his most 
valuable data about what his factors of safety really 
are, and of the relative reliability of various machine 
details. In regard to the question of safe stresses, 
the mechanical engineer is at a great disadvantage 
as compared with the structural engineer, whose 
loads are largely static and reasonably well defined, 
and who has for years past been able to dispense 
with the use of cast iron for the taking of tensional 
stresses. The mechanical engineer has to cope with 
more trying conditions and cannot disregard the 
leadings of experience with the same impunity 
as the structural engineer seems more and more 
inclined to do. It was the recognition of the prime 
importance of experience in the behaviour of 
machinery which accentuated the welcome given to 
the resumption of the famous annual reports of the 
British Engine, Boiler and Electrical Insurance 
Company, Limited. The report for 1924 has just 
been published and worthily upholds the high 
standard set by Mr. Michael Longridge in the past. 

In this new issue the steadily increasing popu- 
larity of high speed machinery is recognised by 
giving pride of place to the steam turbine, turbo- 
generators, and other electrical machinery. In 
the early days of the steam turbine, protagonists 
of the impulse type frequently succeeded in convinc- 
ing the uninitiated, that strips were peculiar to 
reaction machines, but as a matter of fact, pro- 
longed experience, gained largely at the expense of 


confiding customers, had to be obtained before 
designs of impulse blading reasonably secure 
against strips were arrived at. Indeed, when 
** disc and drum ”’ machines were first introduced, 
station engineers were surprised to find that the 
velocity wheel stripped more frequently than the 
reaction stages, and here again much experiment 
and prolonged experience were necessary before 
satisfactory root details were achieved. In the 
report under review three cases of strips of impulse 
blading are recorded, the machines involved having 
been made by three different makers. In connec- 
tion with these particular reports we may perhaps 
be pardoned a minor criticism. These reports, as 
they stand, give the impression that they were 
prepared by someone not familiar with turbine 
terminology and the description of the turbines is 
accordingly not always clear. It would be a great 
pity, if in this regard, there was to be any per- 
manent falling off from the high standard set by 
Mr. Longridge, whose reports were autographs, and 
were models of clear exposition. Amongst this 
year’s victims was a 250 h.p. de Laval steam 
turbine which broke its shaft, but this fracture is 
believed to have been. consequent upon a “strip.” 
In view of the frequency with which blading is 
found defective when a turbine is opened up, the 
report recommends that an examination of it 
should be made at least once a year. 

In previous reports Mr. Longridge often included 
an estimate of the number of alternations of stress 


90|to which broken parts had been subjected in the 


course of their useful life. Some of the engines 
he reported on were built in the earlier half of the 
nineteenth century, and the number of repetitions 
of stress ran often into one or two hundred millions. 
It would be interesting to have similar data for 
turbines. In one case included in the present 
report the failure occurred with a 1,000-kw. unit 
running at 1,250 r.p.m., and which was 19 years old. 
The number of repetitions of stress must in this 
instance have been at least 3,000 million. To-day 
we have machines of 15,000 kw. rating running at 
3,000 r.p.m., and, counted in repetitions of stress, the 
useful life must run into 15 to 20 thousand million 
repetitions. Shaft fractures are, however, rare, as 
experience has led designers to adopt a very large 
factor of safety, which is often 20 to 1. In the 
case above referred to the part which failed was the 
bronze ring retaining the ends of the armature 
conductors, and the accident is attributed to the 
metal having been cast too hot and cooled too 
quickly. Considering the non-mechanical nature of 
much of the material necessarily incorporated into 
electric generators and motors, and the very high 
stresses to which they may be subjected, the record 
of this class of machinery is surprisingly good. 
Twenty years ago, Mr. Longridge reported that one 
generator out of every twelve insured failed during 
the year, whilst the proportion for motors was one 
in eight. It would be of interest to have compara- 
tive figures for modern conditions, since both 
designers and users have learnt much during the 
intervening years. 

In spite of the poor mechanical qualities of in- 
sulating materials it is well known that dynamos 
and motors may withstand a good deal of abuse. 
In early power-station practice the station engineer 
had in some way or other to make defective machines 
last out over the peak of the load, and it is notorious 
that a very good service was given, but the public 
had little knowledge of the risks run. Similar 
chances have at times to be taken in industry, and 
the report describes a case in which a defective 
motor rated at 300 brake horse-power was persuaded 
to hold out for three months, so as to carry to com- 
pletion an important contract. When finally 
opened up it was found that sixteen of the rotor bars 
had had the top insulation burned off. The primary 
cause of the failure was the exposure of the machine 
to dirt-laden air, and a number of other cases are 
recorded in which filtration of the air entering the 
machine would have obviated a breakdown. 

A standing complaint of the old-time machinist 
was the lack of a “ putting-on” lathe. To some 
extent this long-felt want has been met by the 
introduction of autogenous welding, by which it is 
possible to build up to larger dimensions an under- 





sized shaft. Two failures of such built-up material 











80 


ENGINEERING. 


[Jury 17, 1925. 











are recorded in the report. In the one case a 
motor shaft had been increased from { in. to 
1} in. in diameter in order to provide a seat for a 
pinion, whilst in the second case similar means 
were taken to provide a seating 5 in. in diameter for 
a 5 ft. rope pulley. In the second case the report 
suggests that proper heat treatment would have 
made the shaft secure. Where a seat for a pulley 
is to be formed by autogenous welding it is recom- 
mended that the keyway should extend into the 
virgin metal. 

Autogenous welding is also used in_ boiler 
repairs, and the report states that much considera- 
tion is at times required to settle whether or no 
the process may be legitimately adopted. In short 
fractures, where the metal is not exposed to any- 
thing but compressive stress, the procedure presents 
no danger, but caution is necessary when it is 
proposed to deal with large surfaces, a failure of 
which might have dangerous sequelae. 

Some useful notes on the heat-treatment of steel 
are included in the report. This is frequently 
carried out in a very rough and ready fashion, with 
the result that the material, so far from being 
improved by the process, is, in fact, seriously 
injured. In one case connecting-rod bolts were 
annealed by soaking them for 1} hours in a tin- 
plate furnace at some unknown temperature. The 
bolts failed shortly afterwards, and a micrographic 
study showed that the texture of the metal had been 
seriously deteriorated. The same result followed 
in another case, in which bolts used to secure the 
caps of a Babcock and Wilcox boiler were annealed 
inasmith’s fire. The report states that itis essential 
in all annealing processes not to overheat the metal. 
With ordinary carbon steel a temperature of 
' 600 deg. should not be exceeded, and the work is 
best done in a muffle furnace. If the temperature 
reaches 700 deg., there is great danger of injuring 
the material. 

As usual, there were a number of failures of 
connecting-rod bolts; in many cases due to the 
absence of adequate filets. Several crankshaft 
failures are reported, even under low nominal 
stresses. In one case a web failed, although the 
calculated stress was only 8,000 lb. per square inch. 
The engine involved was, however, employed to 
drive a rolling mill, and occasionally stalled, and 
it is considered that the failure originated in 
the excessive stresses then momentarily attained. 

A uniflow engine makes its appearance in the 
report for, we believe, the first time. The cylinder 
parted in two at mid-length, through the line of 
exhaust ports. The accident is attributed to 
faulty lubrication, aggravated by the use of a cast- 
steel piston, This seized in the cylinder, with the 
result stated, Cast-steel, the report suggests, 
should not be used for the pistons of horizontal 
engines, 

In most cases where extensive repairs are neces- 
sary a complete replacement of the fractured parts 
provides the only satisfactory method of meeting the 
situation. At times, however, trade exigencies make 
it imperative to get the engine running again at 
the earliest possible moment, and a few ingenious 
repairs made to meet such conditions are described 
in the report. In one instance the wall of a gas- 
engine cylinder cracked, allowing the jacket water 
to escape. Inquiry showed that the patterns per- 
taining to this cylinder had been destroyed by a 
fire. Hence, to avoid the delay involved in getting 
a new casting, it was determined to repair the 
cylinder by bolting a bracket to the body wall. 
Bolts between this bracket and the cylinder flanges 
were then used to draw the edges of the crack 
together. Most of the trouble with water jackets 
arises from making them of inadequate dimensions 
and without proper facilities for cleaning, and also 
from the use, often unavoidable, of hard or dirty 
water. Another interesting repair described relates 
to the under-bed of an engine which was shat- 
tered by an explosion of gas which, by some 
carelessness, had been allowed to collect there. 
The main frame of the engine was uninjured, 
and as the pattern for the underbed had been 
destroyed, the damage was made good by con- 
structing a new underbed of solid concrete. In 
a third instance the bed frame of an oil engine 
broke owing to the use of too light scantlings. The 





calculated stress amounted, it is said, to 4,876 lb. 
per square inch, and the report states that, in view 
of the abrupt changes of section found in the neigh- 
bourhood of the main bearings,.the limit of stress 
ought not to have exceeded 2,000 Ib. per square inch. 
As the engine was urgently required, a temporary 
repair was effected by plate patches and tie bolts, 
which served successfully until the new frame was 
ready. 

Included in the report are two valuable essays on 
certain problems in applied elasticity. These have 
been prepared by Mr. L. W. Schuster, M.A. The 
first of them deals with the stresses due to the unequal 
heating of discs and cylinders, a subject which has 
become of considerable importance in connection 
with Diesel-engine design. The second essay is a 
development of the notable paper on “‘ Some Special 
Cases of Two-dimensional Stress or Strain,” which 
was read by Prof. C. E. Inglis in 1922 at the spring 
meeting of the Institution of Naval Architects, and 
which was reproduced in extenso in our issue of 
June 9 of that year. This paper gave, amongst 
other exact solutions, that for the stresses in a 
hook, for which a complicated, approximate, but 
wholly irrational solution, had been given some 
years previously in one of the ‘‘ Draper Company ” 
memoirs published under the auspices of Professor 
Karl Pearson. Mr. Schuster’s essays are accom- 
panied by a series of curves which greatly facilitate 
the practical application of the formule. 

The report, taken as a whole, illustrates strikingly 
the high technical qualifications now required in 
the conduct of machinery insurance. Fifty years 
ago the average engineer hardly knew of the existence 
of critical speeds. To-day the staff of the insurance 
company must be capable, not only of calculating 
critical speeds, but of dealing with vibration 
problems in general, and must also be prepared to 
get out the stresses in rotating discs, and of solving 
other complicated problems in elasticity. At the 
same time, a good knowledge of metallurgy is 
requisite, and the companies have accordingly had 
to provide laboratories and equip them with 
apparatus for micro-photography. These labora- 
tories also deal with chemical and physical problems, 
and we note that provision has now been made for 
testing the di-electric strength of transformer oils. 





THE PRODUCTION OF CARBON 
BLACK ‘BY THE ELECTRIC ARC. 


THE reserves of natural gas found in various 
districts of the United States have for some time 
been partly utilised in the manufacture of carbon 
black, and the thermal processes employed involving 
the incomplete combustion of the gas were described 
in our issue of March 9, 1923, page 290. The 
continually increasing demand for the gas for 
other purposes has led to the moving of carbon 
black plants to gas fields situated in more isolated 
localities and has also given great impetus to re- 
search in the production of carbon black from other 
materials. The black obtained by burning heavy 
oil, tar, creosote, or other similar substance, in an 
insufficient supply of air, yields a product termed 
lamp black which, although of identical chemical 
composition, is not so finely divided and con- 
sequently has not the colour and covering power 
of carbon black. 

The carbon black produced from natural gas by 
thermal means amounts to 0-8 to 2 lb. per 1,000 cub. 
ft. of gas consumed, this being equivalent to 2:5 
to 6 per cent. of the total carbon chemically com- 
bined in the gas. It was thought, therefore, that the 
process could be improved upon, and experiments 
made by exposing the gas to the electric arc have 
been carried out by Mr. J. J. Jakosky, of the 
United States Bureau of Mines. An account of these 
has recently been published by the Government 
Printing Office, Washington.* Many methods were 
tried and although difficulties were encountered, the 
findings of the experimenter indicate that the 
decomposition of gaseous hydrocarbons by electrical 
means results in a greater yield of carbon black 
per 1,000 cub. ft. of gas. The success of experiments 
upon natural gas led the author to investigate the 





* Bureau of Mines Technical Paper No. 351. 





possibility of manufacturing carbon black direct 
from liquid hydro-carbons. 

The laboratory. apparatus finally decided upon 
was similar in type to that used for the gas experi- 
ments and the principle involved is as follows. Oil 
is allowed to flow by gravity from a small reservoir 
into a treating chamber consisting of a small 
inverted bell-jar. A high-voltage arc produced 
between two adjacent vertical electrodes operating 
in the chamber decomposes the hydro-carbon 
and the resulting carbon black, together with some 
of the excess oil, flows down a tube, passing through 
a bung in the neck of the bell jar, into a settling 
tank. The black gradually settles out and the 
supernatant clear oil is syphoned off and replaced in 
the reservoir situated above the arc chamber, and 
the cycle of operations is repeated. Metal electrodes 
of heavy chromel wire were first used in the arc 
chamber but, owing to their decomposition and the 
consequent precipitation in the oil of fine brown 
particles of nickel and chromium acetylides, thus 
reducing the tinting strength of the carbon black, 
they were abandoned in favour of carbon electrodes. 

The gap length between the electrodes, after 
starting the arc, was next investigated, and it was 
found by experiment that the maximum efficiency, 
t.e., the lowest number of kilowatt-hours per lb. 
of black produced, was obtained by having a 
maximum arc length. This would seem to be borne 
out by theory since the proportion of the total 
energy of the circuit dissipated as heat in the arc is 
greatest when the arc is of maximum length. Again, 
the area of contact between oil and arc will vary 
directly with the length of the latter. 

In order to obtain long steady arcs, and to obviate 
the necessity of continually feeding in the electrodes 
as the latter wore down, rotating disc electrodes 
were adopted. These discs are made of carbon 
1} in. in diameter and } in. thick, and are mounted 
on the end of the electrode rods. The latter are 
rotated in opposite directions by means of an 
electric motor. The centre-line distance between 
the peripheries of the discs is adjusted in order that 
the voltage-strength used during the experiment 
will be sufficient to start an are through the oil. 
This are is lengthened to its maximum extent by 
the rotating motion of the discs. An additional 
advantage of this type of electrode is that “ hot- 
spots,” where the arc forms, are prevented and the 
volatilisation of the carbon is not appreciable. The 
discs wear away slightly, however, owing to small 
particles becoming detached from the periphery by 
mechanical action. 

Experiments have so far been chiefly confined to 
the treating of kerosene, but trials with gasoline, 
naphtha, benzol, creosote, alcohol, pine-tar oil, fuel 
oil, and transformer oil, have proved that a good 
quality of carbon black may be produced from any 
of these materials. The finished product may be 
separated from the admixed oil by any of the well- 
known filtering and drying methods. If a pigment 
in the form of paste is required, means are available 
by which the excess hydrocarbon oil may be removed 
and the carbon black left suspended in linseed or 
other suitable oil. Moreover, paste is much more 
easily handled and, for many manufacturing pro- 
cesses, is preferable to the dry powder. 

As regards properties, the electrically-made black 
is shown by the microscope to be in a finer state of 
division even than that made by the gas flame 
method, its covering power and tinting strength are 
therefore, of a high order. Not the least interesting 
features of the process are the by-products obtained. 
The unsaturated gaseous hydrocarbons formed dur- 
ing the decomposition of the oil, mainly consisting, 
in all probability, of ethylene, together with some 
propylene, and other light homologues of the olefine 
series, might be used in the manufacture of alcohols. 
Hydrogen and methane are also evolved during the 
electric production of carbon black. The marketing 
of these by-products would undoubtedly have the 
effect of reducing the cost of the main article of 
manufacture. : 

Taken altogether, the success of laboratory expe! 
ments indicates that the electric carbon black process 
has distinct industrial possibilities ; the chief essen- 
tials, however, are cheap electrical power and cheap 
oil. One great advantage is that the method 
lends itself readily to part-time and intermittent 
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operation and would, therefore, be a means of utilis- 
ing the cheaper current available from power stations 
at times of light load. The adoption of the process 
on a commercial scale would have the effect of de- 
centralising the industry. The carbon black could 
be manufactured in the localities in which it was 
most needed and this would, no doubt, prove more 
economical than the conveying of it over long dis- 
tances at freight rates rendered high by the bulkiness 
of the material as now produced. 





THE AIR MINISTRY EXHIBIT AT THE 
BRITISH EMPIRE EXHIBITION. 


In referring in our last issue to the scientific 
exhibits at the British Empire Exhibition, reference 
was made to the improvements in the displays 
arranged by the Government. This is particularly 
noticeable in the case of the Air Ministry, who have 
just completed an exhibit covering 14,000 sq. ft. in 
the Palace of Housing and Transport. If this 
exhibit is taken in conjunction with those of the 
Royal Air Force and the Department of Civil 
Aviation in the Government Pavilion, it is safe to 
say that on no previous occasion has so representa- 
tive a group of exhibits been gathered together 
illustrative of the progress of aviation. Models 
are shown illustrating the earliest conception of the 
flying machine, and from these progress can be 
traced step by step down to modern methods of 
aeroplane and aircraft construction. 

The remarkable progress made in aeroplane 
design is demonstrated by the Royal Air Force 
in a comprehensive series of models, arranged in 
chronological order, which occupy a long case in 
the Government Building. The exhibit is divided 
into three sections, comprising pre-war, war-time 
and post-war designs, and is particularly striking in 
demonstrating the progress made since 1916. A 
brief description of the leading characteristics is 
attached to each model, but in this no reference is 
made to the engine. This is presumably an over- 
sight, and it is desirable that it should be corrected, 
as the omission detracts somewhat from the interest 
of the exhibit. The Department of Civil Aviation 
have devoted the space at their disposal largely to 
apparatus and plans showing the development of 
aerial surveying, and the potentialities in this 
direction are brought out by illustrations of some 
of the surveys that have already been accomplished. 
An example of the “ mosaic ” method is given from 
the Irawaddy Delta survey, where the ground 
control points were specially fixed by ground 
surveyors, the terrain being more or less inaccessible 
forest and swamp. In another example the plan 
of an English estate is shown to illustrate the filling 
in of detail, the existing Ordnance survey map being 
utilised as a basis in this case. The measurement 
of height and plotting of contours is illustrated by 
means of the Camera Plastica. This instrument 
consists of two projectors throwing the images of a 
stereoscopic pair of vertical photographs on to the 
same area of a horizontal screen, which can be 
raised and lowered by the operator until coincidence 
is obtained. 

Turning now to the main exhibit in the Palace 
of Housing and Transport, one of the least spec- 
tacular but most interesting exhibits is a map 
showing the existing European aircraft routes. 
We imagine that few Englishmen will feel satis- 
faction in viewing this map, as it shows an over- 
whelming preponderance of routes under German 
control. The Service exhibit consists of three 
aircraft—a De Havilland 9A, a Sopwith “ Snipe,” 
and a Bristol Fighter. In addition to these, a 
Martenside fighting machine is shown, which has 
been loaned by the Aircraft Disposal Company. 
Civil aviation is illustrated by two large passenger 
and freight aircraft exhibited by Imperial Airways, 
Limited. The passenger machine is a 10-seater 
Bristol, and the freight machine is a Vickers Vulcan. 
In the light aeroplane class, examples of the Handa- 
syde and Pixie machines are shown. The construc- 
tion of a modern machine is illustrated by an 
S.E.5A machine with the fabric removed. In 
addition to the complete machines, a number of 
modern aero-engines are shown separately, including 
the 450-h.p. Napier Lion, the 380-h.p. Bristol 





Jupiter, and the 27 h.p. to 60 h.p. “Cirrus,” 
which was described in our issue of May 8. 

Amongst the navigational exhibits may be 
mentioned a duplicate of the lighthouse installed 
at Cranbrook as one of the series on the Croydon- 
Continental route, and a full-scale replica of the 
control tower used at Croydon Aerodrome. The 
latter contains a certain amount of apparatus similar 
to that used in the original, and a loud speaker is 
installed which repeats the conversations carried on 
between the Control officer at Croydon and the 
various aircraft actually on the routes. The Reid 
time-reaction apparatus for testing pilots is on view. 
This consists of a reproduction of an aeroplane 
cockpit, in which the horizontal and vertical plane 
are represented by lines of coloured lights, with 
single white lights to represent the neutral positions. 
Recording instruments are connected up to the 
control column, by which the time taken to bring 
the machine out of a simulated spin or other 
movement is automatically registered. 





SMOKELESS FUELS AND ASSOCIATED 
PRODUCTS, 


Amone the papers submitted yesterday to the 
Chemical Engineering Group at the Leeds meeting 
of the Society of Chemical Industry, were three 
dealing in considerable detail with the manufacture 
of smokeless fuels and the production of tars and 
oils from coal. The recognition of chemical engineer- 
ing as a distinct branch of work, in which the 
resources of the engineering sciences and arts are 
directed expressly to the problems of chemical 
manufacture, is a development of recent years, long 
desired by those interested in both industries, and 
the papers to which we refer, furnish a good example 
of work that has been accomplished in industrial 
chemistry, and of more that yet remains to be done, 
by the co-operation of engineers and chemists. The 
subjects with which they deal specially are still in 
a condition of active development, and on many 
points of great practical and economic interest no 
final opinion can yet be formed. In such circum- 
stances, the anxiety with which solutions are being 
awaited and the vigour with which they are being 
sought, give special importance to a clear view, both 
of the actual present position and of the circum- 
stances that limit future possibilities. There are 
stages in the advancement of knowledge when 
prudence may be a fault, and the fear of making 
a mistake a matter of secondary importance. 
The search along most lines for means of producing 
smokeless fuels is well beyond such a stage. What 
is being sought is to make fuller and better use of 
a wide-spread national asset, which at present is 
being used imperfectly and often mischievously. 
The solutions of the problem must collectively be 
able to work on an enormous scale and in a wide 
variety of circumstances, some of which may be 
affected materially by the success of the new 
methods. Just as a successful laboratory experi- 
ment must usually be tried on a technical scale 
before it can be admitted as of practical value, pro- 
cesses that are successful technically in individual 
works may have to be considered in their applica- 
tion all over the country, before they can be re- 
garded as economically and, therefore, practically 
sound. That is the present situation of the manu- 
facture of smokeless fuels and the production of coal 
tars and oils; and it is a good sign that all three 
papers in which these subjects have been presented 
to the Society of Chemical Industry are concerned 
largely with considering the present state of develop- 
ment of these processes and the conditions that 
must be fulfilled before they can be embodied safely 
in general manufacture. 

As is well-known, the great national importance 
of obtaining smokeless solid fuel and a home pro- 
duction of fuel oil has led successive Governments 
of recent years to press on the investigations of the 
Fuel Research Board into these matters. Under the 
sagacious guidance of the late Sir George Beilby, 
the Board consistently gave public warning of the 
caution with which the adoption of processes must 
be entertained, and the present Director of Fuel 
Research, Dr. C. H. Lander, has repeatedly enforced 
the same wise counsel, In the paper which, jointly 





with Dr. Margaret Fishenden, he has contributed 
to the Leeds meeting on the present position and 
future possibilities of smokeless fuel, he writes in 
the same tone, but he couples with his advice what 
is probably the best summary of the present posi- 
tion that has yet appeared, Any one who wishes 
a statement on the subject, as clear as it is authori- 
tative, will do well to consult the paper in the 
original, but in the meantime an indication may be 
given of the lines on which it is framed. 

Coal raising in England became an actively- 
growing industry during last century. Little coal 
had been exported, and in spite of the increasing 
demand that had followed on the introduction of 
the steam engine, the annual consumption of coal 
per head had grown only from about 8 cwt. in the 
beginning of the 17th century, to 14 cwt. at the 
beginning of the 19th. The paper presents these 
figures as small, but they are perhaps rather larger 
than they look at first sight, considering the large 
supplies of wood and charcoal that were produced 
and the fact that in the period in question, most of 
the coal must have been used for domestic purposes, 
for which even now only about 18 cwt. a head are 
consumed, and as recently as 1869, only 12 ewt. 
At the present time, much the same as before the 
war, about 180 million tons a year are consumed 
throughout Great Britain. In very round figures— 
Dr. Lander and his colleague are more explicit— 
rather over a fifth of this is used for domestic pur- 
poses, and about a-third for general manufactures 
not otherwise classified. Coke ovens and gas works 
each take about 10 per cent., colliery engines about 
9 per cent., railway locomotives under 8 per cent., 
electricity generating stations under 5 per cent., and 
miners’ coal under 4 per cent. Blast furnaces and 
coastwise bunkers each take between 4 per cent. and 
1 per cent., and the present home consumption of 
manufactured fuel is about a-sixteenth of 1 per cent. 
Only about 20 per cent., therefore, used in gas 
works and coke ovens, is so treated as to conserve 
the by-products. About 40 million tons a year is 
burnt raw for domestic purposes, and over 90 million 
for steam raising and other industrial purposes. 

The processes of producing smokeless fuel on 
which most work has been done and that at present 
seem to be the most hopeful are those of low- 
temperature carbonisation, in which some part of 
the volatile matter which, in the established high 
temperature processes passes into the gas, is allowed 
to remain in the coke. Therm for therm, the price 
of gas is much higher than that of coke, and “if 
the low-temperature process is to compete economi- 
cally with established methods, the diminished 
thermal return in gas must be met by an increased 
return in the price of gas, coke or tar.”” There are 
indeed, other conditions for success than the price 
obtainable for the products. There must be 
ample supplies of suitable raw material. The 
work of the Fuel Research Board and others on 
the effect of blending coals has made this fairly 
well assured, and, indeed, with other work on 
washing and purification now in progress, has 
shown that it may be possible ultimately to utilise 
the low-grade slack, which at present is left in the 
mines as commercially valueless, and by some 
authors has been estimated at as much as a fourth 
of the total production. The design of plant, again, 
has made considerable progress, and though even 
now no entirely satisfactory conclusion has been 
reached, the problem does not seem far off solution. 
The economic soundness of the processes, however, 
can in the view of the writers not be judged until 
the effect of full-scale production on the markets 
for the various products has been tested by actual 
trial. Much must turn on using the various coal 
deposits with greater care than has been shown 
hitherto to turn them to the applications in 
which they are respectively of mcst value. Dr. 
Lander and his colleague point out, for instance, 
as the late Professor Vivian Lewes was never 
tired of urging, that the value of therms in coke 
as well as in gas is an essential subject for considera- 
tion in carbonising coal. The relatively trifling 
proportion of coal used in generating electricity can 
doubtless be increased, and the stations may play 
an important part in helping to use up low-grade 
supplies in a pulverised form, but the general use 
of electricity for heating purposes must remain 
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economically unsound. Even for raising steam, 
on which as much coal is burnt in Great Britain 
as for all other purposes put together, greater 
economy and far less expenditure of capital would 
probably be involved in bringing the less efficient 
solid fuel installations up to the best attainable 
efficiency than in substituting some fuel of higher 
thermal efficiency. The saving to be effected in 
this way is, indeed, estimated at more than is used 
altogether for generating electric power. 

The abrupt substitution of coke for coal, even 
if prepared at low temperatures, is in practice 
inconceivable. A large proportion of existing 
steam-raising installations could not work with 
smokeless fuel, and its manufacture on a scale 
sufficient to supply them all would involve car- 
bonising some ten times the total quantity of coal 
at present handled in gas works. Dr. Lander 
has already stated the requirements of a satis- 
factory smokeless solid fuel. It must light and 
burn readily, and have been separated from any 
recoverable by-products; its ash must be low, 
and not impede combustion, it must be strong, and 
it must be cheap enough for its advantages to be 
considered worth its cost. Gasworks coke satisfies 
all these conditions except the first, and low-tem- 
perature coke all except possibly the last. The 
production of a satisfactory solid fuel seems, 
therefore, to involve either making high-temperature 
coke light and burn readily, or assuring the pro- 
duction of low-temperature coke at an economical 
price. Whichever solution is found, the gas com- 
panies would be the right bodies to exploit it, 
with their perfected organisation and plant and 
their wide experience of markets for by-products. 
The power, heating and lighting services would 
tend thus to be divided among solid and gaseous 
fuel and electricity, each used where it was applic- 
able with most advantage; and the actual pro- 
duction of solid fuel would itself be likely to be 
made by more processes than one. Views, indeed, 
differ as to whether ready lighting and burning 
may not depend on the structure of coke as much as 
on its volatile contents, and whether suitable 
structures may not be obtained at temperatures 
considerably higher than those of the present 
low-temperature carbonisation. 

The same question is raised in still more detail 
by Mr. E. C. Evans in the course of a paper on the 
properties and uses of solid smokeless fuel. After 
describing the various smokeless solid fuels at pre- 
sent available, Mr. Evans, whose researches in 
conjunction with Mr. E. R. Sutcliffe on the structure 
and properties of blended and briquetted coals 
when carbonised are well known, describes the 
principal investigations made in this country, the 
United States and Germany into the reactivity of 
various cokes, the ways of testing it, and the 
properties to which it is due. Reactivity in this 
connection is a term denoting the readiness with 
which the coke burns in air or carbon dioxide. 
The subject is as yet not fully investigated. Up to 
now it seems clear that the reactivity is improved 
by the presence of volatile matters in the coke ; 
but what Mr. Evans regards as the one simple general 
result that has been obtained is that under standard 
conditions the reactivity of a coke varies with the 
proportion of fusible and non-fusible constituents 
of the coal carbonised. At the same time, the 
author’s own work with Mr. Sutcliffe is held to have 
made out that fine grinding a coal increases the 
reactivity of the coke. Other work has shown that 
both the temperature and the rate of carbonisation 
influence reactivity. Greenwood and Cobb, for 
example, found that in the coke under examination 
cells were formed at 550 deg. C., and the coke 
contracted up to 850 deg. C, while the specific 
gravity increased; above that temperature the 
cells grew thicker and the reactivity decreased. 
Koppers found with coke from ovens exposed to a 
temperature of 950 deg. C. for a limited time that 
the reactivity of the coke in the outside layers, 
which had been exposed to the full temperature 
longer than the inside layers, was considerably less 
than that of the inside layers. H. Bahr has shown 
that the presence of inorganic impurities may 
considerably increase the reactivity of coke, and, 
Lessing and Banks, that the presence of inor- 
ganic catalysts may profoundly affect the yields of 





coke and tar and modify the structure of the coke. 
A number of results are quoted to show that the 
reactivity of high-temperature coke may be in- 
creased by blending and fine grinding before car- 
bonisation, especially when horizontal gas retorts 
or narrow coke ovens are used, so as to prevent 
prolonged overheating. Further work is also 
required on the effect of inorganic catalysts. Iron, 
which has been used for this purpose, decreases the 
yield of ammonia considerably, and the coke is not 
satisfactory in blast furnaces. The author sees the 
most likely solution in a compromise, whereby 
means will be found to apply to high temperature 
work the principles that have been evolved in the 
study of low-temperature carbonisation. The paper, 
which includes a short but useful bibliography of 
the literature, is the result of a joint investigation 
on coke properties undertaken by the Fuel Research 
Board and the National Federation of Iron and 
Steel Manufacturers. 

The longest of the three papers, even in the abs- 
tract in which it was presented, was by Messrs. 
F. S. Sinnatt and J. G. King on coal tars and oils. 
In addition to a detailed account of many circum- 
stances of the formation and properties of low- 
temperature tars and of processes now under 
investigation for dealing with them, the paper 
give interesting particulars both of indirect methods 
that have been suggested for converting coal into 
liquids and gaseous forms, and of work done by 
Bergius and others on hydrogenation for that pur- 
pose. The Bergius process involves the treatment 
of a mixture of powdered coal and tar with a small 
quantity of hydrated oxide of iron as a catalyst 
and a quantity of pebbles for perfecting the mixture 
of the materials. This material is introduced into 
an autoclave or bomb, which is filled with hydrogen 
at a pressure of 100 atmospheres and rotated briskly, 
while the bomb is heated up to a definite reaction 
temperature and for an hour afterwards. In a 
typical experiment at the Fuel Research station 
the reaction temperature was 470 deg. C., a maximum 
pressure of 223 atmospheres being reached, which 
fell on cooling to 47 atmospheres. The bombs, 
both in Germany and at the Research Station, were 
of 2 litres capacity, and it is said that at Mannheim 
a plant of 20 kg. throughput per hour has been 
worked, and another constructed to deal with 30 
tons per day, though as yet coal has not been heated 
in it. Good yields of oil, as well as some fuel gas, 
appears to have been obtained from suitable coals, 
and the reactions are doubtless of high scientific 
interest. If the process gets through the prolonged 
investigations it is undergoing, economic and prac- 
tical questions arising out of the bulk production 
of hydrogen and the combination of unusually 
high temperatures and pressures will call for some 
attention by engineers as well as chemists. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS ; SUMMER MEETING. 


(Concluded from page 53.) 


In our last issue, we reported the proceedings of 
the Institution of Mechanical Engineers at the 
meeting held at the Armstrong College, Newcastle, 
on the morning of Tuesday, the 7th inst. The 
afternoon of that day was devoted to visits and 
excursions. Among the more important arrange- 
ments were visits to the Heaton Works of Messrs. 
C. A. Parsons and (o., and to the Carville Power 
Station of the Newcastle-upon-Tyne Electric Supply 
Company. At the former, members were received 
by the Hon. Sir Charles Parsons, Lady Parsons and 
Mr. H. I. Brackenbury. At the power station 
they were received by Mr. R. P. Sloan, C.B.E., and 
after the tour of inspection, were entertained to tea. 
Other visits were paid to the Co-operative Whole- 
sale Society’s flour mills and soap works and to the 
works of Messrs. R. Hood Haggie and Son, at both 
of which works the visitors were hospitably enter- 
tained. Other parties of members took part in 
excursions on the Tyne and to Durham. In the 
evening a civic reception was held in the Grand 
Assembly Rooms by the invitation of the Rt. Hon. 
the Lord Mayor, Alderman Walter Lee on behalf 
of the City Council. 





On Wednesday, the whole day was occupied by 
a visit to Darlington, where many members visited 
in the morning the London and North Eastern loco- 
motive works and wagon works at Faverdale. 
Others paid visits to the works of the Cleveland 
Bridge and Engineering Company, the Darlington 
Forge, and Messrs. Robert Stephenson and Co. 
All these proved of considerable interest. All parties 
assembled in the middle of the day at the wagon 
works of the railway company where they were 
entertained to luncheon in part of the works con- 
taining the very interesting collection of Railway 
Centenary exhibits which had been arranged origin- 
ally for the Centenary celebrations of the previous 
week, The luncheon was presided over by Mr. H. N. 
Gresley, C.B.E., Chief Mechanical Engineer of the 
railway company, who was supported by Sir Hugh 
Bell, and Sir A. F. Pease, Directors of the company. 
Towards the close of the function, Sir Hugh Bell 
proposed the toast of the Institution, which was 
replied to by Sir Vincent Raven, President. 

We need not enlarge upon the exhibition of rail- 
way material which members were able to inspect 
subsequently. The collection is quite unique and 
most instructive. The opinion has been very gener- 
ally expressed that its value and interest is such 
that it is to be regretted that it can attract so little 
attention, comparatively speaking, from the public 
at large. If the whole or even a good part of it, 
could be transferred to the British Empire Exhibi- 
tion, its value from an eductional standpoint would 
be immensely enhanced, and it would undoubtedly 
form a most attractive asset at Wembley. 

The Summer Meeting Dinner was held on Wed- 
nesday evening in the Grand Assembly Rooms, 
and was largely attended. Among the guests 
speaking to the toasts were the Lord Mayor, and 
Sir A. G. Hadcock, the Hon. Lady Parsons and 
Mr. H. I. Brackenbury, Professor Hawkes (who 
substituted for Sir Theodore Morison, who was 
unable to be present through indisposition), and 
Sir Hugh Bell. Among these it would be invidious 
to make distinction, but we cannot refrain from 
referring to the very neatly-turned remarks of 
Lady Parsons, and the entertainment afforded by 
so accomplished a speaker as Sir Hugh Bell. 

On Thursday members had some difficulty in 
choosing between the works of Sir W. G. Armstrong, 
Whitworth and Co. on the one hand, and on the 
other the works and Wallsend yard of Messrs. Swan, 
Hunter and Wigham Richardson and the Newcastle 
and Gateshead Water Company’s Whittle Dene Re- 
servoirs, pumping plant, &c. At the Elswick works 
members were received by Lieut.-Col. C. F. Hitchins, 
D.S.0. The inspection of these works occupied the 
morning, lunch being subsequently served in the 
staff canteen. Afterwards the visitors divided into 
two groups, one of which went over the Scotswood 
locomotive works and the other the Armstrong 
Naval Yard and Walker Shipyard. At both these 
members were most hospitably entertained to tea 
by the company. The party visiting the Wallsend 
works and yard were the recipients of hospitality 
in the middle of the day at the hands of Messrs. Swan, 
Hunter and Wigham Richardson, and in the after- 
noon were the guests at tea of the Water Com- 
pany. Other visits on Thursday included the 
works of Messrs. R. and W. Hawthorn, Leslie and 
Co., where members were entertained to lunch, 
and the works of Messrs, A. Reyrolle and Co., 
Limited, who kindly provided tea. The evening 
was passed at a reception and dance given by the 
Reception Committee at the Armstrong College. 
This proved to be a very pleasant function. The 
Friday whole-day excursions were to the Roman 
Wall and Camp and to the Ashington Colliery. 

The meeting was generally voted an unqualified 
success. It differed from previous meetings of the 
kind, as we indicated last week. The change on 
this occasion at least did not harm the function in 
any way, though it may be argued that the Darling- 
ton visit, with its associations, placed the doings of 
Wednesday somewhat outside the ordinary category. 
It must be admitted that one or two of the speeches 
were tinged with pessimism, but, on the other 
hand, a buoyant optimism was to be noted in several 
directions. It is a high tribute to the standing of 
the Institution that in these difficult times it should 
be the object of such cordial hospitality, and 
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members will assuredly long remember with grati- 
tude all that was done to make their visit the 
success it undoubtedly proved to be. 





NOTES. 
Ture CoMMITTEE ON INDUSTRY AND TRADE. 


THE report on overseas markets, just issued by the 
Committee on Industry and Trade, is marked by the 
skill and lucidity that for many years have charac- 
terised the statistical work of the Board of Trade. 
It contains a vast amount of information, which 
appears to have been chosen judiciously, and should 
be of considerable service to manufacturers for 
export markets whose attention may have been 
directed to it. Much of its contents, indeed, will 
not be new to those who are familiar with existing 
publications, and, in particular, the essential 
facts of the chief markets within the Empire, 
which take nearly two-fifths of the exports of this 
country, have been brought to notice very fully 
and cogently in the Dominion and Colonial exhibits 
of last and the present year at the British Empire 
Exhibition, and the admirable Year Books and 
other publications issued by the overseas Govern- 
ments. An account of the chief elements of these 
appeared last year in these columns, and, in regard 
to these markets, the present publication does not 
add much to the effect of what was then described. 
The comments of the Committee itself on the 
information they have collected do not purport to 
embody recommendations of remedies, which will 
doubtless appear in the second and third volumes, 
dealing, respectively, with the relations between 
the parties to industry and with industrial efficiency. 
Meanwhile the facts assembled in the present report 
emphasise once again the grave need of improved 
efficiency in the production and distribution of 
this country’s manufactures, their adjustment to 
the needs of existing markets, and the opening and 
development of fresh markets. The figures given 
in regard to the iron and steel trades of Belgium 
are one illustration, among others, of this need. 
Belgian manufacturers have had to import most 
of their ores and fuel, largely from Great Britain 
and the Empire, so that their depreciated exchange 
has been of little direct use to them. Yet when their 
exports of last year are compared with those of 
1913, pig-iron exports are found to be nearly 15 per 
cent. greater in tonnage, crude steel exports over 
10 per cent., and finished steel exports nearly 20 per 
cent. greater. In the present state of British industry 
and employment, the practical recommendations of 
the Committee will be awaited with even more 
interest than their present exposition of the circum- 
stances, which embody a situation already too pain- 
fully familiar. In particular, it may be hoped that 
their suggestions will show an active sense of the 
part that the development of Empire markets 
could play in helping to arrive at a remedy, and of 
the necessity to consider the interests of the 
Dominions no less than our own in such measures 
as may be proposed. 


THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 


A new table published for the first time in 
the shipbuilding returns of Lloyd’s Register for 
the quarter ended June 30 last, throws an 
interesting light on the present relative positions 
of the three main types of marine propelling 
machinery. It appears that, at the end of the 
quarter under consideration, 47 per cent. of 
the horse-power of marine engines under con- 
struction in all countries of the world was 
of the internal-combustion type, reciprocating 
steam engines making 32} per cent. of the total 
and steam turbines only 20} per cent. The actual 
figures for marine oil engines now building are 
808,264 indicated horse-power and for reciprocating 
steam engines and steam turbines, 559,970 indicated 
horse-power and 353,144 shaft horse-power, respec- 
tively. The total horse-power of marine engines 
now in hand therefore amounts to 1,721,378. Of 
this figure, 709,202 h.p., or 41 per cent., is being 
built in this country, while Germany has marine 
engines of 294,801 h.p. in hand, of which no less 
than 227,026 h.p. are of the internal-combustion 





type. This latter figure, it is important to note, is 
higher than that for any other country individually. 
The marine oil engines under construction in Great 
Britain and Ireland at the present time have an 
aggregate horse-power of 206,773, and the figures 
for Denmark, Holland and Sweden, which follow 
in order of magnitude, are 125,950 h.p., 62,465 h.p., 
and 57,000 h.p., respectively. In the case of the 
three last-mentioned countries, and also of Germany, 
the horse-power of marine oil engines building 
considerably exceeds that of both reciprocating 
steam engines and steam turbines combined, but in 
this country steam engines and turbines together still 
account for nearly 70 per cent. of the horse-power of 
marine propelling machinery in hand. Of the ves- 
sels building in Great Britain and Ireland at the end 
of the quarter, 196, with an aggregate gross tonnage 
of 687,607, were steamers, and 58, totalling 399,070 
tons, were motor ships, while 19 sailing vessels or 
barges, of 6,910 tons collectively, make up the present 
total figure of 273 ships of 1,093,587 gross tons. The 
tonnage, unfortunately, is 423,159 tons (28 per 
cent.) less than that for June of last year, and another 
unsatisfactory feature of the current figures is that 
they show an increase in the amount of tonnage on 
which work has been suspended. At the present 
time this amounts to 76,000 tons, as compared with 
52,000 tons a year ago. Foreign countries, between 
them, are building 210 steamers, of 524,918 tons 
in the aggregate, 141 motor ships, making 730,842 
tons, and 50 sailing ships and barges, which account 
for 20,484 tons together, making a total of 401 
vessels and 1,276,244 tons now building abroad. 
The total for the whole world thus stands at 674 
vessels and 2,369,831 tons, this figure being 1,076,727 
tons lower than the pre-war record of 3,446,558 tons, 
reached at the end of the June quarterin 1913. The 
chief contributions to the foreign total are: Ger- 
many, 407,366 tons ; Italy, 212,978 tons ; France, 
169,485 tons; Holland, 100,682 tons; and the 
United States, 92,001 tons, these tonnages, and all 
others previously mentioned, being gross figures. 
In preparing the returns from which they have been 
extracted no account is taken of vessels of less than 
100 gross tons each. 





THE UNIVERSITY OF SHEFFIELD.—At a meeting held 
on the 10th inst., the Council of the University of Sheffield 
appointed Mr. I. C. F. Statham, B.Eng. (Sheffield), 
M.I.Min.E., F.G.S., to the Chair of Mining; Mr. George T. 
Clapton, M.A. (Sheffield) to a Lectureship in French ; 
M. J. Lonjaret, L.-és-L. (Lyons), to an Assistant Lecture- 
ship in French; Mr. N. M. H. Lightfoot, B.A. (Cantab.), 
to an Assistant Lectureship in Mathematics ; Mr. Joseph 
Jenkins, B.Eng. (Belfast), to an Assistant Lectureship in 
Civil Engineering ; and Miss Esther Lowe, B.Sc. (Liver- 
pool), to be an Assistant in the Zoological Department. 


WomEN IN Screnocr, InpustRY AND COMMERCE.— 
On July 15 an International Conference of Women in 
Science, Industry, and Commerce was inaugurated at the 
British Empire Exhibition, Wembley, under the presi- 
dency of H.R.H. the Duchess of York and the chairman- 
ship of the Viscountess Astor, M.P. During the opening 
session, the Viscountess Rhondda, J.P., gave an address 
on commerce, which was followed by discourses on 
industrial organisation by Miss Ellen Wilkinson, M.P., 
and on individual psychology and educational guidance 
by Miss B. Hazlitt, M.A., of Bedford College. Dame 
Millicent Fawcett, Mrs. Wintringham, and Miss Bondfield, 
J.P., also spoke. Fraternal greetings were given by two 
overseas visitors—Miss Kerstin Hesselgren, President 
of the International Industrial Welfare Association, from 
Sweden, and Miss Ethel Bailey, from New York. Miss 
Bailey represented the American Society of Mechanical 
Engineers and the American Society of Automotive 
Engineers. In proposing the toast “‘ Electricity in the 
Service of Women,” in the course of a luncheon given 
at the Wembley Garden Club and presided over by the 
Duke and Duchess of York, Mr. W. B. Woodhouse, 
President of the Institution of Electrical Engineers, laid 
stress on the suitability of electrical maintenance work 
for women. The design of domestic requirements also 
offered a wide field for the employment of their energies. 
The toast “Women in Science, Industry, and Com- 
merce ” was proposed by Miss V. Holmes, A.M.I.Mech.E. 
On July 16, under the heading of “‘ Engineering, Chemistry 
and Research,”’ three contributions were read—the first, 
on “ Electricity applied to Mining,” by Miss H. M. 
Davis, of the Women’s Engineering Society ; the second, 
on “Some Chemical Problems in the Cotton Industry,” 
by Miss Isabel H. Hadfield, M.Sc., of the National 
Union of Scientific Workers ; and the third, on ‘‘ Auto- 
motive Research,” by Miss Ethel Bailey, a member of 
the American Association of Automotive Engineers. 
In the afternoon, papers presented before the Conference, 
which closes to-day, were those on “Producing and 
Distributing Electricity,” by Miss M. Partridge, B.Sc., 
of the Electrical Association for Women, and “‘ At Home 
with Electricity,” by Miss T. J. Dillon, B.Sc., of King’s 
College for Women, 





LABOUR NOTES. 


At Scarborough, on Wednesday, the National 
Delegate Conference of the Miners’ Federation of 
Great Britain decided, on the recommendation of the 
executive council, not to accept the Court of Inquiry 
set up by the Government, or to open negotiations 
with the coalowners until the latter withdraw their 
proposals. The resolution, which was passed unani- 
mously, was as follows :—‘‘ The executive committee 
recommend the conference to inform the Government 
that it can accept no Court of Inquiry which has for 
its object the ascertainment of whether mine workers’ 
wages can be reduced or their hours extended, as 
these questions were fully discussed at the last inquiry. 
The executive committee further recommend that 
we report our willingness to meet the coalowners 
in open conference as soon as they have withdrawn 
their proposals.” 

The proposal to resume direct negotiations arose 
out of Mr. Bridgman’s peace-making efforts as a 
representative of the Government. At the first 
suggestion of a re-opening of the negotiations, the 
miners’ executive stated that they were not prepared 
to meet the owners unless the latter withdrew both 
the notice to terminate the agreement and the 
new wages proposals. Speaking for the employers, 
Mr. Evan Williams said that, while he could not 
assent to the proposal that the notice to terminate 
the agreement should be withdrawn, he would recom- 
mend his Association to meet the Miners’ Federation 
‘“‘in conference on an open situation, taking up the 
discussions at the point where they were suspended.” 
The latter part of the Scarborough resolution insists, 
it will be observed, on withdrawal of the proposals. 

The Court of Inquiry, to which the earlier part 
of the Scarborough resolution refers, was set up by the 
Government on Monday. Its members are: Mr. H. P. 
Macmillan, K.C. (chairman), Sir Jcsiah Stamp and 
Mr. W. Sherwood, and the terms of reference to it, 
to investigate “‘the causes and circumstances of the 
dispute” in the mining industry. It can, of course, 
go on with its task even if the Miners’ Federation 
abstains, but, in that event, its report on ‘the causes 
and circumstances ”’ would necessarily have less weight 
than would otherwise be the case. 





At the end of June, 23,213 members of the Boiler- 
makers’ and Iron and Steel Shipbuilders’ Society 
were “signing the books,” as compared with 21,033 
at the end of May. The expenses in June were 
96,8411. 3s. 3d. The May total, which covered five 
weeks instead of four, was 108,6901. 5s. ld. Mr. Hill, 
the general secretary of the Society, expresses the 
opinion in his monthly report, that the “‘ Draft Regu- 
lations for Safety in Shipbuilding and Ship-repairing ” 
fall far short of what is necessary for safety. He was, 
he says, a member of the Departmental Committee 
that drew up the report on which the regulations are 
based. The three Labour representatives on the 
committee added a memorandum in which they said : 
‘** We consider that all staging, 6 ft. or more from the 
ground, including the first shell stage at the bilge, 
although 6 ft. or less from the ground, should be 
erected and adjusted by special gangs.” That recom- 
mendation does not appear, he points out, in the 
draft. There are, however, he says, some very import- 
ant regulations which will prevent many of the more 
serious accidents that are of almost daily occurrence. 
Part 9 of the proposed regulations puts a number 
of duties on workmen—forbidding the unloading of 
main hold ladders, leaving loose articles, like nuts and 
washers, on staging, the replacing of manhole covers, 
&c. Some of these regulations may be found, Mr. 
Hill says, to be somewhat onerous to pieceworkers, but, 
he adds, ‘“‘as our members suffer most from lack of 
safety regulations, we will cheerfully do our part to 
eliminate all unnecessary risks.” 





Mr. Smethurst, the General Secretary of the 
Amalgamated Engineering Union, states that, in June, 
the home-branch membership of the organisation 
decreased from 213,756 to 212,596, and the colonial- 
branch membership from 25,604 to 25,469. An 
increase of 1,009 is recorded in the number of members 
on donation benefit, and an increase of 362 in the total 
number of unemployed members. The total number 


‘of the latter is 16,693, which, calculated in the cus- 


tomary way, is equal to 7-60 per cent. 





The executive councils of the Amalgamated 
Engineering Union and the National Union of Foundry 
Workers have agreed on an interesting interpretation 
of the working agreement arrived at in April, 1923. 
According to the new arrangement, “‘ wherever the 
term ‘moulder’ is used in said agreement, it shall be 
taken to mean machine moulder engaged in any section 
of the founding industry, it being understood that the 
Amalgamated Engineering Union, acting in accordance 
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with the present constitution, shall have equal rights to 
recruit moulders, as herein interpreted, who are, or 
have been, exclusively engaged at, or in, a brass 
foundry.” 





The executive committee of the Associated Society 
of Locomotive Engineers and Firemen have decided 
not to attend the further conference with the railway 
managers to discuss the proposals put forward by 
Mr. Clower on behalf of the companies. Their decision 
was embodied in the following resolution :—‘‘ That 
having regard to the fact that all drivers and firemen 
have been on their base rates since April, 1922, and also 
that the National Wages Board decision in December, 
1923, afforded the companies considerable relief so far 
as locomotive men are concerned, we cannot agree to 
the proposal submitted by Mr. Clower, and hereby 
decide that no representative of the society attends the 
further conference.” Whether the decision to abstain 
applies also to the conference which the unions decided 
to hold before again meeting the managers is not clear, 
but at the time of the earlier gathering there was 
assumed to be an obligation on the unions not to take 
individual action. In the July issue of the A.z.U. 
Monthly Journal, it is stated (1) that it was agreed 
that a further conference with the railway managers 
would be'held, and (2) that “the union representa- 
tives agreed to meet together prior to the next con- 
ference with the railway companies.” 

At a private sitting of the Southport conference of 
the National Union of Railwaymen, Mr. Thomas gave 
the delegates full details of the railway companies’ 
proposals. While offering no suggestion as to the 
policy to be pursued eventually by the union, he urged 
that the proposals, before the final decision was taken, 
should be the subject of calm and careful considera- 
tion by the executive, and also by the executive in 
conference with the representatives of the companies. 
When that had been done, he said, would be the time 
for calling the delegate meeting together again to 
determine the policy to be followed. The suggestion 
was adopted by the meeting. 


At its annual meeting, which was held at York on 
July 11, the British Section of the International Metal 
Workers’ Federation unanimously passed a resolution 
expressing much concern at the proposals of the 
Engineering and Allied Employer’s National Federa- 
tion to extend the hours of labour in the engineering 
trades and firm determination to resist any increase 
in the standard working day or week as now estab- 
lished, As representing the British Section of the 
International Metal Workers’ Federation, it, moreover, 
called upon ‘‘the British Government and all other 
Governments which are signatories to the Washington 
Convention on Hours of Labour, to give full effect 
to the international agreement thus entered into.” 
The delegates attending the meeting represented over 
300,000 British metal workers, 

The dispute involving the metal workers of Belgium 
was also considered, and the following resolution 
passed: ‘That having regard to the nature of the 
competition from the Belgian metal trades and its 
effect upon the workers of this country, the Advisory 
Committee views with apprehension the present attempt 
on the part of the Belgian capitalists to further reduce 
the wages standard of the Belgian metal workers. 
Apart from the necessity of demonstrating in a practical 
manner our sympathy with our Belgian fellow-workers 
in their struggle, it is essential that the attempt of 
the Belgian capitalists shall not succeed ; this Advisory 
Committee, therefore, recommends that the unions 
affiliated to the British Section of the International 
Metal Workers’ Federation should give the fullest 
possible financial support to the Belgian metal workers 
in the present dispute.” 





Mr. John Hodge, of the Steelmelters’ Society, who 
is President of the British Section of the International 
Metal Workers’ Federation, said, in the course of his 
address to the annual meeting, that the international 
industrial position to-day was of such a character 
that closer relationship between the workers of all 
countries had become of the highest importance. At 
home, we had the same troubles as they had on the 
Continent, capital having no remedy for its own 
incapacity other than attacks on wages and con- 
ditions of labour. First, there was the counter- 
attack of the engineering employers to the demand 
of the workers for increased wages, then the attack 
on the railwaymen, and now the attack on the miners, 
although profits were to-day enormously greater 
than in 1913. The organisations represented at that 
annual meeting, Mr. Hodge went on to say, had been 
loyal to the International Metal Workers’ Federation 
for many years. Unfortunately, some of the other 
ey ee eee unions had never seen their way 
to become associated with it, although one or two of 





Lip service, however, was not enough. It behoved 
the affiliated organisations to consider whether an 
intensive propaganda should not be undertaken 
among all the unions entitled to affiliate, in order to 
strengthen the ranks of the Federation. Every trade- 
union official knew how he had periodically to contend 
with employers who mentioned lower wages paid and 
longer hours worked on the Continent as reasons why 
concessions could not be made here. There could be 
no better method of getting reliable information on 
these points, Mr. Hodge declared, than through the 
medium of an International Federation such as that 
of the Metal Workers. 





‘* The Cost of Compensation for Industrial Accidents ”’ 
was the subject of an address delivered by Industrial 
Commissioner James A. Hamilton at the annual meeting 
in Syracuse of Associated Industries, Inc. In the year 
ended June 30, 1924, in New York State, Mr. Hamilton 
said, closed, or final, awards of compensation were 
made for 72,983 industrial accidents, including 1,109 
fatal cases, 22 permanent total disabilities, 15,526 
permanent partial disabilities, and 56,326 temporary 
disabilities. An accounting of the total money cost 
of these accidents showed the following approxi- 
mate results :—Compensation (actual present value), 
26,398,166 dols.; Medical benefits (estimated), 
6,500,000 dols. ; Compensation administrative expense 
(insurance and State, estimated), 16,400,000 dolls. ; 
and wage loss of injured employees not shifted by com- 
pensation, 24,300,000 dols. That was not, however, a 
complete bill of the money cost of industrial accidents 
because it did not include the element of cost due to 
labour turnover occasioned by accidents. But leaving 
that out of account, there was a round bill of cost for a 
year due to industrial accidents of 70,000,000 dols. 

After showing how the cost of compensation had 
increased in recent years, and dealing in much detail 
with the figures, Mr. Hamilton suggested, as a minimum, 
that efficiency in accident prevention should at least 
equal production and selling efficiency in industry. A 
large New York City firm had, to his personal know- 
ledge, applied that kind of effort to the problem. 
From a record in 1917 of 45 lost-time accidents per 1,000 
employees in a single month it had come down to a 
record of only two or three a year—in some years 
there were no accidents requiring compensation at all. 
The days lost per 1,000 hours worked did not exceed 
0-087, and averaged only 0-058 for the four years 1920 
to 1923 inclusive. Similar results had been achieved in 
other establishments. ‘‘ Such things, instead of being 
conspicuous exceptions here and there, must,” Mr. 
Hamilton declared, ‘‘ become the rule everywhere. To 
maké them so and thereby make accident occurrence 
fall and not rise as employment rises with production 
is the challenge to all industry of the recent rise in the 
cost of compensation in New York State.” 





The Ministry of Labour states that on July 6, 1925, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,300,300—1,016,700 men, 35,600 boys, 220,500 
women, and 27,500 girls. On June 29, 1925, the 
number was 1,304,243—1,025,882 men, 35,792 boys, 
215,962 women, and 26,607 girls; and on July 7, 
1924, it was 1,024,551—-775,002 men, 30,219 -boys, 
191,521 women, and 27,809 girls. 





At neither the annual conference of the National 
Union of Railwaymen nor the annual general council 
meeting of the General Federation of Trade Unions 
did the Communist element make much headway, 
although one or two of its prominent representatives 
managed to get over a good deal of the usual propa- 
ganda. At Southport, on a resolution calling for 
nationalisation of the railways—which was, as a matter 
of course, carried unanimously—Mr. Loeber, for 
instance, managed to make a declaration that the 
workers, who were the majority, were going to dictate 
to the minority who at present controlled them, and 
make it clear that they were prepared to take up arms, 
if necessary, to defend themselves against the white 
terror and the reaction that would set in. They said 
definitely that they were out to operate the railways— 
not on behalf of the nation, but on behalf of the workers. 
Mr. Thomas suitably dealt with Mr. Loeber in the 
course of a characteristic speech. But, in spite of the 
dressing down, Mr. Loeber was probably quite satisfied, 
as the object of his speech, like that of all similar 
performances, was achieved the moment the speech 
was delivered. 





Mr. Pollitt achieved a similar ‘‘ success ” at Black- 
pool, where Mr. John Ward performed the part 
corresponding to that of Mr. Thomas at Southport. 
A passage in the annual report declared that the 
Federation “still aims at industrial peace . 
still sees more virtue in negotiation than in war.” 





their leaders talked loudly about Internationalism. 


Mr. Pollitt moved that the passage be deleted. The 





class war was here, he said. The workers must be 
told that the General Federation was not merely a 
financial instrument, but something which could take 
its definite place in the overthrow of capitalism and 
the establishment of Socialism. That involved, he 
declared, not peace, but war. Mr. Pollitt’s proposal 
was rejected by an overwhelming majority; but he 
was, no doubt, pleased with the publicity it had 
obtained. 





The following resolution was passed unanimously at 
the Southport conference of the National Union of 
Railwaymen :—‘‘ That this congress deplores the 
present weakness of the trade-union movement arising 
from the large number of sectional and overlapping 
unions in each industry, and declares that the time has 
arrived for a consolidation of forces on such lines as 
will ensure a workers’ united front, so essential to 
success in efforts for advancement in the social con- 
ditions of labour.” 





LETTERS TO THE EDITOR. 


SCREW-THREAD STANDARDS. 
To tHe Epiror oF ENGINEERING. 


Str,—I have read with very great interest your 
editorial on ‘‘Screw-Thread Standards,” and must 
thank you for the kind reference that you make to 
my system‘of gauging. 

You will have noticed that the tolerances suggested 
by the Americans are very much finer than ours, 
inasmuch as their loose-fit approximates to our “ F” 
tolerance for aircraft work. 

As we are at present re-organising the B.E.S.A. 
screw-thread tolerances with a view to extending them 
on the coarse side, it would seem that the fine tolerances 
suggested by the Americans are, while capable of 
being put on paper, not capable of production in the 
works. 

I think that the question of tolerance on screw 
threads has been influenced to a very great extent 
by it having been measured in the past on the outside 
diameter, and in cases where the effective diameter 
has been measured by measurement of one thread 
only. It is quite possible to work to‘a pure diameter 
variation on the outside, or even on the effective 
diameter of one thread, of a few thousandths of an 
inch, which is quite impossible when the variation of 
effective diameter due to pitch error has to be taken 
into account. 

The standard method of testing threads in America 
usually allows for a length of engagement of the 
““not-go’’ gauge approximately half that of the 
“go? gauge. This means that the pitch error is not 
tested properly, since, in order to apply a satisfactory 
“not go” effective-diameter test this should be carried 
out over one thread only. If proper means of testing 
the thread are used, comprising (1) a full form test for 
the full length of engagement, and (2) a single “‘ not- 
go”’ diameter test on the effective diameter of one 
thread, considerably larger tolerances than those laid 
down will be found to be necessary. 

Yours faithfully, 
A. C. Wickman. 

Coventry, July 11, 1925. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS : SUMMER MEETING. 


To THE EpiTorR OF ENGINEERING. 

Sir,—I shall be glad if you will allow me to correct 
the report of my remarks at the summer meeting of 
the Institution of Mechanical Engineers at Newcastle 
last week, with regard to the boiler of the steam turbine, 
otherwise some one will be sure to contradict the 
statement as given by you on page 52 ante. 

What I said at the discussion on three-cylinder 
locomotives was that, ‘‘ while the boiler capacity would 
be less (not more), the air-cooled condenser was the 
great difficulty in adopting the Hele-Shaw Beacham 
locomotive turbine.” 

H. S. Heve-Suaw. 
64, Victoria-street, Westminster, S.W. 1. 
July 14, 1925. 





A SUN CLOCK, 


To THE EpiTor oF ENGINEERING. 
Srtr,—I am the fortunate custodian of a model—the 
only one in this country—of a new kind of sun-dial, 
the invention of Professor W. E. Cooke, the Govern- 


.| ment Astronomer of the Sydney Observatory, New 


South Wales. It is much more than a sun-dial. It is 





provided with a movable pointer geared to the hands 
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of an ordinary clock face, and by virtue of this it is 
aptly called the sun-clock. 

At any time when the sun is shining, you turn it as 
directed in one simple motion, and instantly read 
Greenwich mean time on an ordinary clock dial to 
within half a minute, the seasonal variations of solar 
time and the difference due to the longitude of the 
place in which it is set up being compensated for in the 
design of the instrument. 

It will be remembered that the ordinary sun-dial 
has a fixed gnomon pointing (in this hemisphere) to 
the true celestial north, and that its shadow cast upon 
an engraved dial indicates solar time. Solar time is of 
little use to anybody, owing to the inclination of the 
earth’s axis to the plane of its orbit and also its slightly 
irregular motion in its orbit round the sun, which 
produce a variation amounting to as much as 16 minutes 
17 seconds. 

Good sun-dials usually have an equation table in 
the form of a list of the differences between apparent 


clamped by set-screws. The correction for longitude 
is effected by the simple expedient of setting the hand 
in correct phase with the ring by a milled nut and 
tightening it up. Both these adjustments are made in 
a few seconds and are permanent, 

My description might well close here, but I think 
you would like a few words about the analemma, which 
is the brain of the instrument. 

In shape it resembles an elongated figure 8, and 
though it is well known to astronomers I reproduce it 
here (Fig. 2) the better to explain its use, Imagine a 
vertical zero line drawn right through its centre, then 
the horizontal distance between it and any point of the 
curve expresses the extent of the sun’s variation on 
that day. 

Beginning at the winter solstice, December 21, when 
apparent solar noon and mean noon coincide, the sun 
gets slower and slower on the clock, requiring more and 
more correction to produce mean solar time until it 





reaches a maximum of more than 14 minutes about 
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Fig. 1. 


and mean time in each week, engraved on 12 monthly 
panels round the edge of the dial or shown in some other 
way. 

Reading the time involves, first, the observation of 
the precise position of the edge of the shadow which, 
owing to lack of definition, may be very difficult to 
read to an accuracy of one minute. You must then 
refer to the table and add or subtract whatever number 
of minutes are appropriate to the date in order to 
arrive at mean solartime. Then to ascertain Greenwich 
mean time, a further correction is required for the 
longitude of the position of the sun-dial, east or west 
of Greenwich. 

In the sun-clock no such mental gymnastics are 

required. It will be seen from the illustration (Fig. 1) 
that, instead of a gnomon, there is a pivoted brass ring, 
whose axis is in exactly the same plane as the gnomon 
would be if there was one, that is to say, its pivots lie 
along a line which points true north and the angle of 
its tilt is equal to the co-latitude of the place at which 
it is fixed. There is a small hole on one side of the ring, 
well countersunk on the outside. On the inner surface 
of the ring, diametrically opposite to this little aperture, 
is engraved an analemma or graph in the form of a 
figure 8 to show the equation of time or the difference 
between apparent and mean time for every day in the 
year. 
* When you want to know the time you turn the ring 
towards the sun until the spot of sunlight which passes 
through it, about the size of a pin’s head, falls upon the 
line of the figure 8 diagram; the ring is geared to the 
hands of a clock, and in the act of turning it, you have 
unwittingly set them to Greenwich mean time. 

It will be observed that the cradle carrying the ring is 
itself cradled in a sector enabling its angle of inclination 
to be set against an engraved scale of latitude and 





February 11. The correction gradually diminishes 
throughout March, and on April 15 solar time again 
agrees with mean, after which it begins to get a little 
fast, the equation reaching a maximum of nearly 
4 minutes about May 15, and arriving again at zero 
on June 14. From here, back again to the winter 
solstice, the curve returns in opposite phase, the sun 
being slow of the clock until September 1 and fast 
until December 21. 

When you turn the ring to see the time you need not 
trouble to look at the date, except to see that the spot 
of sunlight is on the right one of the two lines, in other 
words, that you are using the appropriate side of the 
figure 8. Incidentally, the date is there to the very 
day, indicated by the spot of light, and had Robinson 
Crusoe been the happy possessor of a sun-clock it 
would have served him as a perpetual calendar and he 
need not have notched his tree. 

It is said that there is nothing new under the sun. 
I am not an expert on sun-dials, and I understand there 
are those who have made a life study of them. Tosuch 
I offer my apology in advance if I have described as a 
novelty what is already known. But I am acquainted 
with the helio-chronometer and most of what has been 
done on those lines, and to me the sun-clock appears to 
be original. The idea of a pivoted ring serving as a 
movable spot dial in place of a gnomon is surely novel ; 
if so, then the gearing of the ring to a clock dial to give 
direct reading of Greenwich mean time is also novel. 
The fact that the perpetual calendar is: an inherent 
virtue and not the result of an applied device marks the 
invention as a brilliant one. 

Professor Cooke too modestly describes it as “a 
charming scientific toy,” but it is more than. that, 
nothing less than a reliable and everlasting time- 
keeper which, if set up with reasonable care, will always 


be correct to within half a minute. It is interesting 
to reflect how indispensable it would have become but 
for the dissemination of time signals by wire and 
wireless. 
Yours faithfully, 
F. Horz-Jonss, M.1.E.E., F.R.AS., 
Chairman British Horological Institute. 
32-34, Clerkenwell-road, E.C. 1. 
June 30, 1925. 





THE RAILWAY CENTENARY 
To THE Eprror oF ENGINEERING. 


Srr,—In his recent Presidential Address at New 
castle-on-Tyne (July 7, 1925) to the Institution of 
Mechanical Engineers, Sir Vincent LL. Raven, K.B.E., 
made the following statements :— 

‘*There are many differences of opinion as to who 
should have the honour of first thinking of locomotion 
by means of steam, and no doubt it is true the greatest 
admirers of George Stephenson cannot claim for ,him 
that distinction. . . . To Richard Trevithick, of Red- 
ruth, the ‘‘ Cornish Giant,” we certainly owe the steam 
locomotive, but Trevithick had not that force of 
character and stability of purpose that characterised 
George Stephenson, and the history of the locomotive 
soon shifted from Cornwall and South Wales to the 
North.” 

The rest of the address is then more or less taken up 
with enthusiastic referenees to George Stephenson and 
the Stockton and Darlington Railway, and anyone 
reading it carelessly might gather the opinion that 
Trevithick played little or no part in the matter. The 
President of the Institution of Mechanical Engineers 
should be particularly careful not to create an impres- 
sion of being biassed. For example, he does not tell 
us that Trevithick himself supplied, in 1804, the first 
steam locomotive on the North East Coast, to the 
Wylam Colliery at Northumberland, and it was from 
this that all the workers he mentions, including, of 
course, Stephenson, copied their designs. 

It was Trevithick’s epoch-making invention of the 
‘Cornish ” high-pressure steam boiler that originated 
the locomotive as well as the modern. power plant, 
and to Trevithick’s genius entirely we owe the first 
practical locomotive in the world, built at Camborne 
in 1801, following upon his model of 1797. Also, it 
would have been only elementary justice, to say the 
least of it, to have mentioned that the first railway in 
the world was constructed by Trevithick at Merthyr 
Tydfil, in 1804, 20 years before Stephenson was ever 
heard of. Further, Trevithick was not only the prac- 
tical pioneer of the locomotive, but he originated many 
of its accessories, including the use of the exhaust 
steam blast in the funnel, the boiler gauge glass, the 
fusible plug, the feed-water heater, the flat flanged 
“rail” (at Merthyr Tydfil) and the modern rail with 
flanged locomotive wheels (in Northumberland), as 
well as, of course, the high-pressure ‘‘ Cornish ” boiler, 
all used by Stephenson. Anyone who is acquainted 
with Trevithick's life and work would find it difficult 
to find anyone who had a greater force of character, 
combined with extreme personal courage, not to say 
recklessness, as well as extraordinary genius. Thus, 
at one and the same time he was carrying out the 
huge and very desperate task of tunnelling under the 
Thames, building (in 1808) an efficient locomotive 
weighing 10 tons, “‘ Catch-me-who-can,” that attained 
a speed of 12 miles per hour, and constructing for the 
East India Docks the first steam dredger in the world. 

It is very evident we are, in general, far too careless 
and slipshod in everything relating to the history of 
engineering, and one would like to believe that success 
in finding money and the commercial development of 
an invention valuable though it may be, is much less 
important to the Institution of Mechanical Engineers, 
than the original scientific work of the real pioneers. 

Yours, &c., 
Davip BRownN LIE. 
46, Grange-road, Ealing, London, W.5, 
July 9, 1925. 





THe Royat Scottish Musrvum.—It is announced 
that H.M. Civil Service Commissioners have recently 
appointed as Assistant in the Technological Department 
of the Royal Scottish Museum Mr. Alexander R. Hutchie- 
son, B.Sc. (Edinburgh), associated with Messrs. G. and J, 
Weir, Limited, engineers, of Glasgow. 





Lonpon UNIVERSITY AwARDs:-—It is announced that 
several awards have now been made in the Faculty of 
Engineering at. University College, Gower-street, London, 
W.C.1. These awards consist of the Goldsmid Entrance 
Scholarship, which has been secured by Mr. A. G. 
Bonney, Whitgift Middle School, Croydon; the Archibald 
P. Head medal and prize, gained by Mr. P. H. Stokes ; 
and the L.. F. Vernon-Harcourt civil and municipal prize, 





obtained by Mr. M. J. Field. 
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THE THREE-CYLINDER HIGH- 
PRESSURE LOCOMOTIVE.* 
By Hersert N. GRrEsiey, C.B.E. 
(Concluded from page 61.) 


Increased Mileage between Repairs.—Another practical 
advantage in the use of three-cylinder engines is 
increased mileage between general repairs. The 
following figures show the experience of the London 
and North Eastern Railway with engines of both types. 
The three-cylinder ‘ Atlantics,”’ already referred to, 
average 73,000 miles between repairs, compared with 
58,000 for the two-cylinder ‘‘ Atlantics”’ used on the 
same section. Again, the average for the three-cylinder 
mineral engines, referred to in Table I, on page 61 ante, is 
62,200 compared with 58,500 for the two-cylinder ones. 

Although there is no equivalent two-cylinder loco- 
motive to make a comparison with the three-cylinder 
“ Pacific ’’ engines used on the railway with which 
the author is connected, it may be of interest to say 
that these engines have been running up to 120,000 
miles before requiring general repairs. These higher 
mileages between general repairs are attributable to 
the lower pressures transmitted through the pistons 
and connecting rods, and to the better balancing which 
can be obtained with three-cylinder engines. This 
further reacts on the question of tyre wear. 

Reduction in Tyre Wear.—Owing to the more uniform 
rail pressure and turning moment, it is found in practice 
that the tyre wear on the driving and coupled wheels 
is less than with the two-cylinder type. The tyre 
wear has been taken on the two- and three-cylinder 
“ Atlantic” engines referred to in Table I; the engines 
are so similar that the comparison is a fair one. 
Taking six engines of each type at random, the mileage 
obtained from the tyres on driving and coupled wheels 
before renewal is as under :— 





Mileage before Renewal. Two-Cylinder | Three-Cylinder 





Engines. Engines. 
Minimum 205,163 297,424 
Maximum 294,562 366,002 
Average .. 252,256 333,673 





This shows a considerable advantage in favour of the 
three-cylinder engine. The 2-8-0 type mineral engines 
have not been running long enough to get comparative 
figures. 

Steady Running at High Speeds and Decreased Hammer 
Blow.—The three-cylinder locomotive has proved itself 
to be very steady running at high speeds; in this res- 
pect it is superior to two-cylinder engines, but probably 
not as good as the four-cylinder type. The effect of 
the revolving parts can, of course, be neutralised by 
other revolving weights, but the reciprocating parts 
can only be properly balanced by other reciprocating 
weights moving in a directly opposite direction; this 
is impracticable, and therefore a portion of the recipro- 
cating masses is balanced by revolving weights. This 
decreases the disturbance in the horizontal plane, but 
introduces one in a vertical direction, due to the centri- 
fugal action of the excess counterbalance. This vertical 
disturbance is usually referred to as “ hammer-blow,” 
and, if large, has a bad effect on the track and bridges, 
so to keep it within safe limits it is only possible to 
balance a proportion of the reciprocating parts. The 
usual practice in this country is to balance from half 
to two-thirds of them. 

With the three-cylinder arrangement, the parts are 
lighter per cylinder, so the weight of the excess counter- 
balance can be reduced. Further, owing to the equal 
spacing of the cranks, it is not necessary to balance the 
same proportion, so that the excess counterbalance 
can be still further reduced. 

Another advantage is that the phase difference of the 
balance weights on the opposite sides of the engine is 
much greater than in the case of the two-cylinder 
engine, the resultant of the two forces being much 
smaller on this account. 

Fig. 6 shows representative draw-bar pulls at high 
on with the two- and three-cylinder 2-8-0 type 
mineral engines. The steadier pull given by the three- 
eylinder engine will be note. 

In Fig. 7 are shown representative draw-bar pulls 
taken over the same portion of line with three ‘‘ Atlan- 
tic’ engines having the same wheel diameters and 
adhesive weights. The nature of the pull curve is 
about the same for all engines, but the three-cylinder 

engine has a great advantage over the two-cylinder 
ones, in that it gives as regular a pull with prac- 
tically no hammer-blow, the percentage increase over 
static load on coupled wheels being only 2-8 per cent. 
at 70 miles per hour, the two-cylinder “ Atlantic” 





* Paper read before the Institution of Mechanical 
Engineers, in Newcastle, on Tuesday, July 7, 1925. 


No. 2 being 17 per cent., and that marked No. 3 being 
31 per cent. at the same speed. 

If the necessary excess counterbalance in a two- 
cylinder engine increases the static weight by, say, 20 
per cent. once per revolution and the three-cylinder 
type gives no such increase and has as steady a pull, 
it will be very much easier on the track and bridges, and 
there seems no reason against. a greater static load being 
allowed ‘on the coupled wheels of a three-cylinder 
locomotive than is allowed in the case of a two-cylinder 
one. 

With this concession, coupled with the greater cy- 
linder volume that the more uniform turning-moment 
renders possible, the power of a four-coupled express 
engine could be much increased, probably to such an 
extent that it could satisfactorily take the place of some 
of the six-coupled engines which present restrictions 
now make necessary. These conclusions are borne 
out by experiments made by the Bridge Stress Com- 
mittee, but the actual results are not yet available for 
publication. 

Decreased Fluctuation in Smoke-Box Vacuum.—A 
further advantage with the three-cylinder engine is the 
more uniform smoke-box draught action, which reacts 
favourably on the coal consumption and boiler repairs. 
If a two- and three-cylinder engine both use the same 
volume of steam per revolution, then, for equal dia- 
meters of blast-pipe, the individual exhausts of the two- 
cylinder engine, which occur four times per revolution, 





The orifice was 5} in. diameter, and at the same height 
in each case, and all other smoke-box conditions were 
equal. 

In taking comparative records with the two engines 
speeds, steam-chest pressures, and cut-offs were kept 
alike as nearly as possible, the ash-pan dampers were 
open, the fire-doors in the same position, and no records 
were taken when firing. The state of the fire was kept as 
uniform as possible, but an oil-fired locomotive would 
be the only means of eliminating this variable. Vary- 
ing the resistance to the passage of air into the fire-box 
affects the draught produced—for example, closing 
the dampers immediately increased the vacuum by 
2 in. 

The author is not yet able to give as much informa- 
tion as he would like, as the apparatus is still in the 
experimental stage, but the following results may be of 
interest. At slow speeds when working hard, at the 
instant ‘when steam escapes from the blast-pipe, there 
is a small plenum in the smoke-box; it is followed 
instantly by the maximum vacuum, which falls again 
to zero before the next impulse. Under the conditions 
shown in Fig. 5 (page 61 ante) at 3 miles per hour the 
maximum vacuum with the two-cylinder engine was 
10 in. and 7in. with the three-cylinder, preceded by 
pressures of 1 in. and }-in., respectively. 

There is about the same variation at more normal 
running speeds when the engines are working hard. 
For example, the two-cylinder engine showed a maxi- 
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will be heavier than those given by the three-cylinder 
one, and will not allow of such efficient combustion as 
the more frequent and lower impulses given by the 
three-cylinder type. 

Although smoke-box vacuum is usually measured in 
inches of water, a water-gauge cannot be used if it is 
desired to find out the actual vacuum produced at each 
exhaust-beat, as the inertia of the moving column of 
water would cause the readings to be quite inaccurate 
at low speeds and not sufficiently responsive at high 
speeds. To analyse the exhaust-beats of a three-cylin- 
der freight engine with 56-inch wheels running at 30 
miles per hour requires an apparatus sufficiently sen- 
sitive and free from inertia to be able to respond to 
fluctuations at the rate of about 1,100 per minute. 
A draught-recorder that fulfilled these conditions was 
obtained from the Cambridge Instrument Company. It 
was based on the principle used in the Collins indicator 
in which the diagram is traced by a steel point on a 
celluloid film, the movement being kept very small to 
avoid inertia effects. 

The recorder consisted of a corrugated steel dia- 
phragm, one side of which was in communication with 
the interior of the smoke-box and the other under 
atmospheric pressure. The movement of the dia- 
phragm was constrained by a stiff flat spring. A steel 
point at the top of this spring traced a line on a moving 
celluloid ribbon. The deflection of the spring was pro- 
portional to the draught induced by the blast, and a 
microscope fitted with a graduated eye-piece was used 
for reading the vacuum obtained. A further steel 
point actuated by an electro-magnet enahled time or 
revolutions to be marked on the ribbon. 

The two- and three-cylinder 2-8-0 engines previously 
referred to were tested with this instrument. It was 
fitted to the side of the smoke-box at the end of a straight 
pipe of l-in. bore; the pipe extended to the centre 
of the smoke-box, the height being 1 in. below the blast- 
pipe tip and 15 in. behind it, this distance being inter- 
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mum vacuum of 10} in., falling to 1 in. between impulses 
when running at 15 miles per hour, 47 per cent. cut-off 
and 145 lb. steam-chest pressure. The three-cylinder 
engine with the same cut-off and steam-chest pressure 
at 16 miles per hour showed a maximum vacuum of 
7 in., falling to zero between impulses. 

It was not anticipated that there would be much 
variation at high speeds, as the impulses would follow 
so rapidly that there would be no time for the vacuum 
to drop. At 30 miles per hour, the time between 
impulses is only ;'5 of a second with the two- 
cylinder engine, and it was expected that the gases 
would be flowing through the tubes so quickly that 
the fluctuations shown at slow speeds would almost 
disappear. 

Contrary to expectation, however, the fluctuations 
are still maintained; not so extensive, but still there is 
quite a large drop after each impulse. For example, 
at 30 miles per hour with 110 lb. in the steam-chest 
and at 47 per cent. cut-off, the vacuum with the two- 


. cylinder engine rose to 8} in. at the instant of exhaust 


and fell to 3 in. before the next impulse. The three- 
cylinder engine, under exactly similar conditions, 
showed a vacuum of 6 in. falling to 14 in. before the 
next impulse, the period between successive impulses 
being only ,', of a second. The author hopes later to 
investigate conditions on express passenger engines, 
but the instrument, in its present form, is hardly suit- 
able for this service. 

Valve-Gear.—The valve-gear previously referred to 
for operating the middle cylinder is shown in Figs. 8, 9 
and 10. It derives its motion from extensions of the out- 
side cylinder valve-spindles, and consists of two cross- 
levers; the short one is attached to the extensions on 
the centre and left valve-spindles, being thus a floating 
lever. The long lever is pivoted to a fixed point so 
that its. arms are of unequal length; they are in the 
ratio of 2 to 1, the long end being joined to the right 








valve-spindle extension and the short end to the centre 
of the floating lever. Due to the combined action of 
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100 years, there has been a continuous and steady 
demand for locomotives of ever-increasing power. The 
demands have been generally met by increasing the 
boiler-power, the steam-pressure and the dimensions of 
cylinders. 

With the present type of locomotive boiler, it is 
neither practicable nor economical to make any con- 
siderable increase in boiler-pressure and owing to 
restrictions imposed by loading gauges the maximum 
allowable dimensions for outside cylinders have been 
reached; they already exceed the maximum which 
can be accommodated between the frames. Any further 
increase in power can, therefore, only be obtained by 
increasing the number of cylinders from two to three 
or four. 

A three-cylinder engine is a cheaper engine to build 
and maintain than one with four cylinders, and more- 
over possesses certain characteristics in which it is 
superior. It will meet the requirements of the near 
future for increased power which, owing to physical 
limitations, cannot be met by the two-cylinder arrange- 
ment. 

Undoubtedly a four-cylinder engine can be designed, 
the power of which will exceed that of a three-cylinder 
within the same gauge limits, but the construction of 
such an engine at the present moment would be pre- 
mature, in the same way as the construction of three- 
cylinder locomotives nearly 80 years ago was unneces- 
sary for the requirements of the times. 

The author wishes to express his appreciation for 
the assistance rendered by his assistant, Mr. T. Robson, 
in carrying out the dynamometer trials and preparing 
the diagrams which accompany this paper. 








SUBMARINE CRUISERS. 


At the meetings of the Association Technique Mari- 
time et Aéronautique, held in Paris in May, a paper, 
entitled ‘t Submarine Cruisers,’’ was presented by M. de 
Vito, the Director of Naval Construction of the Ansaldc 
Works, at Genoa. In his introductory remarks, the 
author stated that although from 1900 to 1914 the 
submarine wasin process of development in most 
navies, yet so far as its tactical and strategical employ- 
ment was concerned, it had not passed the experi- 
mental stage. The vast majority of naval officers 
had little confidence in the type, and only a few of 
the most thoughtful and progressive predicted a future 
for it, and visualised some of its functions in a naval 
conflict. It was not until September 23, 1914, that 
the faith of the few was fully justified, and the res- 
ponsible naval authorities were convinced of the 
important part the submarine was likely to take in 
the world war. On this date, the German submarine 
U 9 sank three cruisers of the ‘‘ Cressy ’’ class, and 1,500 
officers and men lost their lives. From that date, the 
submarine proved itself a most effective and dangerous 
weapon of war, and at times threatened to jeopardise 
the cause of the Allies. M. de Vito expresses the 
opinion that but for the continuous and increasing 
pressure of the Allies on land, and the consequent 
break up of the enemy armies, the submarine would 
have forced a victory for the Central Powers. 

In August, 1914, one single type of submarine was 
afloat. Its armament was the torpedo and its purpose 
the attack of enemy surface warships. As the war 
progressed and the nature and magnitude of its naval 
problems became more clearly defined, other types of 
submarines were developed the purposes of which were 
as diverse as those of surface warships. The gun and 
the mine were added to the torpedo in the armament 
of underwater craft, and as experience was gained, the 
calibre of the former and the number of mines which 
could be carried were both increased. At the Armistice, 
in addition to the much-improved type in existence 
at the outbreak of war, there were several others; the 
monitor submarine, the destroyer, the mine-layer, 
fleet and cruiser submarines. One of the most difficult 
post-war problems of the naval staffs of the Powers 
was to determine which of the types should be deve- 
loped for future use and which abandoned. The 
problem varied with the naval policy of the nation 
concerned, and thé decisions reached may be inter- 
preted hy the types which are building and projected. 
In August, 1914, only a few expert officers possessed 
the necessary knowledge to discuss such questions; now 
they must be debated and determined by a far larger 
circle. For this reason, says M. de Vito, submarine 
technique must be popularised, so that ideas on the 
subject shall be as clear as those for ordinary surface 
warships. His paper has been written with that 
object in view. 

The author next reviews the powers and weights 
of Diesel engines which are suitable for the surface 
propulsion of submarines, and remarks in passing 
that, as with surface ships, the dimensions and speeds 
of submarines have increased with the power of the 
engines. He states that the most powerful engines 
of the submarine type yet constructed are the 3,000-h.p. 


Nurnburg, the 3,500 h.p. Sulzer and the 3,000 h.p. Tosi, 
but considers it is now practicable to build an engine 
to develop 6,000-h.p. and mentions a report that the 
Sulzer Company are constructing one of 7,000 brake 
horse-power. The weights of submarine engines, with 
shafts, propellers and other necessary gear, vary from 
88 lb. to 99 lb. per horse-power, figures which compare 
with 44 lb. for the propelling installations of light 
cruisers, 33 lb. for flotilla leaders, 26 lb. for destroyers, 
11 lb. for motorboats, and 2} lb. for aeroplane engines. 
This comparison shows the submarine Diesel engine to be 
very heavy, but it is not greatly different in this respect 
from those for merchant ships or earlier cruisers. The 
fuel economy of the Diesel engine is neglected in this 
comparison, although of importance from other points 
of view. 

For submerged propulsion, the weight of the main 
motors and the batteries from which they draw their 
power, is 220 lb. to 264 lb. per horse-power developed 
normally. The distribution of the total weight or 
surface displacement of a modern submarine is stated 
to be as follows :—Hull structure, fittings and fixed 
ballast 58 per cent. ; crew with their effects, provisions 


surface. The published particulars of this class give 
the surface displacement as 420 tons, surface power 
240 h.p., submerged power 1,200 h.p., surface speed 94 
knots, and submerged speed 15 knots. This type falls 
between cases C and D being nearer the latter. Accord- 
ing to the table for case D, the maximum submerged 
speed for 420 tons surface displacement should be about 
10} knots. The author considers the reputed speed of 
15 knots to be impracticable, and that twice the power 
stated would be required for such a speed. He states 
that 15 knots has never been obtained. The difference 
between 10} and 15 knots is a large one to explain, 
but probably a more efficient form than that assumed 
for the tables was adopted by the British authorities. 
The paper states that the type has been abandoned 
by the British Admiralty, but it is to be noted that 
two of the class are mentioned as being in commission 
in the published official lists of ships. : 

Submarine minelayers are next referred to, this type 
also falling between cases C and D, but being nearer 
to the former. The 5 per cent. for armament of the 
modern submarine is greatly exceeded in this type 
by the weight and number of the mines, and this has 





and fresh water, 2 per cent.; armament, i.e., torpedoes 


the effect of reducing the 30 per cent. for propelling 


CASE A.—INTERNAL-COMBUSTION ENGINES ONLY. 





Surface displacement aie ae .. tons 500 1,000 1,500 2,000 2,500 3,000 3,500 
Weight of power plant mv inl ay 150 300 450 600 750 900 1,050 
Approximate horse-power B.H.P. 3,750 7,500 11,250 15,000 18,750 22,500 26,250 
Number of shafts .. oe me oe 2 2 2 3 Q 4 4 
Maximum speed .. knots 20°8 22:5 23-4 24-3 24-9 25-4 25:8 





CASE B.—Power or Motors Equat To ONE-HALF THAT OF THE DIgSEL ENGINES. 





Surface displacement .. tons 500 800 1,200 
Power on surface .. > SP. 1,600 2,600 4,000 
Power submerged. . ve - 800 1,300 2,000 
Speed on surface .. .. knots 15-5 16-6 17-5 
Speed submerged .. An * 8-7 9-2 9-7 


1,500 2,000 2,500 3,000 3,500 4,000 
5,000 6,600 8,200 10,000 11,600 13,200 
2,500 3,300 4,100 , 5,800 6,600 
17-9 18-5 18-9 19°3 19-6 19-9 

9-9 10-2 10-5 10-7 10°9 at-1 





CASE C.—Power or Motors EQuaL TO THAT OF THE DIESEL ENGINES. 





Surface displacemen .. tons 500 800 1,200 
Power on surface .. ov 1,100 1,700 2,600 
Power submerged. . 


1,500 2,000 2,500 3,000 3,500 
3,200 4,300 5,400 6,500 











Speed on surface .. .. knots| 13-6 14-3 15-1 15-4 18-0 16-4 16-7 17-0 17-3 

Speed submerged .. a oe 9-6 10-1 10-5 10°8 11-1 11-5 11-7 11-9 12-1 
CASE D.—Etectric Motors AND BATTERIES ONLY. 

Surface displacement .. ns és a .. tons 500 1,000 2,000 3,000 4,000 5,000 

Weight of power plant (electric) =. a Pat 150 300 600 900 1,200 1,500 

Power of motors. . a oe .. horse-power 1,500 3,000 6,000 9,000 12,000 15,000 

Submerged speed = .. knots 10-8 11-5 12-5 13 13-5 13-9 





and tubes, guns, and charges, &c., 5 per cent.; and 
fuel and lubricating oils 5 per cent. The remain- 
ing 30 per cent. of the surface displacement is repre- 
sented by the weight of the surface and submerged 
propelling installations. 

Using the foregoing figures as a basis, and taking 
25 h.p. to the ton for surface and 10 h.p. for submerged 
propulsion, the author considers two extreme cases. 
In the first, the 30 per cent. of the surface displacement 
is used for a submarine Diesel installation, and in the 
second it is entirely utilised for motors and batteries 
for submerged propulsion. The two cases are desig- 
nated A and D, and assuming various surface displace- 
ments, the resulting speeds are determined. The 
tables given above show the results. 

From these figures, it is concluded that, in the pre- 


installations to 25 and even 20 per cent. The speeds, 
surface and submerged, are therefore smaller than are 
shownin TableC. The following particulars of German 
minelaying submarines are quoted :— 














Displacements. Powers. Speeds 
Tons. HP. Knots. 
3 ms 417 500 11- 
U.C. 16-79 a 73 760 74 
“a 491 600 11-5 
+ ae B71 620 7 
Me 760 800 10-5 
addins 333 300 7 














sent stage of Diesel engine design, it is impracticable 
to obtain more than 25 knots, even when submerged 
navigation is entirely sacrificed. 

In calculating these speeds, the submerged displace- 
ment is taken as 25 per cent. greater than the surface. 
The results show that submerged speed is very costly, 
an increase in 1,000 tons of surface displacement, being 
necessary to obtain half a knot extra speed for the 
largest vessels. It is concluded that 14 knots is the 
practical limit to submerged speed. In general a 
maximum of 10 to 11 knots is specified for the ordinary 
types of submarines. 

Two further cases are next considered, these being 
more nearly in accordance with actual practice. The 
first, B, assumes that the power submerged is one- 
half that on the surface, and the second, C, that the 
two are equal. In both, the weights of the submerged 
and surface power installations are together taken as 
30 per cent. of the surface displacement. 

A comparison of the speeds in the two tables shows 
that for submarines above 1,200 tons displacement 
the surface speed is reduced by 2} knots to obtain an 
increase of 1 knot of submerged speed. 

The paper then proceeds to quote examples of actual 
submarines to illustrate the results obtained in the 
four tables. The first example is the British R class, 
which are described as submarine destroyers, having 
been designed with high submerged speed for rapidly 





approaching and destroying submarines sighted on the 





Between Cases B and C fall all submarines of the 
coastal or defensive type which have been constructed, 
and particularly those of from 500 to 600 tons with 
14 or 15 knots surface and 8 or 9 knots submerged 
speed. This type is considered to have a great future, 
as it can be economically constructed in large numbers. 
The new French ‘“‘ Ariane” class of 600 tons surface 
and 765 tons submerged displacement, 1,300 h.p. 
surface and 1,000 h.p. submerged giving speeds of 14 
and 9-5 knots, are quoted as examples. 

In Class B is placed the ordinary submarine for 
offensive action—the type afloat in August, 1914— 
having a displacement of 800 to 900 tons with speeds 
of 16 and 9 knots surface and submerged. The French 
vessels of the “‘ Requin” class, now under construc- 
tion, are the latest examples of this type. Their 
displacements are 1,150 and 1,410 tons, horse-powers 
2,900 and 1,800, and speeds 16 and 10 knots. 

Between A and B comes the submarine cruiser, 
of which the German U142 class is stated to be the 
prototype. These were of 2,200 tons surface displace- 
ment, engine of 6,000 h.p., and motors of 2,600 h.p. 
with corresponding speeds of 17-8 and 8-5 knots, thus 
falling nearerto Bthanto A. The British XI, of 2,800 
tons, is also placed in this category, and it is deduced 
from the tables that, with this displacement and if 
fitted with Diesel engines, the surface speed cannot 
exceed 21 or 22 knots. If the vessel falls exactly under 
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Class B the surface speed should be 19 knots and the 
horse-power about 9,300. The projected ‘‘ Vengeur ” 
class of 2,400 tons surface displacement and 3,000 tons 
submerged, with speeds of 18 and 11 knots, is also 
quoted as an example, and it is stated that, for the 
surface power plant of these submarines, the French 
authorities are experimenting with light Diesel engines 
to develop from 5,000 to 7,000 h.p. 


M. de Vito next considers submarine cruisers at 
some length, and outlines the general particulars of | stability, and mentions that in the single-hull submarine 
a design which the firm of Ansaldo has prepared. He| of circular section, the stability, when submerged, was 
states that the number of guns to be mounted must be | satisfactory, whilst on the surface it was small and bal- 
With a| last had to be added to secure an adequate amount. 
limitation of 3,000 tons surface displacement, 6-in. guns | In the double-hull type, the conditions are reversed, 


four at least, but six or eight are preferable. 


can be mounted, whereas for 8-in. guns the displace- 


ment would reach 8,000 tons, an increase in size over | ensure a satisfactory state when submerged, from 6 to 
present submarines which no naval authorities would | 7 per cent. of the displacement is required for a ballast 


attempt. For such a displacement, four shafts, each 
with an engine of 6,000 h.p., would give 21 knots. 

In the preliminary design for a 3,000-ton vessel, 
Messrs. Ansaldo have allowed for six 6-in. guns mounted 
in two triple turrets, these being entered from the 
conning tower, whereas, according to M. de Vito, 
the two turrets in the British XI are isolated from 
the tower. A secondary armament of four 4-in. anti- 
aircraft guns in twin mountings is also arranged for 
in the Italian design. These are installed on the 
superstructure above the triple turrets. Four torpedo 
tubes at the bow and four at the stern are proposed, 
making the total armament weights 450 tons, or 15 
per cent. of the surface displacement. This largely 
increased percentage over the 5 per cent. quoted for 
the ordinary submarine necessitates economy in other 
directions. 

Considering next the submerged speed and the power 
required to maintain it, the author argues that, since 
economy in weight is required to allow for the heavier 
armament, a submerged speed of 4 to 5 knots with 
sufficient battery endurance to maintain the speed 
during daylight, 7.e., for 15 hours, is all that is necessary. 
A radius of action of 60 miles at 4 knots is allowed for 
in the design, necessitating a weight of motors and 
batteries of 240 tons, or 8 per cent. of the displacement. 
The two motors, each of 1,000 h.p., are capable of an 
overload for a short time and weigh 20 tons each. 
The maximum submerged speed that can be main- 
tained for one hour is 7} knots, but if this were 
increased to 10 knots the weights would be augmented 
by 110 tons to 160 tons. 

The maximum surface speed of the design is 21 knots, 
and to attain this speed two engines, each of 6,000 brake 
horse-power, are proposed. These would be single+ 
acting, four-cycle, six-cylinder engines of 25-6 in. 
stroke and diameter and 330 r.p.m., each engine 
weighing 130 tons. The 3,000 h.p. M.A.N. engine 
weighs 70 tons, and on this basis the estimate appears 
reasonable. For the complete engine installation, 400 
tons is the weight estimated to be necessary. This 
gives 30 h.p. per ton, as compared with the 25 h.p. used 
in preparing the four tables, an indication of the 
greater economy in weight of the more powerful engines. 
The total weight of the two propelling installations— 
surface and submerged—is thus 640 tons, or 21} per 
cent. of the displacement. At a cruising speed of 10 
knots, the designers estimate the consumption of oil 
fuel to be about 60 lb. per nautical mile. The total 
fuel allowed is 190 tons, giving a radius. of action of 
7,000 miles at 10 knots. To this weight is added 
30 tons of lubricating oil, giving a total of 220 tons, 
or 74 per cent. of the submerged displacement. 

The officers and men for the cruiser submarine are 
estimated to number 100, their weight with provisions 
and water being taken as 55 tons to 60 tons, or 2 per 
cent. of the displacement. 

The total percentage already allocated reaches 454, 
leaving for the hull, fittings and ballast 544 per cent., 
as compared with the 58 per cent. quoted for the ordi- 
nary submarine. The weight of accessories, auxiliary 
mechanisms, anchors, cables, and equipment is stated 
to vary from 14 per cent. to 15 per cent. of the surface 
displacement for a large submarine, leaving 40 per cent. 
for the hull structure and fixed ballast. 

The author then discusses the various schemes which 
have been adopted for the provision of the ballast, 
fuel, and other necessary tanks, quoting figures to 
illustrate his arguments. He arrives at the conclusion 
that the main ballast and oil-fuel tanks are most 
economically fitted outside the pressure hull, i.e., 
between the pressure and external hulls, the method 
now usually adopted. Certain tanks, such as compen- 
sating and trimming tanks, which are relatively small, 
are more satisfactorily placed inside the pressure hull. 
The thickness of the latter and the scantlings of its 
framing must depend on the maximum depth to which 
it is intended the submarine should submerge. In the 
earliest submarines, this depth was 30 m., and in 1914 
had increased to 45 m., whilst during the war 80 m. 
to 100 m. were employed. In the submarine-cruiser 
design 100 m. has been allowed for, and for such a depth 


about 440 lb. to 484 lb. per cubic metre of displacement. 
This amounts to about 20 per cent. of the surface 
displacement, to which must be added 5 per cent. for 
bulkheads, decks, &c. Finally, the structure of the 
submarine is stated to require from 34 per cent. to 
36 per cent. of the surface displacement, which, 
deducted from the 40 per cent. previously arrived at, 
leaves 4 per cent. to 6 per cent. for fixed ballast. 

The paper next refers to the difficult question of 


the stability on the surface being ample, whilst to 


keel. The problem of securing stability during the 
process of submerging, when the ballast tanks are only 
partially full, is stated to be a difficult one, more 
especially in a double-hull submarine. The unsatis- 
factory stability of German submarines, and the 
measures taken to remedy this are also referred to. 
Some proposals have been advanced lately by which 
the stability of submarines can be secured, the ballast 
keel reduced, and the weight thereby saved applied 
to the improvement of other qualities. Three of these 
proposals are referred to in the paper. The first is 
that of Professor Flamm, who replaces the completely 
circular sectioned pressure hull by a trilobular one and 
claims for this a smaller weight of pressure hull and 
framing for the same depth of submergence, and also 
animproved stability. Both these results permit of an 
economy in weight, which he proposes to allocate to 
armour and guns. M. de Vito states that his pre- 
predecessor at the Ansaldo Works, Colonel Soliani, 
has studied the problem, and has patented a section of 
pressure hull with two circular lobes by which the 
same results are obtained as for the trilobular, but which 
permits of much simpler internal arrangements. The 
third proposal is that of Captain de Feo, of the Royal 
Italian Navy, who retains the circular pressure hull, 
but arranges his ballast and fuel tanks before and abaft 
it, instead of laterally as in the usual design. This is the 
O type submarine, a description of which has appeared 
in ENGINEERING, on page 171 of vol. cxviii. With this 
design economy in hull structure is obtained, and the 
stability both when submerging and submerged is satis- 
factory. M. de Vito inclines to the opinion that such a 
system with some modifications will be found useful for 
adoption in cruiser submarines. With it, however, the 
surface stability is not as satisfactory as in the ordinary 
type, and it may be found necessary to add ballast or 
fit bulges at the waterline to remedy this defect. 
In concluding the paper, M. de Vito states that 
submarine experts have always opposed large sub- 
marines, and he surmises that they appreciate the diffi- 
culties more clearly than others with less experience, 
and prefer to advance by reasonable steps to larger 
dimensions. Before the war, Italian experts considered 
700 tons as the maximum limit of displacement, and 
this opinion was shared in other countries. During 
the war, however, submarines of over 2,000 tons were 
constructed and operated successfully, indicating that 
the difficulties were less than had been anticipated. He 
considers that to the defensive, offensive and mine-layer 
types it is necessary to add the submarine cruiser, 
and although he recognises the time has not yet arrived, 
presumably for lack of the powerful engines required, 
it will not be long before the type is built. He believes 
a solution will be found by reducing the submerged 
power installation to a minimum. 
The author has successfully accomplished the object 
he had in view when writing the paper. For various 
reasons information on submarines is far more limited 
than for ordinary warships, and the data given in the 
paper will indicate to the non-expert some of the 
difficulties of submarine design. The naval officer will 
appreciate the effect of modification of qualities, especi- 
ally surface and submerged speeds, on the displace- 
ment, whilst the expert will find matter for study and 
criticism in the details of the cruiser design. Two 
important considerations have not been mentioned 
in the paper. The first of these is the cost of such ves- 
sels, and the second the tactical and strategical purposes 
for which they are intended. In this country the cost 
of a 3,000-ton submarine would be at least a million 
pounds, for which three or four submarines of the offen- 
sive type of from 1,000 or 1,200 tons could be con- 
structed. The determination of the type to be built 
is the duty of the higher naval authorities, but unless 
the cruiser type possesses very great advantages over 
the equivalent larger number of the smaller and 
offensive type, it is difficult to find a satisfactory 
reason for building it. 





CALENDAR.—We have received a handsome monthly 
tear-off calendar from Messrs. John Tullis and Son, 
Limited, leather belting specialists, of St. Ann’s Works, 


CATALOGUES. 


Petrol.—Messrs. Shell-Mex, Limited, Kingsway, Lon- 
don, W.C.2, have sent us a little pamphlet explaining, in 
popular terms, the constituents of petrol. 


Fans.—A catalogue of electric fans suitable for large 
rooms in factories, halls, etc., is to hand from Messrs. 
James Keith and Blackman Co., Limited, 27, Farringdon- 
avenue, London, E.C.4. 


Office Accessories.—Catalogues illustrating a useful 
variety of loose-leaf binding cases and letter trays are 
to hand from Messrs. Kenrick and Jefferson, Limited, 
West Bromwich, and 22, St. Andrew-street, London, 
E.C.4. 

Motor-Car Extra-Air Valve.—A circular illustrating an 
automatic extra-air valve for the cylinders of Ford car 
engines is to hand from Messrs. B. D. and Co. (E. A. 
Boynton), 167, Goswell-road, London, E.C.1. The valve 
is automatic, in the sense that it is operated by the 
ignition control to supply extra air to the mixture at 
light loads. 


Storage Batieries.—Two priced lists of storage batteries, 
with full tables of capacities and dimensions, are to hand 
from the D.P. Battery Co., Limited, Bakewell, Derbyshire. 
One relates to types suitable for public supply and tram- 
way stations dealing with heavy and fluctuating loads, 
and the other to batteries for use in public institutions, 
country houses, &c. 


Steam Separator.—Messrs. James Gordon and Co., 
Limited, Windsor House, Kingsway, London, W.C. 2, 
have sent us a circular of their Massip steam separator 
for separating oil from exhaust steam, with accessories 
for recovering the oil. It is made for condensing and 
non-condensing engines and also for extracting the 
moisture from high-pressure steam. 


Aluminium Castings.—A novel catalogue consisting 
of a binding containing about fifty post cards, each 
illustrating an example of the aluminium castings made 
at their works, has come to hand from Messrs. William 
Mills, Limited, Grove-street, Birmingham. The special 
aluminium alloys now made have largely increased the 
possible applications of these castings. 


Lubricants.—Two catalogues of oils and _ greases, 
suitable for motor vehicles and for colliery machinery, are 
to hand from Messrs. Trier Brothers, 36, Victoria-street, 
Westminster, London, 8.W.1. A circular explaining the 
application of cartridges of grease made by the firm for 
loading the pressure tubes, or ‘‘ guns,” now extensively 
used for filling grease cups, has also come to hand. 


Boiler Draught Gauge.—A gauge for fitting to the 
boiler front to indicate the draught pressure in the flues 
is illustrated on a leaf catalogue received from The Steam 
Fittings Co., Limited, West Drayton, Middlesex. The 
instrument is made for indicating the pressure at one 
point, or the difference of -pressure between any two 
points; recording apparatus can be fitted, if required, 
to either form. 


Toothed Gearing.—A booklet catalogue from Messrs. 
David Brown and Sons (Huddersfield) Limited, Lock- 
wood, Huddersfield, gives illustrations of toothed 
wheels and gear units typical of the work executed by 
the firm who supply completed wheels or uncut castings, 
and also cut customers’ own blanks. Finished hobs and 
other cutters, tooth-measuring instruments and carburis- 
ing material are also supplied. 


Shipbuilding and Ship Repairs.—A small handbook 
to hand from Messrs. Otto Andersen and Co., (London) 
Limited, whose works are at Wivenhoe, Essex, illustrates 
examples of small craft built by the firm, and also includes 
a table of distances from port to port and some diary 
pages. The firm builds all kinds of small craft and 
cargo vessels up to 2,000 deadweight carrying capacity, 
and has a dry dock 235 feet long for repair work. 
General engineering work is also undertaken. 


Ciment-Fondu.—The Lafarge Aluminous Cement Co., 
Limited, Lincoln House, High Holborn, London, W.C. 1, 
have issued a catalogue containing explanatory, 
matter and test results relating to their well-known 
Ciment Fondu which has the advantages of developing 
a useful working strength in 24 hours after laying and 
of being workable in frosty weather. It is suitable for 
mass concrete and for reinforced-concrete work. 





TABLET TO THE MEMORY OF THE CREW OF THE R.38.— 
On June 29, the American Ambassador unveiled a tablet 
erected, in the library of the Royal Aéronautical Society, 
to the memory of members of the crew of the airship 
R.38, both British and American, who lost their lives in 
the disaster over the Humber on August 24, 1921. The 
airship was sold to the United States early in [921 when 
partially built. She was completed in June of that year, 
and made several trial flights. On her fourth and last 
flight, the airship, which had been renamed the Z.R.2, 
was manned by a mixed crew of Royal Air Force and U.S. 
Navy officers and men, and also carried civilian represen- 
tatives of the research staff of the National Physical 
Laboratory. While carrying out rudder tests, the airship 
broke into two portions and fell into the Humber, only 
four of the occupants being saved. Shortly after, the 
Council of the Royal Aéronautical Society decided to raise 
a fund with the dual purpose of providing a memorial 
tablet and of stimulating the continuance of interest in 
airship research. The “‘R.38 Memorial Prize” was, 
therefore, inaugurated, and has been awarded each year, 
since 1923, for the best technical paper on airships received 
by the Council. The Memorial tablet was designed by 
Mr. Paul Cooper and bears the inscription: ‘‘ To the 
memory of those who died in H.M. Airship R.38 which 








the weight of the pressure-hull plating and framing is 
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LAPPING MACHINE FOR REPETITION | 


CYLINDRICAL AND FLAT WORK. 


THE accuracy with which metal pieces can be 
finished by lapping and the excellent quality of 
the surface obtained have for long been appreciated 
by engineers, who, however, were not able to apply 
the process to their general workshop productions 
because of its high cost. Until recently, it was only 
applied to the finishing of the highest grade of work, 
such as gauges and precision instruments, where its 
use could not be dispensed with, and even then each 
piece was treated separately. If the process of lapping 
could be made an economical one, in which accuracy 
of finish could be obtained at a trifling cost, there can 
be no doubt that it would be applied immediately 
to the gudgeon pins, pistons, piston rings and valve 
tappets of motor-car engines, as well as for bearing 
rollers, bushes and similar cylindrical and flat work 
in motor-car and general engineering work. The 
resulting improvement in the wear characteristics 
obtained by lapping are so great that it would be used 
in every case possible, in order to ensure a long life for 
the parts. The process has now been made a repetitive 
one, in which many parts can be dealt with at the 
same time, and the machine of which illustrations 
are given on this and the opposite pages, has been intro- 
duced for the purpose. This machine is a product of 





Messrs. Bethel, Player and Co., Limited, of 17, Philpot- 
lane, London, E.C.3, who hold the exclusive British 
and European licences from the designers, The Bethel- 
Player Company of Westboro’, Mass., U.S.A. It is 
made in two forms. One of these is designed for 
lapping cylindrical pins or tubes, and the other for 
dealing with flat parallel faces. 

The principle involved in lapping, as conducted 
with this machine, is that of holding the parts to 
be lapped between a stationary and a revolving lap, 
and at the same time causing these parts to be given 
a sweeping motion over the entire surfaces of both 
laps. By this combination of motions of one of the 
laps and of the parts on which the work is performed, 
the wear of the lapping surface is evenly distributed, 
and thus the flatness of the surfaces may be preserved 
over very long periods. 

In the machine illustrated in Figs. 1 to 4 on this page, 
the upper lap, which is of close-grained cast iron, is 
stationary, except for the lifting and swinging move- 
ments necessary to unload and reload, The lower lap, 
also of close-grained cast-iron, is mounted on a vertical 
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| hollow spindle, and is given a rotary movement obtained 


from the shaft on which the fast and loose pulleys are 
mounted. For this purpose, the hollow spindle is pro- 
vided with a bronze worm wheel which engages with a 
steel worm on the main driving shaft. Within the hol- 
low spindle which carries the lower lap there is a second 
spindle, which is driven through differential gearing 
contained in the same case, the latter serving as an 0 

bath. This spindle runs at a slower speed than the 
lap spindle. At its top, it drives a plate which 
accommodates an adjustable slide within a slot cut 
in it, and so gives a suitable motion to the pin on 
the slide. This motion for the pin, which projects 
above the surface of the lower lap, can be vari 

at will to obtain the exact amount of swinging motion 
required for the lapping work. On the pin the work- 
holder is centred, for which purpose a bushed hole is 
provided. The form of these workholders is designed 
to suit the requirements of different classes of work. 
For hollow gudgeon pins and small bushes the type 
of holder illustrated in Fig. 5, was specially designed. 
It is a spider with many legs of suitable diameter 4” 
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length, secured to a circular disc. The parts to be 
lapped are held in position on the rods by bushes 
retained in place by bayonet locks on the end of each. 
Workholders of a plate type with holes suited in shape 
for the retention of the work may also be used. Such 
devices are resorted to when it is necessary to lap solid 
cylinders and valve stems. 

Through the rotation of the lower lap the pieces 
tend to rotate between its surface and that of the 
fixed upperlap. At the same time it will be appreciated 
from Fig. 5 that the pieces operated upon, being set at 
an angle to the diameter of the workholder, are sub- 
jected to a continuously varying rotative motion owing 
to their constant change of position while in contact with 
the revolving lower lap, and also due to the gyratory 
movement of the workholder caused by the revolving 
pin which carries it. The resultant motion of the 
pieces is a combination of rolling and sliding which 
ensures that they cover the entire surface of the laps, 
without occupying precisely the same place relative 
to the lap surfaces until over a hundred revolutions 
have been performed. It should be noted that there 
is a floating connection between the upper lap and 
its spindle, to ensure that both lapping surfaces make 
a perfect seating on the work. For most lapping 
purposes in this machine, a preparation of fine-grade 
Turkish emery and paraffin oil, applied lightly by 
means of a brush to the pieces, as well as to the laps, 
before starting is found most satisfactory. Throughout 
the design of the machine care has been shown in 
preventing the possibility of abrasive getting into 
the bearings, all of which are provided with the means 
of introducing the lubricant with a grease gun. 

In this machine, gudgeon pins of average dimensions, 
say, for example, 2? in. long and § in. diameter, can be 
lapped, in lots of 30 at one time, at a rate of about 
150 per hour, with an accuracy of diameter and 
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parallelism within 0-00015 in. The usual allowance for 
the preceding grinding operation is from + 0-0003 in. 
to + 0-0006 in., and this is what is left to be removed in 
lapping. Examples of other sizes would give results 
proportional to their dimensions, the output of pieces 
increasing directly with the reduction in the area of 
the surfaces treated. 

An indication of the different character of a ground 
and a lapped surface on the same material is afforded by 
Fig. 6, which was prepared with a magnification of one- 
hundred diameters. It will be observed that the lapping 
process has caused the removal of the regular furrows 
from the metal and that the new surface condition will 
ensure a much larger actual area of contact of the part 
in question with those with which it is associated. 





This reduction of comparative roughness and increased 
bearing area are the factors which ensure the reduction 
of wear. 

The machine for flat lapping is of the same general 
design as the type for cylindrical work, except that the 
inner vertical shaft drives three radially-adjustable 
driving heads, each of which carries a vertical pin, 
which projects above the surface of the lower lap. For 
the drive of these pins, planetary gears are provided and 
engage with the teeth on a ring mounted on a fixed 
part of the base (see Fig. 8). Upon the pins a flat disc 
with holes in it is used as a work-holder, one type of 
which is shown in Fig. 7. The movement given to the 
pieces is a series of back and forward sweeps combined 
with the rotation of the work-holder and the lower lap. 
This is intended to be a close approximation to the 
motion given by a workman if the operation were per- 
formed by hand. The upper lap has its weight borne 
by the pieces operated upon, but it can be raised from the 
work for inspection and loading by means of a rack and 
pinion operated by a capstan wheel. A pawl engaging 
the rack retains the raised lap in position, and the entire 
bracket may be swung to one side, if necessary, to 
make the work and the lower lap more accessible. This 
arrangement, it may be mentioned, is also used in the 
cylindrical lapping machine. 

The work-holders take forms suited to the type of 
work; that shown in Fig. 7 being one designed for 
small, flat circular work, but fitted with special inserted 
pieces to deal with work of any desired shape. As the 


.| inserts develop an independent rotation within the 


circular holes containing them, the positions of the 
pieces they retain are continuously changed. It may 
be stated that piston rings up to 6 in. diameter and of 
width as small as 0-1 in. have been successfully finished 
on this machine. As far as output is concerned, piston 
rings of 3 in. diameter can be lapped on their width 
in lots of 15 at one setting at a rate of between 
300 and 400 per hour, and with an accuracy of within 
0-00015 in. 

The laps which, as has already been said, are made of 
close-grained cast-iron, are re-surfaced and maintained 
in truth by lapping them together in the machine itself. 
For the purpose 15 to 20 minutes is necessary, and the 
operation generally is needed not more often than once 
a week, though its frequency depends upon the class of 
work done. With ordinary use and attention the life 
of the laps should not be less than five years. 

In conclusion, it may be stated that some of the 
British motor-car and aero-engine manufacturers, and 
others who have to undertake the repetitive production 
of the parts of their machines, have not been slow to see 
the advantages obtained, though the superior finish 
obtained by lapping and the resulting economies in 
wear and tear will undoubtedly enhance the reputation 
of their products. Now that lapping has become a 
repetitive process, which can be undertaken at small 
cost and is suited to mass production in machines 
requiring little skill for their operation, a great extension 
of the use of this means of increasing the life of the 
components of machines may be anticipated. 





Tue INSTITUTION OF ELECTRICAL ENGINEERS.—Nomi- 
nations have now been made by the council of the Insti- 
tution of Electrical Engineers for the vacancies which 
will occur on September 30 of this year in the offices of 
president, vice-presidents, honorary treasurers and 
ordinary members of the council. Mr. R. A. Chattock, 
City Electrical Engineer, City of Birmingham Electric 
Supply Department, has been nominated for the presi- 
dency of the Institution, while Lieut.-Col. K. Edgeumbe, 
R.E. (T.A.), chairman of Messrs. Everett, Edgcumbe 
and Company, Limited, Colindale Works, Hendon, 
London, N.W., and Professor W. M. Thornton, O.B.E., 
D.Se., of Armstrong College, Newcastle-upon-Tyne, 
having been proposed as vice-presidents, offer themselves 
ior election. Mr. P. D. Tuckett, the chairman of Ed- 
mundsons’ Electricity Corporation, Limited, of Broad 
Sanctuary Chambers, Westminster, London, 8.W.1, 
has been recommended for the post of honorary treasurer. 
Three groups of appointments will fall to be made under 
the heading of ordinary members of council, namely, 
four for members, three for associate members, and one 
for associates of the Institution. For the first group 
Professor C. L. Fortescue, O.B.E., M.A., of the City and 
Guilds a gg College, South Kensington, Lon- 
don; Mr. Marryat, of Messrs. Marryat and Place, 
28, Hatton-garden, London, E.C.1.; Mr. R. W. Paul, 
director of the Cambridge Instrument Co., Limited, 45, 
Grosvenor-place, London, 8.W.1; and Mr. 8S. J. Watson, 
Borough Electrical Engineer, County Borough of Salford 
Electricity Department, Frederick-road, Salford, have 
been proposed; while for the second group Mr. R. 
Grierson, managing director of Messrs. Grierson, Limited, 
43, Bloomsbury-square, London, W.C.1; Major E. O. 
Henrici, R.E., principal of the Department of Scientific 
and Industrial Research, 16, Old Queen-street, West- 
minster, 8.W.1, and Mr. J. W. T. Walsh, M.A., M.Se., 
senior assistant, Electricity Department, National 
Physical Laboratory, Teddington, Middlesex, have been 

ut up for election. The vacancy for an associate will 
i contested by Mr. E. Leete, managing director of the 


London Electric Wire Company and Smiths, Limited, 





Golden-lane, London, E.C.1. 
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‘* ENGINEERING’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

0 asc yall where none is mentioned the Specification is not 

rated. 
Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 
C <4 i ‘ions may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2., at 


the uniform P bye of 1s. 

The date of ¢ advertisement of the acceptance of a Complete 
Specification is, in each case, given a the abstract, unless the 
Patent has been sealed, when the “* Sealed ”’ is ap ® 

Any person may, at any time within two months from the date of 
fins ts hae Of e Sreeiat a eee a 
give notice ‘atent °. sition to the nt of a 
Patent on any of the grounds rd Bas omg the Acts. wsiariied 


GAS ENGINES, HOLDERS, PRODUCERS, &c. 


228,645. W. J. Still, Westminster, London. In- 
ternal-Combustion Engines. (4 Figs.) November 
10, 1923.—The invention relates to the scavenging 
mechanism of internal-combustion engines of that type 
wherein steam is employed to increase the power of the 
engine. The invention consists in the employment of a 
turbo-type blower, provided with a low-pressure steam- 
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228.645) 


turbine rotor driven by the low-pressure exhaust from 
the engine, supplemented, if need be, by a high-pressure 
rotor supplied with steam from another source. A 
represents the high-pressure turbine, B the low-pressure 
turbine, C the condenser for the low-pressure turbine, 
and D the turbo-blower, connected together by a 
common shaft. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


228,612. W. Beardmore, Lord Invernairn, 
London, A. E. L. Chorlton, London, and J. S 
Doig, Grimsby. Winch-Driving Mechanism. (2 
Figs.) November 6, 1923.-The invention relates to 
winch-driving mechanism for use on vessels of the trawler 
type. According to the invention, a winch of the type 
as commonly employed for handling the trawl and 
comprising twin barrels A, A on which warps are wound 
with warp-guide controls, brakes and other necessary 
features, is combined with a constant-mesh variable- 
speed gear F through which power is transmitted to the 
winch from an internal-combustion engine K. Prefer- 
ably an epicyclic variable-speed gear F is employed, 

















(228,612) 


such speed gear comprising mechanism for driving the 
winch alternatively at two or more different speeds in 
one direction and for reversing the drive. The speed 
gear F is disposed below the winch, and the drive trans- 
mitted through the speed gear to the winch from an 
internal-combustion engine K arranged on a deck below 
the winch. The variable-speed gear mechanism is con- 
structed and arranged so that the driving of the winch 
may be controlled by manipulating the speed gear F. 
Duplicated mechanism for controlling =: winch is 
provided, such duplicate controls being disposed respec- 
tively on either side of the vessel. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


227,940. H. T. Tudsbery, Harlow. Indicating 
Deflection of Loaded Beams. (6 Figs.) October 27, 
1923.—The invention relates to apparatus for indicating 
the deflection of beams of the kind embodying a support, 
a member slidable in relation to the support against the 
action of a spring and a dial upon whisk the movements 
of the member are indicated. The improved apparatus 
is formed with a base a, within which is arranged a spring 





6b adapted to support a plunger c and to constitute a 
resistance to movement of the plunger. The latter is 
provided with an adjustable cap d for the purpose of 
making the necessary adjustments, so that when the 
device is mounted upon a support e (Fig. '3) the cap may 
just contact with the member f of which the deflection is 
to be measured. The plunger is also provided with an 
arm or projection g, adapted to bear against a rod h 
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(277940) 
serving to actuate a sensitive dial indicator 7, which is 
also mounted on the base. The arrangement is such that, 
when set up in the manner above indicated and as illus- 
trated in Fig. 3, the beam f in deflecting will move the 
plunger c against its spring b and the arm g will thus 
operate the indicator 7 so that the latter will show the 
amount of deflection in suitable units. (Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 

228,454. J. M. Ringquist, Thornaby-on-Tees, 
and Head, Wrightson and Co., Limited, Thornaby- 
on-Tees. - Furnaces. (3 Figs.) August 13, 1924.— 
The invention relates to means for actuating clay guns 
used for plugging the tap-holes of furnaces. According 





























to the invention, the jib C is loosely mounted on a vertical 
shaft A fixed in brackets on one side of the furnace 
columns B and carrying loose upon it a driving sheave 
or barrel G around which is passed a pair of ropes or 
chains J, K, and which can be rotated in either direction. 


Preferably this rotation is effected by a rope or chain 
which is passed round a second sheave or barrel H fast 
with the first, and has its two ends H!, H2 connected ‘o 
the pistons of two cylinders. The jib C carries a trans- 
verse track D along which can move a carriage E 
supporting the gun F. The rope J passes round a guide 
sheave at the rear of the track and is secured to the rear 
of the carriage E, while the other rope K passes round a 
guide sheave at the front of the track and is secured to 
the front of the carriage. Slidably mounted beneath 
the jibis a rod N, whichis parallel to the jib and of which 
the nose normally lies in front of a lug on the carriage, so 
that the carriage is normally prevented from moving 
forward along the track. Fast on the shaft A is a 
collar P having in it a hole so arranged that when the 
gun F has been brought over the tap trough, the inner 
end of the rod N can be moved by a spring into this hole, 
and therefore its nose is withdrawn from in front of the 
lug on the carriage so that continued rotation of the 
driving sheave G, H causes the carriage to move forward 
along the track towards the tap hole. The front end of 
the track D is inclined downwards, so that as the carriage 
moves along it it is tilted and therefore the gun is tilted 
to bring its muzzle down to the level of the taphole. 
(Sealed.) 
MOTOR ROAD VEHICLES. 

228,606. W.L. Hill, Trafford Park, Manchester. 
Motor Tractors. (3 Figs.) November 2, 1923.— 
The invention relates to motor tractors and to trailers 
therefor, and refers, in particular, to two-wheeled trailers, 
the main object being to provide an arrangement wherein 
the weight of the load at the fore part, when the same 
is not in equilibrium, exerts a downward pressure on the 
top of the back axle or at a point in front of the same, 
while the pull on the trailer takes place from a point on 
the tractor in line with, or below, the back axle. According 
to the invention, a tractor and a two-wheeled trailer 
therefor are provided with a draw-bar for the longitu- 
dinal forces, connected to a point at, or below, the axis 
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of the back axle of the tractor, and an extension bar on 
the trailer, for the vertical and lateral forces, engaging 
with the tractor at a point on top of, or in front of, tke 
back axle. In applying the invention to a tractor of the 
‘*Fordson ’’ type, a metal saddle a is bolted to the 
differential casing b at the top. Upon the top of the 
saddle an open-mouthed bracket d is provided to receive 
a bar e extending from the trailer chassis. Leading to 
the mouth of the bracket is a guideway d! inclined 
upwardly towards the same and provided with anti- 
friction rollers d?. The usual bracket f is provided at 
the rear of the tractor located below the horizontal 
level of the axis of the back axle to which the trailer 
draw-bar is attached. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


228,028. Babcock and Wilcox, Limited, London, 
and Sir J. Kemnal, London. Fluid-Pressure Valves. 
(4 Figs.) September 5, 1924.—The invention relates to 
fluid-pressure valves, ¢.g., safety valves of the annular- 
lift type, including a screening device which is movable 
with the valve properinsuch a manner that the valve face 
and the valve seat are completely screened until they are 
separated to a substantial extent. The screening device 
comprises a ported sleeve 1 slidingly mounted on the 
cylindrical body 2 of the valve seat 3 and co-operating. 
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with a correspondingly ported annular flange 4 adjacent 
to the valve seat 3. In the movement of the valve 5 
away from the seat, the ports 6 in the sleeve 1 are 
brought into register with ports 7 in the flange 4 after 
the valve face 8 and the valve seat 3 are considerably 
separated. The ports 7 in the flange are so disposed 
that the walls thereof overlie the valve face and the 
valve seat so that the stream of pressure fluid directed 
by these walls is not intercepted by the valve face or the 
valve seat. The walls of the ports 7 diverge outwardly 





towards the valve face 8 and the valve seat 3. (Sealed.) 
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34-IN. UNIVERSAL PLATE MILL AT 
THE CLYDESDALE STEEL WORKS. 


(Continued from page 38.) 


In our previous article we dealt with the cooling 
beds and auxiliary plant in detail, but made only a 
brief reference to the universal mill. This we will 
now describe more fully. A good impression of 
its general appearance can be obtained from the 
views and drawings given in Figs. 11 to 18, on 
Plates IX, X and X1, which accompany this issue. 
The design appears somewhat complicated when 
compared with an ordinary rolling mill, but the 
complication is more apparent than real. The 
mill stand actually represents three rolling mills 
in one unit; and when these three mills are 
separated, each will be seen to consist of the usual 
parts and adjustments. When required, the vertical 
rolls, with all their attendant mechanism, can be 
lifted away entire, leaving a simple two-high, 
reversing plate mill. In place of the vertical roll 
units, feed table units are placed in position com- 
plete, these feed tables being driven by the same 
mechanism that drives the vertical roll adjustment. 
This gear drops automatically into position when 
either vertical rolls or feed tables are in use. As the 
vertical roll mechanism and the feed tables are each 
of unit construction, the change can be made 
rapidly. 

We will consider the horizontal rolls and their 
associated mechanism first. This arrangement 
generally follows-the usual practice, the drive 
being direct from the motor on to the upper roll, 
and through a pair of broad helical toothed wheels, 
contained in the pinion stand, to the lower roll. 
Spindles with universal joints at each end connect 
the shafts in the pinion stand to the roll shafts. 
The universal joints are bushed with bronze and 
are of patented construction. The lower spindle 
is balanced by means of a spring-supported centre 
bearing lined with white metal. In order to allow 
for the vertical movement of the upper roll, the upper 
spindle centre bearing is carried on two side levers. 
These are pivoted to a spring-loaded bell crank 
lever at the pinion housing end, as shown in Fig. 
13, and carried on a balance beam supported by 
hydraulic rams at the other. This balance beam 
will be referred to again later. 

The rolls are of special cast iron, supported in 
cast-steel chocks lined with anti-friction metal, 
and having a separate adjustment for each carrier. 
Referring again to Fig. 13, the 100 h.p. motor for 
operating the housing screws is mounted on the 
top of the pinion stand, and drives an extended 
shaft which conveys the power to the top of the roll 
housings, through reduction gears. The shaft has 
universal joints at each end, and drives the housing 
screws through a second reduction gear on to a 
parallel shaft, the latter carrying bevel pinions which 
engage with corresponding pinions keyed to the 
top of the screws. An extension of the housing 
screw remote from the pinion stand carries the 
draught indicator mechanism. This appears in 
Figs. 13 and 15 as a drum, but was altered during 
the course of construction to the dial indicator 
shown in Figs. 11, 12, 17 and 18. This may be 
described in detail as being typical of the various 
indicators on the machine. As now arranged, the 
square rod, shown in Fig. 13, forming an extension 
of the housing screw, passes through a corresponding 
square hole in a bevel wheel, whichis prevented from 
rising and falling with the motion of the screw by 
suitable collars. This bevel transmits the rotary 
motion of the screw to a second bevel pinion 
mounted on the spindle carrying the indicator finger 
of the outer scale seen in Fig. 11. A complete 
revolution of this finger corresponds to a move- 
ment of the spindle of 1 in. The dial is divided 
into 100 divisions, enabling 0-01 in. travel to be 
read off directly. A lay-shaft reduction gear, 
having a ratio of 10 to 1, connects the outer and 
inner scale spindles, so that the inner finger 
makes one complete revolution for a travel of the 
spindle of 10 in. The whole of this gear is totally 
enclosed in an oil-tight casing, and is self-lubricating. 

Returning now to the horizontal roll mechanism, 
the hydraulic balance cylinders for the upper roll 
are mounted at the top of the housing frames at 
each end of the mill, as shown in Fig. 13. -The 





rams support the overhead balance beam, to which 
we have previously referred in connection with 
the balance mechanism for the upper spindle, on 
spherical heads, the corresponding seatings in the 
beam being lined with anti-friction metal. This 
beam forms a conspicuous feature of the machine 
and can be seen in all the photographs. The 
chocks and the end of the spindle beam are carried 
from the balance beam by long supporting rods 
which can also be seen in the various figures. 
concluding our description of the horizontal roll 
mechanism, we may say that special care has 
been taken in all parts subject to wear to provide 
renewable faces and adjustments where necessary. 
Steel wearing plates are fitted to the housing 
windows throughout, and separate end adjustment 
is provided for each roll. 

The vertical rolls and their operating mechanism 
may now be considered. The whole of this gear 
is mounted on massive detachable beams between 
the housings, and can be removed by taking off the 
two large bearing caps which can be clearly seen in 
Fig. 18. After this has been done the vertical roll 
frames, complete with rolls, may be lifted out, and 
the mill thus reduced to the simple two-high type. 
The side guards on the table can be removed to give 
a greater rolling width after the roll frames have 
been lifted out. The drive to the vertical rolls is by 
means of the overhead bevel shafts to be seen on 
each side of the mill. These shafts are clearly shown 
in Figs. 13 and 14. From the same figures it will 
be seen that they are driven by a train of pinions 
in the pinion stand, and are coupled up to the 
pinion shafts by spindles fitted with universal 
couplings of the same type as those used for the 
horizontal rolls. The spindles are supported at 
the centre by means of a spring-loaded bearing 
lined with white metal, which is carried on the 
bridge-piece shown in Fig. 13. The vertical rolls, 
of which there are four, are driven from the two 
shafts by means of bevel pinions, and these are 
retained in engagement under the horizontal move- 
ment of the vertical rolls by allowing the vertical 
wheels to slide along their respective shafts. They 
are thus a sliding fit on the main-drive shafts, and 
are driven by feather keys, sunk into and secured 
to the drive shaft. In addition to being secured 
by set screws, these keys are dovetailed into the 
shaft for greater security. The sliding bevels have 
extension pieces terminating in thrust collars, which 
are embraced by phosphor-bronze thrust rings 
carried in housings forming part of the vertical 
roll frame, and thus move with the latter. The 
vertical roll frames slide in guides, and their hori- 
zontal adjustment is effected by the eight screws, 
four at each end, seen projecting through the 
housing at each end of the mill in Fig. 13. As will 
be seen from Fig. 14, the nuts which engage with 
these screws are secured in the main housings, and 
the screws themselves are rotated by means of the 
gear wheels shown immediately to the left of the 
nuts in the same figure. The screws have a feather- 
way cut throughout their length, and a feather 
fixed in the driving-screw gear referred to engages 
with this, and thus imparts rotation to the screws 
without interfering with their horizontal travel. 
The wheel train for the driving-screw gear is totally 
enclosed and may be seen dotted in Fig. 15. Two 
70-h.p. motors, which are shown in plan in Fig. 14, 
supply the power, one to each side of the mill. 
They drive the train through the reduction gearing, 
which can be seen in the figure, the lay shaft being 
extended through on each side of the machine to 
provide the drive for the screws at the pinion-stand 
end. The ends of the screws make butt contact 
with the vertical-roll frames and work against 
phosphor-bronze pads dowelled to the frames to 
prevent rotation. The frames are held up against 
the screws by the hydraulic rams, which can be 
seen mounted between them in Fig. 13, and one 
of which is shown in section on the upper left-hand 
side of the plan, Fig. 14. These rams oppose the 
screws under constant pressure, and are actuated 
by an oil supply from the accumulator, which can 
be seen on the leaving side of the mill in Figs. 12 
and 17. Separate adjustment for the top and 
bottom of each roll is possible, provision being 
made for drawing one of the wheels out of engage- 
ment for this purpose. The mechanism for effecting 





this can be seen at the base of the gear-case in 
Fig. 13. 

The upper roll is provided with sticker gear to 
release the work in case of jamming. This consists 
of a pawl-and ratchet mechanism contained in a 
casing, which.can.be seen, together with the opera- 
ting lever, in Fig. 16. By means of this mechanism 
the load may be temporarily taken off the screw 
and the upper roll eased slightly. A fine adjust- 


In | ment is fitted for the upper roll at the end remote 


from the pinion housing. By means of this mecha- 
nism any tendency of the plates to curve laterally 
when leaving the rolls can be corrected. It is 
driven by a small motor, mounted close to the 
draughting indicator, which ope-ates the nut on 
the housing screw seen above the roll in Fig, 13. 

Two electrically driven pumps are provided for 
the lubrication of the pinion stand. One of these 
supplies oil under pressure to the bearings, and the 
other feeds an oil spray, situated at the top of the 
stand, for the pinion.teeth. The lubrication of the 
main roll necks is by special grease, and of the 
vertical roll bearings by gravity lubrication from 
suitably situated oil tanks. Details of the oilways 
to the upper and lower and to the footstep bearings 
can be seen in Fig. 16. The two lower indicator 
dials shown in Figs. 11 and 15 are for the spacing 
of the front and rear vertical rolls respectively, 
the smaller central indicator being for the fine 
adjustment of the upper roll referred to pre- 
viously. In concluding our description of the mill, 
we may mention that the full output has not 
yet been reached, as it has been running only a 
a few months, and it will obviously take some 
time for the operators to become fully expert ; 
but it is significant that in a single hour over 40 
light slabs have been rolled; and that, when 
rolling heavier slabs, an output of over 50 tons 
has been attained in a similar period. 


(To be continued.) 





MULTIPLE-SPINDLE AUTOMATICS. 
By JoserH Horner. 
(Continued from page 7.) 


The Gridley Automatic.—This is a machine of 
many functions, cleverly conceived, and having 
its groups of distinct mechanisms worked out in 
marvellous detail, and all correlated to achieve 
the most precise results, and the largest quantity 
production possible. It is impossible to describe it in 
complete detail in a limited space, but the principal 
elements, and the methods of their operation, may 
be easily understood and appreciated. The machine 
has four work-holding spindles, and a supplementary 
one for threading. It was first built in 1908, but a 
new model is now constructed, the need for which 
has been emphasised by the tougher composition 
of the steels now being cut, and the faster cutting 
speeds in demand. 

The new machine, seen in front view in Fig. 12, 
embodies much complicated mechanism, requisite 
for the performance of a great variety of operations, 
effected with differences in cutting speeds, feeds, 
and forms and dispositions of tools, with capacity 
for a very high output. Yet from the point of 
view of the operator, it is a machine that is easily 
set up for the performance of each of its separate 
functions. This is the cumulative result of many 
separate improvements. 

It is of the hollow-spindle multiple type for bar 
work only, made in five sizes, the capacities of 
which range from ,% in. to 2§ in. diameter of 
stock gripped in the draw-back collets. The four 
spindles have their bearings in a rotating carrier, 
Fig. 13, the stem of which extends the whole 
length of the framing. The four spindles have 
different tasks assigned to them, as will be de- 
scribed later. The feed is applied to the tools, 
the holders of which are bolted on at the four 
corners of a tool slide A, Figs. 12 and 13, where 
they are held with bolts in tee-slots. All the 
tools are at work, each on a different bar at the 
same time, so that the time required for com- 
pleting one piece is only that which is necessary 
for performing the longest single operation, plus 
that required for moving the tool slide away from 
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the work, feeding the stock, indexing the spindle 
carrier and bringing the tool slide forward again 
with the tools in the position for cutting. Fig. 12 
illustrates the larger machines—the 1}-in. and 
the 2%-in. The bed is surrounded with a waste oil 
and chip tray, large enough to receive all that falls 
from the work. All the mechanism is driven from 
the single pulley to the right. A motor, mounted 
above the frame is an alternative to this, driving 
to the machine by chain. 

The work-holding spindles, and their method of 
operation, are shown in Fig. 14. A description 
of one applies to all. The outer hollow spindle 
extends through the head of the carrier, in which 
it is supported in two bearings, in the discs (shown 
in Fig. 13). The spindle is encircled with bronze 
rings which are a press fit on it, and are pinned. 
Should wear occur these can easily be replaced. 
They run in hardened steel bearings, pinned in the 
carrier heads. Oil is pumped into these bearings, 
and flows through them. 

The nose of the spindle is bored to receive a 
seating within which the collet chuck is drawn 
back to grip the work. Preference is given to the 
draw-back type rather than to the push-out design, 
on the ground that it runs more truly, and that it 
has a tendency to grip the stock more tightly. 
The collet closing mechanism will be noticed 
presently. 

The spindle carrier which consists of two discs, 
that rotate within the headstock, has a large bearing 
area, affording ample support, and good alignment 
te the spindles. In the right-hand disc, four sets of 
hardened and ground guide blocks are located. Into 
these a locking pin enters, for locating the spindle car- 
rier in its four positions, in alignment with the tools 
in the tool slide. The left-hand disc has four sets of 
guide blocks in which a roller in connection with 
a Geneva stop mechanism works, for indexing the 
spindle carrier at each quarter revolution. A stop 
ring on the right of the right-hand dis¢ has four 
adjustable stop screws and lock nuts, which assist 
in maintaining precise limits for each of the work 
spindles when they are opposite the forming posi- 
tion. The spindles are driven by the worm gears, 
shown in Fig. 13, from a wheel on a central shaft 
running through the hollow spindle carrier shaft. 
This shaft, continued at the right, passes through 
the tool block A, and is provided with an outer 
bearing, in the right-hand portion of the frame of 
the machine. 

Referring again to Fig. 14 the collet tube seen 
within the spindle tube encircles a pusher which 
slides within it, and is screwed to a pusher tube B 
extending to the rear of the spindle, and feeding 
the stock forward. This is drawn back by a stock 
feed drum at the rear of the machine, and advanced 
by a weight and stock feed slide. A finger holder 
is screwed to the rear end of the spindle (Figs. 12 
to 14), and carries the collet closing fingers with their 
rollers. The latter make contact with the spool that 
is moved back and forth for opening and closing 
the collet. A bronze shoe enters the groove 
in the spool when the spindle carrier indexes the 
spindle round to the fourth or stock feeding position. 
This is actuated by cams on a drum on the main 
camshaft seen at the rear of the machine, to the 
right hand in Fig. 15. One cam acts to force the 
spool under the chuck closing fingers; its fellow 
withdraws it. A hand lever seen at the left of 
Fig. 12 is used to operate the collets when the 
machine is being set up. In Figs. 14 and 15 the 
rear end of one of the cam drums is seen to be 
deeply notched. A roller mounted on the feed 
slide makes contact with this, and is pressed 
constantly against it, by adjustable weights. This 
causes the pressure on the collar of the pusher 
tube to feed out a given length of stock. The 
chuck-operating mechanism then closes the collet. 
As the drum continues to revolve, the stock feed 
slide is returned to its former position as the roller 
rides out of the cam notch. 

The indexing and locking mechanism for the 
spindle carrier to which reference was made in 
connection with the carrier discs in Fig. 13 is 
shown in Fig. 16. On the camshaft C a revolving 
arm D carries the cam E and roller F. A bell crank 
lever G, pivotted on the frame of the machine and 
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the locking pin H from one of the blocks in the| imparted to the spindle carrier which gives rapid 
right-hand disc in Fig. 13. The pin is pushed | indexing without shock at starting and stopping. 

forward by the coiled spring, seen in Fig. 16. To| The alignment of the tools with the work spindles, 
index, the roll F enters between the two revolving | which is absolutely necessary to ensure fine limits, 
guide lugs fastened to the rear inside face of the left-| is secured in the following manner. The carrier, 
hand spindle carrier disc (Fig. 13). The mechanism | which provides in its discs the bearings for the 
is so timed that the roll F enters between the | work spindles, has a central stem of large diameter 
guide lugs at the instant when the locking pin| extended back so as to have a bearing in an upright 
is withdrawn from contact with the spindle carrier. part of the framing at the right hand end. The 








carrying a roller on each arm, serves to withdraw 





An uniformly accelerated and retarded motion is | stem carried the long tool slide A, Figs. 12 and 13, 
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Fia. 15. Rear View oF GRIDLEY AUTOMATIC. 



























































Fig. 16. INDEXING MECHANISM. 
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which moves back and forwards along it to feed the 
tools. At the rear end of the slide an upright arm, 
(see Fig. 13) travels along a guide bar fastened 
to the machine frame above. By these means 
a very accurate relation is maintained between the 
tools;and the work. 

As there are four work spindles, cutting proceeds 
on all four at the same time. But a very wide 


TIME, 71MIN. 30 SECS. 








nl —} 





























Stud 
| gee 











| 

























































































ath : 0 [_p 
Positio: \ 
(9n9.1) Cat -of "ENGINEERING 
Fug. 28. TIME, 1 MIN. 30 SECS. 
( ex ¥ 
fil .. H 
qi ae 
HPAI t 7 
K-73 
jst co Flat Drill 
Position X-4 
Form 
Turn 
Trepan 
2nd i . 
Position 
Form 
grad Fuush Trepan 
P. ti | 
ah - Fini 
Position , B, oe Balt 
(3119,m) “ENGINEERING” 




















range of speeds is provided to suit different materials 
and diameters. The main drive from the pulley 
is through a series of change gears by which the 
constant speed drive is increased to the shaft that 
extends through the axis of the spindle carrier. 
From this shaft each spindle is driven as stated 
through spiral gears. A set of change gears is 
permanently fitted to give an extensive range 
of speeds, Then by the changing of two gears 
only, selected from a series, one on the pulley 


range of spindle speeds is obtained as follows :—In 
the 1}-in. machine, from 501 r.p.m. to 148 r.p.m., 
with 16 possible changes; in the 23-in. model, from 
400 r,p.m. to 81 r.p.m., also with 16 changes. 

The changing of these gears affects also the 
speed of the camshaft, during the slower working 
movements; but a feed gear box is fitted, by 








shaft, the other on the spindle drive shaft a 


which speed changes are obtained for the main 
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Fig.29. TIME, 48 SECS. 
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camshaft, and thence for the feed of the tools, 
irrespective of the work spindle drive through the 
change gears. By means of one set of three gears, 
and another set of six in cluster in the box, operated 
with two levers, 18 changes of speed are provided 
for the main cam. This is, therefore, a multiple 
spindle machine providing a choice of 16 speeds of 
revolution for the work, and of 18 feeds for the 
tools with only a negligible loss of time. Since 
in these matters, moments are of importance 
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operated at a faster speed than that at which the 
camshaft rotates when the tools are cutting. This 
is accomplished by a separate driving mechanism, 
with a Johnson friction clutch, actuated with dogs. 

As before stated, the main tool slide A moves 
back and forth on the stem extension of the spindle 
carrier, It is operated by cams on a cam roll 








another provision is made. Idle movements are 


below, with which a roller on a guide arm makes 
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Fig.30. TIME, 1 MIN. 10 SECS. 
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contact. The cam drum is located about the 
middle of the machine on the main camshaft. 
The guide is seen in Fig. 15 attached to one end 
of the tool slide. It carries a roller at its lower end. 
This is acted on by the cams that are mounted on 
the tool slide drum K on the camshaft L, seen in 
Figs. 12 and 15. Alead cam strip and a return cam 
are attached, though not fully visible in the figures. 

The cross slides are operated from a camshaft 
driven through bevel gears from the main cam- 
shaft that runs longitudinally in the bed. The 
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camshaft M for the cross slides is seen in Fig. 15. 
The cams are so arranged that they both finish at 
the same time. 

As the machine has four work-holding spindles 
there are fonr sets of tools carried on the tool slide. 
The slide only moves axially, and therefore all cut- 
ting at right angles is done from the cross slides. 
Operations such as turning, drilling, forming, &c., 
can be performed in the first position. The second is 
similar, and if the work does not require threading, 
similar tools can be used in the third position. 
At the fourth position, cutting-off is done, and 
stock feeding, or end operations when required. 
In this latest machine, provision is made for the 
alternative of cutting off in the third position, 
and for feeding out in the fourth after indexing. 
Then the fourth can be used for first operations, 
in this way saving the time of backing off the tools 
in the fourth position, and also for effecting heavy 
forming cuts in the lower positions. 

An independently driven die spindle, 
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with the*third position is used for threading~and 
reaming (N, Fig. 15). This is supported in a sliding 
holder at the end of the machine opposite to the 
spindle head, and guided by the top bar, which as 
previously stated connects the spindle end with the 
opposite end of the machine. This is seen in both 
Figs. 12 and 15, above the main tool slide. A 
threading rod is drawn along by a cam, and in 
its movement compresses’a coiled spring which 
assists the die in starting. The lead of the thread 
then carries forward the die-holder slide until the 
actionis tripped, when a clutch and a gear that runs 
the threading tool off the work, are operated. The 
spindle is driven from a cam through gears, and 
the change from slow for cutting, to rapid for 
running off is effected with a double-ended splined 
clutch that engages with larger and smaller spur 
gears, the last in the train. Left-hand threads are 
cut with a change in the mechanism. For these, 
the die spindle rotates faster than the work spindle. 
For right-hand threading the dies rotate slower than 
the work spindle. Two sets of gear ratios are pro- 
vided, with change gears for right and left hand 
respectively, the ratios being related to the 
spindle speeds. 

A useful fitting mounted in the third or threading 
position is an accelerated reaming attachment. By 
means of this a hole can be reamed of greater depth 
than the travel of the tool slide. A frame 
is held on the tool slide in a standard tool-holder 
carrying the reamer. The holder has a rack cut 
on it which meshes with a pinion mounted on 
a stud in the frame, and this also engages with a 


rack on the operating rod, and moves the tool- 
holder forward twice as fast as the travel of the 
tool slide. This action is caused by the operating 
rod striking the main frame of the machine. This 
results in the pinion being revolved, and that in turn 
moves the tool-holder forward. The effect is that 
thereamer approaches the work at double the speed 
of the tool slide, and the tool can be advanced 
into the work by twice the distance of the forward 
movement of the tool slide. 

There is also a high-speed drilling attachment, in 
which the drill is rotated as well as the work, so that a 
small drill can be operated at a high cutting speed. 

The holders are clamped on the corners of the 
tool slide, and embrace a portion of the flats adjacent. 
The forms of the standard tools are numerous, 
but simple, and special tools can be made and fitted 
as required. The drill holders are bored in place 
on the machine. 





coinciding | 


The diagrams illustrate the more common tools 
in use. A common type of stud turner, suitable for 
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| second or third positions, isshown in Fig. 17, bolted 
to the tool slide. It may carry one or more tools, 
being shown with three. The work is supported 
against four rolls held in a back rest, adjustable 
along the holder to support the work where desired. 
It is possible with this type to produce more than 
one diameter with one traverse of the tool slide, 
on shouldered shafts. Fig. 18 shows another 
disposition of tools and adjustable back rest rolls. 

Of the forming tools used on the cross slide, the 
simplest is that shown in Fig. 19. The holder, 
clamped to the forming slide, carries a tool held 
in place by two screws, and resting on an adjustable 
wedge. One screw at the rear adjusts the wedge, 
another the tool. Holders are also made to grip 
the tool close to the right or left hand, and circular 
form tools can be used. 

When the amount of forming to be done absorbs 
a large proportion of the cutting time required to 
complete a piece, the work can be divided between 
two forming tools on a “ double deck holder,” one 
roughing, the other finishing. One tool-holder is 
mounted above the other asin Fig.20. Theroughing 
is done with the tool in the lower holder, with the 
bar in its first position, and finished with the tool 
in the upper holder with the bar in its second 
position. For very heavy reductions a shaving, 
or skiving tool which gives a shearing cut, and has 
top rake, is used on the cross slide. 

When heavy forming has to be done, back rests 
are used on the steck. Two of these are shown 
in Figs. 21 and 22, for right- and left-hand work, 
for use in the second position. Fig. 23 shows 
another for the first or third positions. 

The holders for drills, reamers, and boring tools 
are clamped to the main slide on which they are 
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adjusted longitudinally to suit the work (see Fig. 24). 








Their bosses are bored in place on the slide, and 
split to clamp the tool shanks, directly, or with 
reducing bushings. A taper shank tool requires 
a special bushing. For some boring tools an 
eccentric bushing is provided. An end-working 
holder to carry two knurling tools is similarly 
bolted to the tool slide. It carries two knurls 
adjusted radially with screws, and with other 
screws to use the knurls straight or at any angle. 
Long taper turning, too long for forming tools, is 
also done with a suitable attachment. A complete 
system of lubrication with pumps and pipe lines 
is included. Two separate systems are used, one 
for lubricating, the other for delivering coolant 
to the cutting tools. An oil filter is provided. 

As an example of work Fig. 25 shows a spindle of 
mild steel produced in 1 min. 30 sec, This is done 
with a special equipment provided for long shaft 
work, by the aid of which pieces as long as 15 in. 
with several diameters can be turned. The sequence 
of operations is stated on Fig. 25. The work is 
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done in four positions, and with tools on the 
longitudinal and cross slides. Fig. 26 shows a large 
piece made in the 28-in. machine, also from mild steel 
stock, in 2 min. The work commences in the 
fourth position. The turning is done from the cross 
slide. The drilling of the bolt shown in Fig. 27, with 
the high-speed attachment previously mentioned, 
followed by counterboring and reaming, is done on 
the 1}-in. machine in 1 min. 30sec. The threading 
is done in the third position, with the die-holder 
previously described. The broad forming tool used 
in the second position is noticeable. 

Fig. 28 shows a piece made from steel on the 1}-in. 
machine. It illustrates trepanning—the cutting out 
of an annulus of metal surrounding a central boss. 
The piece shown in Fig. 29 is produced on the 1}-in. 
machine from Bessemer stock in 48sec. Commenc- 
ing in the fourth position, the interior is tapped in 
the third position where the cutting off is done. 
The exterior is deeply knurled in the second position, 
Fig. 30, from Bessemer stock, is a job produced in 
1 min. 10 sec. on the 13-in. machine. The drilling 
of two holes of different diameters is done in two 
stages, while the outside is being rough- and finish- 
formed. Fig.31 showsa piece from brass stock, pro- 
duced in6sec. It includes, besides turning, knurling, 
forming grooves, drilling and tapping. The piece 
shown in Fig. 32, also in brass, is done in 4 sec, in 
four stages, the drilling being divided between 
two. The last example, Fig. 33, is made from 
yellow brass in 18 sec. The entire length is formed 
at one time. These brass pieces are turned out on 
the ¥-in. machine, so that the articles selected 
cover the range from the largest to the smallest. 

We have not exhausted the performances pos- 
sible with these extremely well equipped Gridley 
machines. But enough has been said to indicate 
the present trend of design, and the effect on the 
great output achieved, under intensive mass _pro- 
duction conditions. 

(To be continued.) 
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Notes and Data on Railway Engineering. By F. REEvEs. 
London: Messrs. Charles Griffin and Co., Limited. 
[Price 15s. net.] j 

THESE notes on railway engineering will be of 
interest mainly to engineers engaged on works in 
new countries, where difficulties arise which are not 
always provided for in textbooks. Problems outside 
the standard works of reference have often to be 
faced, and a handbook written particularly from 
this point of view covers a good deal of matter on 
which data often only become available through 
experience, which is sometimes costly and unsatis- 
factory. 
m The notes and data have been carefully compiled, 
and include tables, formul~, hints and wrinkles 
worth knowing, type designs which have proved suc- 
cessful, memoranda of trials and practice and results 
of experiments. This information has been reduced 
to brief expression and arranged in alphabetical 
sequence, and will be of service to railway engineers 
engaged in constructional work. Hydraulic engi- 
neers will find much of interest in the compilation, as 
well as mining engineers, who may have their works 
to connect up to a river or main line. Officials 
of this class will find many of the hints contained 
in the book of extreme usefulness. 

In opening up new country, the first difficulty 
that is likely to arise will be connected with 
the supply of water for the engines and station 
staff, and it is quite possible that long stretches 
of country will have to be traversed where the 
only water-supply can be derived from some form 
of well-sinking. Where the demand is intermittent 
and heavy, the best means of storage must be 
adopted not only of an adequate supply for general 
usage, but including allowance in the storage capa- 
city, in case of a break-down of plant. Even when 
water has been found, it may not be suitable for 
steaming purposes and must be tested. These points 
are discussed at considerable length. Water-supply 
naturally involves pipe work and fittings, and tables 
of standard names, sizes, lengths. together with 
one giving the discharge of water through pipes 
from } to 24 in., are given. 

Few lines can be constructed without the use of 
bridges, and rivers having considerable depths of 
alluvial deposit and subject to strong seasonable 
floods and subject to serious scour at such 
periods, often have to be dealt with. The 
points of which notice must be taken in connec- 
tion with foundations for bridges in such rivers 
are summarised by the author, who lays stress on 
the necessity for knowledge of the conditions of 
maximum bottom scour. Hollow piers sunk bodily 
are suggested as the best solution, and mention is 
made of steel-tipped reinforced-concrete piers as used 
in modern Indian practice, as this avoids kentledge. 
The modern shape of these is rectangular form 
with rounded cut-waters. Useful data will be 
found in the book on the sinking effort required. 
In addition to permanent bridges, temporary bridges 
are frequently needed. These often entail the 
manufacture of temporary steel girders ; suitable 
designs of these are given. In connection with steel 
bridges, careful tests have been carried out of the 
friction between rusty surfaces, as this has a distinct 
connection with the thrust on the piers and abut- 
ments. This should be considered in the design, 
and care should be taken to make sure that this 
stress does not exceed that which can be safely 
withstood by the pier. 

The notes on rails are particularly interesting. 
Such points are considered as the best length of 
rail to use, the action of wheels on curves, expansion, 
impact, &c. The grading of the section of a new 
line in new country not infrequently falls into 
inexperienced hands, and costly mistakes, which 
have to be rectified at heavy expenses afterwards, 
are only too common. The notes on this section of 
work include the grading of station sites, the lay-out 
of locomotive yards with a view to future exten- 
sion, as well as other aspects of the work. The 
position and type of the buildings for stations 
are discussed with regard to traffic prospects, 
climatic conditions, &c. If the country be tropical, 





roofs must be made heat-proof as well as water- 
proof. 


The notes deal with a wide variety of 


subjects, ranging from pot and metal sleepers to 
sanitation, the fixing of shifting sand, cattle- 
guards, &c., not usually met with in this country, 
but coming within the purview of engineers in charge 
of development lines in many of our Dominions and 
Colonies, and elsewhere abroad. 


Scientific Research and Human Welfare. By FRANKLIN 
Stewart Harris, Ph.D., President, Brigham Young 
University. With the Collaboration of Newburn J. 
Brett, B.S., New York: The Macmillan Co., 1924. 
[Price 12s. net.] 

Ir is easier to approve the purpose of the authors 

in compiling this work, than to commend the 

manner in which they have fulfilled their task. 

Their object is to show how the amenities of life 

have been enlarged, and its duties and obligations 

have been facilitated, by the scientific investigation 
of natural phenomena, and to urge the necessity for 
continual research, whose rewards are by no means 
exhausted. Of course, it is easy to draw a picture 
of the world as it existed a few generations back, 
when authority restricted enquiry and prejudice 
guided conduct, and hardly less easy to contrast the 
stagnant condition of such a world with that which 
has resulted from fostering the spirit of scientific 
research, which, manifesting itself most prominently 
in the domain of physical enquiry, has embraced 
with keen intensity all branches of applied science. 

With indiscriminate acknowledgment of every 

improvement the page necessarily becomes too 

crowded, and the invigorating stimulus as well as 
the educational value is lost in the infinite appli- 
cations. The obvious is laboured to repletion. 

The cardinal features which have proved of prime 

importance in mechanics, in engineering, in metal- 

lurgy, in electricity, do not stand out with sufficient 
prominence. Naturally, we hear of Franklin and his 
kite, of the construction by Volta of his battery, 

of Oersted’s observation of the deflection of a 

magnet by an electric current, and of Faraday’s 

observation, which indicated the birth of the dynamo 
and later, of the full fruition of those inchoate 
promptings. But between birth and maturity we 
learn little. The manner of growth, the conquest 
of difficulties, the ordered development of indepen- 
dent research are not exhibited. Within the 
limited compass the authors allow themselves there 
is not room to trace the accumulations of experience, 
or the refinement of theory. But space is found 
for felicitations on the introduction of the vacuum 
cleaner, and the electric smoothing iron in the 
laundry. The mere collection of facts is impressive 
by their number. If the authors were writing for 
school children, this wide grouping of instances and 
examples would be commendable. But crediting 
them with a more serious purpose, we cannot but 
regard the lack of correct perspective as unfortunate. 

To those, however, who delight or pretend to delight, 

in the conditions that obtained in the long past, and 

who insist on minimising the benefits conferred by 
discovery and invention, a very sufficient answer is 
given in these pages. 

The authors’ survey is wide, and as we have 
intimated, in some directions, minute. Confining 
attention to sections in which we are particularly 
interested in these columns, we are invited to 
consider the improvements effected in communica- 
tion and transportation, in electrical illumination, 
in engineering and mining, and in manufacture. 
Naturally there must be omissions, and in some 
cases superficial treatment. Where many have 
contributed to a common result, it is not easy to 
award to each the due share of merit and acknow- 
ledgment, and we have the impression that the 
original enquirers into recondite problems of physics, 
chemistry, geology, &c., are rated lower than those 
who have known how to apply the truths discovered 
in the laboratory to the purposes of commercial 
and social life. It must, however, be added, that 
the authors have the greatest respect for deliberate, 
meticulous, well-directed experiment. Over and 
over again they acknowledge gratefully the labours 
of those who have devoted themselves to revealing 
the obscure operations of Nature, and urge that 
true progress will be made only by exigent enquiry. 

The need of discriminating between original 
discovery and the application of the principles 


but unsupported, suggestions of writers, and the 
assured outcome of laborious investigation. Con- 
jecture has not the merit of proof, though intelligent 
anticipations meet with a more than sufficient 
reward. It may be doubted if future historians 
will give credit to some of the names that figure 
in these pages as true discoverers. Rather scant 
justice is done to Napier, of Merchiston. The great 
ingenuity of his discovery by which he simplified 
arithmetic calculation is insufficiently appreciated, 
and the authors are hardly justified in saying 
“that most of the work was done by those who came 
after him.” The stimulus the use of logarithms 
gave to the study of mathematics and the new 
algebra, to which it gave access, are not mentioned. 
It is, however, hopeless to expect uniformity of 
judgment in such matters. 

The work gives much information and in a very 
pleasant manner. Statistics are veiled, but the 
extent of progress, and in many cases the reason for 
it, is distinctly shadowed. The enterprise and 
the advance of American industry are seen on every 
page, and our indebtedness to successful ingenuity 
cannot but be acknowledged. What is the con- 
clusion of the whole matter ? Are we to contemplate 
a world effete and exhausted, one that has solved 
all its problems and ofers no future to the inventor 
or discoverer ? Such an opinion has been advanced, 
but the authors take no such gloomy outlook. 
They urge that research, as a profession, is only in its 
infancy, and that new and greater rewards are open 
to those who specialise in technical investigation. 
They do not share the views of those who imagine 
that mechanical, as intellectual, progress is limited 
by some great law of Nature to a series of fluctua- 
tions, and who conclude that just as dynasties and 
civilisations flourished and decayed in the past, 
so by the action of some undiscovered but very 
real periodic law, the age in which we are living 
must attain a maximum of activity and then fall 
into decadence and lifelessness. 





The Principtes of Machine Design, &c. By Ropert F. 
McKay, M.Sc., M.I.Mech.E. London; Edward Arnold 
and Co. [Price 18s. net.] 

Tus is a large work of 400 pages, by the author 
of “‘The Theory of Machines,” who points out that, 
faced with the alternatives of specialising in a some- 
what restricted field, or attempting to deal with 
the whole subject in a condensed manner, he chose 
the former, and has limited his treatment to a dis- 
cussion of the components or parts and connections, 
more or less common to all types of machinery. 

The work is intended for the instruction of young 
engineers, and as a reference work with data for 
the experienced engineer. The author, from his 
experience, both as a teacher of machine design at 
the City and Guilds (Engineering) College of the 
Imperial College of Science and Technology, and 
as a manufacturing engineer, does not favour the 
practice in text-books on machine design of giving 
the scantlings of component parts in terms of, say, 
a diameter or other dimension. In the alternative 
he has prepared tables of actual dimensions of 
various sizes of machine parts, such as plummer 
blocks, clutches, &c., with the conditions suitable 
for their use. 

The text is of the literary rather than the mathe- 
matical order, the author holding that a text-book 
of this class should indicate basic principles and 
help to explain the purpose of the formule and con- 
stants used by practical engineers, rather than give 
all the data required by a designer. 

The work is in three sections, of which Chapters 
I to VI, inclusive, discuss general considerations 
affecting machine design; the testing and pro- 
perties of the materials of construction and the use 
of data from strength tests. Chapters VII to XIV 
classify and describe methods of making temporary 
or permanent connections, and Chapters XV to 
XVII discuss problems concerned with arrangements 
for the support of moving parts. A final chapter— 
XVIII—is by way of an appendix and deals with 
alignment charts. There are two indexes, the first 
dealing with the authorities cited in the text, and 
the second with the subjects treated. 

In the introductory chapter, a section, headed 

“The Value of Practical Experience,” emphasises 








leads sometimes to confusion between the fortunate, 





the need of combining a mastery of the principles 
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and formule of design with a wide experience. This | 
being an age of young men in a hurry, possibly the 
wisdom of this remark may escape attention ; still, 
it is good to have set forth a plea for the sort of 
experience which only age can provide. The motor 
trade, one of the youngest in the engineering trades, 
has furnished many an instance of the author’s 
summing-up of the issue. ‘‘ Mistakes,” he says, 
“in the study may often be rectified by a stroke 
of the pen ; an undiscovered mistake in the drawing 
office may make a firm bankrupt,” &c. 

Chapter II, which deals with “Testing of 
Materials,” is followed by one on the “ Properties 
of Materials.” This covers a wide field and some of 
the matter is more useful to the busy man because 
of its brief, but sufficient description of the materials 
in hand. Much of it is to be found in the usual text- 
book tables, but there are people who can grasp 








data set forth in phrase better than when arranged 
in tabular form. All the same there is no lack of 
tabulated data in this section. 

A short continuation of the subject matter in the 
next chapter, deals with the correct heat treatment 
of materials. The bare nine pages allotted to this 
subject are insufficient to do justice to it, though 
there are numerous footnote references to authori- 
ties on various aspects of the topic. Incidentally, 
there is an interesting note from Rugan and Car- 
penter’s researches on the growth of cast-iron, 
which should have a special interest for internal- 
combustion engineers and their cylinder founders. 

Dealing with the use of the data before the designer 
concerning the strength and rigidity, toughness, 
hardness, and resistance of materials to corrosion 
and erosion, the tests for their elucidation and the 
results of such tests, the author says the factor 
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of safety is often called cynically “a factor of 
ignorance,” and it is doubtful whether this included 
factor will ever be wholly eliminated. This obser- 
vation read alongside one on the limitations of 
empirical formule in the next chapter, which 
discusses other factors in machine design, emphasises 
the importance of a high safety factor wherever the 
conditions of stress are indeterminate. ‘“‘ Many 
of the empirical formule,” says the author “ which 
have been developed as the result of experience are 
only true within the limits of that experience,” and 
again “‘ a sound knowledge of fundamental principles 
in general is required before the formule given in 
pocket-books can be safely applied to the many 
diverse problems to be solved by the designer.” 

Chapters VII and VIII deal with rivets and 
riveted joints, note being taken of the ill-effect of 
punching rivet holes, and of Sir W. Fairbank’s 
demonstration that by removing the sharp corners 
of a drilled hole, the strength of the joint is increased. 
Bolts and set-screws and the strength of bolts, 
including eye-bolts and bolted connections, lock- 
washers and other security devices against slackening 
back such as split-pins and grub-screws, are 
dealt with fully in Chapters IX and X; the 
definitions of the British Engineering Standard 
Committee are accompanied by an explanatory 
screw-thread diagram. An interesting item apropos 
of connecting-rod bolts which we do not find 
referred to, is the debated utility of heat-treating 
the small bolts used for the big-ends of petrol engine 
connecting rods. Certain makers, notably in France, 
had a reputation for heat-treating their bolts in 
common with the then heat treatment of petrol- 
engine crankshaft journals after machining. The 
practice seems to have ceased with the developing use 
of alloy steels. 

Subsequently the subjects of pipes and pipe 
installations, cottered and knuckle joints, and coup- 
lings, are dealt with, including such comparatively 
recent types as the (Coventry) roller-chain form of 
flexible coupling. 

Various types of plummer blocks, pedestals and 
hangers are set forth with notes and tabular data 
concerning bearing brasses and bushes. The chapter 
on ball and roller bearings, though brief, notes. the 
chief points for both types including the conical 
roller form. A summary of comparative pointa 
for plain and ball bearings is preceded by the 
remark that “‘ manufacturers are very reticent in 
furnishing information regarding the design of ball 
bearings.” Although a good deal of descriptive 
matter on this subject has appeared from time to 
time, the designing side has been rather unduly 
neglected. 





PUMPING STATION FOR FEN 
DRAINAGE. 


THE engineering works carried out to prevent 
the inundation of the fen lands in Cambridgeshire 
and the adjacent counties, and thus to render a 
vast area of fertile land available for habitation 
and cultivation, form a particularly interesting 
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just visible in Fig. 1, is provided at the entrance 
to the culvert to exclude any large foreign matter, 
the upper end of the grating being fixed to a hori- 
zontal beam shown in detail in Fig. 23. From 
the discharge side of the pump, which is provided 
with a 24 in. hand-operated sluice valve, a riveted- 
steel pipe of the same diameter as the suction bend, 
is taken through the embankment, as shown in 
Fig. 2, to a discharge culvert in communication 
with the Hundred-Feet River. Figs. 20, 21 and 
22 on page 101 illustrate the design and construc- 
tion of this culvert so clearly that no further 
reference need be made to it. It should be pointed 
out, however, that the steel discharge pipe, which 
has a total length of 69 ft. 3 in., is completely 
encased in concrete reinforced with expanded 
metal ; a section showing the form of the concrete 
casing is reproduced in Fig. 24. 

At one end of the building, a concrete tank has 
been constructed for the storage of cooling water for 
the engine, its form and dimensions being indicated 
in Figs. 16 and 17. The water is circulated through 
the cylinder jackets by means of a pump, and the 
tank is supplied by a syphon from the Hundred- 
Feet River, the water entering the tank through a 
filter and softener located as shown on the extreme 
right of both illustrations. The arrangement of the 
supply pipe, which is, of course, fitted with a valve 
at its highest point to enable the air to be extracted, 
is clearly shown in Figs. 3 and 4 on page 99, while 
Fig. 25 on page 101 illustrates the form of the in- 
take for the cooling water. All the small pipes in 
the pumping station building, including those for 
circulating water and starting air for the engine, and 
for exhausting the pump when starting up, are 
accommodated in trenches formed in the concrete 
flooring and covered with chequered plating. They 
are thus readily accessible, although normally 
hidden from sight. The arrangement of the pipe 
trenches is shown in Figs. 16 and 17, while a section 
through one of them is given in Fig. 19. 


(To be continued.) 





HIGH-TENSION ELECTRIC DIS- 
TRIBUTION SYSTEMS. 


Tue third session of the International Conference 
on High-Tension Electric Distribution Systems was 
held in Paris from June 16 to 25. It was attended by 
over 400 delegates from twenty-five countries, including 
200 French representatives, 27 from Great Britain, five 
from Australia and one each from South Africa, 
Canada and India. The Session proved more important 
in every respect than the two preceding, which were 
held in 1928 and 1921. The reading and discussion of 
papers was distributed over three sections. 

Section 1 dealt with the generation of electrical 
energy. The question of fuel economy and improve- 
ments in boiler firing was touched upon and is to come 
up again at the next conference to be held two years 
hence. In the meantime, an international enquiry is to 
be carried out with regard to the various problems ‘in- 
volved in the satisfactory utilisation of the different 
fuels. The construction of alternators formed the 
subject of several papers which, together with the 
discussion thereon, revealed the very marked present- 
day tendency to build large turbo-alternators with 
the armature reaction as low as possible. Particulars 
were given of an alternator built to supply current 
both at 50 and 25 cycles, to meet the requirements of 
two distribution systems having different frequencies. 
The synchronisation of alternators through asym- 
metrical impedances was also dealt with, and the 
work on this subject led to the consideration of the 
electro-magnetic and electrostatic properties of the con- 
ductors connecting the machines. A large number of 
papers in Section 1 had reference to the linking up of 
power stations, and showed the difficulties with which 
this problem is stillsurrounded The three main points 
gone into had reference to the calculation of the distribu- 
tion networks, the phenomena of self-excitation, and 
selective protection against short-circuiting. It was 
pointed out in the discussion that, among other machi- 
nery, there were now available for the generation and 
distribution of electrical energy, transformers having 
multiple tappings for pressures up to 119,000 volts, 
provided with apparatus permitting the tappings to 
be altered under load. Another point dealt with 
in this section was that of transformer oils. A 
single quality of oil meeting a definite agreed specifica- 
tion was advocated with a view to reducing storage 
and other difficulties. In regera to oil switches, these 
were frequently located eat of dovis, and one class 
of- oil for both transformers and oil switches was 


recommended, except in countries where the tempera- 
ture was likely to fall particularly low. The tendency 
of the oils to form deposits, and the action of the electric 
field, of oxygen and catalysers, were also reviewed. It 
was proposed to replace the diclectric-strength test 
by resistance measurements, since the oil was used 
as an insulator. The determination of the flash 
point of the oil and of the temperature of solidifica- 
tion were referred to in the discussion. Several 
papers were contributed on the test pressure to be 
applied to electrical machines, the statement being 
made that a general tendency was developing to in- 
crease the pressure. There would appear, however, to be 
a limit in this direction, determined by the cooling 
difficulties combined with the increase in thickness 
of the insulating materials. In the case of the field- 
magnets of synchronous machines, and in that of 
converters, it was proposed to take the pressure which 
might be reached in service, and not the normal 
pressure at the terminals, as a basis for calculating the 
test pressure. 

Section II had charge of questions relating to the 
laying and insulation of mains. With regard to the 
cost of electric-energy in terms of the pressure in the 
network, it was established that for high powers the 
highest pressure was the most economical. No new 
forms of metallic posts and hangers were proposed, but 
means for rust prevention were gone into and no great 
preference was shown cither for metal spraying or for 
painting. Whatever protective methods were adopted, 
it was emphasised that care was required in the first 
application. Reinforced-concrete poles, which had 
been used successfully hitherto for average working 
pressures, were now able to compete with metallic posts, 
up to the highest pressures. A 130,000-volt line now in 
course of construction was to be carried out with rein- 
forced concrete poles made by the centrifugal pro- 
cess; these had met with success in Italian distri- 
bution systems. Countries rich in timber continued to 
utilise hot-impregnated wood posts; in Australia 
numerous lines, up to 66,000 volts, were carried on 
these. The papers dealing with insulators and the 
discussions thereon showed that, although porcelain 
insulators still retained favour with most electzical 
engineers, the manufacture of glass insulators; had 
made great progress and appeared now to be able to 
compete with those manufactured of porcelain. 
Standardisation was advocated in the mechanical, 
electrical and technical tests of insulators; also the 
drawing up of an international specification for their 
manufacture and inspection. The question of the 
advantage of underground mains as against overhead 
lines for pressures of 60,000 and 130,000 volts was 
goneinte. In this connection, reference was made to the 
working at a pressure of 130,000 volts of three under- 
ground hollow cables with oil circulation, in service 
since October last. In the matter of cable tests, a 
method was put forward in 1928, based upon the 
variation in losses in terms of the pressure applied. 
The discussion at the last June session showed that 
several makers preferced the high-tension test. The 
test pressure recommended by some engineers was of 
the order of four times the normal pressure, but others 
preferred a test pressure of five times the normal. 
For working pressures up to 40,000 volts, French 
regulations required a test, pressure of four times the 
normal, but at higher voltages the required test 
pressure was twice the normal plus 40,000 volts. One 
delegate proposed to make the test pressure pro- 
portional to the thickness of the insulation, i.e., to 
carry out a potential-gradient test of 4,500 volts per 
millimetre applied for one minute. 

Section ITI dealt with the operating conditions of dis- 
tribution systems. After discussions concerning the 
influence of high-tension mains on telegraph and 
telephone lines and on the means of protecting over- 
head power - transmission lines, the delegates con- 
sidered the question of regulating and improving 
the power-factor. The synchronous compensator was 
recommended and the conditions of its application 
were reviewed and defined. The most important aim 
was to improve the power factor at the points of 
utilisation of the current, and views were exchanged 
concerning the types of motors to be used. The 
question of telephonic communication between power 
stations was also discussed, following an enquiry into 
the matter opened at the Conference of 1923. Various 
systems were in use and some gave satisfaction, but 
improvements were still called for in this particular 
matter. Views were exchanged in respect to the rules 
and regulations applicable to electric mains. It was 
found that no international agreement could be arrived 
at, but the delegates were able to supply interesting 
data with regard to the manner in which their respec- 
tive countries considered this point. Some countries 
adhered to the Italian view, which aimed at reducing 
rules and regulations to a minimum, leaving the in- 
terested parties to make their own agreements. Other 
countries showed preference for the Belgian conception, 





which tended to establish detailed and precise regula- 





tions, giving in advance a decision for all particular 
cases which might arise. As to the technical bases 
for establishing such rules and regulations, the Confer- 
erce agreed to leave the matter in the hands of 
the International Electrotechnical Committee. Other 
questions were also considered, such as the possibility 
of developing the use of current during the intervals 
when the power stations are on light load, the use of 
electricity in agriculture, the standardising of pressures, 
the advisability of drawing up comparable international 
statistics on the generation, transmission and distri- 
bution of electrical energy, &c. 

The above considerations formed the subject of 
resolutions passed by the Conference. The fourth 
session is to be held, like the preceding, in Paris. It 
will take place in June, 1927. 





THE LATE MR. THOMAS HENRY 
FIRTH. 


WE regret to have to record the death of Mr. Thomas 
Henry Firth, which occurred suddenly at his residence 
in Sheffield, on July 16. Mr. Firth, who was only 54 
years of age, was Chairman of the Brightside Foundry 
and Engineering Company, Limited, and allied com- 
panies. He was appointed to this position some two 
years ago, on the death of his father, Mr. Ambrose 
Firth, the founder of the firm. After receiving his 
early education at the Central Secondary School, 
Sheffield, Mr. Firth entered Firth College, now incor- 
porated with Sheffield’ University. He studied 
engineering under Professor Ripper, chemistry under 
the late Professor O’Shea, and metallurgy under 
Professor Arnold. On finishing his training, Mr. Firth 
was entrusted with the management of the works 
of Messsr. J. C. and J. S. Ellis, Limited, and when the 
latter undertaking was amalgamated with the Bright- 
side Foundry and Engineering Company, he became 
assistant managing director of the larger firm. The 
deceased gentleman was connected with several tech- 
nical societies and trade organisations. In 1905 he 
became a member of the Iron and Steel Institute, and in 
1915 he was appointed a member of a committee formed 
by the Government for the purpose of increasing the 
output of the various metallurgical industries engaged 
in the production of war material. In this capacity 
he performed much useful work. In 1918 he occupied 
the presidential chair of the Institute of British 
Foundrymen. Mr. Firth also took a prominent part 
in the activities, both local and national, of the Em- 
ployers’ Federation. For several years he was a 
member of the Sheffield City Council and was elected 
on to several important committees, among them the 
Electric Supply Committee. Mr. Firth was keenly 
interested in the commercial side of the iron and steel 
industry and held the opinion that a system of tariffs 
would prevent the dumping of foreign goods in this 
country and would help to reduce unemployment. In 
addition to his other activities, Mr. Firth devoted much 
of his spare time to the formation and organisation of 
sports clubs. He was a generous subscriber to many 
of the most deserving institutions of the City of Sheffield 
and did much good in an unostentatious manner. His 
kindly and genial personality rendered him universally 


popular. 


THE LATE LIEUT. -COLONEL 
C. Q. HENRIQUES. 


Lievt.-CoLONEL CEcIL QuIixaANo HenriQuEs, V.D., 
whose death, we regret to have to record, took 
place in London on July 17, was born on September 11, 
1856. He was educated at Manchester Grammar School 
and received his early scientific training at Owens 
College in the same city. He served his pupilage at 
the works of Messrs. Mather and Platt, Limited, and was 
also with Mr. S. C. Homersham, M.Inst.C.E., for some 
years. In 1880, he assisted the late Mr. R. W. P. 
Birch, M.Inst.C.E., in the preparation of the Thames- 
Valley Main Sewerage Scheme. He was also engaged 
with Mr. Deacon in drawing up Parliamentary plans for 
the Liverpool Waterworks. Later he was appointed 
Assistant Permanent Survey Engineer of the old Lynn 
and Fakenham Railway and was placed in charge of 
the construction of some ten miles of permanent way 
on the Melton-Constable section. This work included 
the erection of station buildings, running and repairing 
sheds, carriage shops, signals, pumping stations and 
workmen’s dwellings. In 1883, in his capacity as 
Engineer to the King’s Lynn Graving Dock Company, 
Colonel Henriques was engaged in the preparation 
of Parliamentary surveys and plans. He proceeded 
to the United States in 1884 for the purpose of study- 
ing American engineering practice with reference 
to machine tools and factory organisation. Upon his 
return to England, he erected and equipped, in collabo- 
ration with Mr. Alexander Grafton, the Vulcan Iron 
Works, at Bedford. Later, in partnership with Mr. 
Grafton, he co-operated in the design and construction 
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of steam lifting-apparatus. Among other appliances, 
locomotive cranes were built by them for the Devon- 
port, Plymouth and Sheerness Dockyards, the Egyptian 
Government, the Calcutta Improvement Commissioners, 
and various railway companies in England and South 
America. In October, 1892, Colonel Henriques became 
partner and managing director of Messrs. John H. 
Wilson and Co., Limited, of Sandhills, Liverpool. 
Heavy lifting machinery constructed by the firm and 
comprising steam and electric cranes for harbours, 
railways, canals and other undertakings at home and 
abroad, were designed by him, as also were dredging, 
excavating, concrete-making and other plant of a similar 
nature. In 1898-99 he was responsible for the design 
and erection of the new Birkenhead works of Messrs. 
John H. Wilson and Co. Colonel Henriques retained 
his position with Messrs. Wilson until quite recently, 
when he retired owing to ill-health. He became an 
associate member of the Institution of Civil Engineers 
on December 6, 1881, and a full member on January 9, 
1906; he was elected member of the Iron and Steel 
Institute in 1908. He was for many years ‘in the Royal 
Engineers (Volunteers), and retired with the rank of 
Lieut.-Colonel ; he was in possession of the Volunteer 
Officers’ Decoration, 





6-FT. RADIAL DRILLING MACHINE. 


THE radial drilling machine which we illustrate in 
Figs. 1 to 6, on page 108, has been designed and con- 
structed by Messrs. George Swift and Sons, Limited, of 
Claremont Ironworks, Halifax, for use either as a single 
unit or as part of a battery. Three machines for the 
latter purpose have recently been despatched +o the 
order of the Great Indian Peninsular Railway Com- 
pany. These particular machines were arranged for 
belt drive through a shaft fitted at the base of the 
pillars and having couplings between each machine to 
facilitate easy erection, but by substituting a spur gear 
in place of the fast and loose pulleys on the through 
shaft, the drills can be readily converted to direct 
motor drive. By means of a clutch controlled by a 
lever on the pillar, each machine can be stopped or 
run independently of the others. 

Turning now to the illustrations, Fig. 1 shows the 
machine arranged for unit operation with direct motor 
drive. The motor is of 74-h.p., and runs at a speed 
of 800 to 900 r.p.m. The machine is fitted with a 
four-speed gear box at the head of the pillar, and with 
a feed box, giving three positive feeds, on the saddle. 
The general construction of the pillar is illustrated in 
Fig. 2, which shows the arrangement adopted for battery 
operation. The gear box, in this case, is replaced by 
the head casting shown, which is fitted with bearings 
for carrying the bevel-wheel shafts, one of which passes 
down the centre of the pillar to transmit the drive, 
through a second pair of bevels located in the base, 
from the main through-drive shaft to the saddle shaft. 
Whether intended for battery or unit operation, the 
radial arm, of tubular box section, is carried on ball 
and roller bearings at the top, as shown in the figure, 
and a large plain bearing at the base, additional support 
being given by a ball bearing attached to a bracket 
bolted to the lower part of the arm, and running on 
a ring formed on the outside of the column. The ring 
and bearing can be seen in Figs. 1 and 2. A single 
lever, visible beside the spindle in the first figure, locks 
both the saddle to the arm and the arm to the pillar 
by a single movement. 

The gear box for the spindle drive is illustrated in 
Fig. 5. The coupling on the left is driven by the motor, 
and the main shaft passing through the box carries a 
gear group of four sliding wheels, which engage with 
corresponding wheels on the lay shaft to give the various 
speeds. The lay shaft is mounted behind the main shaft 
and is therefore not visible in the figure. The normal 
speed range is from 190 to 480 r.p.m., but this can be 
varied to suit customer’s needs by altering the initial 
gear reduction between the motor and main gear-box 
shafts, the wheels for this purpose being shown at the 
left-hand end of the latter shaft in Fig. 5. A plate, 
visible in Fig. 1 behind the gear-change lever, is marked 
to indicate the spindle speeds on the various gears. 
All the gears are of heat-treated steel. 

The saddle, which can be seen in Figs. 1, 3 and 6, is 
of box form, the whole of the mechanism being totally 
enclosed. As will be clear from Fig. 6, the saddle is 
fitted to the arm with a square gib at the top, and has 
a taper strip for adjustment. The saddle is traversed on 
the arm by means of the spoked wheel, seen on the 
left in Figs. 3 and 6, the wheel being mounted on a 
spindle carrying a racking pinion on the rear end. 
This pinion engages with the rack which appears in 
cross-section in Fig. 6. The drilling spindle is of high- 
carbon steel, and is ground to fit the long bearing sleeve 
in which it revolves. It is fitted with ball thrust 
washers at both ends and is bored standard Morse taper. 
The feed rack, which can be observed on the side of 
the spindle bush in Fig. 1, is of special steel and is 
sunk into the bush and fixed so that it cannot work 


loose under the pressure of the feed. As shown in 
Fig. 6, the spindle is brought close to the face of the 
arm to minimise side twisting stresses. The spindle is 
balanced by means of a coil spring in a casing above 
the feed box, visible in Fig. 3, and the vertical hand 
quick-traverse motion is obtained by a racking pinion 
mounted on the spindle carrying the smaller of the 
two spoked wheels shown in Figs. 1, 3 and 6. 

To obtain the self-acting feed, a vertical shaft, which 
appears in Fig. 6 in front of the spindle, and in 
Fig. 1 above the feed gear box, is driven by a pair of 
spur wheels from the top of the spindle, and this shaft 
carries a long spur wheel at its lower end, and inside 
the gear box, as shown in Fig. 4. A sliding gear-group 
of three wheels, of which the centre one is in constant 
engagement with the long spur wheel, enables three 
alternative speeds to be imparted to the lay shaft, from 
which the drive is taken by the spur-wheel, observ- 
able in Fig. 4, to the vertical shaft terminating in a hori- 
zontal handwheel, seen in Fig. 3. This shaft carries a 
case-hardened worm, which engages with a worm wheel 
running free on the hand traverse shaft. The power 
feed can be engaged or disengaged for hand feeding by 
means of the clutch on the vertical shaft, operated by 
the lever seen in line with the two spoked wheels in 
Fig. 3. The feed-change lever, which can be observed in 
Fig. 4, is provided with a plate indicating the feed in 
use. The worm wheel can be coupled to the hand 
traverse shaft by means of a friction clutch, operated by 
the double-ended lever in front of the hand traverse 
spoked wheel. The friction clutch is sufficiently sensi- 
tive to enable it to be applied to suit the heaviest drill- 
ing, or only lightly when drilling small holes, so that it 
will slip rather than cause the drill to break. 

The stop and start motion to the spindle is obtained 
from the lever which will be noticed in an approximately 
horizontal position behind the feed box in Figs. 1 and 3. 
This lever operates a racking pinion, which engages 
with a rack fastened to a hardened claw clutch, the 
latter in turn coupling the vertical bevel to the trans- 
mission shaft from the main gear box. In concluding 
our description of this machine, we may say that the 
gearing is machine-cut throughout, and that all bevels 
and clutches are made of heat-treated steel, as also 
are the gears in both speed and feed boxes. The bear- 
ings throughout are bronze-bushed, and provision for 
self-oiling is made. No spanners are required for 
operating the machine, fixed levers being provided as 
described for locking the arm and saddle. 








REVENUE CRruISER “ Royaca.’’—Recently the Revenue 
cruiser Royaca, the first of three similar vessels building 
to the order of the Colombian Government by Chantiers 
et Ateliers de St. Nazaire, Penhdet, was launched 
from the builder’s yard at Rouen. The ship has a 
length of 100 ft., a moulded breadth of 20 ft., anda 
moulded depth of 8 ft. 6 in., and was designed by Messrs. 
Flannery, Bagallay and Johnson, Limited, of London, 
under whose supervision all construction is being carried 
out. The hull is divided into six watertight compart- 
ments and has a straight stem and a cruiser stern, with 
a raised deck mounted forward. A large oil-fuel bunker 
is provided at the forward end of the boiler room. The 
Royaca will be rigged as a fore and aft schooner, with two 
pole masts. Asteam and a hand windlass are provided. 
A searchlight projector and a quick-firing gun will form 
part of the equipment and a special ammunition locker 
will be situated forward, together with store rooms. Pro- 
vision will be made to allow of a second gun being mounted 
later should this be necessary. Engines of the twin- 
screw triple-expansion, surface-condensing type will be 
installed, capable of imparting a speed of 13 knots to 
the vessel, and a water-tube boiler, working at a pressure 
of 180 lb. per square inch and arranged for the burning 
of oil fuel, are being supplied by Messrs. John I. Thorny- 
croft and Co., Limited, of Southampton. 





Two New Etements.—tThe identification of two new 
elements, homologues of manganese, rests essentially 
on X-ray spectroscopy, as do several others. The 
search for these elements had been started long ago, and 
W. Noddack, Ida Tacke and Otto Berg, who claim to 
have identified the two new elements, designated eka- 
manganese and dwi-manganese before their discovery, 
proceeded on chemical lines. An element of atomic 
(ordinate) number 43 was missing between molybdenum 
and ruthenium, and another of ordinate number 75, 
between tungsten and osmium. The search was made 
in the ores of the platinum metals and particularly in 
the rare ore columbite, which consists essentially of 
columbium (or nibbium), tantalum, iron and manganese. 
The columbite was found to contain about 1 part in 
one million of the new metals, in fair accord with anti- 
cipation. The 50 milligrammes of concentrates isolated 
were estimated to contain 5 milligrammes of the new 
metals, and this small bulk had to be mixed with niobic 
acid for the X-ray examination. The K and L lines 
observed were in excellent agreement with those calcu- 
lated for elements of the ordinate numbers 43 and 75 
(e.g., 0-601 A, instead of 0-600). The research (Natur- 
wissenschaften, June 26) was conducted in the University 
of Berlin and in the laboratory of the Wernerwerk of 
Siemens and Halske. The new elements named Masurium 
(Ma) and Rhenium (Re), should have the atomic weights 
99 and 188 approximately. The name Masurium is taken 





from “Masuria, a district of East Prussia. 





THE FIRE-RESISTING PROPERTIES 
OF CONCRETE. 


In view of the increasing utilisation of reinforced 
concrete for constructional purposes, data on the 
extent to which the material is able to withstand 
exposure to intense heat are of the utmost value. 
Investigations on the subject have been made from 
time to time and, to supplement existing knowledge and 
to obtain information of a quantitative nature, a 
detailed and comprehensive study of the fire-resisting 
properties of concrete columns was recently undertaken 
by Messrs. W. A. Hull and 8. H. Ingberg of the United 
States Bureau of Standards. The findings and con- 
clusions of the experimenters are recorded in Techno- 
logical Paper No. 272, obtainable from the Superinten- 
dent of Documents, U.S. Government Printing Office, 
Washington, D.C. Some 62 columns, varying from 
12 to 18 in. in diameter, were made and subjected 
to a fire test. A few of these were of plain concrete, 
but the majority were provided with vertical steel 
rod or helical steel wire reinforcement. With the 
exception of the plain concrete columns, all had 1} in. 
of protective concrete over the steel. The concrete 
used consisted of one part of Portland cement, two 
parts of sand and four parts of coarse aggregate, 
measured by volume. All mixing was done by hand, 
and the consistency aimed at was such as would give 
maximum strength. The aggregates introduced into 
the concrete were of widely different chemical com- 
position. 

In order to approximate as nearly as possible to 
actual conditions, a special furnace was designed, 
comprising hydraulic compressing equipment, which 
subjected the concrete columns to a normal working 
load during the fire test. Natural gas was used as 
fuel, together with air blast at a pressure of approxi- 
mately 151b. per squareinch. The flames were directed 
against the furnace linings and were not allowed to 
impinge directly on the columns. Temperatures 
were measured by means ef iron-constantan thermo- 
couples located at various points in the interior of the 
test columns. The temperature of the furnace was 
gradually increased until failure of the column took 
place, or until the column had withstood the combined 
action of pressure and temperature for four hours. 
In the latter case, additional pressure was applied up to 
the limit of the hydraulic equipment of the furnace 
(600,000 Ib.) Heating up was so regulated, that, by 
the time four hours had elapsed, the temperature 
within the furnace had reached 1,100 deg. C. 

During the course of the investigation it was found 
that columns made of concrete containing quartz 
and granite aggregates showed a decided tendency 
to spall when subjected to the fire test, this being due 
to stresses set up by the expansion of these two materials 
when heated above 570 deg. C. Concrete columns con- 
taining calcareous aggregates, such as limestone, gave 
much better results and were little affected by heat. 
Additional protection in the form of a layer of plaster, 
applied to the outer surface of concrete gave fair 
results, but the difficulty was to keep the material in 
place while exposed to fire. A great improvement 
was effected by reinforcing, as it were, this protective 
layer itself. Ordinary wire netting placed within the 
plaster, thus acting as a binder or secondary rein- 
forcement, was used for the purpose. Columns made 
of concrete containing siliceous aggregate protected 
by this means, withstood, not only the four hours’ 
fire test under normal working load, but also subse- 
quent pressures of from two to four times the normal 
load. Although the furnace temperature, during 
the four hours test rose, as usual, to within the region 
of 1100 deg. C., so perfect was the protection afforded by 
the plaster layer that at no point within the concrete 
column was the temperature at any time above 200 
deg. C.; inthe heart of the column the thermo-couples 
registered less than 100 deg. C. Consequently, while 
admittedly costly, this form of protection would seem 
to prevent the structural deterioration of concrete 
columns even when exposed to the severest fires. 





Domestic Exrctric Suppiies.—The Electricity Com- 
missioners have appeted Mr. J. W. Beauchamp (chair- 
man), Mr. S. T. Allen and Mr. A. N. Rye (representing 
the British Electrical Development Association, Inc.) ; 
Mr. J. 8S. Highfield and Mr. W. B. Woodhouse (repre- 
senting the Incorporated Association of Electric Power 
Companies); Mr. A. C. Cramb and Mr. W. C. P. Tapper 
(representing the Incorporated Municipal Electrical 
Association); Mr. H. Bentham, Mr. F. E. Gripper, and 
Mr. K. A. Scott-Moncrieff (representing the Provincial 
Electric Supply Committee of the United Kingdom) ; 
to be an Advisory Committee to consider and report upon 
the steps being taken by authorised undertakers to 
encourage and extend the use of electricity for domestic 
purposes; the methods of charge for domestic supplies 
which could be authorised as standard methods; and 
the legislative powers, if any, beyond those already pre- 
ferred by the Electricity (Supply) Acts, which would be 
necessary to give effect to any recommendation made. 
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THE ROYAL AGRICULTURAL SHOW 
AT CHESTER. 


(Concluded from page 73.) 


Fiour milling machinery made by Messrs. 
Thomas Robinson and Son, Limited, Railway 
Works, Rochdale, was illustrated at the Chester 
Show by eight items of modern plant. The first 
of these was a wheat separator of the cyclo- 
pneumatic type. In this the wheat is charged 
through a funnel and a pipe on to a horizontal 
revolving saucer, kept running by motion obtained 
through a friction drive to a plate or disc at the 
bottom of its spindle. In consequence of the 
rotation of the saucer on which the grain falls, 
centrifugal motion causes the grain to be thrown 
outwards into the surrounding vessel. While this 
action is in progress a fan drives air through the 
spray of grain and carries off all dust, chaff and 
extraneous matter. By performing the grain cleaning 
process in this way, since the customary air trunks 
fitted to the old types of shaker sieves are elimi- 
nated, the danger which arises from air trunks in 
case of fires is non-existent. This plant is capable 
of cleaning between 140 and 200 bushels of grain 
per hour, but other sizes are also standardised. 
A break separator was also shown, by the use of 
which the break flour may be extracted immediately 
it is produced in the actions taking place in the 
break rolls. Offal and light starchy middlings are 
similarly separated immediately, to prevent con- 
tamination of the purer stock. This machine has 
a form somewhat similar to that already referred to, 
and use is again made of centrifugal action and 
air currents for the work. 

A Mersey vat stoner was another exhibit of the 
firm, and is used for the separation of the stones and 
fine sand from wheat by means of gravitational 
actions assisted by water flow. The wheat in this 
case is fed into a cylindrical pipe which dips into a 
tank through which water is made to flow continu- 
ously and in an upward direction. This water 
enters the tank below and in a tangential direction 
so as to create a swirling action, and the movement 
of the water, is accelerated by the vanes on a floating 
torpedo in the tank. In consequence of the action 
of the water the wheat is carried upwards and over 
the sill of the tank, while heavier material, such as 
stones and sand, sink in the water and may be 
removed, whenever there is an accumulation, by the 
opening of a foot valve. Should a feed of water, 
more than that normally required, be necessary, an 
extra supply is introduced at the top so as to 
avoid carrying over stones, as would occur if 
the normal supply from the bottom were much 
increased. An improved type of roller mill was 
also shown, in which the drive for the feed rolls 
is taken from the fixed roll spindle, instead of from 
the adjustable one. This obviates the trouble- 
some slackening and tightening of belts, which is 
otherwise commonly necessary. A micrometer 
adjustment is used for the accurate setting of the 
rolls and enables them to be put gradually into gear 
when starting up, and later adjusted to their proper 
relationship for the work. A plansifter, the most 
effective type of dressing machine in a mill, was also 
exhibited, having a central drive permitting of 
variation in the throw of the machine at will, and 
giving a gentle movement to the stock on the sieves. 
The actual machine exhibited had 12 sieves in its 
depth these being of standardised sizes. Brushes, 
positive in action, keep the meshes of the sieves open 
during the whole time of operation. These machines 
can be made for treating up to six different classes 
of stock. Other machines exhibited were a Koh-i 
Noor purifier, a receiving separator plansifter and 
a combined milling separetor and scourer. 

In the transportation of manufactured goods and 
agricultural produce, one of the greatest factors 
contributing to economy is the cutting down of the 
time and labour spent in loading and unloading. 
To facilitate this work, tipping trailers have been 
introduced, a good example of which, known as 
the H.B., made by Sheffield Steel Products, Limited, 
of Templeborough, Sheffield, was exhibited by the 
International Harvester Company of Great Britain, 
Limited. This interesting type of tipping trailer is 
illustrated in Figs. 15 and 16 on this page, in asso- 
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Fic. 15. H.B. Trerinc Trailer: SHEFFIELD STEEL Propvcts, Limitzp, SHEFFIELD. 








the tipping of this trailer the reverse motion of the 
tractor is used. The connection between the trailer 
and the tractor, or lorry, should the vehicle be used 
to increase the carrying capacity of an ordinary 
commercial vehicle, consists of a telescopic draw bar. 
This really consists of a sliding hollow ram, provided 
with a leather packing, which can be moved to and 
fro in a solid drawn hydraulic tube. In the normal 
position, when the trailer is being drawn, the ram 
is pulled out to the total extent possible and two 
connecting rods, which are pinned at the forward 
end to it and at the other to the underside of 
the front of the trailer, lie horizontally. When 
it is desired to tip the load, the brakes on the trailer 
wheels are applied and a locking gear, holding the 
draw bar system in proper relationship, is released 
and the towing unit 1s then reversed. As the ram 
passes into its cylinder, the air behind it is allowed 
to escape through a relief valve and the connecting 
rods pinned to the ram are forced to move upwards, 
thus raising the front of the body of the trailer. 
Any angle of tip, up to the maximum when the body 
is left just clear of the ground, can be obtained 
and the trailer can, while set at an angle to the 
ground, be moved into any new position. It may 
also be detached from the tractor and maintained 
in the tipped position by the use of an adjustable 
support provided at the end of the body. It 
will be appreciated that the gear for this tipping 
trailer is exceedingly simple and admits of very 
few possibilities of getting out of order. When 
the tractor is made to move forward again the con- 
necting rods draws down the front of the trailer 





ciation with a McCormick-Deering tractor. For 


to a gradually increasing extent as the ram runs 











Fic. 16. Draa-Line Loapina ARRANGEMENT OF THE H.B. Treprnc TRAILER. 


out from the cylinder. Ultimately the normal 
horizontal position for the trailer is obtained. The 
second of our illustrations of this tractor (Fig. 16) 
shows how a loading cable, passing through an open- 
ing in the floor of trailer, and then over a pulley 
and on to the end of the draw bar, can be used to 
haul a load on to the trailer while it is being brought 
back into its normal setting for traction purposes. 
The same system may be used to lower packing 
cases and other loads gradually in the process of 
tipping, when their destination is reached. 

Grinding plants suitable for the treatment of 
various crops, cattle food and agricultural lime, 
were shown by Messrs. W. S. Barron and _ Son, 
Limited, of Ladybellegate-street, Gloucester, in 
great variety. The firm’s Dreadnought grinder 
contains two grindstones, the one fixed and the 
other rotating, within a substantial cast-iron casing. 
In this arrangement the spindle of the revolving 
stone is mounted in long gunmetal bearings having 
a ring oiling system, while the end pressure is taken 
by a heavy ball thrust bearing. The pressure is 
applied to the stones, by means of a fine cut screw 
provided with a lock nut, through two spiral 
springs. This construction makes possible the 
passage of foreign material through the mill without 
causing injury to the grinding faces or to other 
parts of the machine. It may be fitted with either 
a shaker or roller feed. Pulverisers and impact 
grinding mills also formed part of the exhibit of this 
firm. 

Amongst the exhibits of Messrs. Clayton and 
Shuttleworth, Limited, of Lincoln, there were 
traction engines, steam wagons, and road rollers. 
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Fic, 17. Super-SentTinet Portaste StEaM ENGINE; THE SENTINEL Waaaon Works (1920), 
LimrrEeD, SHREWSBURY. 

















Fie. 18. Supmr-Sentinet Srx-WHEELER FoR Pia Carryrna; Tae SENTINEL WaGGon WoRKS 
(1920), Liurrzp, SHREWSBURY. 


What was, perhaps, the leading feature of the firm’s 
display was a 6-ton steam wagon with an undertype 
engine. This has a three-speed gear in association 
with a single-chain drive to a differential on the back 
axle. The steering is of the Ackermann type, and the 
brakes are of the internal-expanding design. Among 
the smaller exhibits of the firm was a model of the 
Cade opening and closing mechanism for gates, 
the manufacture and distribution of which has 
been taken up by Messrs. Clayton and Shuttleworth, 
Limited. The aim of the inventor of this device 
has been to make it possible to open and shut a gate 
without dismounting from a horse or alighting from 
a vehicle and yet to leave the gate closed to cattle. 
For the operation of the gate long poles extend 
at right angles to it both outside and inside 
the enclosure. As these poles or levers have each 
a fulcrum in their length, the pulling down of 
the end of either of them transmits motion to a 
chain connected to the other end. The movement 
so obtained is used to release a pin lock, and the 





horizontal component of the pull from the chain 
is then effective in making the gate move into the 
open position. Everything about the design of 
the gate is arranged to suit easy manipulation, and 
the many gates of this type now in use, are 
proving satisfactory in working. Once the gate is 
opened, it may be closed by the movement of the 
other lever after the vehicle has passed the gate. 
The development of the use of the steam engine 
for service with heavy transport has led to the 
recognition of the suitability of the modern designs 
of such engines and their associated rapid-steaming 
types of boilers for application to portable units. 
This form of power generator on a farm possesses 
the great advantage that it may be run satisfac- 
torily when using any type of fuel. As a very good 
example, the ‘“ Super-Sentinel” portable engine, 
made by the Sentinel Waggon Works (1920), Limited, 
of Shrewsbury, may be referred to. An illustra- 
tion of the set which was on show at Chester is 
provided in Fig. 17. This is a 20-30 h.p. unit. 





In it there are certain departures from the designs 
of the heavier engine, but these have not reduced in 
any way the qualities of reliability, flexibility, and 
economy which characterise the 40-60 h.p. engines. 
The boiler consists essentially of two shells. The 
outer of these is cylindrical and has wide flanges, 
towards the inside, at the top and bottom which are 
used for bolting to the other part, which is widened 
out for the upper third of itslength. Inclined cross- 
tubes, lying in two directions at right angles to 
each other, are fitted to the innershell, which forms 
the upper part of the fire-box, while the space 
between the two shells and the interiors of the 
tubes form the water space. At the bottom of the 
inner shell, a large conical fire-box is fitted. It is 
lined with specially moulded fire-bricks. By the 
use of this large combustion space it is ensured that 
any type of fuel may be successfully burned 
for steam raising. The top of the space in the 
inner shell accommodates an efficient superheater. 
By taking the exhaust from the engine through a 
nozzle in the base of the chimney, a control is 
effected on the evaporation of the boiler, and 
steam is generated at rates sufficient to meet the 
requirements for the load on the engine. 

A single-cylinder engine, with a bore of 6} inches 
and 9 inches stroke, is fitted to this new portable 
set. The motion of the piston is taken to a single- 
throw crankshaft supported by long bronze bushes 
in a totally-enclosed crank-case. Here, in the 
lower part, and driven by suitable gearing, is the 
camshaft which operates the two steam and two 
exhaust valves through long, adjustable push-rods 
and tappets. There are three sets of cams on the 
camshaft, corresponding to ahead, neutral and 
reverse working, and these are brought into action 
by sliding the shaft endways by the use of a lever. 
The cams are arranged so that, when the reversing 
lever is in the neutral position, all the four valves 
are held open. Steam is then blown right through 
to warm up the cylinder and the exhaust valves act 
as drains. Lubrication is obtained positively for 
the big-end, and, by splash, for the two main 
bearings and camshaft by the use of a dipper, 
which is drawn through the oil in the lower part 
of the crank-case. The feed pump for the boiler is 
positively driven at half the engine speed from the 
gear which gives motion to the camshaft. A 
Pickering type of governor is provided, and is 
belt driven from the main shaft. It acts directly 
on a stop valve in the steam supply system. From 
the governor pulley, a force-feed lubricator is 
driven and delivers a fixed quantity of oil every 
stroke, the oil being carried into the cylinder with the 
steam. For engines using superheated steam, this 
method of lubrication has been found to be very 
satisfactory. Flywheels secured to each end of 
the crankshaft on tapers, by means of keys and 
locknuts, also serve as pulleys for the belt drives 
to the machines which make use of the power. 
The plant is built up on a chassis consisting of 
two strong channel-steel side members, with an 
inset at one end to obtain clearance for the flywheels. 
The chassis is mounted at the front end on a steel 
turntable, and at the rear are two brackets, which 
carry short stub axles for the rear wheels. Pro- 
vision is made for haulage by a tractor, or shafts 
may be fitted for use when the plant is drawn by 
bullocks or horses. Great savings in cost of running 
for these portables are claimed, and it is contended 
that the expense of an average day’s working is 
only 55 per cent. of that for an oil-engine-driven 
unit of the same power. 

The use of the well known “ Super-Sentinel ” 
wagons is continually extending, and examples were 
shown on the stand of the firm of some of the latest 
developments. Perhaps the most interesting of 
these was the application of the six-wheeler to the 
carrying of pigs in a well-ventilated van having 
two floors, on each of which the stock are accom- 
modated. The mechanical equipment of this vehicle, 
which is illustrated in Fig. 18, is that well known 
to our readers in association with the name “ Super- 
Sentinel.” As regards the trailer, there are features 
which are distinctive. The sides of the van are 
built up of slats, over the inside of which strong 
wire netting extends, to prevent the pigs 
from destroying the woodwork. During inclement 
weather, the top of the body may be covered by a 
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tarpaulin. The floor is constructed to facilitate 
drainage and make the cleaning an easy task. 

Amongst the other transport exhibits, mention 
should be made of the steam wagons of Messrs. 
Fodens, Limited, of Elmworth Works, Sandbach. 
One of the wagons shown has a hoist gear provided 
on it, worked from a winch drum on the flywheel 
of the engine. By its use, weights of up to 1 ton can 
be raised and put into position in the wagon, or 
unloaded. For the hoist gear, the rope is taken 
from the winch through a small door in the roof 
of the cab, and suitable guide pulleys are provided 
for its accommodation. Another Foden vehicle, 
which was exhibited, is arranged for tipping to 
the side to an angle of 45 deg., and to the end to 
slightly less than 40 deg. The standard locomotive- 
type boiler and compound engine, with steam 
jacketing are fitted to this wagon, while the trans- 
mission is by a single chain to the differential on the 
rear axle. Messrs. Richard Garrett and Sons, 
Limited, of Leiston, Suffolk, also showed many of 
their standard equipments at Chester. A 6 h.p. 
traction engine, a steam motor tractor with a com- 
pound engine and a 6-ton undertype wagon, were 
the leading features of this display. The largest 
of the units has a top-fired vertical boiler, which is 
provided with a large inspection plate, and the 
engine is a two-cylinder, single-expansion set, which 
is totally enclosed. The drive to the rear wheels is 
obtained through a two-speed gear and differential 
by means of a double chain. Ackerman steering 
and a Westinghouse brake are other features of 
the wagons, which have found much favour 
because of their reliability and economy. 

A gully-emptier, built on a 7-ton chassis, afforded 
evidence at the Show of the successful design work 
of the Yorkshire Patent Steam Wagon Company of 
Pepper-road, Hunslet, Leeds. This gully-emptier 
will appeal to many borough engineers, for it makes 
use of separate vacuum chambers for the work of 
lifting which are afterwards emptied into the main 
compartment for carrying the sludge. In the 
discharge of the contents of the main compart- 
ment, use is made of water or steam to assist in 
driving the material through a winch-operated 
door. Messrs. J. H. McLaren, Limited, of the 
Midland Engine Works, Leeds, illustrated their 
products by the exhibition of a compound traction 
engine, a steam road roller and a steam ploughing 
engine for working on the double-engine cable 
system. In an oil motor windlass engine for 
cable ploughing, which was also shown, automatic 
starting and. stopping is effected from the cable 
and the traversing gear is also of an automatic type. 
The engine is a 60-70 h.p. unit which drives a wind- 
ing drum on a cross-shaft, erected at the rear of the 
chassis, through a cone clutch with Ferodo faces 
and a spur-wheel reduction gear and chain. 

In our account of the Royal Agricultural Show 
it has only been possible to describe comparatively 
few of the many hundreds of interesting exhibits. 
It will be appreciated, however, that as a consider- 
able degree of efficiency was early obtained with 
many of the machines introduced for agricultural 
purposes, standardised construction has long since 
been adopted and production in quantity carried on. 
Of such standard machines, which are well known 
to the agricultural community, there were many 
displayed at Chester, and the interest which their 
early construction aroused has been well maintained, 
as it is appreciated that the years that have passed 
since their introduction have enabled an exact 
estimate to be made of the qualities they possess 
in the performance of the actual work for which 
they were designed. Neo visitor to the Show this 
year would come away without being convinced 
of the good design and substantial construction 
characteristic of the products of British agricultural 
engineers, and those who have knowledge of Conti- 
nental machines were enabled to make comparisons 
which must have been greatly to the advantage of 
the British producers. 





INDIAN Surrpinc.—The tonnage of vessels entering 
British India and cleared outwards with cargoes from and 
to foreign countries and British possessions during the 
month of May, 1925, amounted, respectively, to 564,000 
and 734,000 tons, as against 575,000 and 715,000 tons in 
April, 1925, and 581,000 and 752,000 tons a year ago. 





ENGINEERING TRAINING AND 
EDUCATION. 


University College, Southampton.—A booklet has just 
been issued by the Faculty of Engineering of Univer- 
sity College, Southampton, giving particulars of the 
facilities available at the College for the prosecution of 
studies leading up to degrees and diplomas in civil, 
mechanical, and electrical engineering. Courses in 
radio-telegraphy and in automobile and marine engi- 
neering may also be taken by those interested in these 
subjects. The degree course includes intermediate and 
final examinations normally taken while attending 
classes extending over three years. The college grants 
its own diploma in the different branches of engineer- 
ing, the course for which also necessitates three years’ 
work. Part time instruction is also provided to suit 
the requirements of those students who are unable to 
devote their whole time to classes and who desire to 
qualify for professional examinations. A number of 
scholarships are tenable at the college, and informa- 
tion regarding these, and other particulars, may be 
obtained from a perusal of the booklet. 

Busk Studentship in Aeronautics.—The Trustees 
of the Busk Studentship, founded in memory of 
Edward Teshmaker Busk, who lost his life in 1914 
whilst flying an experimental aeroplane, have awarded 
the studentship for the year 1925-26 to Mr. Stewart 
Scott Hall, of the Imperial College of Science, 
London. 

London County Council Scholarships.—The Consulta- 
tive Committee on Engineering have recommended 
the London County Council to award Robert Blair 
Fellowships for this year to Mr. Norman P. Inglis, of 
21, London-road, Liverpool, and to Mr. Albert B. 
Miller, of Stone House, Stone, Staffordshire. The 
fellowships, which are worth 4501. each, are intended 
to provide for one year’s study abroad. 





BOOKS RECEIVED. 


United States Geological Survey. Water Supply. Paper 
No. 520-F. Temperature of Water Available for Indus- 
trial Use in the United States. By W. D. Coutins. 
No. 520-G. Some Floods in the Rocky Mountain 
Region. By R. FoLuonsBEE and P. V. HopagEs. 
No. 523. Surface Water Supply of the United States, 
1921. Part III. Ohio River Basin. [Price 30 
cents.] No. 531. 1921. Part XI. Pacific Slope 
Basins in California. [Price 25 cents.] No. 539. 
Geology and Ground Water Resources of Townsend 
Valley, Montana. By J. T. Parpie. [Price 15 cents.] 
Washington : Government Printing Office. 

Handbuch der Eisen-und Stahlgiesseret. Vol. I. Grund- 
lagen. Edited by Dr. Inc. C. GieEGER. Second edition. 
Berlin: Julius Springer. [Price 49-50 marks. ] 

L’Usure des Métaux et les Moyens de l’Apprécier. By 
PIERRE BrRevuIL. Paris: Dunod. 

I Contatori Elettrict Teoria e Pratica. By IGnazio 
CLEMENTI. Milan: Ulrico Hoepli. [Price Lire 13.50.] 

L’Elettromobile (Veicoli Elettrici ad Accumulatori). By 
Professor UmBerto Tucci. Milan: Ulrico Hoepli. 
[Price Lire 15.] 

Teleferiche Funicolari Aeree e Altri Trasporti Meccanici. 
By G. CapPpELLONI. Milan: Ulrico Hoepli. [Price 
Lire 26.50. ] 

Mechanics and Applied Mathematics. Dynamics—Statics 
—Hydrostatics. Part I. Mechanics. By W. D. Hills, 
B.Sc. London: University of London Press, Limited. 
[Price 4s. net.] 

Dynamik. I. Dyriamik. des Hingelkérpers. By Dr. 
WILHELM MULLER. Berlin and Leipzig: Walter de 
Gruyter & Co. [Price 1.25 marks. ] 

Mécanique de UV Aviation. By Lievut.-Cot, ALayRac. 
Paris: Gauthier-Villars & Cie. [Price 50 francs.] 

Der Eisenbetonbau ; ein Leitfaden fiir Schule und Praxis. 
Part I. Ausfiihrung und Berechnung der Grundformen. 
By C. KeERSTEN. Thirteenth edition. Berlin: 
Wilhelm Ernst and Sohn. [Price 8 marks.] 

Reibung und Schimerung im Maschinenbau. By Dr. Ine. 
LL. GimMBEL. Berlin: M. Krayn. [Price 12 marks.] 
L’ Industrie des Produits Chimiques et ses Travailleurs. 
By A. MataGrin. Paris: Gaston Doin. [Price 12 

francs. ] 

Phases of Modern Science. London: A. and F. Denny, 
Limited. [Price 3s. 6d.] 

Practical Electrical Engineering. Direct Currents. A 
Manual for Use in Industrial and Evening Schools. 
By Harry G. Cistn. London: George G. Harrap 
and Co., Limited. [Price 7s. 6d. net. ] 

The Operating Engineer's Catechism of Steam Engineering. 
By Micuart H. Gornston. London: George C. 
Harrap and Co., Limited. [Price 12s. 6d. net.] 

Machinists’ and Draftmen’s Handbook : Containing Tables, 
Rules and Formulas. By PreprerR LossBen. Third 
edition, revised. London: George C. Harrap and Co., 
Limited. [Price 10s. 6d. net.] 

Handbook of Engineering Mathematics. By WALTER E. 
WYNNE and WILLIAM SPoARAGEN. Second edition, 
revised and enlarged. London: George C. Harrap 
and Co. [Price 8s. 6d. net.] 

The Induction Motor in Theory, Design and Practice. 
By Hersert VIcKERS, Ph.D., M.Eng. London: 
Sir Isaac Pitman and Sons, Limited. [Price 21s. 
net. ] 

Eisenhiittenkunde. II, Das schmiedbau Eisen. By 
Dr. Inc. M v. Schwarz. Berlin and Leipzig : Walter 
de Gruyter and Co. [Price 1.25 marks. ] 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The absence of indications of a settle- 
ment of the coal-trade dispute has directed the attention of 
steel and engineering concerns to the generally low state 
of stocks of raw and semi-finished materials. Hand-to- 
mouth purchases have been the rule for several weeks 
past, but users are now taking a keener interest in market 
conditions, and where reserves have fallen below safety 
limits are pressing for full contract deliveries of pig-iron 
and hematites. Official quotations of the principal 
descriptions show no alteration, though the undertone 
of the market is distinctly firmer. The recent advent 
of cheaper steel billets has enabled makers of wire rods 
to reduce quotations by between ll. and ll. 5s. per ton 
in the hope of securing a larger share of the business 
circulating, which for a long time has been influenced 
by the keenness of Continental competition. The 
greater proportion of steel produced in this district is 
now of the acid variety, due largely to the increased 
requirements of the railway and allied branches. Makers 
of iron and steel works plant are suffering from the 
general tendency to reduce renewals at British concerns 
to the lowest possible limit, and only to embark on 
fresh extensions where these are absolutely warranted 
by the present state of order books, plus a fairly definite 
prospect of enlarged turnover. Engineering firms are 
struggling hard against the handicap of the payment 
of higher wages per hour for a shorter working week 
and burdensome taxation in their endeavours to bring 
quotations within comparison of those offered by 
Continental rivals. Orders for colliery equipment and 
machinery have fallen off owing to the coal-trade crisis, 
but prospects for shipbuilding steel have improved, and 
a better call is anticipated for heavy forgings and 
castings. Foreign sales of axles, tyres, and wheels are 
in the ascendent. Overseas trade in files, saws, spades, 
shovels and farming implements and parts, which has 
consistently improved during the past twelve months, 
is still on the up grade. 


South Yorkshire Coal-Trade——Slackness in export 
business is, in some measure, counterbalanced by an 
increased call on home industrial and domestic account, 
due almost solely to failure to reach a settlement in 
the mining crisis. Wherever possible, manufacturing 
concerns are augmenting stocks. Complaints of wagon 
shortage arising from increased railway traffic are fairly 
common. In these circumstances, merchants have little 
difficulty in securing full market quotations for current 
supplies of steams, cobbles, nuts and slacks, though the 
hardening of values is not yet reflected in any change 
in official rates. House coal is more active, but there is 
still no abnormal rush. Quotations: Best branch 
handpicked, 30s. to 33s; Barnsley best Silkstone, 26s. 
to 27s.; Derbyshire best brights, 21s. to 24s.; Derby- 
shire best house, 2ls. to 23s.; Derbyshire best large 
nuts, 17s. to 19s.; Derbyshire best small nuts, lls. 6d. 
to 13s.; Yorkshire hards, 17s. 6d. to 21s. ; Derbyshire 
hards, 17s. 6d. to 21ls.; rough slacks, 10s. to 12s. 6d. ; 
nutty slacks, 8s. 3d. to 98. 3d.; smalls, 3s. 6d. to 
5s. 6d. 





Prersonat.—Mr, Arthur Michael Samuel, M.P., 
Parliamentary Secretary of the Department of Overseas 
Trade, has appointed Sir Richard Redmayne, K.C.B., 
formerly Chairman of the Imperial Mineral Resources 
Bureau, which has now been amalgamated with the 
Imperial Institute, to be Director of the Imperial 
Institute for a short period in order that he may super- 
vise the amalgamation of the two bodies. Sir Richard 
Redmayne has accepted the appointment on the under- 
standing that the term of the appointment does not 
exceed six months. 





Luoyp’s REGISTER oF Suiprinc.—To underwriters, 
shipowners, merchants, shippers, and others dependent 
on the possession of reliable information relating to 
individual vessels for the successful prosecution of their 
business, the Register Book, issued annually by Lloyd’s 
Register of Shipping, is of the greatest importance since 
it is the standard work of reference on ships. The 1925- 
26 edition, a copy of which we have just received, con- 
tains the usual data on steamers, motorships, sailing 
vessels, trawlers, &c., constituting the merchant fleets 
of all countries of the world. Many supplementary 
sections, including lists of vessels of special types 
and a list of shipowners and managers, are supplied 
in the first of the two volumes which form the work. 
The second volume consists of an appendix in which are 
given a collection of signal letters, a list of changes in the 
names of ships, and a list of compound names, as well as 
particulars of shipbuilders, insurance companies, ship- 
owners’ societies, docks, &c. The appendix volume 
also contains a vast amount of valuable statistical 
data on shipping matters. In one section, merchant 
steamers and motorships having sea speeds exceeding 
12 knots are arranged in order, beginning with the 
fastest. The complete book is issued to subscribers, 
and the rate of subscription for marine insurance com- 
panies and public establishments is 12 guineas per 
annum for one copy and 6 guineas per annum for each 
additional copy ; or if the copies are periodically posted 
with additions and corrections in type, the subscription 
for each copy supplied is 20 guineas per annum. For 
other subscribers the charge is 10 guineas per annum 
for each copy which is kept posted throughout the year, 
and 6 guineas for copies not so posted. Supplements 
containing the necessary additions and corrections, 
however, are issued at intervals and are supplied gratis 
to subscribers not resident in London and not having 
their copies regularly posted. Consequently the publi- 
cation is at all times maintained up-to-date, and its 
continued utility is in this way assured. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—After having passed through rather 
a long spell of depression the steel works in the Glasgow 
area have now closed down for the annual fair holidays. 
Since the beginning of the year work has been carried 
on with much difficulty, and almost at no time during 
recent months could any distance ahead be seen. Not 
only has shipbuilding been on the decline, with a much 
reduced demand in eonsequence, but, of the smaller 
consumption in the shipyards, quite a goodly proportion 
has been secured by Continental agents. A similar 
state falls to be noted in connection with other users, 
and the output overall from the local steel works has 
been much under normal times. In the black sheet 
trade business has recently been fairly good, largely 
because of an improved demand from abroad, and the 
works have been well employed right up to closing down 
for the holidays. Order books have still a good look, 
and there is a fair amount of work to commence with after 
resumption. For galvanised sheets there is still a healthy 
demand from abroad, and quite active conditions have 
not only been general of late but would seem likely to 
continue for some time yet. Trade overall has not been 
at all satisfactory during the past month, and the dura- 
tion of the holidays will be longer than usual. In cases 
where any accommodation of specifications takes place 
a start may be made sooner than anticipated but other- 
wise works will not generally re-open until Monday, 
August 3. Prices show little or no change this week. 


Malleable Iron Trade.—In the West of Scotland malle- 
able iron trade a quiet state prevailed when the works 
closed for holidays last week, and managements are not 


“inclined to re-open a day before it is found to be actually 


necessary. There is little forward business on hand and 
inquiries this week do not amount to much in the way 
of new tonnage. In the steel re-rolling branches the 
conditions are without change and prices are still very 
keenly cut. ‘‘ Crown” bars are steady in price at last 
week’s figures. 


Scottish Pig-Iron Trade.—The pig-iron trade is dull 
and featureless. Makers have had a very poor output 
of late and with large stocks to draw upon there will be 
no hurry to recommence production. Local consumers 
have been buying sparingly and the demand from over- 
seas keeps within very modest proportions. Prices are 
weak and still have a downward tendency. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron continues poor, and the amount shipped from 
Glasgow Harbour for the week ending last Saturday, 
July 18, was only 702 tons. Of that total 640 tons went 
overseas and 62 tons coastwise. For the corresponding 
week of last year the figures were 1,062 tons to foreign 
destinations and 920 tons coastwise, making a total 
shipment of 1,982 tons. 


Copper.—Manufactured copper has been advanced by 
20s. per ton, making the basis price 91l. per ton. 





NOTES FROM THE SOUTH-WEST. 
CarpiFrFr, Wednesday. 


The Coal Trade.—With a national strike of miners at the 
end of the month practically a certainty, there has been a 
considerable speeding up of coal exports, principally on 
account of depot and railway contracts through August 
shipments being anticipated. As closed collieries have 
not been reopened, supplies of coal have run short, especi- 
ally in the case of smalls, supplies of which have been 
held in reserve by colliery owners for keeping ventilating 
and pumping plant at the pits going during any period 
of stoppage. Prices accordingly have advanced all 
round, but the business lately done has been confined 
to odd parcels which the coalowners can spare after 
providing for their obligations. Merchants holding con- 
tract supplies have also done some selling at improved 
prices, but on the whole the market is quite a nominal 
one. August business is quite out of the question pend- 
ing arrangements for working under new conditions. 
Best Admiralty large coal rules from 26s. 6d. to 27s. 6d. 
per ton f.o.b., with seconds from 25s. 6d. to 26s. 6d., 
and Monmouthshires from 23s. 6d. to 26s. 6d., while 
smalls range from 12s. 6d. to 18s., according to class 
and quality. In the past week 502,210 tons of coal were 
shipped abroad as cargo from South Wales, compared 
with 469,810 tons in the previous week. The total 
however, falls 233,060 tons short of the shipments in 
the record week of March 27, 1923. Of the total of the 
past week 61,410 tons were despatched to Argentina, 
22,400 tons to Brazil, 12,130 tons to Canada, 68,000 
tons to Egypt, 133,290 tons to France, 11,800 tons to 
Gibraltar, 37,280 tons to Greece, 38,250 tons to Italy, 
23,600 tons to Portugal, and 26,900 tons to Spain. Of 
the total 318,320 tons were shipped from Cardiff, 93,930 
tons from Newport, 47,710 tons from Swansea, 38,750 
tons from Port Talbot, and 3,500 tons from Llanelly. 
The Welsh colliery owners have posted at the collieries 
notices giving the terms upon which the pits will be open 
for work as from August 1. Special consideration is 
offered to the lower-paid men with family responsibilities, 
the subsistence wage offered being graduated accordingly. 
Payments of wages are to be in strict accordance with the 
ay of the industry to pay in the proportion of 
871. in wages and 13/. for the companies to meet their 
obligations out of every 1001. proceeds of the industry. 
Double shifts are to be worked as required, and the bonus 
turn hitherto paid only in South Wales, under which 
afternoon and night men are paid wages for six turns for 
working five turns is abolished. House coal is to be 
supplied at cost price instead of at fixed nominal prices 
varying at different pits. So far, however, the Welsh 
Miners’ Federation, who have declined to negotiate for 





a separate coalfield agreement, demanding national agree- 
ments, have refused to accept the terms and conditions 
of the colliery owners, and a strike seems certain. 

Shipping Company Liquidation.—Another post-war 
shipping company has decided to go into voluntary liquida- 
tion. This is the fuae Shipping Co., Limited, Cardiff, with 
91,3327. paid-up capital. The directors state that over 
the six years and five months trade, the company made 
net working profit 121,375/. 10s. 10d., out of which only 
23,3321. 13s. 7d. was spent in preliminary expenses and 
dividends. The cause of the failure is the unprecedented 
depreciation in the value of ships, acute depression in 
freights, and the crushing burden of taxation. Efforts 
to form a scheme of reconstruction have been futile be- 
cause of the insuperable difficulty of the taxation lia- 
bility of about 60,0007. In addition to the loss of their 
heavy share-holdings in the company, the directors have 
refunded fees and brokerages aggregating 18,0007. The 
ships have been disposed of at heavy loss and liabilities 
met except taxation. A balance of 1,7011. 9s. 4d. depo- 
sited with the bankers will be payable on account of 
the taxation liability after providing for the expenses 
of liquidation, and there will be no distribution to the 
shareholders. 


Iron and Steel.—Exports of iron and steel in the past 
week totalled 17,584 tons compared with 15,352 tons in 
the previous week. Shipments of tinplates and terne 
plates amounted to 10,791 tons, against 4,350 tons ; 
black plates and sheets, 1,957 tons, against 819 tons ; 
galvanised sheets, 2,449 tons, against 1,767 tons; and 
other iron and steel goods 2,387 tons, against 8,417 tons. 


A Large Fan.—At the Ynysfeio Collieries, Treher- 
bert, owned by Messrs. Sir D. R. Llewellyn, Merrett 
and Price, Limited, a Walker’s indestructible fan, the 
first of its kind in South Wales, is being installed. The 
fan will have a capacity of 350,000 cub. ft. per minute 
in a 6-in. water gauge, and is reversible in emergency 
from an extracting fan to an air-forcing fan. It has a 
fan drift of 190 sq. ft. A concrete bed of over 3,000 sq. 
ft., with an average depth of 5 ft., has been built, and 
on this will be erected a Bellis and Morcom high-speed 
engine and generating electric set. 











Tue Late Mr. J. E. Etmst1e.—The death took place 
on July 3, at 113, Drakefield-road, London, 8.W. 17, 
of Mr. John Elmslie Elmslie, naval architect and con- 
sulting engineer. Born in London, on May 29, 1843, 
the deceased was the eldest son of the late Mr. 
John Foster Elmslie. On the completion of his educa- 
tion, received at a private school in Norwood, Mr. Elmslie 
was articled to the late Mr. Joseph D’Aguilar Samuda, 
M.P., Vice-President of the Institution of Naval Archi- 
tects. At the termination of an apprenticeship spent 
in the works and drawing offices of Messrs. Samuda 
Brothers, Poplar, London, he was employed by the firm 
as a draughtsman. Mr. Elmslie commenced business in 
1871 as a naval architect and consulting engineer, and at 
the time of the death of Mr. William John was assisting 
that gentleman with the preparation of plans for a 
cruiser of 9,000 tons displacement for the Spanish 
Government. In March, 1891, he was elected a member 
of the Institution of Naval Architects and two years later 
a member of the Institute of Marine Engineers. He was 
made a member of the Council of the latter organisation 
in 1900. In 1910 he was elected by the Council as one 
of the Vice-Presidents for the session 1910-11. Mr. 
Elmslie devoted much attention to this institution, and 
had a very intimate knowledge of its affairs. He was 
an authority on the development of steel shipbuilding in 
this country. 





CoMMITTEE ON INDUSTRY AND TRADE.—At a meeting 
of the Committee on Industry and Trade recently held 
at the offices of the Board of Trade, Mr. Richard A. 
Pease, of Messrs. Pease and Partners, Limited, Darlington, 
gave evidence regarding the precarious condition of the 
coking and bye-product industry, whilst speaking on 
behalf of the National Association of Coke and Bye- 
Product Plant Owners. Considering coke-oven coke and 
its derivatives, as distinct from gas coke, Mr. Pease gave 
statistics showing that the two main channels available 
for the disposal of material, namely blast-furnaces and 
export, provided little outlet at the present time. Admini- 
stration, cost of new construction, maintenance of coking 
plants, and the development of processes and research 
work were discussed, while the position in foreign markets 
particularly France and Germany, was described. 
Detailed methods of sale, conditions of ageney and the 
methods of payment for coke and bye-products delivered 
in foreign countries were mentioned. It was the opinion 
of the Association that the Government should not 
ratify conventions and give legislative effect thereto in 
this country without having regard to the action taken in 
competitive countries. Mr. H. E. Powell-Jones spoke on 
behalf of the Telephone Development Association. He 
stated in the course of his remarks that the telephone 
manufacturing industry employed some 100,000 people 
exclusive of the 50,000 employed by the Post Office on 
telephone business. All that the makers could do was 
to create a demand; they could not ensure it being 
immediately met. This was due principally to the 
policy of annual revision of estimates which rendered it 
difficult for the Post Office to lay down a programme in 
advance. The Association urged a policy whereby the 
probable requirements for a period of years could be 
made known. This would permit of manufacturers 
formulating a works programme and would result in 
operations being continuous instead of spasmodic as at 
present. As a result cheaper prices, more even quality 
and better delivery would result. Further, makers 
would be enabled to tender more satisfactorily for 
contracts from abroad. 





NOTICE OF MEETING. 


THE Royat Socrety or Arts.—Monday, July 27, at 
4.30 p.m., at John-street, Adelphi, W.C.2. Dominions 
and Colonies Section. ‘‘The Mineral Resources of 
Northern Ontario,” by Professor W. A. Parks, Ph.D. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron pro- 
duction is on a very limited scale and consequently 
stocks are kept low, but customers are very backward 
and transactions are few and small. Demand is almost 
entirely on home account, continental inquiry being 
trifling, and fair holidays in Scotland having suspended 
buying for delivery beyond the Tweed. No. 1 is 75s. ; 
No. 3 g.m.b., 7ls.; No. 4 foundry, 70s, 6d.; and No. 4 
forge, 70s. 


Hematite.—Producers of East Coast hematite report 
stocks decreasing, but they still have rather large quan- 
tities stored at their yards. A few sales to home buyers 
are being made, and one or two lots of special quality 
have been disposed of for shipment abroad. Nos, 1, 2 
and 3 are 76s. 6d.; and No, 1 is 77s. 


Foreign Ore.—Business in foreign ore is stagnant, 
consumers being over bought, and quotations are nominal 
on the basis of best rubio at 20s. to 20s. 6d. c.i.f. Tees. 


Blast-furnace Coke.—Durham blast-furnace coke is in 
little demand, but sellers have advanced the quotation 
for good medium qualities to 22s. 6d. delivered here, 


Manufactured Iron and Steel.—Business in finished 
iron and steel is slow, and orders are secured only after 
much bargaining. Principal market quotations stand : 
Common iron bars, 11l. 12s. 6d. ; iron rivets, 131. 10s. ; 
packing (parallel), 8/.; packing (tapered), 11l.; steel 
billets (soft), 7/. 10s. ; steel billets (medium), 8/.; steel 
billets (hard), 9/.; steel boiler plates, 127. 10s.; steel 
ship, bridge and tank plates, 8/. 10s. ; steel angles, 81. 5s. ; 
steel rivets, 13/.; heavy sections of steel rails, 81. 10s. ; 
steel joists, 8/. 5s.; and galvanised corrugated sheets 
(No. 24 gauge, in bundles), 16, 











Meat Carrier, M.S. *“ Port Hosart.’—The twin- 
screw motorship, Port Hobart, built by Messrs. Swan, 
Hunter and Wigham Richardson, Limited, of Wallsend- 
on-Tyne, for the Commonwealth and Dominion Line, 
Limited, recently ran successful trials in the North Sea. 
This vessel is one of the first motorships destined for 
trading regularly between the United Kingdom and 
Australia, and has been specially designed for the trans- 
port of cold meat. She is fitted with a cruiser stern 
and topgallant forecastle, and has a length of 465 ft., a 
moulded breadth of 59 ft. 6 in., and a depth to 
the upper deck of 43 ft. 9 in. Five cargo holds are 
provided, having large hatches, the insulated space 
amounting to 297,000 cub. ft. and the uninsulated space 
to 307,000 cub. ft. Eight 10-ton, six 7-ton, and one 
50-ton capacity derricks are mounted on six posts and 
the two masts. Oil fuel is carried in one of the tanks 
formed by the double bottom, in a tank under the main 
engines, in another underneath one of the holds, in the 
deep tank forward of the machinery space, also in tanks 
built inside the engine room. duct keel is fitted 
forward of midships. The propelling machinery consists 
of two sets of four-cylinder two-stroke cycle, solid 
injection Doxford opposed piston Diesel engines, All 
the deck auxiliaries are electrically driven, 14 cargo 
winches being supplied. The vessel has been built to 
fulfil in all respects the requirements of Lloyd’s Special 
Survey and has been classed 100 Al. 





TENDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, 8.W.1, has announced 
that the Municipal Council of Johannesburg, South Africa, 
invites tenders, to be presented to the Town Clerk, not 
later than August 22, 1925, for grooved tramrails, fish 
plates, fish bolts, tiebars, coach screws, manganese 
steel grooved rail points, and manganese steel standard 
crossings.—The Chilian State Railways authorities 
invite tenders, to be presented in Santiago, not later 
than September 22, 1925, for fish plates, bolts and spikes. 
—The Public Works Department, New Zealand, invites 
tenders to be presented not later than September 29, 
1925, for the supply of 110,000-volt transformers and 
50,000-volt switchgear, with the necessary steelwork, 
for the Waikato Electric Power Scheme.—The South 
African Railways and Harbours authorities, Johannes- 
burg, invite offers to be presented not later than 
September 3, 1925, for the supply of five 4-wheeled 
traversers and two tractors for use at a quayside fruit 
pre-cooling store.—The State Electricity Commission 
of Victoria, 22-32, William-street, Melbourne, Australia, 
invites tenders to be presented not later than September 
14, for the supply and delivery of 3,000-kv.-a. trans- 
formers and spare parts.—The Mechanical Department. 
of the Ministry of Public Works, Cairo, Egypt, invites 
tenders for the supply, delivery and erection of two 
centrifugal pumps and two 80-h.p. steam engines.— 
The Roumanian State Railway Administration invites 
tenders to be presented at Bucharest not later than 
August 14, 1925, for the supply of suction and delivery 
fire pumps.—The Borough Water Engineers’ Depart- 
ment, Durban Corporation, South Africa, invites tenders. 
to be presented at the Town Clerk’s Office, not later 
than September 11, 1925, for steel and cast-iron pipes 
and fittings, and also sluice and air valves. All inquiries 
regarding these tenders should be addressed to the 
Department of Overseas Trade. 
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Two Mittion-Vott TestiInc Ourtrit.—It is estimated 
that the water-power resources of California amount to 
some 8,000,000 h.p., and of this amount 1,600,000 h.p. 
is available in the waters within 200 miles of San Fran- 
cisco. Further development wil! be necessary with the 
rivers distant up to 700 miles f-om the district around 
that city, and Professor Harris ». Ryan, Past-President 
of the American Institute of Electrical Engineers, is to 
conduct research work on high-tension currents of the 
type likely to be — in future commercial opera- 
ion of these far-distant water resources. For the 
purpose of such study, a 2,000,000-volt testing outfit, 
using a frequency of 60 cycles, has been supplied to the 
Leland Stanford University of California by the General 
Electric Company of America. Located in a special 
laboratory, the equipment will include an experimental 
transmission line, and will be capable of sparking across 
&@ gap some 17 ft. wide. 





UNIVERSAL Directory or RaILway OFFIcIALs, 1925. 
—The Directory Publishing Company, Limited, of 33, 
Tothill-street, Westminster, London, 8.W. 1, have just 
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issued the thirty-first edition of the Universal Directory 
of Railway Officials, dated 1925, at a price per copy of 
20s. net. The work has been compiled under the direc- 
tion of the editor of The Railway Gazette, and the in- 
formation rendered available has been obtained chiefly 
from official sources. Following customary practice, the 
Directory is divided into 11 sections. The first, headed 
Official, consists of a classified list of railway associations, 
societies and unions. The personnel of these various 
institutions are mentioned together with the companies 
with which they are associated. Nine of the sections 
which follow are respectively titled Great Britain, 
Ireland, Europe, Asia, Africa, Australasia, North America, 
Central America, Mexico and the West Indies, and South 
America, and the very full details regarding the staffs 
and material of the railways situated in these geographical 
divisions are included under the appropriate headings. 
The name of each company is arranged alphabetically 
under the location of the railway, and the general scheme 
is to give in sequence directly after the name, the length 
of track, the gauges used, and the quantity of rolling stock 
possessed by the company. Notes on the staff and others 
associated therewith then follow, together with a list of 





Fig. 2. 
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Fig. 6 
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subsidiary sections of ‘the lines or other companies in 
which the one referred to may be interested. All railways 
are numbered, beginning with unity in each geographical 
section. By means of these numbers and the letters, in 
alphabetical sequence from B to K which designate the 
nine sections, it is possible immediately to locate the rail- 
ways with which are associated persons whose names are 
listed in the Personal Index of Railway Officials contained 
inthe book. After each name a letter and number appear, 
the letter indicating the country and the number the 
company with which the person named is connected. 
In addition to this comprehensive list, indexes to 
countries, names of railways, railway institutions and 
associations and to advertisers are included, whilst a 
buyers’ guide is also supplied. In the latter, names 
of manufacturers and suppliers follow the names of 
their products. No other publication in this country 
contains such a complete list of railway officials em- 
ployed all over the world, and this consideration, in 
conjunction with the value of the book as a work of 
reference, should ensure a continued and_ increased 
demand for the latest issue. In this the high standard 
of the earlier editions is well maintained. 
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SMOKE-BOX CONDITIONS. 


Ir is not always sufficiently recognised that 
economies must be viewed on broad overall lines. 
Enthusiasts making a special study of some parti- 
cular point which interests them are liable to be 
carried away by results which, though showing 
real economy of a kind, do not imply an overall 
saving when co-related to a whole of which their 
subject may form only a part. This is constantly 
illustrated in engineering matters. Economy in 
coal, water, labour, or something else may be 
secured, but the commercial result frequently 
proves the death blow to many pretty schemes. 
It has not uncommonly been found that the simplest 
machine turns out the cheapest and is to be pre- 
ferred to the most economical. This was more 
particularly the case formerly’ when coal and 
labour were cheaper. Now, the incentive to 
increased running economy is greater, and though 
standing charges are high, enhanced expenditure 
on economical equipment is frequently justifiable 
where previously the net result would have been 
anything but a gain. 

In no field has this change been more marked 
than in railway operation, and particularly in loco- 
motive working, in which the great increase in 
loads of the past thirty years has further accen- 
tuated matters. At the close of the last century, 
most of the locomotive engineers of this country 
still had a justifiable preference for relatively light 
engines, and greatly deprecated anything tending 
to complicate what -was in reality a very simple 
class of machine. Reliance was placed upon 
satisfactory valve proportions and setting, apart 
from which a design had to possess free steaming 
qualities. As loads increased however, coal con- 
sumption went up, and the question of producing 
an economical engine had to be looked into more 
closely.’ Various expedients were resorted to. 
Economy to the extent of 5, 10 and 25 per cent. 





was claimed for many improved systems or devices, 
yet, on the whole, few have survived the test of 
service and scrutiny on a commercial basis. 

In the days of the relatively light and simple 
engines we were accustomed here to the use of the 
small smoke-box, a feature then thought to be 


g|essential to a handsome and well-proportioned 


locomotive. The larger box used in the United 
States was regarded as unsightly, its real merits 
being sadly discounted here by this fact. It 
is quite true that at one period in America 
things went to the extreme; this was due 
mainly to the development of spark arresters 
and deflectors, and the idea that cinders should 
be collected, but. when the matter was seriously 
studied and the proportions of the so-called self- 
clearing box arrived at, designs became rather 
more restrained. The deflectors and other gear 
used in the American smoke-boxes had, of course, 
effects on draught and blast-pipe conditions which 
were properly considered undesirable here. The 
introduction, however, of enlarged smoke-box 
volume in this country, was found, when tried, to 
be all to the good. As might have been antici- 
pated earlier, the increased space acted better 
as a reservoir, effecting an appreciable damping 
out of the blast. pulsations and evening out the 
draw on the fire, just as in pumping, an air 
vessel may be used with advantage in connec- 
tion with reciprocating pumps. The need for 
the investigation of conditions at this end of the 
boiler was recognised in America, partly with a 
view to securing a type of box which would clear 
itself of cinders. The subject was taken up by the 
Master Mechanics Association, for which Mr. Robert 
Quayle, of the Chicago & North Western Railroad, 
conducted a very elaborate series of experiments 
about 1896. Dr. Goss, in turn, devoted a great 
deal of attention to blast and chimney conditions, 
and was instrumental in drawing attention to the 
large amount of unburnt fuel commonly ejected 
from the chimney. The latter point was stressed 
by subsequent tests at Altoona, the analysis of 
these by Mr. Lawford H. Fry drawing particular 
attention to the greatly increased losses of this 
nature at the higher boiler outputs. This work 
clearly indicated a possible source of economy, 
and offered an explanation for some of the savings 
which previously had been only roughly accounted 
for. 

A point to be at once noticed in this connection 
is that, other things being equal, anything that 
can be done to improve the smoke-box conditions 
by making the effect of the blast lighter and more 
even, will tend to saving in coal. With the sharp 
pulsations common with the old box, the fire was 
constantly lifted, and, especially in firing, the small 
coal was carried away to the stack before it had 
time to do its duty. With the larger box the 
conditions eased off considerably. A further modifi- 
cation, introduced tentatively by Mr. F. H. 
Trevithick in connection with feed heating, turned 
the blast into a small chamber communicating 
with the smoke-box proper by means of a large 
number of small tubes, with the result that the 
draught on the boiler tubes was much more evenly 
sustained and well distributed, very little cinder 
being drawn through them, for equal boiler output. 

A somewhat similar effect, as regards evenness, 
is to be expected from the use of multiple cylinders, 
and it is interesting to note that this was one 
of the points brought out by Mr. H. N. Gresley 
at the recent Institution of Mechanical Engineers 
Newcastle meeting. Mr. Gresley would appear to 
be quite logical in his argument that the six beats 
of the three-cylinder machine are conducive to 
coal economy. It would be interesting to know 
whether four-cylinder engines—as, for instance, 
those in use on the Great Western Railway, show 
anything like a corresponding economy from this 
cause over two-cylinder classes. Properly speaking, 
the eight beats should show a saving rather better 
than Mr. Gresley can claim for his three-cylinder 
machines in this respect. The multi-cylinder engine 
benefits also in another way, with, most probably, a 
direct effect upon coal consumption. Mr. Gresley 
states that his three-cylinder engines show an 
increased life of tyres to the extent of no less than 
40 per cent. over the two-cylinder engines. This 
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must be mainly due to absence of slipping, which, 
assuming conditions of adhesion to be similar, 
results from the more even turning moment of the 
three-cylinder machines. Whether slipping occurs 
at starting or with greasy rails on the road, the 
effect is the same, namely, to aggravate smoke-box 
conditions by the emission of an excessive amount 
of exhaust, with a corresponding loss in unburnt 
fuel, a fact of which even the ordinary passenger 
is often advised in a disagreeable manner. A con- 
sideration of these facts suffices to indicate why 
the saving often achieved in coal is usually greater 
than the economy in water. This point was taken 
up in detail in a paper read before the Institution 
of Mechanical Engineers in 1913. As we indicated 
at the commencement of this article, however, 
whatever the fuel or water economy, it has still 
to be shown that any or all these advantages result 
in sensible commercial economy. Further light on 
this point, taking into account the additional cost 
of the multi-cylinder arrangement, would be 
decidedly interesting. On the face of them, Mr. 
Gresley’s facts would appear to support the 
three-cylinder system, but their interpretation into 
money figures would carry greater conviction. 

As we are dealing with smoke-box conditions 
we may before concluding refer to one further 
point brought out in Mr. Gresley’s paper, which 
so far seems to have escaped notice. In _ his 
investigations, with an instrument designed on 
the principle of the Collins indicator, Mr. Gresley 
has found that there is a slight pressure in the 
smoke-box at the beginning of each blast. At 
first sight one would conclude that the indication 
of this might merely be due to some characteristic 
of the instrument, but if we assume that all risk 
of inertia errors here has been eliminated, the 
explanation must be sought elsewhere. Clearly, 
if we are in search of moderate and even 
draught conditions, fluctuation between vacuum 
and pressure should be reduced to the minimum. 
At present our knowledge on the divergence 
angle of the blast is limited. The most com- 
plete work done on this was connected with 
the Master Mechanics’ investigations, and the 
tests by Dr. Goss at Purdue. There are few data 
available, however, regarding the actual effect of 
the beats on the jet form, and the positioning of 
petticoats is still largely the result of trial and 
error adjustment. It is possible that a little more 
knowledge of the shape of the jet might lead 
to some modification of the bell mouth which 
would cause the pressure now said to exist, to 
disappear. On the other hand, the momentary 
pressure may simply be built up owing to the 
inertia of the gases in the tubes and their 
accumulation in the smoke-box between beats and 
before a fresh blast has had time to develop 
and entrain them away. Further light on this 
side of the question would be welcome to all 
who believe there is still a good deal of life in the 
steam locomotive. 





THE HEATING OF ROOMS. 

In connection with the experiments on domestic 
heating which Dr. Margaret Fishenden has been 
making for the Department of Scientific and Indus- 
trial Research, the Fuel Research Board has now 
published a report that she has made with the assist- 
ance of Mr, R. E. Willgress, in which the costs of 
different methods of heating rooms are compared on 
the basis of comfort.* The report is based on cer- 
tain experiments made on subjects who kept note 
of their sensations under different conditions of 
warmth in the room, but it includes a large number 
of results collated critically from the work of pre- 
vious observers, in which men’s actual production 
and loss of heat under given temperature conditions 
were measured. It also makes use of the considerable 
volume of the author’s own previous observations, 
notably of the measurements and method by which 
she ascertained the extent of direct radiation given 
out from coal fires in different horizontal and ver- 
tical directions. It contains, in fact, a large amount 
of information that is not conveniently available 





* Technical Paper No. 12. 
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elsewhere to those who are concerned practically 
with the heating of rooms, together with a short but 
useful bibliography of the original sources of the 
results quoted. The conclusions at which it arrives 
relate solely to workers engaged in sedentary occu- 
pations not involving muscular exertion. It is to be 
assumed that further experiments of a more extended 
scope are in progress, and it may be convenient to 
wait till these are completed before discussing the 
results of the whole investigation. As far as they 
have gone, the experimental arrangements do not 
seem to be wholly satisfactory, and it may be hoped 
that means will be found to improve them. 

The experiments were made in a room of nearly 
4,000 cub. ft. capacity, 174 ft. long by 15} ft. wide 
by 14} ft. high. Its brick walls were lined with 
glazed brick to a height of 4 ft. and colour-washed 
above that level. A chimney flue ran along one 
wall, leading from a recessed hearth somewhere 
along its length. The orientation of the room 
prevented it from receiving direct sunlight. In the 
experiments in which heat was provided mainly 
by convection, the sources of heat were either four 
cast-iron sectional hot-water radiators heated in 
steps of 250 watts by electric immersion-heaters, or 
a series of 20 ordinary luminous-flame batswing 
burners of unspecified size, arranged at intervals 
round the room 6 in. above the floor. It will be 
observed that no system of warming by air heated 
outside the room was tried. Where the heat was 
conveyed mainly by radiation the source was either 
a modern gas fire placed under the chimney, or an 
open wire electric heater of vertical 500-watt 
elements with reflecting case and adjustments for 
height and inclination, or a low-temperature (up to 
750 deg. F.) gas heater about 6 sq. ft. in area, which 
almost filled the hearth opening, and consisted essen- 
tially of an asbestos-lined sheet-iron box with baffled 
interior, in which Bunsen flames played on refractory 
material. The last appliance is unusual in design, 
and although sharing with hot-water radiators the 
psychological disadvantage of working below red 
heat, it was found particularly comfortable, and 
may be worth remembering. The measurements of 
all temperatures, radiators, and air velocities were 
made by usual methods with considerable exactness. 
The condition of comfort, divided into five grades, 
with exact comfort in the middle, was estimated by 
the sensations of two subjects, who read or wrote 
and at intervals noted the extent of their comfort in 
respect of warmth. The smallness of the number 
of subjects is a weakness perhaps more apparent 
than real, as the subjects are said invariably to have 
agreed, not only with each other, but with such obser- 
vations of other investigators as were available. The 
report claims, in fact, quite fairly that while the ob- 
servations cannot be taken as an exact average, no 
appreciable error will be incurred by using them as a 
basis for comparing different systems of heating. 
According to whether the flue was open or closed 
and to conditions of external and internal tempera- 
ture and of weather, the movement of air within 
the room represented from } to 14 complete changes 
of air per hour when the heat was imparted mainly 
by convection. With systems working mainly 
by radiation the: air was changed from 2} to 4} 
times an hour, according to whether artificial draught 
was or was not used. On the basis of the results 
obtained from this room the figures for rooms of 
1,000, 2,000 cub. ft., and exactly 4,000 cub. ft., 
respectively 9 ft., 94 ft. and 114 ft. high, were 
obtained by calculation on the assumption that 
the air was changed once an hour. 

The report consists partly of quoted observa- 
tions made from a variety of aspects, and partly of 
a record of experiments, and the writer has not 
been very successful in arranging her trees so as to 
indicate the shape of her wood. It would take more 
space than can be afforded to point out the several 
respects in which the results recorded in the report 
are indefinite or inconclusive. 1t is to be hoped, 
however, that in the Department’s future publica- 
tions the necessary care will be given to assuring 
that the excellent work it inspires is so reported as to 
make its scope and effect clear. The latitude that 
custom has come to allow in papers on pure science 
cannot be extended to reports having a practical in- 
tention, without jeopardising their value. The first 





purpose of a paper on a purely scientific subject is 





to announce accurately some addition to knowledge. 
To connect it with previous knowledge is a matter 
of secondary importance, which may be omitted 
altogether if at the time of writing the connection 
has not become clear. When they are not con- 
cerned with pure science reports such as those of 
the Research Department have, however, a practical 
as well as a scientific intention. Their purpose 
cannot be attained unless they are both co-ordinated 
clearly with previous knowledge and coherent 
within themselves ; and it may even be that the 
process of making them so can have a value in 
avoiding loose thinking, and indicating imper- 
fections in a scheme of examination. The observa- 
tion is far more general than its application to 
this particular report. Technical literature is 
constantly producing examples of work that is no 
less open to such criticism. It can be made most 
appropriately in connection with the Research 
Department’s reports, partly because no question 
can be raised of the intrinsic value of most of the 
investigations they record, and partly because the 
Department is perhaps in a better position than 
most bodies to set up a high standard which would 
be valuable outside its own work. 

Without going into detail in regard to the 
report under notice, three points must be 
remarked, which seem to call for attention in 
any further work. The assumption that valid 
inferences can be drawn from rooms 14} ft. high 
to those of more ordinary heights is against previous 
belief, and ought not to be made without some 
evidence to support it. ‘The practice of changing 
the air of a rcom as seldom as one-quarter to 
one and a-half times an hour is a considerable 
reaction from the recommendation of earlier 
hygienists. Some alteration has undoubtedly taken 
place in current views on the proportions of carbonic 
acid that are tolerable; but the reduction of the 
change of air to once an hour is too great to be 
adopted as a basis for a report of this kind, without 
some explicit statement of the grounds on which it 
is made. Finally, the value of radiant heat from 
such a source as an open coal fire does not seem to 
be measured sufficiently by the amount falling 
directly on the person affected. The present 
report observes, of course, that some of the radiated 
heat is absorbed by walls, floor and ceilings, and 
serves to raise their temperature. This would 
doubtless reduce the loss of heat from the persons, 
but would not give any addition of heat to counter- 
act losses through external temperatures below 
his own. It may be, of course, that this is the 
whole story. The assumption, however, that it is 
so ought not to be made without evidence, lack- 
ing in the experiments recorded or quoted in 
the report, that none of the relatively wide angle 
of radiant energy proceeding from the fire is 
reflected on to the person. In point of fact, com- 
mon experience seems to suggest that the amount 
so reflected on to the person, and thus coming in 
aid of the source of radiation, may be considerable. 
Such experience can properly be overruled by exact 
experiment, but should hardly be disregarded with- 
out it. 

As a matter of consequence rather to the amenities 
of reports than to their intrinsic value, an expression 
of regret may be permitted that the writer has chosen 
to invent for her purposes the term ‘“ warmth 
comfort.” Heating rooms can hardly be con- 
ceived as promoting comfort except by warmth, 
and certainly not under the very casual conditions 
of ventilation assumed in this report. If, wantonly 
and for tautological uses, an accomplished writer 
chooses to coin a disagreeable neologism, to intro- 
duce it into the currency of the English language, 
is surely outside the scope of the Research De- 
partment’s mission, 





WORLD SUPPLIES OF MOLYBDENUM. 


Or comparatively recent introduction, alloy 
steels containing additions of molybdenum have 
been the subject of much research work on the part 
of Guillet, Swinden, Arnold and Read, and other 
metallurgists. Although the value of molybdenum 
as an alloying element was quickly recognised, 
difficulties were encountered owing to its somewhat 
irregular behaviour when present in steel in relatively 
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large percentages, and some of these difficulties 
have never been cleared up quite satisfactorily. In 
smaller quantities, however, and especially when 
forming one of the elements of a complex steel, 
molybdenum has usually a distinctly beneficial effect 
upon the mechanical properties of the material. 
Generally speaking, it raises the ductility and tough- 
ness of the alloy of which it is a constituent. The sub- 
stitution of molybdenum for some of the chromium 
in ordinary 3 per cent. nickel, 1 per cent. chromium 
steel, has given remarkable results. The small 
addition of molybdenum exercises a very powerful 
influence in reducing, and, in some cases, apparently 
eliminating, susceptibility to temper brittleness. 
Nickel-chromium-molybdenum steels, although only 
developed during the last two or three years, have 
definitely established themselves among the other 
industrial alloys, and their sphere of usefulness will, 
in all probability, increase with the passage of time. 

The distribution and constitution of molybdenum 
ores are, therefore, of some interest to the alloy- 
steel metallurgist. A short review of the molyb- 
denum deposits of the world forms the subject of a 
paper of the U.S. Geological Survey, recently 
issued by the Department of the Interior.* The 
aim has been to draw up a systematic list of 
all localities in which molybdenum ores are found, 
whether the deposits be large or of lesser consequence. 
As is frequently the case with the rarer elements, 
the metal is very widely distributed, but in the 
majority of instances the quantity of molybdenum 
present in these scattered deposits is so small as 
to render extraction on a commercial scale quite 
impracticable. When occurring in quantities large 
enough to be profitably worked, molybdenum is often 
found side by side with tin, tungsten, bismuth, and 
copper ores. The two most important molybdenum- 
bearing minerals are molybdenite, a sulphide of the 
metal (Mo §,), containing, when in the pure state, 
60 per cent. of molybdenum, and wulfenite (lead 
molybdate, Pb Mo O,), which has a molybdenum 
content of 26-16 percent. The former is by far the 
most widely distributed, and occurs in the greatest 
quantity in individual deposits. Ferro-molyb- 
denum, a good sample of which usually contains 
some 80 per cent. of molybdenum, 17 per cent. of 
iron and 3 per cent. of carbon, is generally manufac- 
tured in the electric furnace direct from molybdenite. 
Molybdite, a hydrated iron-molybdenum oxide, is 
often found associated with molybdenite, and is 
treated along with the latter. 

Important deposits of molybdenite occur in the 
State of Colorado at Climax and Camp Urad, within 
a hundred miles of Denver; other deposits exist 
at Questa, New Mexico, and in various localities 
in Arizona and Alaska. The chief source of wul- 
fenite in America is at Shultz, near Tucson, 
Arizona. The United States output of ore during 
1918, calculated as molybdenum metal, is given as 
390 short tons ; succeeding years show decreases. 
Canada produced over 110 short tons of molybdenum 
in 1918 ; the largest deposit in the Dominion occurs 
at Quyon, in Quebec. South America contributes 
much smaller quantities, the chief source being 
Peru, which between 1913 and 1918 produced 
yearly from 3 tons to 7 tons of molybdenum ore, 
mainly exported to Europe. Australia produced 
114 short tons of molybdenum in 1918, and 107 
tons in 1919. The richest deposits are situated 
in New South Wales and Queensland, and the 
mines form a chain extending along the whole 
of the east coast of the island continent. The 
largest individual deposit is located near Yet- 
holme (N.S.W.), on the slopes of Mount Tenny- 
son. Molybdenum ores are also produced in 
Southern Norway, at Stavanger and Lister. These 
mines are the most important in Europe, and 
came into great prominence during the late war. 
It has been estimated that the total Norwegian 
production up till the end of 1920 amounted to 
approximately 8,800 tons of pure molybdenite. 
Smaller deposits are also found in Sweden, Germany, 
Austria, Yugoslavia, and Spain. Japan possesses 
several molybdenum mines, which are being actively 
worked. 

The output of molybdenum ores has fluctuated 





* Bulletin No. 761, Gov t Printi 0 
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considerably during recent years, and this is stated 
to be due, not so much to difficulties in extraction 
and treatment as to the uncertainty of the demand 
for the mineral. When it is demonstrated that an 
open and continuous market for ore, carrying 60 
per cent. of Mo §8,, is assured, it is believed that 
several thousand tons of the mineral could be 
produced annually at a reasonable price. 





NOTES. 
Tue INSTITUTE OF TRANSPORT. 


NEw regulations have been published for the 
admission of qualified persons as graduates and 
associate members of the Institute of Transport. 
Until September 30, 1930, the present practice will 
be continued, under which persons of good education 
who are not less than twenty-five years old, have had 
five years’ experience with a transport undertaking, 
and are nominated by two corporate members, may 
be admitted without examination as graduates, 
and, as associate members, persons of the like age, 
approved by the Council, who are engaged in 
transport and for five years have had a position 
of responsibility with a recognised transport under- 
taking. Persons between 23 and 25 years old 
may be admitted as graduates if they have had at 
least three years’ traffic experience and pass the 
graduateship examination. For the associate 
membership persons not in responsible positions are 
eligible if, being at least 25 years old, they have 
had five years in transport service and pass the 
full associate membership examination, or if, being 
at least 30 years old, they have had at least ten 
years in transport service and pass the examination 
in three selected subjects instead of four. The 
minimum ages for examination are reduced to 
18 and 21 respectively. The Council may exempt 
a candidate for associate membership wholly or in 
part from the Institute’s examination if he has 
passed one of certain specified examinations by 
other bodies. The regulations come into force on 
October 1 next, and the first examinations, which 
will occupy two days, will be held between April 5 
and May 24next. Applications for exemption must 
be made to the secretary not later than December 31 
next, and entries for either examination not later 
than March 1, The alterations in the minimum 
ages of examination may, as it is hoped, induce 
candidates to take up the necessary studies as early 
as possible during their service. It seems at 
present to be expected that the partial exemptions 
described in these regulations may not be extended 
beyond 1930, 


OPENING OF THE RIBBLE PowER STATION 
AT PRESTON. 


An important stage in the development of the 
Mid-Lancashire Electricity District was reached on 
Wednesday, July 22, when the newly-erected 
Ribble Power Station was opened to service by 
Sir John Snell, the chairman of the Electricity 
Commissioners, and Lady Snell. Our readers are 
familiar with the design of this station and the 
part it will play in providing an electricity supply, 
not only for Preston, but for many of the East 
Lancashire towns and the seaside resorts on the coast 
of the Irish Sea, from the article which appeared 
in last week’s issue of ENGINEERING. There can 
be no doubt that this undertaking is certain to 
undergo considerable extension in years to come, 
and the consulting engineer, Mr, J. A. Robertson, 
has made adequate provision for the enlargements 
which will become necessary. Already some of 
the largest works in the district have decided to 
replace their own private generating plants by 
sub-station equipment taking supply from the Ribble 
Power Station, because of the economic advantage 
this action gives them. In his speech, after the 
opening ceremony, Sir John Snell said that the 
reason there were sO many private generating 
stations in use throughout the country was that the 
public stations were too small. With a few stations 
of sufficient capacity to give supplies to the largest 
and most important works, it would be found 
that electricity could be obtained from them at 
rates which would make private generating stations 





quite uneconomical, Speaking of the work of 








the Electricity Commission, Sir John Snell hoped 
that everywhere in the country they would get 
rid of their parochial outlooks in order that elec- 
tricity may be generated in bulk in a few stations. 
By concentrating generation’ in a few big stations 
they would get advantages which would benefit 
the entire country and give the consumers greater 
security because of the inter-connection of these 
stations. Sixty-eight per cent. of the electricity 
plant in this country was represented last year 
as spare plant, equivalent to capital amounting 
to thirty million pounds. That was the result of 
keeping stations independent of each other. By 
linking up the supply systems and having con- 
centration of the generating plant in a few stations, 
much of that waste of capital would be prevented. 


ENGINEERING STANDARDS. 


The British Engineering Standards Association 
has announced its intention of extending its member- 
ship to professional engineers, firms and individuals 
connected with all the great industries of the 
country, technical and trade associations connected 
with its work, and public utility undertakings. 
In addition to being entitled to the advice of the 
Association on standardisation and allied simpli- 
fying methods as practised at home and abroad, 
members are to be represented directly on the 
main committee, which will thus be brought into 
close and immediate touch with the great in- 
dustries it is seeking to serve. It is hoped that 
existing contributors, who are being invited to 
become members without additional fee, will 
maintain their present contributions. The mini- 
mum annual subscription for other members has 
been fixed at 2/. 2s. Taken in context with the 
information given at the recent annual general 
meeting, the present announcement seems to 
embody in a very modest way a decision that should 
be of great importance to all industries. It is of 
special. interest to engineers, who are the intimate 
servants of all practical arts, and among whose 
ranks the Association originated. When the con- 
siderable volume and authority of its work are 
considered, it is hard to realise that even in its 
original form of the Engineering Standards Com- 
mittee the Association is not twenty-five years old. 
The committee was founded in 1901 by the Institu- 
tions of Civil, Mechanical and Electrical Engineers, 
the Institution of Naval Architects, and the Iron 
and Steel Institute. It has now some 2,300 members 
on its technical committees, all of whom give their 
time and experience without fees of any kind, and 
will be honorary members of the enlarged organisa- 
tion. The advantage of associating the industries 
themselves with the strong professional foundation 
on which the Association has been established is 
obvious, and has been expressed emphatically in a 
recent letter from the Prime Minister to Sir Archi- 
bald Denny, the Chairman of the Association. For 
the time being absence of funds is interrupting the 
important work of translating the British Standard 
specifications and distributing them abroad. It is 
to be hoped that the success of the present extension 
will enable the work to be resumed without delay, 
but this is.only a small part of the benefit to be 
expected from the enlarged base to be given to the 
Association. 


Tue Postrion oF BritisH TRADE. 


No subject concerns more intimately each 
individual throughout the United Kingdom than 
the present condition of British trade. Yet, whilst 
the matter is of vital interest to all, few members 
of the public can be said to have studied it in any 
other than a superficial manner. It is desirable 
that we should record, therefore, the deductions 
made in an exhaustive examination of the 
position of British trade and its relationship to 
that of other countries, conducted during the last 
eighteen months by the Economic Staff of the 
Federation of British Industries. In a report issued 
by this body it is pointed out that the present 
state of affairs gives every appearance of becoming 
permanent. Our periods of greatest prosperity 
before the war were always accompanied by three 
conditions, Of these, the first was the continual 
expansion of our foreign trade, made possible by the 
increasing investment, on a large scale, of British 











[Jury 24, 1925. 








ENGINEERING. 





capital for the purpose of developing hitherto un- 
cultivated countries. That is, part of our national 
output of manufactured goods was only sold abroad 
when we lent the purchaser money to pay for his 
needs. The second condition is that stable 
political conditions existed in the principal trading 
countries of the world. The third feature was that a 
plentiful supply of money was everywhere available 
abroad. Capital and labour had been applied 
continuously for many years preceding 1914 
to the great exporting industries rather than to 
those which supplied goods mainly for the home 
market. The needs of war resulted in still further 
development being undertaken in many of these 
industries. During the post-war period from 
1920 onwards, however, the pre-war conditions 
accompanying national prosperity have been 
absent. Unstable exchanges, the difficulty ex- 
perienced by foreign countries in balancirg their 
trading accounts, a great increase in the restrictions 
and obstacles to the flow of international trade, 
and political instability, have prevailed nearly 
everywhere. Fortunately, these are temporary 
factors. Other influences, however, are the result 
of conscious or deliberate control, such as heavy 
taxation. It is further stated in the report 
that the influence of greatly increased expenditure 
on social service has stimulated home trade and 
checked export trade by raising production costs. 
The funds available for foreign and industrial 
investment have been reduced through national 
taxation. Again, the rise in the value of the 
pound sterling, which has resulted from a 
deliberate’ policy, however desirable, has forced 
up the price of our goods relative to world prices, 
thus reducing our exports. British trade, after 
slowly improving for some years, has _ been 
checked, and during the past few months a new 
decline has been in evidence. The problem to be 
solved is whether the factors unfavourable to us 
can be offset and conditions restored under which 
British industry, as at present organised, might 
prosper. Otherwise post-war conditions must be 
accepted as permanent, and an attempt made to 
adapt industry to meet the altered circumstances. 
Another report issued by the Federation of 
British Industries contains the views of that organ- 
isation regarding the proposals which have been 
made for subsidising trades for the relief of un- 
employment. Although various schemes intended 
to be applicable to a large number of manufacturing 
concerns have been examined and found unsatis- 
factory, the Federation believes that the granting 
of occasional financial assistance to one or two 
trades might prove immediately helpful in pro- 
viding employment, and of even greater value 
in preserving the efficiency and ensuring the future 
competitive power of these trades. 





PROPERTIES OF TUNGSTEN.—According to a long 
report upon the properties of tungsten, compiled by 
W. E. Forsythe ad G. Worthing, of the Nela 
Research Laboratory, and published in the Astro- 
physical Journal of April, the luminous emissivity of 
tungsten for blue and for red rays decreases slightly 
as the temperature is raised to 3,500 deg. C. absolute, 
whilst the total emissivity (total radiation per unit 
areas) increases. The melting point of tungsten is 
3,655 deg. C. (on the absolute scale), assuming gold 
to melt at 1,336 deg. and palladium at 1,829 deg. 
This melting point of tungsten is the highest of any 
substance known, with the possible exception of carbon. 
The efficiency of a tungsten lamp, the ratio of output 
in lumens to input in watts, corrected for end losses, 
rises with the temperature, from 0°09 at 1,400 deg. 
to 38-5 at 3,300 deg., and to 53-1 at the melting point 
(extrapolated value). The end losses, due to heat 
losses through the leads and support wires, reduce 
the output of radiant energy, the luminous flux, 
and thermionic emission. These losses reduce the 
efficiency by 7:8 per cent. in the case of a 115 volt 
40 watt Hn The resistivity of tungsten measured in 
microhms per centimetre increases from 5-64 at 300 deg. 
to 115-7 at 3,500 deg., and varies quite proportionally 
to temperature throughout the range. For the thermal 
conductivity this linear relation holds for the range 
1,500 deg. to 2,500 deg. The density of tungsten is 
19-3 at room temperature ; whether or not it changes 
slightly with continued drawing is uncertain. The tensile 
strength has a maximum of about 120 kg. (115 kg. 
to 160 kg.) per square millimetre at about 300 deg. ; 
at 1,200 deg. the strength is lower than at 80 deg., 
but differently treated specimens vary considerably. 
The hardness also varies much. The report further 
tabulates the characteristics of tungsten lamps. Many 
of the values given are the results of recent determina- 
tions by several methods. 
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Radiology. Radium, X-Rays, Crystal Structure.— 
For the protection of the workers in this section, 
a radium-storage safe with lead walls 2 in. thick 
is being constructed. In the case of X-ray 
work, the protective value of materials is expressed 
in terms of the equivalent thickness of lead, 
but this protective value varies with the wave- 
length. When a barium plaster was examined 
over a range from 40 kv. to 200 kv., the 
lead equivalent increased from 0-25 to a maxi- 
mum value of 0-8 at 90 kv. and then decreased 
to 0-5. The change is due to the fact that lead 
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has an absorption band for radiations at 90 kv. 
It is hence advisable to specify the probable voltage 
to be used when samples are submitted for equiva- 
lence tests. The inspection of X-ray departments 
of hospitals by a committee on which Dr. Kaye 
represents the Laboratory, and the tests of instru- 
ments, show a gratifying improvement in the con- 
struction and in the protection provided by the 
apparatus. In the very laborious X-ray spectro- 
metry and crystal-structure studies considerable 
advance has been made by applying both the ionisa- 
tion and the photographic methods on the Laue 
and Bragg systems with crystals and powders in 
Miiller and other apparatus, modified Shearer tubes, 
&c. The results are checked in this way, and the 
advantages of each method are utilised. In deter- 
mining the axes of single crystals of aluminium, for 
instance, Dr. E. A. Owen first took stationary Laue 
diagrams ; the plate was then moved horizontally 
in its vertical plane while the specimen was rotated 
or rocked. By rolling cast sheet aluminium (also 
magnesium and copper) from 1 cm. down to 0-1 mm., 





nally coarse crystals grouped at random, broke 
up into finer crystals which tended to take up a 
definite orientation. The type and dimensions of the 
space lattice, however, remained unaffected by the 
rolling, which would indicate that deformation of 
the material takes place by a process of “slip” on 
different crystal planes without any dislocation of 
the space lattice ; the Laboratory thus opposes the 
views of Czochralski (see ENGINEERING, December 14 
and 21, pages 750 and 762). Insimilar experiments 
on magnesium, which has a close-packed, hexagonal 
structure (not a face-centred cubic lattice like 
aluminium), the basal plane tended to place itself 
parallel to the plane of rolling. In the alloy 
Mg, Si, a face-centred cubic. lattice of silicon atoms 
of side 6391 Angstrém units (A)issymmetrically 
intermeshed with a simple cubic lattice of magne- 
sium of side 3:19A. In Al Sb, the two face-centred 
cubic lattices of Al and Sb are identical (side 
6-126 A), and the molecular volume of the compound 
is shown to be greater than the sum of the con- 
stituent atomic volumes by X-ray, as well as 
by other, measurements. 

Among the special work of this kind we may 
mention the determination of the crystallographic 
axes of diamonds, undertaken, in conjunction with 
the Metrology Department, to investigate their 
behaviour as instrument bearings. Bad stones 
wear the steel pivots rapidly and are therefore known 
as ‘“‘cutting’’ diamonds. Examined by the Laue 
method, the bearing surface being mounted at right 
angles to the X-ray beam, only “‘ bad’ diamonds 
showed trigonal symmetry, and the calculations 
indicated that, in the bad cases, the bearing surface 
is approximately parallel (within 5 deg.) to the 
cleavage plane, whilst in good-bearing diamonds the 
bearing surface is across the cleavage plane. The 
experiments also explain why it is very difficult to 
polish diamonds along cleavage planes. Insulated 
cables were tested for weeks and months in order to 
ascertain whether the core tended to sink through 
the insulation after prolonged heating ; the speci- 
mens submitted stood this test very well. 

Optics—There have been some changes in the 
stafi of this division, but the chief members, 
Mr. T. Smith, Mr. J. Guild and Dr. J. R. 
Anderson, remain and are continuing the routine 
work and -the investigations associated with their 
names. The work on coloured glasses and on 
roofing and window glazing has been continued. 
The yellow-light standards supplied by Messrs. 
Chance Brothers for the requirements of the Air 
Ministry differ somewhat from those for railway 
service. In the study of the selective absorption of 
optical glasses, considerable difficulty has been 
experienced in procuring suitable specimens, and 
not all of the colour-temperature pyrometers, in use 
for colour standardisation, have been found generally 
satisfactory. Two rotatory-dispersion pyrometers 
of the Priest type have been constructed in the work- 
shop of the department. The one, suitable for 
colour-temperatures up to 4,000 deg. C. absolute, 
has one quartz plate between two nicols ; the other, 
for wider ranges, including colour-temperatures 
associated with sunlight and light from the sky, 
has two quartz plates and three nicols. 

As regards test work, telescopes, sextants and 
theodolites have been submitted in increased 
numbers. Much of this and other work is done 
for the Admiralty, which is ready to purchase the 
sextants of naval officers provided that the instru- 
ments have passed the Laboratory Class A test. 
On the other hand, fewer photographic shutters 
have been sent in, though there are frequently 
great discrepancies between the nominal and 
actual speeds of these shutters. In the constant- 
temperature room, of about 15 ft. cube, the tem- 
perature can be kept constant within 9-05 deg. C. 
The air is drawn into the space between the double 
walls over heaters and coolers, and delivered into an 
18-in. trunk running along the bottom of the walls. 
It enters the room through baffles and is taken up 
through openings in another trunk near the ceiling. 
The elaborate control thermometer consists of 
850 m. of enamelled copper wire stretched to and fro 
underneath the ceiling, and of another system of 
finer wires, more closely spaced, at right angles 
to the former; these wires are connected with 
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heaters, local temperature fluctuations can be 
corrected or created. 

Electricity. Electrical Standards and Measure- 
ments.—Mr. D. Dye’s measurements indicate that 
the mercury international ohm tubes have changed 
in the last ten years, in general by about three 
parts in a million. Most of the tubes now 
require more mercury to fill them, but one tube 
requires less (two parts in 10°); the tubes are 
kept vertical and embedded in ice. As regards 
radio frequencies we illustrated Mr. Dye’s standard 
multi-vibrator wavemeter on page 727 of our issue 
of June 12 last. His cathode-ray tube, another 
remarkable instrument for the same measurements 
and the delineation of wave form, is of the 
Zenneck-Liibke rotating-ray type, but differs from 
similar apparatus in many respects and admits of 
varied modes of application for the superposition 
of telephonic (tuning fork) frequencies on radio 
frequencies on a circular and elliptical or also linear 
time base. The wave form, seen on the fluorescent 
screen of the tube, can be photographed in a few 
seconds by holding bromide paper on the top of 
the tube. 

Arrangements have also been made for the trans- 
mission of short waves-of 25 m. Measurements of 
the nominal and the observed frequencies of 20 
transmitting stations (European and American), 
made in conjunction with the U.S. Bureau of Stan- 
dards and the Reichsanstalt, are in general accord, 
and show that the variations from the mean are 
mostly smaller than the differences between the 
nominal and the true frequencies ; also that stations 
controlled in frequency are remarkably steady. 
The Laboratory transmits, to a radius of about 100 
miles, between 3 and 4 p.m., G.M.T. on alternate 
Tuesdays, standard waves ranging from 320 to 60 
kilocycles per second ; these frequencies are inde- 
pendent of the small variations in capacity due 
to the swaying of aerials. Piezo-electric quartz 
resonators of the Cady type are serving as con- 
venient secondary standards of radio frequency 
for the range 200 m. to 7,500 m. (1,500 to 40 
kilocycles) ; they are portable and have a negligible 
temperature coefficient. For the determination of 
the effective resistance under direct and under high- 
frequency currents, thermal measurements have 
been made on coiled glass tubes filled with mercury. 
The results agreed with electrical measurements 
within 0-01 ohm up to 1,500 kilocycles, 

The standard sonometer, illustrated in Fig. 3; 
was designed by Mr. Dye for measuring telephonic 
frequencies from 100 to 10,000 cycles per second, 
in cases when only a few tuning forks are available 
for comparison. A phosphor bronze wire, 1 m. 
long, 0-3 mm. in diameter, weighted at its lower 
end, is stretched between an upper nodal groove or 
point, formed by two steel balls in contact, and a 
lower nodal groove formed by a small wheel, 4 mm. 
in diameter. This lower point is on a carriage 
which can be racked up and down on slides ; the 
two pointers of the carriage indicate frequency on 
direct-reading scales. A small current from the 
source, the frequency of which is to be measured, 
is passed down the wire, part of which lies between 
the poles of a permanent magnet mounted to slide 
along the wire. A large resonant vibration occurs 
when the free length of the wire is such that its 
frequency of vibration in a single loop (or several 
loops) is equal to that of the source. The wire can 
be made to vibrate in 1, 2, 3, 5, 10 or more loops. 
There are four scales on the rack, two on the left 
for vibrations in 1 or 3 loops, and two on the right 
for 5 and 10 loops; a change in frequency of one 
part in 1,000 corresponds with a length of 0-4mm. 

The standard variable condenser of Messrs. Dye 
and Tomlinson involves some interesting mechanical 
improvements. The plates are vertical on a hori- 
zontal axis and the whole movable-plate system can 
be shifted axially into the position of electrical 
symmetry at which capacity is a minimum with 
respect to axial displacement. Accurate settings 
are made by worm-gearing mounted in a cradle, 
and to compensate for any small local variations 
in capacity due to irregularities (i.e.. to adjust so 
that one revolution of the worm'makes a change 
of exactly 100 wy F. all over the range) the end 
plate has been developed into a movable correcting 
plate. 


A minor point which may be mentioned is that 
the new electrostatic voltmeter showed a change 
of reading of 1-2 volt on reversal of a continuous 
potential of 100 volts, but this change was almost 
eliminated by boiling the indicators in a solution of 
soap and washing soda. 

Wireless Division—That the Laboratory and 
Dr. R. L. Smith-Rose have taken a prominent part 
in the researches on radio direction-finding over 
land and sea, the variations of bearings of trans- 
mitting stations and the effect of the shape of the 
transmitting aerial in direction finding, has been men- 
tioned previously in ENGINEERING. The portable 
apparatus used for the measurement of the intensity 
of signals (so far only long-wave) at varying distances 
from the source, is installed on a motor-car, with 
which Mr. J. Hollingworth travels from place to 
place. A large receiving frame aerial, the wires 
of which are insulated by means of porcelain, fits 
into a box placed on the car, which also carries 
the apparatus for recalibration. Various other 
investigations comprise amplification, determination 
of voltage ratio in input and output, .equivalent 
decrement of transmission, fundamental researches 
on short-wave transmission, and also measure- 
ments on intervalve transformers. In Mr. F. M. 
Colebrook’s experiments on the most efficient aerial 
and earth systems for reception on the broadcast 
range, the earth consisted of a buried metal plate, 
water and gas mains, or insulated or earthed wire 
screens, arranged 3 ft. above the ground under 
and parallel to the aerial. It was found that the 
insulated earth screen, consisting of four wires 
about 10 ft. apart, was greatly superior to the 
buried plate or water-main connection. Earthing 
of the screen destroyed its superiority, unless the 
earth lead was separately tuned. A two-wire aerial, 
with wires 8 ft. apart, 30 ft. high, and 80 ft. long, 
proved very satisfactory in all respects, and prefer- 
able to a single-wire aerial. 

Electrotechnics. Alternating Currents.——Much of 
the work done in this division under Dr. E. H. 
Rayner, and in the Direct-Current. division, under 
Mr. S. W. Melsom, has been confidential, or con- 
nected with the erection and equipment of the new 
High-Voltage Laboratory, which is to be opened by 
June, 1926. Arrangements are being made there 
for the production of currents at 1,000,000 volts 
single-phase and 600,000 volts three-phase, and 
foreign installations have been visited in this con- 
nection. With respect to instruments submitted 
for testing, considerable numbers are still outside 
the limits of indication errors recognised by the 
British Engineering Standards Association, though 
scientific methods certainly find more general 
appreciation. The characteristics of the type 
of instruments, e.g., the’ rise of temperature by 
the application of current, are not sufficiently 
taken into consideration. The Laboratory is, there- 
fore, preparing notes for the assistance of manu- 
facturers and designers. Large power transformers 
are frequently designed so as to have a high react- 
ance, with the result that, the efficiency being high, 
the measurements of internal power losses may 
have to be carried out at a very low power factor, 
about 5 per cent.; the instrumental difficulties 
are serious when the current is large. 

Direct-Current Work. Cables, Earthing.—The 
cable research for the British Electrical and Allied 
Industries Research Association, and also for 
Government departments is being continued by 
Mr. Melsom and Mr. H. C. Booth. Tests of di- 
electrics and of resistance materials, in salt and 
acid sprays, in sea water, and under alternate 
heating and cooling, are included in this research. 
Reports have been published on the international 
standard for the reisistivity of aluminium con- 
ductors, on the efficiency of the end connections 
and the short-period rating of large-current shunts. 
The installation of single-conductor cables on 
alternating circuits in buildings embodying steel 
girders has demanded serious attention. The 
sheaths of two cables forming the outgoing and 
return conductors are generally bonded at intervals 
because of the presence of the structural metal 
work to which cables and joint boxes are attached. 
When the cables are bonded, however, the currents 
induced in the lead sheaths decrease the safe 
current-carrying capacity, and the correct mutual 








position of two cables for maximum permissible 
loading has to be determined ; tables for cables .of 
small cross section, so far of 0-1 and 0-5 sq. in., 
have been issued. The question of earthing has also 
arisen in a more general form. Some water com- 
panies object to the use of their mains for earthing, 
and the department is therefore investigating how 
a good earth can be secured in various soils by 
means of iron pipes and plates or copper strips 
buried to different depths. 


(To be continued.) 





HOME OFFICE REGULATIONS FOR 
THE GRINDING OR GLAZING OF 
METALS. 


AFTER consultation between the Secretary of State 
and the associations of employers and workers con- 
cerned, a revised draft of the regulations governing 
the grinding and glazing of metals, and processes 
appertaining thereto, has been issued by the Home 
Office. It is stated that, as now drafted, these have 
been accepted by the Engineering and Allied Employers’ 
National Federation, and the various other organisa- 
tions affected. The regulations as a whole are devised 
for the protection of persons engaged wholly or mainly 
in grinding operations of various kinds, and do not 
call for special comment. The exemptions which are 
set out are, however, of considerable interest. Amongst 
others of lesser importance, it is stated that the regu- 
lations are not applicable to any process in, or incidental 
to, the manufacture of cutlery and cutting tools 
generally ; and that they are not applicable to any 
factory in which only repairs are carried out. It is 
further stated that they do not apply to the sharpening 
of tools or implements for use in the factory. In the 
last two cases a proviso is made that the exemption 
does not cover cases where persons are wholly or 
mainly engaged in grinding operations. 

So far as the numerous short grinding operations 
incidental to work in an engineering shop, other than 
the sharpening of tools, are concerned, a proviso is 
inserted that the regulations are not applicable in 
cases where a person engaged in such operations is not 
employed upon them for more than twelve hours per 
week. This proviso does not cover the clause which 
requires that not more than one person shall at any time 
be allowed to work on a wheel, or that requiring a 
notice to be permanently affixed in every room where 
grinding is carried out, specifying the safe peripheral 
speed of every wheel, together with the speed of the 
spindle upon which the wheel is mounted, and the 
allowable diameter of the spindle pulley. The revised 
draft is accompanied by a notice to the affect that any 
objection to the regulations must be made before 
August 11. Copies may be obtained on application to 
the Factory Department of the Home Office. 





AvuToMATIC TELEPHONES ON Boarp Sure.—The 
recent fitting of the submarine depot ship H.M.S. Dolphin 
with an automatic telephone installation indicates belief 
in the practicability of the system for marine purposes. 
The equipment was manufactured and erected by the 
Automatic Telephone Manufacturing Company, of Edge 
Lane, Liverpool, and rmits intercommunication 
between 24 telephones, the latter being of the usual 
desk type complete with calling dials. The set, which 
is built on the Strowger system, operates at a pressure of 
12 volts, current being furnished by six chloride cells. 
The batteries, which have each a capacity of 14 ampere- 
hours and a charging rate of 3 amperes, are in duplicate, 
enabling one set to be held in reserve or on charge, while 
the other is in service. Lamps are used for regulating 
the charging current from a motor-generator. An 
automatic switchboard is accommodated in a deck cabin 
10 ft. 6 in. by 5 ft. by 7 ft. 4in. A test frame is provided 
together with the necessary lightning-arresters and 
protective devices, affording facilities for testing the 
system. 





THE GERMAN ENGINEERING INDUSTRY.—The De- 
partment of Overseas Trade informs us that the 
Deutsche Bergwerks Zeitung of June 12 contains a report 
of the Association of German Machine Works which 
states that employment during May has, with a few 
exceptions, been more unfavourable than in the preceding 
months. This state of affairs is due to the fact that 
inquiries and orders have decreased during the past few 
weeks, and a number of works are complaining that 
business is bad. During the last few months the export 
trade has been at a very low level, and in May the position 
became still worse. Of the total orders received by the 
German engineering industry during recent months not 
more than 20 per cent. fell to exports, whereas in the 
preceding years the figure ranged from 25 per cent. to 
30 per cent. The industry has, therefore, become more 
and more dependent upon the home market, and the 
decline in home orders in made itself keenly felt. The 
chief sufferers have been those firms engaged in the 
manufacture of engines and machine tools, and in the 
installation of mining, smelting, and rolling-mill plants. 
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NOTES ON NEW BOOKS. 


Amonest the total number of boiler explosions 
which occur every year there are but few which are 
due to the incompetence or neglect of the attendants. 
Explosions should not be regarded as accidental occur- 
rences, since they are due to deterioration of materials 
and defects in design which could have been detected 
long before trouble was experienced if careful periodical 
inspection had been resorted to. That this is the case is 
brought out in the annual reports of the Board of Trade 
and of the companies undertaking boiler inspection. 
While those who are solely concerned with the 
questions involved in boiler construction and working 
may take the trouble to study every available piece 
of information relating to failures of boilers, it is not 
usual for others, who have to make provisions for safety 
of working in their factories, to have the time or 
inclination to wade through a mass of official statistics 
and information. It is for this reason that we welcome 
a new and enlarged edition of “‘ Steam Boilers ; their 
Defects, Management and Construction,” by Messrs. 
R. D. Munro and George Ness, which was recently 
published by Messrs. Charles Griffin and Co., Limited, 
Exeter-street, Strand, London, at a price of 10s. 6d. 
net. To those concerned with the design and manage- 
ment of boilers, this work, by two men who have 
themselves done much to contribute to the safety 
of working of boilers, must make a wide appeal. In 
the book a great number of examples of defects in 
boiler construction are cited, and their actions in 
causing future trouble are discussed. The new 
edition contains matter on the methods adopted 
for the strengthening of the end and crown plates of 
locomotive-type and multitubular boilers. Much ex- 
tension has been made in the chapter relating to vertica! 
boilers, which now-a-days find numerous applications. 
The methods adopted for staying are examined, 
and a chart is given, which was prepared from 
Bach’s experiments, to show the strength of dished 
plates of various dimensions. An entirely new chap- 
ter is incorporated in the work on the subject 
of water-tube boilers, in which there is much good 
advice given on the management of this type of 
steam generator. We have no hesitation whatever 
in recommending this book to all who are concerned 
with the safe working of steam plant. 





The object that Mr. G. L. Hosmer had in view in 
writing a book on Practical Astronomy (New York: 
John Wiley and Sons: price 13s. 6d.) was to furnish 
students of engineering with a textbook which would 
supply the kind of information that would enable them 
to use their instruments intelligently and to apply the 
results of observation with confidence. It carries on 
the title-page a note to the effect that this is a third 
edition, showing that the work has been found helpful 
and trustworthy and has had the advantage of frequent 
revision. It seems to us that those who produce an 
elementary book on this subject face a very hard 
task, since accuracy has to be combined with interest 
in the endeavour to encourage the student without 
hindering him by the presentation of initial and 
technical difficulties. Mr. Hosmer has filled this 
double réle satisfactorily. He has been as successful 
as could be expected in explaining to the student 
the methods of measurement on the celestial sphere, 
the mechanical imperfections of instruments, the 
necessity for and determination of instrumental and 
arithmetical corrections, and the correct applica- 
tion of results to practical problems. Following the 
example of earlier writers, we think that he intro- 
duces an appearance of greater accuracy than the 
observations possess; with instruments that read to 
minutes only it is useless, and possibly misleading, to 
give the right ascension of stars to hundredths of 
seconds, and in some instances even the thousandths 
are quoted. As some one has wittily said, the more 
places of decimals that are given the greater are the 
chances that some are correct. The method of using in- 
terpolation between known values seems to us inferior, 
for actual computation, to the Newton formula and 
its modern developments. We hope that the author 
will excuse us if we say that where 5 appears as 
a factor in the formule for instrumental corrections, 
he would have assisted the student had he explained 
the meaning of the correction when 6 is 90 deg. and the 
correction consequently infinite. We would ask him, 
too, if he could give any observational proof that the 
rotation of the earth on its axis is not uniform. From 
the description of the moon’s motion on page 5 and 
the figure on page 159, a reader will have a difficulty 
in understanding how it is that the path of the moon 
is always concave to the sun. But such omissions are 
of slight importance and, like many others, perhaps 
lie outside the scheme the author proposed to himself. 





In his book on “‘ The Management of Marine Engines 
and Boilers,” Mr. Eric Prince states that his object is 
to show how the knowledge acquired for sea-going 


certificates can be applied to engine-room conditions. 
His work covers the field of reciprocating steam 
engines and return-tube boilers. The volume contains 
a considerable amount of the published deductions of 
authorities who are quoted, and, in addition to the usual 
questions of upkeep and general routine work, a part 
deals with analytical statistics and questions of general 
economics. The book should be of use to juniors as a 
general reference work, although some of the matter is 
extraneous, rather obvious, and, in some cases, out 
of date. Recapitulation of Seaton’s formula for 
economic speeds, for instance, is not justifiable to-day 
and would have been usefully replaced by some of the 
modern research results, if such data is thought necessary 
in what purports to be a guide for practical engineers. 
The author makes a strong point of having an efficient 
workshop on board, and, generally, his recommendations 
are such as are adopted for 20,000 ton liners and motor 
ships, whereas the text of the book gives the impression 
that he has only low-powered tramps or coasting 
vessels in his mind, as may be judged from his reference 
to the capacity required for oil-fuel settling tanks. The 
practicability of some of his recommendations for 
efficiency tests is also open to question. Many of the 
purely practical points raised are matters of opinion and 
will certainly be traversed by craftsmen; such, for ex- 
ample, as the dictum regarding steam-pipe flanges. Con- 
sidering that the largest British liner companies accept 
screwed flanges for pipes up to 9-in. diameter and rivet 
larger ones, it is hardly correct to condemn this practice 
in favour of electric welding. Disagreement is also 
likely in connection with the recommendations regard- 
ing crank leads; practice shows that when the L.P. 
leads, the exhaust line is most steady. The recom- 
mendations for converting coal bunkers for carrying 
oil fuel are somewhat crude, and as such structures are 
usually cared for by ship constructors, that part of the 
volume might be usefully replaced by a paragraph on 
suitable sizes of oil-fuel piping. 





In our issue for May 20, 1921, we gave a few 
particulars concerning the wanton destruction of 
collieries in Northern France by the Germans during 
their occupation of the territory during the period of the 
war. Our description also included data on the 
admirable work of reconstruction carried out by the 
French mining engineers. Illustrated information 
similar to ours, together with other data concerning 
different collieries, are contained in ‘‘Htudes Techniques 
du Groupement des Houilléres Victimes de l’ Invasion. 
Tome I, Destruction, Déblaiement, Dénoyage,”’ a work 
published under the auspices of the Comité Central 
des Houilléres de France. The mining companies 
fully expected that as a result of the war the surface 
installations would suffer damage; as a matter of 
fact—and the companies acknowledge this—the surface 
installations in many instances were heavily wrecked 
by the guns of the Allies. It was only after the war 
that the French engineers discovered the extent to 
which deliberate destiuction had been carried by the 
enemy. Shafts were dynamited, leading to the flooding 
of the underground workings, to caving in at the 
pit mouth, and to the consequent collapse of 
pithead gear which otherwise would have remained 
intact in several instances. From one shaft of the 
Liévin group of collieries there were recovered on 
August 1, 1923, 11 shells, 1,782 grenades, 3 cases of 
explosives, 208 demolition cartridges, and 126 
detonators. When the French regained possession 
of their territory they were faced with a stupendous 
task, but they tackled this with a will and displayed 
real ingenuity in again making good their property. 
The book explains in detail, and with the aid of 
numerous illustrations, the measures taken in every 
separate instance for carrying out reconstruction, and 
the information it contains may be useful to mining 
engineers in this or in other countries. The book 
is issued by Messrs. Gauthier-Villars et Cie., 55, Quai 
des Grands Augustins, Paris, at the price of 40 francs. 





NATIONAL PHysICAL LABORATORY.—We are informed 
by the Director of the National Physical Laboratory that 
the Metrology Department are now prepared to undertake 
the examination of gear-cutting hobs. The complete 
measurement of a hob is divided into a number of different 
measurements ; comprising the spacing errors of the 
teeth, the spacing errors of the different helices of a mul- 
tiple start hob, the pitch diameter and helix angle, the 
tooth form, the eccentricity of teeth with respect to the 
hob axis, the effect of grinding the teeth, and the angular 

itch of cutting faces and helix angle of the flutes. As it 
is not always essential that the whole of these measure- 
ments should be made, separate prices have been fixed 
for each measurement, and tests can be applied com- 
prising any selected group of measurements. The Labo- 
ratory is prepared to advise as to the tests necessary 
according to the work to be done. Details of the tests 
may be obtained from the pamphlet dated June, 1925, 
which is supplementary to the pamphlet on gear measure- 
ment dated April, 1924, and is obtainable on application 





LETTERS TO THE EDITOR. 


WIND STRESSES. 
To THE Eprror oF ENGINEERING. 


Str,—Referring to the article on ‘“‘ Wind Stresses 
in Steel Mill Buildings” appearing in your issue 
of January 16, 1925, the statement that the 
article is written from the point of view of the 
man at the hoe raises a point that appears to have 
been overlooked, viz., that design for wind stresses 
does not follow the National Physical Laboratory 
experiments on models of buildings. 

The wind pressures used in design can be very closely 
reconciled with experimental values by remembering 
that there are two sides to a roof or wall, and that the 
pressures on the inside must be added to those on the 
outside to give the total loading on the structure. If 
there are openings communicating with the area of 
negative pressure to leeward, there is a partial exhaus- 
tion of the air inside the building and a tendency to 
collapse inwards ; this, in conjunction with the pressure 
on the windward side, gives the maximum loading on 
the structure. By taking the maximum _ internal 
negative pressure as equal to the greatest suction 
found in the above experiments, it will be seen at once 
that the usual design methods are in accordance with 
the experiments. 

Yours faithfully, 
A. P. Firockart. 
Hydro-Electric Department, Hobart, Tasmania. 
June 5, 1925. 





MECHANICAL CASUALTIES. 


To tHE Epiror oF ENGINEERING. 


Sir,—We thank you for the kind reference given in 
your last week’s editorial to our technical report for 
1924, but should be glad if you grant us space to fore- 
stall an erroneous impression being formed in our 
statements with regard to annealing temperatures. 

When suggesting that the temperature should not 
be allowed to exceed 600 deg. C., we were referring to a 
specific form of treatment suitable for relieving the 
stress in a machined connecting rod bolt of doubtful 
composition and origin, carried out with the object 
of preventing sundry malpractices by unskilled opera- 
tors. If the treatment were carried out for other 
purposes or under different circumstances, our recom- 
mendation would have been modified accordingly. 
With regard to the upper limit of 700 deg. C., we 
stated, ‘‘ These defects may be caused by holding the 
article for a lengthy period at a temperature range 
which lies immediately below 700 deg. C.’’ In general, 
we have no objection at all to higher temperatures ; 
in fact, for many purposes not referred to in the report 
a considerably higher temperature is most desirable, 
as it 1s also for the stress in the material to be totally 
eliminated. 

Yours faithfully, 
British Engine, Boiler and Electrical 
Insurance Company, Limited. 
Harry M. Lonerince, Manager. 
Manchester, July 20, 1925. 





THE PARSONS’ LINE. 


To THE EpiTor oF ENGINEERING. 


Str,—The article by Mr. R. H. Parsons in your issue 
of the 10th inst. was most interesting, although his 
suggestion that the straight-line relationship between 
coal consumption and output of power stations in 
general may be regarded as practically correct up to 
outputs of 100,000 kw.-hours per shift seems to be 
unjustified. I would suggest, from consideration of 
the variation of efficiency with load for all types of 
plant, that the relationship can only be properly repre- 
sented by a curve for all stations—the extent of the 
departure of this curve from the straight-line first 
approximation being a function of the percentage load- 
ing and not of the size or output of the station. 
I would like to know whether the records, so fully 
examined by Mr. Parsons, show the feature to be 
observed in the similar records for Dalmarnock pub- 
lished by you on September 1, 1922. In the latter, all 
the points for the night shift were above the Parsons’ 
line, and practically all those for the afternoon shift 
(with very similar outputs) were below it. I have 
not noticed any published explanation of this, nor 
how allowance is made for variations in thickness or 
condition of fires, and other factors, such as banking 
boilers and bringing them into service again, in judging 
the relative efficiencies of operation on these two 
shifts. 
Yours faithfully, 

Jas. CUNNINGHAM. 





to the authorities. 





Sheffield, July 20, 1925. 
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LABOUR NOTES. 


During the week, continuous efforts have been made 
to ease the deadlock in the coal-mining trouble. The 
Court of Inquiry, as was anticipated would be the case, 
has carried on its work without assistance from the 
Miners’ Federation, whose executive council adhered 
to the attitude that it could accept no court of inquiry 
that had for its object the ascertainment of whether 
mineworkers’ wages could be reduced or their hours 
extended. Expressed in other words, the position of 
the Federation was that it would not take part in any 
investigation or conference unless the coal-owners 
withdrew their proposals. The mine owners were 
approached by representatives of the Government, 
who apparently suggested that they should so modify 
their attitude as to make a joint conference with the 
Federation possible. On Tuesday night, Mr. Lee, the 
Secretary of the Mining Association, sent the following 
communication to Mr. Cook, the Secretary of the 
Miners’ Federation :—‘‘ The members of my com- 
mittee, seeing your published statement, and in view 
of the misunderstanding which evidently exists as to 
what each side means by its recent declarations in 
regard to a further joint conference, suggest that your 
executive and our Central Committee should meet as 
early as possible to ascertain exactly what each side 
does mean. My committee would be prepared to 
meet your committee any day this week.” 

To that, Mr. Cook replied stating that his executive 
were meeting in London on the following day, and that 
he would place the letter before them and let Mr. Lee 
know their decision by telephone, if necessary. “I 
can assure you,” he added, “ that a meeting between 
the two sides could be arranged for to-morrow (Wednes- 
day) if you could see your way clear to withdraw 
your proposals, and thus clear the ground for an open 
conference wherein both sides could bring forward 
whatever proposals they choose. I hope still to hear 
from you that this request is conceded.” After 
Wednesday’s meeting of the executive the following 
letter was sent to Mr. Lee by Mr. Cook :—“ Your letter 
of the 21 inst. was considered by my committee this 
morning. In the committee’s view there can be no 
misunderstanding regarding the situation. Our posi- 
tion is simply that we agree to meet the owners in open 
conference if and when their proposals are withdrawn. 
This concerns the last paragraph of my letter of yester- 
day.” 





On Tuesday, at Scarborough, the Transport and 
General Workers’ Union passed a resolution to the 
effect that the conference, having carefully reviewed 
the proposals made by the mineowners, regarded 
them as outrageous and embodying principles of a 
character which, if accepted by the miners, would 
have a detrimental effect upon the whole of the work- 
ing classes of this country. ‘‘ The principles involved 
in the proposals,” the resolution proceeded, ‘‘ warrant 
the whole working class movement accepting the 
challenge and resisting their enforcement upon any 
section of the workers. The miners are justified in 
refusing to negotiate upon such a basis, especially 
with the threat of a lock-out hanging over their heads. 
Having regard to these facts, the conference empowers 
the General Executive Council to co-operate with the 
Trades Union Congress General Council for the purpose 
of assisting the miners to resist the imposition of the 
proposed conditions. Further, we demand the uncon- 
ditional reopening of negotiations and the taking of all 
facts necessary to secure for the miners an absolutely 
square deal.” 





The proposed labour alliance in support of the miners 
is unlikely to function during the present trouble— 
if it ever functions at all. So much, at any rate, is 
not unreasonably to be inferred from the official 
report which was issued after last Friday’s Conference 
in London to consider the draft constitution. 
Mr. Bevin, who gave it out, stated that the draft 
constitution had been examined clause by clause, 
and the implications and responsibilities which would 
rest upon the various societies accepting it had been 
considered. The following resolution, he added, had 
been adopted :—‘ That this conference, having heard 
the report of the committee appointed by the 
St. Pancras conference setting forth the constitution 
of the industrial alliance with all its implications, 
recommends the executives immediately to give 
consideration to the matter and to consult their 
constituents, and report to a further conference to 
be called in a reasonable time.” 





An important fact, which the official statement 
leaves obscure, is that, in, at any rate, one of its pro- 
visions, the proposed draft is in serious conflict with 
the constitution of the majority of the unions. It is 
sought to put into the hands of a general council 
power to order either a complete or a partial stoppage 


of the allied unions in support of a movement by one 
or more of the affiliated organisations. Moreover, if, 
in its opinion, only a partial stoppage is necessary, the 
proposed central authority is to have the power to 
call on the unions whose members remain at work 
financially to support the other organisations. None 
of the unions represented at Friday’s conference, 
except the railwaymen’s and, perhaps, the transport 
workers, gives its own executive council such arbitrary 
powers. Strikes cannot take place unless with the 
authority of ballot votes of the rank and file on definite 
issues. The rules of puactically all the affiliated 
organisations would have to be drastically altered 
before the proposed constitution could be adopted— 
before, as a matter of fact, the unions could even be 
invited to ballot on it. Alterations of the rules of 
trade unions take a long time to effect, so that even 
if the rank and file desire, in this instance, to make the 
necessary changes—and in the light of the miners’ 
decision at Scarborough it cannot safely be said that 
they do—a long time must elapse before the suggested 
alliance can be effective. That the miners them- 
selves incline to that opinion seems to be proved by 
their decision now to put the conduct of this move- 
ment into the hands of the General Council of the 
Trades Union Congress. 





The rule of the Miners’ Federation of Great Britain 
bearing on the point is typical of the majority. It is as 
follows :—“ Before a national strike is entered upon 
as the result of any finding of a conference, a ballot 
vote of the members shall be taken, and a strike shall 
not be declared unless two-thirds of those voting vote 
in favour of such a strike. If a ballot be taken during 
the time a strike is in progress a vote of two-thirds 
of those taking part in the ballot shall be necessary to 
continue the strike.” At the Scarborough National 
Delegate Conference, a discussion took place on a 
resolution sent up by Northumberland that the execu- 
tive, or a national conference, of the Federation 
should be given power to call the members out on 
strike without a ballot vote on any question which the 
committee or the conference might consider required 
immediate action. A representative of Scotland moved 
the rejection of the resolution and the retention of the 
present rule, and a representative of Yorkshire seconded. 
Representatives of Lancashire and Nottingham 
supported them, and eventually, on the advice of 
Mr. Smillie, Northumberland withdrew its proposal. 





Like the central body of the proposed labour alliance, 
the General Council of the Trades Union Congress, 
upon which, apparently, the miners are now relying 
to co-ordinate the activities of the whole movement 
in support of whatever action is taken, has no power to 
order strikes—sympathetic or otherwise. Moreover, 
it has no money other than is voted to it by Congress, 
and it cannot order affiliated unions to give other 
affiliated unions, when necessary, financial support. 
Efforts are, however, to be made at this year’s Congress 
to extend its powers in these directions. The National 
Society of Brass and Metal Mechanics proposes that 
‘the General Council shall have power to call on all 
affiliated societies, in the event of a dispute, either to 
down tools or to render financial aid,”’ and the National 
Union of Vehicle Builders that ‘‘ the General Council 
be given powers to call for a stoppage of work by an 
affiliated organisation, or part thereof, in order to assist 
a union defending a vital trade-union principle.” It 
will be interesting to see how these resolutions fare, 
although, in all probability, the responsible leaders of 
Trade Unionism would rather the question were not 
raised at all. 





The Ministry of Labour states that on July 13, 1925, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,248,500 
—973,300 men, 33,200 boys, 215,000 women, and 
27,000 girls. On July 6, 1925, the number was 
1,300,350—1,016,687 men, 35,621 boys, 220,488 women, 
and 27,554 girls—and on July 14, 1924, it was 1,025,993 
—781,060 men, 30,238 boys, 187,340 women, and 
27,355 girls. 





According to The Ministry of Labour Gazette, there 
was a decline of employment during June, especially 
in the coal-mining industry. Among the 11,500,000 
workpeople insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed at 
June 22, 1925, was 12-2 as compared with 11-2 at 
May 25, 1925, and with 9-4 at June 23, 1924. Among 
the members of those trade unions from which returns 
were received, the percentage unemployed was 12-3 
at the end of June, 1925, compared with 10-1 at 
the end of May, 1925, and with 7-2 at the end of 
June, 1924. 

The decrease, during June, in the total number 
employed was due mainly to the decline in employ- 














ment in the coal-mining industry. There was also 
increased unemployment in the iron-mining, iron and 
steel, shipbuilding, cotton, wool, textile, jute, carpet, 
pottery, and brush-making industries, but in a number 
of other industries, including tinplate and steel-sheet 
manufacture, the linen industry, and the glass trades, 
minor improvements were recorded, 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported in June resulted in an aggregate 
reduction of over 38,000/. in the weekly full-time wages 
of about 423,000 workpeople, and in an aggregate 
increase of about 25,000/. in the weekly wages of 267,000 
workpeople. The principal groups of workpeople 
whose wages were reduced were coal miners in York- 
shire and the East Midlands, where the percentage 
addition to basis rates was reduced by the equivalent 
of about 4 per cent. on current wages. Other important 
bodies of workers whose wages were reduced included 
steel sheet millmen and galvanisers in various districts, 
iron puddlers and millmen in Scotland, blast-furnace- 
men and iron-ore miners in Cumberland, and employees 
in the non-trading services of local authorities in the 
Midlands. The principal increases in rates of wages 
resulted from the raising of the minimum rates fixed 
in certain trades under the Trade Boards Acts. These 
increases affected men and women in the jute industry, 
in the ready-made and wholesale bespoke tailoring 
trades, and the wholesale mantle and costume trade, 
and women engaged in shirt-making. 





During the first six months of 1925, the changes 
reported to the Ministry of Labour in the industries 
for which statistics are compiled have resulted in net 
increases amounting to about 90,0001. in the weekly 
full-time wages of 900,000 workpeople, and in net 
reductions of nearly 73,0001. in those of nearly 780,000 
workpeople. In the corresponding period of 1924, 
there were net increases of about 580,0001. in the 
weekly wages of 2,900,000 workpeople, and net reduc- 
tions of over 23,0001. in the weekly wages of 317,000 
workpeople. 





The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in June, was 48. In addition, 31 disputes which began 
before June were still in progress at the beginning of 
the month. The number of workpeople involved in all 
disputes in June, including workpeople thrown out of 
work at the establishments where the disputes occurred, 
but not themselves parties to the disputes, was about 
34,000. The estimated aggregate duration of all 
disputes during June was about 281,000 working days. 
These figures compare with totals of approximately 
27,000 workpeople involved, and 202,000 days lost 
in the previous month. The aggregate duration of all 
disputes in progress in the first six months of 1925 was 
about 953,000 working days, and the total number of 
workpeople involved in these disputes was 131,000. 
The figures for the corresponding period of 1924 were 
3,341,000 days and 390,000 workpeople, respectively. 





From information regularly collected by the Ministry 
of Labour, tables are published in the Ministry of Labour 
Gazette giving details of the industrial disputes involving 
stoppages occurring during 1924. The number 
beginning during the year was 709, involving directly 
557,000 workpeople and indirectly 55,000, a total of 
612,000. The aggregate duration, in working days, of 
all disputes in progress during the year was 8,320,000. 
Comparisons are given from 1893, these showing a wide 
variation, the numbers of disputes recorded ranging 
from 346 in 1904 to 1,607 in 1920, the total numbers 
involved from 87,000 in 1904 to over two and a-half 
millions in 1919, and the aggregate duration from less 
than one and a-half million days in 1904 to over 
forty million days in 1912 and nearly 86 million days 
in 1921. The high totals of aggregate days lost in 
the two latter years, as also in 1893, were largely 
due to prolonged stoppages of work in the coal mining 
industry. 

The annual loss of working time owing to industrial 
disputes during the whole period of 32 years averaged 
nearly 12,400,000 days, equivalent to less than one 
day per head of the whole employed population. In 
the veara 1919-22, the figures were much above the 
average, but in 1923, and 1924 and during the first 
six months of 1925, they have fallen to considerably 
less than an annual average of one day per head of the 
employed population. 

In an analysis of the causes of disputes since 1910 
it is stated that by far the largest number of disputes 
arose on questions of wages, these accounting for more 
than one-half of the total in each year and for two-thirds 
of all the. disputes in the period 1910-24. 
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IRONCLAD DRAW-OUT SWITCH 
PILLAR. 


Ir is now becoming generally realised that although 
electrical switchgear may be mainly employed for 
opening and closing circuits, the breaking capacity 
of the units which make it up cannot with safety 
be determined merely by the dimensions of the pieces 
of apparatus which they have to control. The safe 
capacity for a switch panel has much more relation 
to the source of supply than to the size of the unit it 
serves. A breaker, for instance, installed close to the 
*bus-bars of a large station controlling a circuit to a 
motor may, in emergency, be called upon to interrupt 
currents several hundred times the normal full-load 
current of the motor it protects. The size of switchgear, 
in a very large proportion of instances, should be 
determined by the breaking capacity irrespective of 
the carrying capacity. Although we have said these 
conditions are becoming generally realised, there is 
still some tendency to instal switchgear of too light and 
cheap a class, and there is certainly still much gear in 
service which, while it may have been adequate when 
it was installed, has now been rendered insufficient 
by reason of the growth of the power system of which 
it forms part., 

These considerations add interest to a new type of 
ironclad draw-out switch pillar, which has recently 
been introduced by Messrs. George Ellison, of Perry 
Barr, Birmingham, and of which an 800-ampere unit is 
illustrated in the accompanying figure. The gear is 
particularly intended for installations in situations 
where heavy current can flow on short circuits. The 
current-carrying capacity of gear of this kind is, of 
course, determined by the temperature rise, which on 
British Engineering Standards Association rules is 
54 deg. F. for the oil and main current-carrying parts, 
and 70 deg. F. for the coils. The pillar is rated 
for these rises on a 50-period circuit. On a 25-period 
circuit, the rises would be some 85 per cent. of these 
values. It is usual to take the five-second rating of 
a circuit-breaker at 50 times full-load current, and the 
one-second rating at 100 times full-load current. For 
bare copper parts in air, this gives a temperature rise 
of about 200 deg. F; parts in oil would probably 
have a somewhat smaller rise. 

As we have indicated, however, the point of main 
importance with oil switches of this kind is the maxi- 
mum breaking capacity. This is an empirical factor. 
It depends on length of break, speed of break, number 
of breaks in series, the arrangement of the enclosure 
in which the break takes place, and other factors. 
Long experience and extensive experiment have 
resulted in the collection of much information on this 
subject, and it may be taken that the stated breaking 
capacities of the gear of the more responsible makers 
are correct. The 800 ampere switch with which we are 
now concerned, operating on a 50-period circuit, will 
break 51,000 amperes at 220 volts, and 13,000 amperes 
at 650 volts, the latter being about the normal maxi- 
mum working voltage for which the gear is intended. 
The switch will break 4,600 amperes at 1,500 volts and 
3,200 amperes at 2,000 volts, It may happenin practice 
that a switch on a 650-volt circuit may, in emergency, 
have to deal with voltages of these latter orders, 
since on an inductive circuit tests appear to show that 
a breaker may act as though it were breaking the current 
at line volts plus the induced voltage rise. The gear 
should not actually be employed on line voltages above 
#750. 

In considering the installation of a switch to meet the 
conditions of any particular case, the voltage of the 
current which may have to be broken is not necessarily 
the line voltage. In the case, for instance, of a three- 
phase four-wire system insulated from earth, two faults 
to earth are required to make a short, so that two of the 
poles of the breaker are effective to break the fault 
circuit, and the voltage to be dealt with per break 
is directly proportional to the number of breaks in 
series. If the system is earthed and a fault occurs 
between one phase and neutral, only one pole of the 
breaker is effective and the breaking capacity is deter- 
mined by the volts to neutral. The worst case is that 
of a fault between all phases and earth. In these 
circumstances the volt-amperes which have to be 
dealt with are the currext to neutral, multiplied by 
volts to neutral, multiplied by three. 

The new Ellison switch unit has been designed, both 
mechanically and electrically, with these various con- 
ditionsin view. The *bus-bar unit is of mild steel plate 
supported on tubular legs and the insulator employed 
for the switch is a form of synthetic resin, which is not 
affected by fumes, or hot oils, and will stand a tempera- 
ture up to 350 deg. F. The switch is of the draw-out type 
and a complete series of interlocks has been provided 
so that it is not possible to get at current-carrying 
parts while they are alive. Units of the type shown in 
the figure may be mounted side by side to build up 
into a switchboard, and the usual overload, low voltage 
and other tripping arrangements may be fitted to any 
panel. Considerable attention has been paid to the 
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question of cable arrangements. With heavy currents, 
armoured three-phase cable is very bulky, and to make 
a neat job the cable run must be as direct as possible. 
The lead-in is below the units, and arrangements are 
made so that the two front legs may be removed 
while the connection is being made. The front legs 
are set forward so that an adequate cable trench may 
be arranged below the board. 





WORKS RESEARCH. 


Tuer extent to which works laboratories undertake 
research is extremely variable. Some take the broadest 
possible view of their functions, and their investigations 
take an esteemed place in the research into the funda- 
mental bases of the sciences concerned. Others restrict 
their operations to an attack on particular problems 
arising directly out of the behaviour of shop products 
in practice, or to determinations required for elaborating 
ne.’ materials or designs. There is, however, a class 
of research on which works laboratories are in a 
particularly good position to make investigations, with 
equal advantage to the work of their own shops and 
the service of their customers. 

A good example, though not by any means the only 
one, of products that may lend themselves to works 
investigations of this sort is found in new instruments 
for shop use, particularly where they are based on 
some physical quality that has not been recognised 
previously in the material on which the instrument is 
used. An instance in which such research is going on, 
and is being published in a somewhat unusual way, 
may be of interest both for the subject matter of the 
investigations in question and the wider suggestion it 
may make of other problems that might be treated 
similarly. 

We have received from Messrs. Edward G. Herbert, 
Limited, Levenshulme, Manchester, three numbers of a 
periodical, styled ‘The Pendulum,” dealing, under the 
editorship of Mr. Herbert, with the hardness of materials 
and other matters that are specially involved in the 
firm’s manufactures. It is at present of modest dimen- 
sions, being in fact a four-page leaflet, of which only the 
first two or three pages are devoted to editorial matter. 
The occasion of its appearance is the recent intro- 
duction of the firm’s pendulum hardness tester, the 
use of which seems to be revealing previously undemon- 
strated properties in materials, which may have both 
practical and scientific interest. Though theinstrument 
is now used in a considerable number of works, it has 
not yet entered into general standard practice, and 





indeed some of its results are so new and hitherto 
unsuspected that a good deal of further preliminary 
work seems likely to be required before its real 
scope can be known. The first issue dealt mainly 
with the circumstance that, in all normal hardness 
tests, the process of applying the test adds appreciably 
to the hardness of the material under observation. 
The pendulum tester, it will be remembered, acts by 
applying a 4-kilogram weight pivoted on a 1 mm. 
diamond or other hard ball, and the pressure exerted 
on the material is thus very considerable. In some 
experiments made at various temperatures on a piece 
of a file in an electric furnace it is stated to have 
been over 400 tons per square inch. A photograph 
of the impression made on a hard steel ball in a similar 
test shows (under a magnification of 100) a very marked 
deformation of the steel by the diamond, pointing to 
an increase of hardness produced by the test even on 
the originally very hard material. 

Items of interest were also given, both in this and 
subsequent issues, in regard to the use of the instru- 
ment in other hands, both scientific and practical. 
A foreign War Office, for instance, was able to satisfy 
itself of the uniformity of a consignment, of bayonets of 
which Brinell tests indicated that the points were 
soft. The last two numbers are devoted principally to 
an investigation of machinability at various tem- 
peratures, which investigation is still in progress. 
An incident of this work has been the introduction 
of a particularly simple ‘‘ tool-work thermo-couple,” 
which gives a reading of the temperature at the point of 
the tool. This is an unpatented device, in regard to 
which, as to the other problems he is investigating, the 
editor invites the questions and results of other workers. 

It is not new for firms directed by scientific men to do 
scientific work in connection with their business, but 
it is unusual for them to include the results ina journal 
of their own, intended as a forum for all workers 
engaged on the same lines of investigation. There is 
no reason why the publications of manufacturers, 
whether by way of advertisement or otherwise, should 
not be trustworthy and valuable means of conveying 
authentic information. With some firms they are 80 
already, and it would be of advantage to users that 
they were so invariably. Messrs. Herbert's little 
enterprise may be a step towards introducing this 
perfection into the general practice of manufacturers. 
In this aspect, as well as for the interest that 1s 
likely to attach to its editorial matter, the appearance 
of this publication will be weleomed and its progress 
watched with sympathetic interest. 
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INTERNATIONAL. CHAMBER OF 
‘COMMERCE CONGRESS. 


Tue third congress of the International Chamber of 
Commerce was held in Brussels from June 21 to 27, 
and was attended by over 700 delegates from 28 nations. 
The United States had 246 representatives and Great 
Britain 87. In our brief review of the transactions, 
first place may well be conceded to the address delivered 
by Sir Josiah Stamp, President of the Executive of 
the London, Midland and Scottish Railway, on the 
subject of German Reparations. In regard to labour 
policy and working hours, Sir Josiah said, ‘‘ Workers 
in other countries who have secured shorter hours 
find the employees in Germany working longer hours 
in similar industries ; this, of course, reduces overhead 
charges there, makes for prompter deliveries, ‘and 
thus leads directly to loss of contracts by non-Germans. 
We hear in Britain of an attempt to get international 
agreement to restrict hours. This, if successful, 
instead of enabling Germany to make the required 
margin for Reparations by producing more .. . 
throws the whole burden upon the standard of living. 
Every restrictive or protective measure is anti-Repara- 
tion in its tendency, and such measures, on a large 
scale, will either defeat a Reparation policy or make it 
progressively more difficult; therefore, only the 
most important of such measures should be put forward 
if we are serious in our Reparation policy. . . ” 
Again, Sir Josiah very frankly remarked that ‘‘ the 
economic truth runs counter to common and ready 
modes of thought. The practice antagonistic to it 
may be easy, and, perhaps, for the moment, pleasant ; 
such are all attempts to balance budgets by financial 
expedients, temporary loans, &c., rather than by resort 
to unpopular taxation; such are also all attempts to 
raise the standard of living without a general increase 
in output per working hour. It is natural 
to adopt the views most favourable to our desires. 
It was this tendency that led many of us to adopt 
without examination a number of the earlier ideas 
and projects regarding Reparations promulgated by 
eminent lawyers and statesmen without economic 
training or statistical instinct.” Lawyers and states- 
men still preponderate in spheres in which the services 
of business men would prove beneficial, particularly at 
the present time when trade and industry are com- 
pletely disorganised. 

Mr. Ettore Conti, President of the Second General 
Conference on Communications and Transit of the 
League of Nations, dealt with ‘‘ Water Power,” and 
stated that, according to the estimate of the Geological 
Institute of the United States, the water power 
available in the world was 330,000,000 kw., distributed 
as follows: 34,000,000 in Europe, 59,000,000 in 
Asia, 143,000,000 in Africa, 87,000,000 in America, 
and 7,000,000 in Oceania. The hydro-electric power 
plant capacity in 1920 appeared to be 17,200,000 kw.- 
hours, of which 6,700,000 were in Europe, 900,000 in 
Asia, and 9,500,000 in America. The present hydro- 
electric power plant capacity of the world was esti- 
mated to be 25,000,000 kw., and the corresponding 
hydro-electric power produced would be about 
100,000,000,000 kw.-hours annually, a rough approxi- 
mation putting this at about one-tenth of the power 
which can be obtained from the world’s annual output 
of coal. In Switzerland, the average consumption of 
electrical power was 750 kw.-hours per head of the 
population. Italy produced last year about 
6,000,000,000 kw.-hours of hydro-electric energy, and 
it was calculated that, with the installations already 
in service and those being contemplated, this figure 
will be doubled in less than ten years. With reference 
to the use of current for industrial purposes, Mr. Conti 
stated that it took 30,000 kw.-hours to transform 1 ton 
of bauxite into aluminium; 20 to 22 kw.-hours to 
abstract 1 kilo. of nitrogen from the air ; and nearly 
4 kw.-hours to produce 1 kilo. of calcium carbide. 
Another interesting point brought out in the paper 
was to the effect that, in the United States, 95 per cent. 
of the existing electrical industries, of which there are 
about 6,000, are owned by private companies. These 
give employment to about 200,000 people, and have 
about 16,000,000 customers. It was estimated that 
over 2,500,000 American citizens were direct share- 
holders in the electrical concerns, and the majority of 
the employees, being shareholders, were becoming 
joint-owners in the companies in which they were 
employed. According to the author, it was certainly 
not the duty of the State to provide these electrical 
installations, but it was the duty of the State to render 
assistance and to regulate the working. 

A paper on ‘ Textiles” was contributed by Mr. 
John Syz, Chairman of the Swiss National Committee of 
the Chamber, and Hon. President of the International 
Federation of Cotton Spinners. Dealing with output, 
the author said it had often been alleged that the 
output of a shorter working day would almost equal 
that of a longer one, since the men would arrive at 


do more work. Experience had proved that in the 
textile industry this was a fallacy. In well-equipped 
factories which had always aimed at an intensive 
output there had been no increase. The plant already 
worked at a speed which could not be exceeded without 
injury to the quality of the work produced. Workmen 
had therefore been given higher wages corresponding 
to the reduction granted with regard to the working 
day ; this surplus, like other general charges, had to be 
apportioned to a reduced output, thereby increasing 
the selling price. According to the author, cotton 
was being prepared for use in most of the producing 
countries, with the exception of Egypt. In 1880, 
the number of spindles in the world amounted to 
79,000,000 (Europe 64,500,000, America 12,500,000, 
Asia 2,000,000). The number had now risen to 
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table on this page, reprinted from the paper, is self- 
explanatory. 

In Great Britain the traffic in iron, steel and finished 
products formed, said Sir Arthur, 18 per cent. in volume 
and from 15 to 20 per cent. in value of the merchandise 
revenue of the British railway companies. If coal 
were included, and from 10 to 12} per cent. of the 
annual coal production was supplied to the iron and 
steel trades, the percentages were much higher. Labour 
costs had increased enormously since 1913, and whilst 
he did not wish to quarrel with the average earnings of 
the men, he thought the iron and steel trades ought to 
get a better return for the labour employed. Every 
furnace and machine should be allowed to work to its 
full capacity. He was, of course, aware that in some 
countries there was not that same restriction of output 
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United Kingdom 12,000 7,319 61-0 6,896 
France... ne aa 11,000 7,535 68-5 7,856 
Luxembourg .. 5 2,800 2,141 76°5 2,256 
Germany rs 12,000 7,900 65:8 8,200 
Belgium ay fa 3,250 2,764 85-0 3,060 
United States America; 52,700 31,106 59-0 40,588 














57°5 12,000 8,221 68-5 7,768 64-7 
71-5 10,000 6,799 68-0 7,024 70-0 
80-5 2,250 1,857 80-2 1,996 90-0 
68-3 14,000 8,400 60-0 12,164 86-9 
94-0 3,250 2,816 86°5 2,972 91-5 
77-0 59,000 36,645 62-1 48,612 82-4 























156,000,000 (Europe 100,500,000, America 41,000,000, 
Asia 14,500,000). During the past forty years, there- 
fore, in which the demand for textiles had increased 
throughout the world—in particular for the finer 
fabrics, which was a sign of prosperity—Europe, the 
cradle of machine-made cotton goods, had increased her 
number of spindles by only 55 per cent. as compared 
with the general increase, America by about 230 per 
cent., and Asia by 625 per cent. This development out- 
side Europe, the author added, was still continuing, 
and the principal reasons he gave for it were high 
costs of production in Europe, customs tariffs, com- 
mercial costs, and the rates of exchange. 

Dealing with manufacture, the author stated that 
when comparing costs of production the general rule 
was to estimate the average daily wage paid to the 
workman; this, however, often gave rise to errors. 
The essential fact—and this cannot be over-empha- 
sised—was not what the workman earned, but the 
amount of work he did in exchange for the wages paid 
him. When, further, it was a question of work mainly 
done by women and children, who received only one- 
half or one-quarter of the wages paid elsewhere, and 
these lower wages were paid in some countries for a 
12-hour or a 14-hour day instead of an eight-hour one, 
competition became impossible. Other working condi- 
tions also supervened abroad, and it was therefore of 
the greatest importance that the rules and regulations 
governing work should be rendered more uniform in all 
industrial countries. 

The same author gave interesting information on 
the so-called artificial silk. Being made from wood 
fibre, the product had nothing in common with silk 
proper, and the author preferred to call it viscose. 
The false appellation had led to artificial silk 
products having to pay the same customs duties as 
silk and, in addition, to pay a luxury tax. The 
production of artificial silk for the present year 
had been estimated to reach 70,000,000 kg—over 
double that of silk proper. If compared with cotton, 
the artificial silk production equalled the material 
spun from 400,000 bales of raw cotton. 

Sir Arthur Balfour dealt with the situation in the 
“Tron and Steel Industry,”’ and said it was generally 
admitted that it was far from being in a satisfactory 
condition ; there could be no doubt that the productive 
capacity of the world was in excess of the actual demand. 
The chief reason for the low demand was that the prin- 
cipal consuming countries, Middle Europe, Roumania, 
Bulgaria, the Near East, Russia and China, lacked 
political stability; further, conditions did not exist 
either for their development or for the extension of 
credit to these markets with a view to their expansion. 
Certain producing countries had been at a great disad- 
vantage with regard to their selling organisations, in 
view of the depreciated currencies of some nations ; 
others had profited by this situation. In addition, 
important factors had been the lower wages paid and 
the longer hours worked in some countries, the cost of 
transport and freight which was lower in some countries 
than in others, taxation, customs barriers, and the 





their work in a better spirit and, feeling fresher, would 








attempt of every country to be self-supporting. The 





which obtained in others, but he could wish that the 
fallacy of that doctrine were universally recognised. 
Several of the above brief abstracts indicate a very 
general concensus of opinion to the effect that one 
important step towards an improvement in the very 
unfavourable conditions now prevailing in many 
industries is in the power of the employees to take. 
If they would take greater interest to their work and 
give in output the equivalent of what they receive in 
wages, not only would they find the latter increase, but 
more prosperous times might be expected to return. 





THE REIHERSTIEG SHIPBUILDING 
YARD. 


THE closing of the Reiherstieg Yard, near Hamburg, 
although for the moment it is only a temporary 
measure while the directors are considering their 
position, is a very serious matter for German ship- 
building, and one can well understand the anxiety 
of the Hamburg press on the subject, for there are 
many who are convinced that it will be the end of the 
firm. From some points of view, this would be much 
to be deplored, since the yard has a long and interesting 
history. 

It was first established by a Hamburg shipbuilder 
named Cramer, who found a site on the banks of the 
Reiherstieg stream, in the little village of Wilhelms- 
burg. Here he started a yard and smithy in 1706. 
most of his construction being small wooden coasters 
and fishing craft. He and his descendants prospered, 
but about 1800, when German shipbuilding and ship- 
ping was very badly hampered by the Napoleonic 
Wars, he sold it to a Hamburg firm named Roosden 
Bros., who were not so interested in the shipbuilding 
part of the business as in the engineering side. In 1845, 
the whole passed into the hands of Godeffroy & Son, 
of Hamburg, who worked up the business to a very 
much higher level. In 1857, they attracted the interest 
of L. R. Beit & Co., and, as a result, further extensions 
were carried out, especially in the construction of boilers. 
Until 1855, they had only built wooden ships, but in 
that year they built the first iron steamer of important 
size on the North German coast, and attracted a 
good deal of attention to themselves. With the new 
capital they were able to make further progress, and 
in the late ’fifties they built the Deutschland of the 
Hamburg-America Line. This was not a big ship, but: 
was the first that the company had entrusted to German 
builders. In 1863, the yard was transferred to the 
banks of the Elbe itself, which gave the firm a very 
much better opportunity of expanding, of which oppor- 
tunity they took very full advantage. 

On May 1, 1881, the concern was made a limited 
company with a capital of 2,500,000 marks, the firm’s 
record, at that time, being 320 ships, 263 sets of engines, 
and 350 boilers. Their workmanship had been sound, 
and their reputation was excellent, but they decided,. 
in spite of the boom in German shipbuilding that was 
already showing itself, that there was more money to. 
be made in repairs, and accordingly in 1885 they had 
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a floating dock built for them which was designed by 
Messrs. Clark and Standfield, London. It was rather 
more than 300 ft. long, with a lifting capacity of 5,000 
tons, capable of taking ships with a draught of 24 ft. 
With this they entered the ship-repairing business, 
and made a name in that, too, with the result that it 
was soon necessary to build another and bigger dock, 
which they decided to construct themselves. At the 
same time, they made the decision to acquire a large 
additional area of land, which they laid out with the 
most modern machinery available. 

In 1902, the capital was increased to three million 
marks, and in 1906 there was an issue of 1,000,500 marks 
in 4} per cent. debentures, so that they were able to 
purchase the workshops of the Hamburg-America 
Line and to do some very profitable work for that 
company. 

They now own five floating docks, ranging from 
340 ft. to over 500 ft. long, and a 400-ft. graving dock, 
in addition to eight building berths capable of construct- 
ing ships up to 550 ft. in length. Generally speaking, 
they have specialised in ocean cargo steamers of 
moderate size, turning out a large number for different 
German owners to practically standard designs, but 
they have also built a number of passenger liners, mostly 
of the intermediate type, such as those running to East 
Africa. Their ships have an excellent reputation, but 
although they were among the earliest German firms 
to be interested in the Diesel engine, the German yards 
that are most successful at the moment are those 
that have laid themselves out entirely for motor 
ships and have been able by the latest methods and 
the utmost exploitation of labour to reduce costs to 
a minimum. Unfortunately, the Reiherstieg, in spite 
of its reputation, does not appear to have contrived 
to do that. 





28-FT. CABIN CRUISER ‘“ ANNETTE- 
PETTER.”’ 


WHEN reviewing the Marine and Small Craft Exhi- 
bition at the Agricultural Hall in March last, we referred 
to the 28-ft. sea-going cabin cruiser shown on the 
stand of The Walton-on-Thames Launch Company, 
Shepperton-on-Thames, as being one of the most in- 
teresting exhibits. Through the courtesy of the builders 
and of Messrs. Petters, Limited, of Yeovil, who sup- 
plied the engine, we are now in a position to describe 
this launch in detail. From our illustrations, Figs. 1 
to 6, on this and the opposite pages, it will be seen 
that an unusual departure in this type of craft has 
been made in fitting a single-cylinder heavy crude-oil 
engine, working on distillate or residual fuel oils. 

The boat, of 7 ft. 6 in. beam and 2 ft. 3 in. draught, is 
shown in elevation and half plan in Figs. 1 and 2, 
and the relatively small space taken up by the engine 
can be judged from these illustrations. The materials 
used in the construction of the boat are selected pine for 
the keel and planking; pitch pine for the hog, gunwales 
and stringers; American rock elm strained to shape 
for the timbers, and natural-grown oak for the stem. 
The vessel is completely decked in with the exception of 
the cockpit aft, in which the controls are situated. 
The decks have mahogany fittings and are canvas 
covered. The galley is on the port side of the 
engine-room, the fresh water tank being on the 
starboard side. Double swing doors are fitted to 
the saloon, which is well lighted and ventilated. A 
third compartment forward contains a lavatory and 
store cupboards. A mast in tabernacle is fitted for 
use when required. 

The engine, shown in Figs. 3 to 6, is of the two- 
stroke type, the cylinder dimensions being 6 in. bore 
by 5} in. stroke. It will develop 10 h.p. at 600 r.p.m. 
giving the boat a speed of 8 knots. Although the 

ompression is only 150 lb. per square inch, it can 
be started up without difficulty from cold on its 
normal fuel. The starter consists of a small paper 
cartridge containing a special combustible material, 
which is inserted in a metal holder seen in Fig. 4. 
When this is screwed into the vaporiser, it is only 
necessary to pull the engine up against compression 
and release the handle. The engine immediately 
starts and the cartridge maintains the combustion until 
the hot bulb, seen in Fig. 5, reaches a sufficient tem- 
perature to ensure ignition. It is possible to have the 
boat at full speed ahead within 30 seconds of starting 
the engine. The starting handle is of the spring- 
return type, permanently fitted in the rim of the 
flywheel. The engine governor, which can be seen 
inside the flywheel in Fig. 5, is bolted to the wheel, 
and operates by varying the throw of the fuel-pump 
operating cam. The stroke of the pump plunger is 
thus automatically controlled, so that the amount of 
fuel injected into the engine is proportional to the 
load. The stroke of the fuel pump can also be varied 
independently of the governor by means of a speed 
control handle. This control is carried to the top 
of the cylinder head and can be seen in Figs. 3 to 6. 
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By means of this control the engine speed can be reduced 
to about 120 r.p.m. 

Lubrication is effected by a mechanical lubricator 
mounted on the front of the engine and operated by 
a spring-loaded plunger worked by the crank-case 
compression. This lubricator can be seen in Figs. 3, 
4 and 6, and supplies oil under pressure to each 
main bearing, and also to a centrifugal oiler fitted 
on the web of the crankshaft. The centrifugal oiler 
serves to lubricate the big-end bearing. The pistons 
and small end are lubricated by splash in the usual 
way. The crankshaft main bearing covers are pro- 
vided with a well into which all the surplus lubricating 
oil drains, and this oil can be drained off through 
cocks and used again. The oil consumption works 
out at about one-eighth of a pint per hour. 

The water-circulating pump is a separate fitting, 
and is driven by an eccentric from the engine crank- 
shaft. It is of gun-metal throughout. The bore of 
this pump is of ample size, but the stroke is very small, 
resulting in a plunger speed of about 50 ft. per minute. 
The engine is fitted with two silencers, one, which 
can be clearly seen in Figs. 4 to 6, being bolted to the 
engine cylinder, and the other placed as far aft as 
possible. Both silencers are water-cooled. Careful 
attention has been paid to the elimination of vibra- 
tion as far as possible. The crankshaft is fitted with 
balance weights, as shown in Fig. 5, and the flywheel 
and governor are both carefully balanced. The 
fuel consumption is about 0-6 pint per brake horse- 
power hour, giving an approximate running cost of 
about 6d. per hour. 

The boat may be fitted with either reverse gear 
or with the Duerr reversible propeller, the latter 
being shown in Fig. 3. As this propeller constitutes 
not only a reversing gear, but also provides a means 
of varying the pitch, the latter can be adjusted to suit 
the engine exactly, Thus by operating the propeller- 
control lever in conjunction with the engine-control 
lever, the boat can be run at an extremely low speed 
indefinitely. The propeller can also be feathered when 
the boat is under sail. 





THe ELectro-DEposition oF Zinc.—The paper on 
“The Electro-Deposition of Zinc from Sulphate Solu- 
tions,’’ which Dr. A. Lincoln Marshall communicated to 
the Faraday Society on July 6, dealt with experiments 
made in the Ramsay Laboratory of Physical Chemistry 
at University College, and with the influence of acidity 
temperature, impurities, &c., on the deposit and on the 
potential of zinc. Dr. Marshall has experience in technical 
zine electrolysis, and the experiments were made with 
pure solutions or pure zinc, with intentional additions 
of impurities to settle certain points. The negative zinc 
potential decreased from 1-36 volt to 1-20 volt as the tem- 
perature was raised from 20 deg. to 78 deg. C.; it also 
decreased as the current density was decreased. These 
figures refer to solutions of 0-95 normal sulphate and 
3-5 normal sulphuric acid ; the potentials observed in- 
creased as the sulphate concentration decreased. The 
efficiency of the zinc deposition from pure solutions 
increased with rising temperature, especially with low 
zine concentration. Of impurities, to which zinc baths 
are notoriously sensitive, traces of copper, ferrous iron, 
and particularly antimony proved very detrimental to 
the efficiency although no antimony was found in the zine 
deposited ; the antimony probably escaped as hydride. 
Addition of manganese sulphate actually raised the 
efficiency in some cases; the manganese peroxide 
formed acted as depolariser, but only under certain 
conditions. As Dr. Marshall worked mostly at high 
current densities, but only for short periods, some of 
his conclusions may not be directly applicable to the 
conditions obtaining in commercial practice. 
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THERMO-COUPLE FOR MEASURING 
SURFACE TEMPERATURES. 


Messrs. J. G. Ktnc anp A. Biaoxiz, of the Fuel 
Research Station, East Greenwich, have designed a 
thermo-couple suitable for measuring the surface 
temperatures of plant, such as boilers and retort 
settings. One of their objects was to trace the sources 
of heat losses and to determine where further heat 
insulation should be applied. Mercury thermometers 
are too sluggish for this purpose and become fragile 
and expensive if made with large contact areas in 
order to reduce the temperature lag. Thermocouples 
quickly respond to temperature changes, but heat 
losses by convection and radiation from the point of 
contact between the actual junction and the body, and 
by conduction along the couple wires, have to be 
guarded against. To ensure good thermal contact 
between the couple and the body under investigation 
it is not sufficient to press the‘junction on the body, or 
to let the wire ends rest against the body. Mr. King 
aud Mr. Blackie make use of a copper disc of small 
heat capacity, but high thermal conductivity, as the 
heat collecting area. They describe their device in the 
April issue of the ‘‘ Journal of Scientific Instruments.” 

The thermo-couple is made of No. 28 S.W.G. copper- 
constantan wire, 0-38 mm. in diameter. The copper 
disc has a diameter of 1-8 cm. and a thickness of 
1-5 mm.; the disc is enamelled with a black insulating 
varnish capable of bearing fairly high temperature. 
The thermo-junction is also varnished and, when dry, 
is so placed in a diametrical groove of the copper disc. 
that the junction lies in the centre and the two wires 
rest in the groove; at the circumference, the wires are 
bent back over an asbestos washer and are passed 
through a piece of cork into a silica tube. A small 
nickel crucible, 3 cm. in diameter and in height, 
surrounds the disc and cork and supports the lower 
end of the silica sheath of the couple wires ; the crucible, 
which reduces radiation losses, further holds a spiral 
spring of steel which presses the cork and the disc 
against the surface to be investigated. The insulating 
cork has a small heat capacity, but it chars at about 
250 deg. C., and may have to be replaced by other 
material. The outer ends of the couple wires lead to the 
cold junction, which should be kept at a constant tem- 
perature, which is conveniently furnished by an ice-box. 

In the experiments, fine thermocouples were inserted 
into a steel slab, j, in. below the surface, and the 
device described was applied to the top of the slab. 
With surface temperatures (checked by other means) 
ranging from 97 to 189 deg. C., the surface couple 
in 5 or 6 minutes, almost attained, the respective 
temperature mentioned, and then remained constant ; 
but the temperature of the surface couple was always 
a few (2 to 4) degrees lower than the calculated tempera- 
ture. In other experiments with Newall insulating 
bricks, heated from below, three couples were embedded 
in the brick, one in the centre, two further out, and the 
surface couple was applied to the centre. Correct 
surface temperatures were again recorded in about 
6 minutes ; but the temperatures of the surface couple, 
and the central couple underneath it, rose afterwards by 
as much as 31 deg. C. over the correct temperature, 
which was still being indicated by the two outer couples, 
showing that the surface couple with its disc and nickel 
cap had a “ blanketing” effect. This effect might be 
cured, but hardly without complicating the simple 
apparatus and impairing the speed at which the surface 
couple picks up the correct temperature. The time 


a ee ee ee ee ee ee ea Ae re ae ee a ee ee 


m 


ome 


— oe OD eS 


wv 9 B@ =e 


JULY 24, 1925.] 


ENGINEERING 


119 








10-H.P. SEMI-DIESEL ENGINE FOR THE 


“ANNETTE PETTER.” 
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lag of 6 minutes is, however, rather large and experi- 
ments are being made to reduce it by the aid of 
a different type of varnish and by other means. 





_ Motor FvEt in THE Tropics.—The. question of mak- 
ing an efficient motor fuel in the tropics, where imported 
spirit is expensive, is at present attracting considerable 
attention. Various materials have been suggested, and 
in some cases utilised, as a source of power alcohol, 
such as starch-containing roots, and certain residues 
from sugar. One of the most valuable is said to be the 
sap obtainable from the flowering shoots of the nipa 
palm of the Far East. Considerable work has been 
done in the Philippine Islands in ascertaining the suit- 
ability of this palm for the production of alcohol, and 
quite recently an experimental plant has been erected 
in the State of North Borneo. This plant is being 
run under the direction of the local Department of 
Agriculture, and an account of the results of the first 
year’s working, based on a memorandum supplied 
by the British North Borneo Company, is given in the 
current number of the Bulletin of the Imperial Institute, 
published by Mr. John Murray, London. There are about 
300,000 acres of nipa palm in North Borneo. The 
sap flows for only six months in the year, but it is esti- 
mated that during this period 900,000,000 gallons capable 





ENGINEERING” 





of producing nearly 60,000,000 gallons of alcohol, could 
be obtained. The results of the first year’s working | 
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of the experimental plant were satisfactory. The still 
used is only capable of producing 100 gallons of alcohol 
in a working day of 12 hours, and the costs of running 
such a small plant were naturally high. Nevertheless, 
it is anticipated that a permanent plant, producing not 
less than 1,000 gallons per day, should prove a commercial 
success. 





THE IDENTIFICATION OF MANUFACTURED PRODUCTS.— 
At a luncheon held recently at the Hotel Victoria, Lon- 
don, and presided over by Sir Sydney M..- Skinner, J.P., 
Chairman of British Monomarks, Ltd., Mr. Wm. Morris, the 
inventor of the Monomark, explained his proposed system 
and outlined its possibilities. Briefly, a Monomark is a 
group of from one to five symbols, consisting of either 
letters, numbers, or a combination of both. Every group 
would be preceded by either B.M. (British Monomark), 
for the use of private individuals, or B.C.M. (British 
Commercial Monomark), for the use of commercial firms. 
Monomarks for other countries will have a distinctive 
prefix. No group would be duplicated in the world, 
it being claimed that there are a sufficient number of 
different combinations to enable every responsible person 
in the civilised world to possess one. It is proposed that 
manufacturers or merchants shall stamp their Monomark 
on their wares, or, when ordered to do so, that 
of their customer, the retailer. The maker or seller of 
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who may be domiciled in any part of the world, should 
wish to replace it, he could write to the Monomark, 
i.e., address his envelope to B.C.M./C.K.3 X, London, 
W.C.1. Arrangements have been made with the G.P.O. 
whereby all letters bearing such an address shall be 
handed over to British Monomarks, Limited. These 
letters will be taken to the organisation’s head office; 
they will not be opened, but will be enclosed in new 
envelopes, fully addressed to the owner of the Mono- 
mark, re-stamped, and immediately returned to the 








any article bearing a Monomark may be communicated 
with by means of the latter. To give anexample: If an} 
article bears the mark B.C.M./C.K.3 X, and the owner, ' 


post office for prompt despatch. Buyers of - goods, 
wherever they may be situated will, it is claimed, thus 
be able to getinto touch with the maker of the goods. 
“Made in England” stamped on an article is often an 
untruth, but ‘“‘Made in England, B.C.M./H.4 4 §8.,” 
would be a signed statement. which may be challenged 
through the post. Forgery of another firm’s Monomark 
could be speedily checked, as correspondence, result- 
ing from the system, would go straight to the rightful 
owner of the mark. The.Monomark of a private indi- 
vidual will be useful in a number of ways. It may 
serve as a permanent, confidential, or telegraphic address, 
or asa box number. Lost or stolen property could, it is 
claimed, be more easily traced. The system is said to be 
capable of being developed in any direction ; it will not, 
however, become operative until November, the actual 
date being publicly announced previously. Meanwhile 
communications regarding the system may be addressed 
to British Monomarks, Limited, 19, Abingdon-street, 
London, 8.W.1, whence full- particulars can be obtained. 
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THE X-RAY EXAMINATION OF 
STEEL CASTINGS.* 
By I. E. Movutrrop and E. W. Norris, Boston, Mass. 


Tue rapid development of power-station design 
toward higher pressures and temperatures necessitates 
a corresponding improvement in the qualities of the 
materials used for equipment. The physical properties 
must be better, and these properties must be realised 
not only in the laboratory, but also in the commercial 
product. We can no longer rely on a conservative 
factor of safety to counteract possible flaws, for many 
modern designs prohibit large excesses of metal, and 
experience indicates that flaws involve not only an 
initial weakness but also a tendency toward deterior- 
ration during service. It is therefore necessary to 
eliminate flaws rather than to provide excess metal to 
compensate for them. 

This situation is by no means new. The history of 
materials manufacture is a record of laboratory study 
and the gradual application of laboratory methods to 
commercial processes. This paper discusses one of the 
latest of these methods to be thus applied, that is, the 
use of X-rays. 

Development of X-Ray Examination.—The examina- 
tion of materials by X-rays was suggested in the very 
early days of X-ray work. It is only recently, however, 
that apparatus and technique have been developed to a 
point where satisfactory commercial work can be 
undertaken. Probably the first successful work of this 
nature was that done by Dr. Davey of the General 
Electric Company in 1915. At that time, steel castings 
for various purposes were examined, the development 
of the Coolidge tube having made possible the penetra- 
tion of castings up to a considerable thickness. 

A certain amount of work was done during the war 
in inspecting munitions of various kinds. As a result 
of the war work, the Watertown Arsenal, at Watertown, 
Mass., under the direction of Col. T. C. Dickson, has 
developed the technique of X-ray photography of 
metals, and especially of steel castings, in conjunction 


Fig.!. ARRANGEMENT FOR X-RAY PICTURE. 
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with a corresponding development of foundry practice. 
Their efforts have been most successful and many 
difficult castings have been made commercially possible 
by the insight into their quality obtained through 
X-ray work, 

The X-rays do not possess any peculiar property that 
improves a given material, but they furnish a means 
by which its innermost structure may be examined and, 
to a considerable degree, analysed without damage. 
The value of such an examination is twofold: the 
soundness of the material can be tested, and the location 
and character of flaws cen be determined. The causes 
of flaws can be suggested by checking against the details 
of the processes of manufacture. In this way a founda- 
tion is laid for the elimination of flaws by the improve- 
ment of manufacturing processes brought under 
suspicion. 

At the present time, the most important metallurgical 
application of X-ray methods is in the study of steel 

‘ castings. Careful work along this line enables the 
foundry to turn out work that compares favourably 
with that of the forge. The advantages to be thus 
obtained are obvious and amply warrant the most 
careful consideration. 

X-Rays and X-Ray Apparatus.—X-rays do not differ 
fundamentally from light rays. They are waves in the 
same medium and of the same character as light waves. 
They are, however, of very much shorter wave length 
and have the power of penetrating substances opaque 
to ordinary light waves, and also of impressing an 
image on a photographic plate. 

X-rays are generated in vacuum tubes similar to, but 
very much larger than, the now familiar radio tube. A 





* Read before the American Society of Mechanical 
Engineers, at the Spring Meeting, Milwaukee, Wis., 
U.8.A., May 18 to 21, 1925. Abridged. 





small filament at one end of the tube is heated by an 
electric current, and a high potential is impressed 
between this heated filament and a target plate. 
The heated filament in the vacuum tube gives off a 
large quantity of electrically-charged particles which 
are directed against the target at enormous velocities 
by the electric potential. These electrically-charged 
particles do not constitute X-rays, but when they strike 
the target their energy is released and is transformed 
in some way into the vibrations radiated by the target 
as X-rays. 

The penetrating power of the X-rays generated by 
a tube depends very largely upon the velocity at which 
the charged particles are projected against the target ; 
which again depends on the voltage between the fila- 
ment and the target plate. This voltage varies from 
some 20,000 or 30,000 upward. For the examination 
of heavy castings, very high voltages must be resorted 
to in order to obtain sufficient penetrating power to 
produce satisfactory photographs or ‘‘ radiographs.” 
At the present time, the commercial limit is about 
250,000 volts, which gives a maximum penetration of 
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approximately 3 in. of steel. Under favourable con- 
ditions this may be extended to4 in. This suffices for 
a large part of the work required, but falls short of the 
penetration needed for the heavy flanges, &c., on 
ultra-high-pressure equipment. It is estimated that 
an operating voltage of 600,000 can be successfully 
applied, which would give a penetration of approxi- 
mately 6 in. Unfortunately, up to the present time 
means have not been available to carry on the research 
necessary to develop this equipment. 

X-rays have the peculiar quality of setting up 
secondary radiation in almost all substances. Thus, 
when a metal plate is penetrated by X-rays, secondary 
radiation is generated by the metal itself, which glows, 
as it were, with an invisible radiance. This radiation 
is very similar to the X-rays generated by the tube and 
is capable of affecting a photograph plate. It is 
frequently a source of difficulty, as special care is 
required to filter out the indirect radiation so as not 
to blur the shadows cast by the direct radiation from 
the tube. 

In making an X-ray photograph or radiograph of an 
object, the X-ray tube is set up over the portion to be 
examined and a photographic plate or film is placed 
immediately beneath the material. The rays penetrate 
the material and affect the plate. Various thicknesses 
or densities of material absorb varying amounts of rays, 
or in other words, cast.shadows of varying density on 
the plate. These forms an image which may be made 
visible by developing the plate in the usual way. 
Obviously, therefore, the radiograph is a shadow 
picture of the material being studied. The features 
shown are approximately full size, and the depth of 
tone of the negative shows the comparative density or 
thickness of the material. A hole or thin spot allows 
more rays to reach the plate, and ap s as a dark 
outline on the negative, and vice versa. The method is 








extremely sensitive, for variations of density or thickness: 
of 2 per cent. can be definitely detected. The ordinary 
flaws of commercial castings that are of enough impor= 
tance to warrant consideration are equivalent to 
variations of ten or twenty per cent., or more. These 
can therefore be detected and their importance weighed 
with a satisfactory degree of accuracy. 

The apparatus for X-ray work is comparatively 
simple. The tube itself is supported on a stand which 
is adjustable for various positions. Flexible lead wires 
run to the power source with a milliammeter to indicate 
the current flow through the tube. Power is supplied 
by a step-up transformer and rectified by a commutator 
driven by a synchronous motor. The commutator 
consists of a series of revolving arms which just clear 
current collectors in the form of circular arcs. These 
are so located that a proper path is provided for the 
current to maintain a direct pulsating voltage across the 
terminals as the commutator revolves. 

As X-rays are very injurious to human tissues when 
subject to frequent exposure, X-ray equipment is 
housed in a room lined with quarter-inch lead. The 
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control panel is located outside the room. To give 
the operator a view of the tube and other equip- 
ment, a lead-lined periscope is provided which takes 
advantage of the fact that ordinary light rays are 
reflected by mirrors that absorb or transmit the 
X-rays. 

When a casting is to be examined, a careful study 
is made to determine the critical parts. Then the best 
method of radiographing these is decided on. The parts 
are then numbered plainly, and the casting is photo- 
graphed in the ordinary way to locate the numbered 
sections for future reference. 

In taking the X-ray pictures, the casting is placed 
so that the desired area is directly in line with the 
path of the X-rays from the tube, which is located 
above or at one side, as shown in Fig. 1. A lead number 
is placed on the metal over the area number to identify 
the radiograph, and a plate or film is placed under the 
metal and as close to it as possible. The plate is 
backed with lead to prevent the secondary radiations 
from reaching the sensitised surface. In some cases 
a thin lead screen is placed in front of the plate or 
film to filter out scattered radiations. 

The exposure may be anything up to 30 minutes or 
more, depending on the thickness of metal to be 
penetrated. During long exposures, it is necessary to 
stop occasionally to allow the tube to cool down. 
This frequently doubles the actual time occupied. 

If the section of metal is uniform in thickness, the 
penetration is correspondingly uniform. Where there 
is a marked change, as at a rib or a flange, there is @ 
tendency to over-expose the thin section in order to 
penetrate the heavy section. This is counteracted by 
covering the thin part with a light screen of lead. This 
protects the thin section and allows much better 
penetration of the thick section. There is no chance 
of confusing this “ mask” with a flaw as the edge is 
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cut clear and sharp—quite different from the jagged 
outline of a crack. 

The outline of flaws as shown on the radiograph is 
an exact reproduction of the flaw in the metal, except 
that there is a certain amount of parallax. This is 
due to the projection of the rays from a centre on the 
target of the X-ray tube to the photographic plate or 
film. This is often exaggerated by the use of a film 
curved to fit the interior of a cylindrical surface. 

Flaws Observable—The defects observable in steel 
castings, as determined by the inspection and checking 
of hundreds of specimens, may be grouped under a few 
general types :— ‘ 

- Gas pockets are usually clearly - defined spherical 
cavities, though they are often irregular in shape with 





Fic. 4. RaprioGrarH oF Cracks ; SLIGHTLY 
REDUCED. 








Fic. 6. RaprograrH or AREA 20; SLIGHTLY 
REDUCED, 


a rounded outline. They show on the radiograph as 
rounded spots. Sometimes the gas has moved through 
a metal leaving a bore like a worm hole, which shows 
a picture rather like a small comet. These cavities 
may be caused by failure to remove the gas from the 
metal before pouring ; or they may come from sand or 
dirt in the mould, which generates gas under the high 
‘temperatures of the steel. Sometimes the gas pockets 
-are caused by steam from a damp mould. 

Sand may be washed from a poorly rammed mould 
and be covered by the metal. These sand inclusions 
(Fig. 2) sometimes represent a considerable volume, 


-although they may be invisible from the surface of the 


casting. In the radiograph they show as cloudy areas of 
irregular outline. When the sand is reasonably free from 
dirt, or binding compound, no gas is formed, but the 
sand inclusions represent areas subject to extremely 
rapid erosion when the surface metal has been penetrated. 

Pipes and voids caused by the shrinkage of the 
metal during solidification are the most common 
fault to be found in steel castings. In many cases 
these flaws are not serious, but in others they !are 
extremely so. (See Fig. 3.) As the metal in a mould 
cools it shrinks. The surfaces solidify and tend to 
pull away from the interior which is still viscous. 
The gates and risers form reservoirs of metal that re- 
main molten and feed in additional metal during the 
shrinkage period of the main parts. If this feeding 
is complete, the result is a sound casting ; but frequently 
the flow of metal is retarded and the more remote 
sections shrink away from the core, leaving a spongy 
section between two sound walls. This is not usually 











serious, as the factor of safety is ample to take 
care of the weakness of the core. It sometimes 
happens, however, that gas is forced into this spongy 
metal, exaggerating its weakness. Again, the secon- 
dary strains of cooling set up forces that may produce 
sub-surface cracks which are a source of danger when- 
ever the casting is placed in severe service. On the 
radiograph, the spongy shrinkage voids show as fernlike 
patterns. These develop into “stream lines” when 
the metal has a well-defined core, and into jagged 
lines when cracks are formed. 

Cracks are probably the most dangerous faults 
that must be detected, for they have the well-known 
tendency to increase during service. Cracks are 
clearly defined on a radiograph when the rays pass 
through the metal in the plane of the crack (Fig. 4). 
When the rays strike through obliquely, the image 
becomes hazy and may be altogether lost. For this 
reason, when cracks are suspected, it is desirable to 
take a series of radiographs at varying angles so as 
to detect cracks running on different slopes. 

Weymouth Power Station Work.—The work covered 
by this paper was undertaken in connection with the 
construction of the Weymouth Power Station of the 





Fig. 5. RaproGRaPH oF AREA 14; 
SLIGHTLY REDUCED. 


Edison Electric Illuminating Company, of Boston. 
Part of the steam-power generating equipment at 
this plant operates at 1,200 lb. pressure. This is the 
first commercial installation at so high a pressure 
and it was decided to take the precaution, unique 
in power-plant engineering, of applying X-rays to the 
inspection of the materials involved. 

In examining the equipment, careful consideration 
was given to the general features of the problem before 
any specialised work was begun. The high-pressure 
feed-water lines were considered as presenting no 
problems that had not already been solved in connec- 
tion with high-pressure hydraulic work. It was 
therefore deemed unnecessary to use X-ray examina- 
tion in connection with these. The steam fittings, 
however, presented the double problem of high pressures 
and temperatures, with the characteristic of high- 
pressure steam to increase inherent flaws during 
service. 

The materials selected for high-pressure steam 
service were forged and cast steel and monel metal. 
The monel metal, used as valve trimming, &c., is 
not subject to sufficiently critical mechanical stresses 
to warrant its special examination. Steel forgings 
have proven so reliable in actual service that the routine 
tests and analyses are considered entirely satisfactory 
proof of quality. Steel castings, however, have 
occasionally shown flaws which could not be detected 
by any of the ordinary inspection methods, and it 
was therefore decided to use X-ray photographs as 
a means of insuring the desired quality of product. 

The castings for this work are all special; it was 








therefore impossible to use the X-rays examination as a 
preliminary test of foundry practice, but the importance 
of the castings fully justified the expense of individual 
radiographic tests. 

All examinations were made at the Watertown 
Arsenal. The X-ray laboratory is under the direction 
of Dr. Lester, to whom the authors are indebted 
for much of the technical data presented. 

In general, the castings were examined in the rough 
so as to avoid doing any machine work on castings 
which might be rejected. After examination, castings 
were divided into numbered areas chosen so as to 
cover the critical parts, as already described. For 
instance, valve bodies were examined with great care 
in the neighbourhood of the flanges, to determine the 
soundness of the metal at these points of concentrated 
stresses. Radiographs were then made covering 
these areas and the results were carefully studied in 
connection with the casting itself. Slight shadows 
on the radiographs were frequently found to be caused 
by surface irregularities on the casting. For instance, 
a line of pattern numbers slightly- raised above the 
surface of a casting were shown very clearly on the 
corresponding radiograph. 

In order to check the interpretation of the X-ray 
work, a condemned casting showing a large number of 
characteristic flaws was carefully cut into sections 
so as to expose the flaws, and these were then etched 
and compared with the radiographic negatives. 
Chemical and physical tests were also performed as 
a check on the work, and it was found that in every 
case the original interpretation of the radiograph was 
fully borne out by the character of the casting at the 
point of examination. 

In connection with this work a special effort was 
made to lay the results of the examinations before the 
manufacturer producing the casting so that, through 
co-operation, the occasional flaws discovered could be 
eliminated. 

Turning to actual examples of the castings examined, 
perhaps the most interesting is a nozzle section. This 
proved to be seriously flawed, containing examples 
of all the more common faults. After deciding to 
condemn this casting it was sectioned, as mentioned 
above, and examined as a check on the radiographic 
work. The nozzle forms part of a bypass intended 
to transfer high-pressure steam at 1,200 lb. to the 
normal pressure system at 350 Ib. The nozzle is 
made in three sections, the throat, the centre, and 
the low-pressure section. It has a total length of 
approximately 11 ft. The internal diameter at the 
throat is approximately 12 in., and at the low-pressure 
end, 9} in. The casting under consideration is at 
the low-pressure end, having a maximum internal 
diameter of 92 in. 

For examination this casting was divided into twenty 
areas for radiographs. Four radiographs were taken 
near each flange, and twelve at various points along 
the nozzle body. Characteristic radiographs are 
shown in Figs. 5 and 6. They show the metal in 
the body of the casting. The small circular spots are 
caused by gas pockets of corresponding size in the 
metal. The actual size averages about } in. in dia- 
meter. The fernlike pattern indicates the presence 
of shrinkage voids in the interior of the metal. This 
is not necessarily a serious weakness as it is caused 
by the sponginess of the metal between the sound 
faces. In this case there is a distinct tendency for 
the sponginess to become continuous, resulting in 
incipient cracks and a general porosity of the section 
which would probably tend to form leaks after a 

riod of service. Fig. 6 shows the appearance of 
the metal at the flanges. Here the condition is quite 
serious; gas and shrinkage voids are indicated through 
the entire body of the material, and, in addition, the 
presence of sand inclusions is indicated by the cloudy 
shadows shown on the radiograph. In Fig. 6 a 
dark line at the fillet indicates the presence of a crack 
at the base of the flange at this point. 

Following the X-ray examination, the casting was 
cut into sections. Two cross-sections were taken from 
the body of the nozzle. Longitudinal sections were then 
made through the flanges, and these sections were 
deeply etched so as to develop the structure of the 
metal and make the flaws easily visible. It was at 
once evident that the metal was extremely porous, 
due to shrinkage voids, and had a large number of gas 
cavities. The most serious features, however, were the 
fine shrinkage cracks reaching from the fillet at the back 
of the flange, and the large cracks running from the 
interior of the nozzle up into the centre of the flange 
where they met a highly porous section, This condi- 
tion is probably caused by improper mould structure. 
It is probable that the metal flowed out around the 
end of the core so that, on cooling, it was impossible 
for the pipe section to shrink properly along the core, 
and the end was subjected to considerable tension 
which caused the cracks running up into the core 
centre. Apparently, also, the body of the mould 
exerted too much pressure on the back faces of the 
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flanges, so that a tensile stress was concentrated at 
the flange fillet, causing the fine cracks to form. These 
flaws certainly rendered the casting unfit for use and 
their detection may be considered as fully justifying 
the use of X-ray examination. 

A study ofthe physical and chemical qualities of the 
material in this nozzle shows that it would have been 
of high quality had the moulding work been successful. 
A number of specimens were cut from different parts 
of the nozzle and tested in a tensile-testing machine. 
In general, the metal, where sound, showed satisfactory 
characteristics, but there was a very decided tendency 
towards undue brittleness. These specimens show that 
in the region of flawed material, while the strength is 
affected to some degree, the elongation and reduction 
of area are reduced very markedly indeed. The 
microscope revealed a coarse and dendritic structure, 
and dark spots indicated the presence of minute cavities 
in the material. 

The study of this casting, in connection with the 
radiographs, gave a very positive check to their inter- 
pretation. It formed a basis for comparison with the 
results obtained from other castings so that the work 
could be interpreted with confidence. 

A further example of the’ application of X-ray 
work is the governor-valve body for the high-pressure 
turbine. This valve body is a rather intricate casting 
comprising a double-beat valve and a steam-strainer 
shell in one piece. Owing to the complicated internal 
structure required by the valve ports, the location of 
X-ray photographs was rather difficult, and it was 
necessary to make a number of comparatively small 
radiographs in order to determine the quality of the 
material. In general, the casting was found to be 
satisfactory, but parts were rather gassy, and there was 
a noticeable amount of dirt in the steel. 

The flaws shown were, in general, of rounded form and 
not of the irregular type which tend to form cracks. 
As the working stress in the metal is comparatively 
low it was decided to accept the casting, subject to 
hydrostatic test for leakage and extensometer test for 
elastic limit. 

After machining, the casting was blanked off for 
hydrostatic-pressure test. Before applying the pressure, 


stops were welded to different parts of the casting for | 1, 


micrometer-gauge application. The casting was then 
measured to give the initial micrometer readings and 
the water pressure applied. The micrometer readings 
were repeated under various pressure steps and found 
to increase very uniformly up to a pressure of 5,000 Ib., 
which was the maximum test pressure stipulated. No 
leaks developed and the pressure was then released, 
the micrometer readings being repeated. The casting 
returned very nearly to its original dimensions within 
a few seconds, but half a minute elapsed before the 
original dimensions were completely regained. This 
lag is considered as an indication that the elastic limit 
of the material was closely approached, but inasmuch 
as the original dimensions were completely regained 
it is assumed that the elastic limit was not exceeded. 
These measurements under high pressures are considered 
very important as demonstrating approximately the 
elastic limit under service conditions. In this case 
they show positively that the operating pressure of 
1,200 lb. is covered by a factor of safety of more than 
four, based on the elastic limit. Taking this demonstra- 
tion in conjunction with the X-ray studies which indi- 
cate that there are no flaws which would tend to be 
aggravated by operating conditions, the status of the 
casting is fully determined. 

The turbine casing, both top and bottom halves, was 
fully investigated, except for certain sections which 
exceeded the thickness which can be penetrated by 
rays at the present time. Fortunately these very 
heavy sections are not subject to critical stresses and 
are therefore not a matter of serious concern. The 
top half of the casing was found to be an excep- 
tionally fine piece of work; it is practically flawless. 
The bottom half of the casing is equally sound with 
the exception of the inlet and exhaust nozzles, which 
contain a certain amount of gassy metal associated 
with some dirt. 

The radiographs were carefully studied in conjunction 
with the working pressures and metal thicknesses of 
the various parts. No flaws were indicated which would 
tend to form cracks or leaks, or to extend during service. 
The problem then resolved itself into a determination 
of the amount of weakening aue to the flaws and the pro- 
' bable resultant factor of safety of the casting. In the 
high-pressure nozzle, the working stresses are low and 
the flaws are so small that their effect is of no commercial 
importance. In the exhaust nozzle, the flaws are, in 
general, of the same magnitude as those in the inlet 
nozzle, but a Jarge gas pocket was discovered behind a 
heavy boss. This pocket was fully outlined by the 
X-ray photographs and its extent defined., It was found 
to have no serious effect on the strength of the casting 
owing to the thickness of metal at that point. It intro- 
duced a point of incipient leakage, however, which was 
very objectionable as the steam pressure on the exhaust 


of this turbine is some 360 lb. per square inch, gauge. To 
meet this condition, a plan was worked out for drilling 
out and bushing the casting at the boss and welding 
the bushing into place. With this correction, a hydro- 
static-pressure test was applied in conjunction with 
extensometer measurements and the strength of the 
casting was checked in much the same way as the 
governor-valve body. 

This work is particularly interesting as demonstrating 
the ability of the X-rays to define the extent of flaws 
and save a casting which might otherwise have to be 
abandoned due to uncertainty as to its actual internal 
condition. It may be noted here that the turbine- 
casing halves are the heaviest castings ever examined 
by X-rays. 

In all, some thirty castings were examined for the 
high-pressure steam installation at Weymouth. Out 
of these only five proved seriously defective ; the remain- 
der were, for the most part, of extremely high quality. 
Through the use of X-ray examinations it was possible 
to eliminate castings which would have been unequal 
to the service owing to flaws that were invisible from 
the surfaces, and to demonstrate with a reasonable 
degree of certainty the soundness and strength of the 
castings accepted. In this way the objectives laid 
out in the beginning of the examination were achieved 
and the cost of the work, if considered as an insurance 
charge, was fully justified. 

The observations made form an excellent basis for a 
further study of the materials in this installation as 
affected by the conditions of service. The experience 
gained should be of value not only in the design of 
future installations but also in co-operating with the 
foundries in eliminating the flaws found to be character- 
istic of certain designs and methods of manufacture. 

X-ray technique is now very effective, but its 
economic use is not yet fully developed. In presenting 
this paper it is hoped, therefore, that the work described 
may be of interest in solving similar power-station 
problems and may suggest a basis for future develop- 
ment. 





Triat Tre or §.S. “ ArnpERBy.”—The cargo steamer 
Ainderby, built by Messrs. William Gray and Co., 
imited, to the order of Messrs. Sir R. Ropner and Co. 
Limited, of West Hartlepool, recently ran a successful 
trial trip in the North Sea. The vessel has an overall 
length of 402 ft., a breadth of 55 ft., and a moulded depth, 
to the upper deck, of 28 ft. 9 in.; she is fitted with long 
bridge, poop, and forecastle. Constructed with deep 
channel frames, the hull has a double bottom and contains 
large fore-and-aft peak ballast tanks. Shifting boards 
are fitted in the holds, the latter being served by 10 
steam winches. A steam windlass is provided and a 
large multitubular donkey boiler. Telescopic masts, 
with fore-and aft rig, have been adopted. Steam steering 
gear is situated amidships. The propelling machinery, 
supplied by the builders, consists’ of triple-expansion 
engines having cylinders 26 in., 43 in. and 71 in. in dia- 
meter, with a stroke of 48 in. Three large boilers supply 
steam at a pressure of 180 Ib. per square inch. The 
engine-room auxiliaries consist of a combined drain 
and scum tank, together with evaporator, general service 

ump, and ballast pump, made at the Central Marine 

ngine Works of the shipbuilders. 





Firta INTERNATIONAL Roap ConGREss.—Within the 
ast seventeen years, four meetings organised by the 
nternational Association of Road Congresses have been 

held. These took place at Paris in 1908, at Brussels in 
1910, at London in 1913, and at Seville in 1923. By 
the invitation of the Italian Government, a Fifth Inter- 
national Road Congress will take place at Milan this 
year, and will extend from September 6 to 13. This 
congress will be divided into two sections, the first of 
which will deal with the construction and maintenance 
of roads. Under this heading three questions will be 
considered, namely, the progress achieved in the use 
of materials for the construction of cement-concrete roads ; 
the qualities required of the materials employed in 
bituminous and asphaltic roads; and the standardisa- 
tion of tests for coal-tar bitumen, and asphalte. The 
second section of the Congress will be devoted to the 
study of traffic and administrative measures. The 
census of vehicles will be discussed, and suggestions for 
the establishment of uniform international regulations 
governing the operation of such vehicles investigated. 
Town development and planning under modern traffic 
conditions, and the progress achieved in the control of 
traffic in towns will be reported on. The question of the 
construction of special roads to be reserved for motor 
traffic only will gone into, and an effort made to 
determine the conditions justifying their provision. On 
the occasion of the Congress, an International Exhibition 
will be organised for the display of material and plant 
used for road-making and road-maintenance. Space 
will be allotted to motor-car manufacturers and others 
desirous of showing goods representative of branches 
of industry and commerce of special interest to road 
engineers as well as road users. Facilities will be afforded 
to those taking part in the congress of viewing roads 
completed and under construction, industrial establish- 
ments and road-contractors’ works. The closing session 
will take place at Rome. All British enquiries, especially 
those with regard to the Exhibition, should be addressed 
to. the Hon. Secretary of the British Organising Com- 
mittee (Road Congress), Ministry of Transport, 7, 





Whitehall-gardens, London, S.W.1. 





CATALOGUES. ° 


Small Oil Engines.—A new folded sheet catalogue of 
vertical engines from 2} to 5} brake horse-power, 
has been issued by the National Gas Engine Company, 
Limited, of Ashton-under-Lyne. These engines run on 
petrol or paraffin and are especially suitable for small 
workshops and for use where a reliable prime mover 
needing little attention is required. 

Electrical Equipment.—The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, have 
issued a new edition of their catalogue of ironclad, truck- 
type switchboards for use on alternating-current systems 
at pressures up to 11,000 volts. A list of electric- 
winding plants made for home and foreign collieries, 
with a few handsome illustrations of plants installed, 
has also been received. 


Pyrometers.—Two catalogues of pyrometers are to 
hand from the Bowen Instrument Company, 9, Newton- 
road, Leeds. One pyrometer dealt with is for measuring 
the temperature of molten type metal in printing offices, 
and the other for similar use with non-ferrous metals in 
workshops and foundries. In both types, a stem is 
dipped in the molten metal in the ladle or crucible, and 
a reading is given in a few seconds on an instrument 
attached to the stem by a rod or flexible wire. 

Photo-Printing Machines.—Arc-light electric photo- 
ptinting machines, for reproducing drawings, are described 
and illustrated in a catalogue received from the makers, 
Messrs. E. N. Mason and Sons, Limited, Colchester. 
These machines are of the horizontal type, and the 
details are carefully designed for easy working and rapid 
output ; provision is made for the reception of added 
parts to increase the capacity of the machines when 
required. The usual sizes are made and prices are stated. 


Electrical Equipment.—The Westinghouse Electric 
and Manufacturing Company, East Pittsburgh, Penn- 
sylvania, U.S.A., have sent us a number of new issues 
of their interesting and carefully compiled catalogue 
publications dealing with the following subjects :— 
the development of the electric locomotive, lightning 
arresters for railways, electric locomotives for freight and 
passenger service, renewal parts,textile machinery motors 
for individual drives, and industrial electric furnaces. 

Ex tor.—Mesrs. Ruston and Hornsby, Limited, 
Lincoln, have issued a new edition of the catalogue of 
their No. 6 universal excavator. This is a steam-driven 
shovel machine, on rail wheels or caterpillar tractor, 
and can be easily adapted for excavating, crane-navvy, 
dragline-bucket, grab-bucket, pile-driving or ordinary 
erane work. Over 150 of these machines are now in 
successful use. The illustrations are mainly intended 
to show the range of work and the variety of local con- 
ditions for which the machine is suited. 


Photographic Copying Machine—A copy of their 
handbook for operators of the Lucigraph photographic 
copying machine has reached us from Messrs. Alfred 
Herbert, Limited, Coventry. The machine, which is 
now well known, is in effect a large camera with self- 
contained developing and fixing arrangements, and 
having a continuous roll of sensitised paper inside the 
camera body. The apparatus is effective for copying 
drawings, manuscripts and printed matter, the copies of 
which can be completed in a few minutes. 

Automatic YTelephones.—Two catalogues describing 
automatic telephones are te hand from the Relay Auto- 
matic Telephone Company, Limited, Marconi House, 
Strand, London, W.C.2. These telephones are made 
for private use, either for internal communication only or 
for connection to the public serviceexchanges. We have 
also received a reprint of a descriptive article, with 
diagrams, written by Mr. Arthur Crotch in 1923 for 
the Journal of Post Office Electrical Engineers. 








Launcu or §.8. “‘ Rorx.”—Messrs. Ailsa Shipbuilding 
Company, Limited, recently launched from their yard at 
Troon, Ayrshire, the single-screw steamer Roek, which is 
being constructed to the order of the General Steam Navi- 
gation Company, Limited, of London. The vessel is in- 
tended for Continental trading and has a length of 2465 ft. 
between perpendiculars, a moulded breadth of 36 ft., and 
a depth moulded to the main deck of 14 ft. 6in. A 
deadweight of 1,220 tons will be carried and the capacity 
of holds, ’tween decks and hatches will be about 95,300 
cub. ft. Accommodation will be provided for a limited 
number of passengers, and these will be berthed under 
the bridge deck. The propelling machinery, consisting 
of triple expansion engines, is being supplied by the 
builders and is anticipated to ensure a speed of 12} knots. 
The vessel is being constructed to the requirements of 
Lloyd’s 100 Al Shelter Deck Class under ‘Special Survey 
and to Lloyd’s rules of 1924-25. 





Tue QuEAD CooKER.—A new cooking stove has 
recently been put on the market by Messrs. Wm. Geipel 
and Co., of Vulcan Works, St. Thomas’s-street, S.E., 
under the name of the Quead Cooker. The stove can 
be supplied for either gas or electric operation, and in 
both cases the cooking is performed entirely by radiant 
heat. Two heating elements are employed, which can 
be brought together or separated as required, according 
to the width of the holder in which the food is placed. 
It is claimed that economy both in time and in gas or 
electricity, as the case may be, results from this method 
of cooking, and that, in addition, the nutritive value of 
the food is retained to a greater extent than when the 
usual methods are employed. In the case of joints, 
a jack is provided which slowly rotates the meat by 
means of a clockwork motor, and means are also provided 
for automatic basting. The waste heat is utilised in 4 
cake oven and afterwards in a plate-warmer, which are 
mounted on the top of the oven, 





\?0O cS ee 


Cmdryps 


Ss eicst co eect 


oO 


sod 


oS eet = a“npn ao.0 wo ord 


mo 





ny, 


ver 


od, 


ric 


rs 


iT, 


mw FV eS eS oS Re VN NN PF ee 


= 2 | ae 





JULY 31, 1925. ] 


ENGINEERING, 





123 








TESTS OF SOME RUST-PREVENT- 
ING MATERIALS SUITABLE FOR 
THE PROTECTION OF STORED 
MACHINERY. 


By C. JAKEMAN (National Physical Laboratory, 
Engineering Department). 


Tuts research was put in hand by the Engineering 
Board of the Department of Scientific and Industrial 
Research as a result of inquiries from other Govern- 
ment Departments as to the best materials to be 
used for the above purpose. The tests were carried 
out at the National Physical Laboratory, Tedding- 
ton. 

Programme of Research—The programme of the 
research covered (1) An investigation of the be- 
haviour of chosen representative preservatives 
under varying conditions of exposure; (2) A com- 
parison of the results given by different methods of 
exposure. 

Choice of Materials and Method of Application.— 
It was considered that for the purpose of protecting 
large pieces of machinery the material should be 
applied with a brush, since dipping is only possible 
in certain special cases. Spraying might be resorted 
to, but it is more difficult to ensure complete cover- 
ing by this method when colourless materials are 
used and the method itself is wasteful. In all these 
tests the materials have been applied by brush. 
For this special purpose it is of importance that the 
material be easily removed when the machinery is 
required for use or alternatively that moving parts 
of machinery should not be damaged by running 
without the removal of the preservative. This pre- 
cludes the use, of deposited films of non-oxidizable 
metals, 

It was suggested that films of equal weight should 
be tested and an attempt was made to apply films 
of uniform weight. It was, however, impracticable 
to do this, since in many cases the brushing on of a 
fresh coat removed a large portion of the material 
already deposited, so that little additional material 
could be added. In the main series of tests the only 
preparation given to the test material was by wiping 
with a dry rag. Better results might be expected 
with chemically-cleaned surfaces; but this would 
not generally be carried out in practice. It is interest- 
ing to note that in the preliminary tests using 
chemically-cleaned surfaces, no better adhesion of 
the protecting film was found. 

Methods of Exposure.—Stored machinery would, 
in general, be exposed to the air, but protected from 
rain. The air will always contain moisture, and 
in some cases small quantities of acid as well. The 
effect of excessively acid vapours has not been 
investigated in the present research. The exposures 
adopted have been four in number, as follows :— 

(1) Exposure to air upon a frame on the roof of 
the laboratory. In this test the pieces were exposed 
to wind and rain and for about four hours per diem 
to the direct rays of the sun. In the exceptional 
periods in which no rain was experienced for seven 
consecutive days, the pieces were sprayed with 
fresh water. This test must necessarily be somewhat 
prolonged, and other tests were made in order to see 
if they would show similar results in a shorter time. 

(2) Exposure by submersion in distilled water. 
Complete submersion in air-free water probably 
acts as a preservative against oxidation, and in order 
to ensure the presence of air the pieces were removed 
from the water every 48 hours and hung in the air 
for 1 hour. 

(3) Exposure by submersion in sea water. These 
pieces were aerated for 1 hour in every 48 as in 
test (2). The sea water was obtained from the 
open sea by the courtesy of the Director of the 
Marine Biological Association at Plymouth. One 
objection to this test is that sea water forms a 
deposit upon the test-pieces which obscures any 
action which may be taking place and which cannot 
be detected until the test-piece is cleaned. 

(4) Exposure to tap water at 150 deg. F. aerated 
by bubbling air through the water and over the test- 
piece. This treatment was continued for three hours, 
but will not be found to give an indication of the 
behaviour under test (1). 

Test Material—The main series of tests were 
carried ‘out upon test pieces of the form shown in 
Fig. 1 and Fig. 2: Most of the test-pieces were one- 





half of steel and one-half of gun-metal (Fig. 1) in 
order to observe any electrolytic action at the junc- 
tion of two metals. Some test-pieces of steei only 
(Fig. 2) were also used. Since the deterioration of 
the surface depends to a large extent upon the com- 
position of the steel, it was decided to use a 
machinery steel free from nickel. The steel was sup- 
plied by Messrs Thos. Firth and Sons, of Sheffield, 
who could not guarantee freedom from a trace of 
nickel, since the same furnaces are used in the pro- 
duction of nickel steel. No nickel could be detected 
in these bars upon analysis. The material was not 
quite uniform in composition. 


TaBLE I.—Analysis of Steel Bars. 

















_ | Cc. Mn. Si. | 8. | P. Ni. | Cr. 
Bar No. 1| 0-200} 0-710} 0-051) 0-031) 0-043) nil | trace 
Bar No. 2 | 0-352} 0-810) 0-082) 0-040) 0-042) nil | trace 
Bar No. 3 | 0-250) 0-860) 0-061) 0-015) 0-058) nil | trace 


























Analysis of Gun-metal Bars. 
Cu. Sn. Zn. Pb. Fe. P. 
84-02 6°49 5-48 3-02 0-07 Trace. 
TaBLE II.—Tensile Tests of Materials. 



































Yield Load. a Extension on 
_— Tons per Tons or 2 in., including 
Square Inch. Square Inch. Fracture. 
Per cent. 
Bar No.1 .. 31-7 38-5 29°5 
Bar No.2 .. 29-2 39-2 82-5 
Bar No.3 .. 29-3 38-5 31-5 
Gun-metal 6-9 9°6 1:3 
Fq.1.! ; 
A ee PS ~ 5: z > 
ap leaps 
Wa. 2, ly 
Vis Diam. mm “é Diam. 
—418Thds.perIn. . 
6 Hole Steel 
Fig?) | 
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A number of preliminary tests were made upon 
flat plates measuring about 8 in. by 6 in. for the 
determination of the weight of the film of preserva- 
tive. These were of ground gauge plate, being a 
high carbon steel with a roughly ground surface. 
These pieces were cleaned with petrol before coating. 
The cylindrical test pieces were machine finished 
but not ground. 

Materials Tested.—In the following description, 
and in the tables of results, the proprietary rust- 
preventing materials are represented by a distin- 
guishing letter. It will be noticed that one repre- 
sentative material of each class has been tested. 

1. Material A.—A solution of lanoline or wool 
grease containing about 23 per cent. of lanoline. 
Acid value (1) 2-0 mg. of KOH per gramme. 

2. Crude Lanoline.—This material is wool grease 
prepared from wool refuse by a process which 
enables the purification to be stopped at any stage. 
It has been upon the market for a short time only, 
and its cost is very moderate. The material used 
for these tests was supplied at the rate of 4}d. 
perlb. It has been used by itself and also deposited 
from various solutions. Acid value (2) 0-5 mg. of 
KOH per gramme. 

3. Material B.—This material was composed 
partly of petroleum grease and partly of varnish 
material and red colouring matter. Acid value (1) 
2-0 mg. of KOH per gramme. 

4, Material C.—This material appeared to be a 
varnish in a paraffin solvent and containing blue 
colouring matter. Acid value (1) 16-0 mg. of 
KOH per gramme. 

5. Material D.—This was a solution of bitumen 
(mainly natural) in naphtha. Acid value (2) 0-6 
mg. of KOH per gramme. 

6. Material Z.—This was a solution made up at 
the Government laboratories according to the analy- 


sis of a material used in Germany. Its composition 
was as follows :— 


Per cent. 
Resin spirit ... és 21 
Resin ... exe ae ee ro 20 
Dammar gum eos ees ous 
Dehydrated methylated spirit ... 56 


Acid value (2) 38-1 mg. of KOH per gramme. 

7. Petroleum Jelly.—The pure material known as 
“vaseline? and purchasable at chemists’ shops. 
Acid value (2) 0-1 mg. of KOH per gramme. 

The contents of materials A, B, C and D are, 
according to analyses by the Government labora- 
tories on previous samples used in other tests: 
(1) determined at Government laboratory; (2) 
determined at N.P.L. 

Weight of Films.—A number of tests were made 
upon the flat plates mentioned above in order to 
determine the weight of the film deposited by 
brushing over the surfaces with the materials 
under test. In the case of materials contained in 
a very volatile solute the weight so obtained 
does not represent the weight of preservative 
used. This has been calculated from the analysis 
of the material, and from this figure the covering 
power and the cost has been roughly estimated. 
Each plate was contained by a surface of about 
100 sq. in. and from the observations Table III 
has been calculated. 

TaBrE III.— Weight of Film and Covering Power. 











" = bn gt - Gevemes Cost 
late F m, ower in per 
No. Material. Cc ml per Square Square Square 
uae’ ; Woes Feet. Foot. 
1 0-00205 | 1,440 per gal. | 0-14 
7 A 2 | 0-00385 Ten “Gs 0-26 
3 | 0-00464 637 —s«,, 0-31 
4 Lanoline 1 | 0-02040 49 per lb. 
brushed on 
at 127 deg. F. 
5 Lanoline 1 0-00777 a0. 0-085 
brushed on 
at 163 deg. F. 
3 B 1 0-01161 802 per gal. | 0-06 
2 Cc 1 0-00343 947 —~Cy, 0-11 
2 | 0-00786 414 —C«x, 0-25 
6 D 1 0-00279 |1,253_ ,, 0-10 
2 | 0-00607 te ss 0-21 
1 | 0-00183 |1,101_ ,, = 
8 E 2 | 0-00347 San a _ 
1 3 | 0-00627 $22_—Ci«,, a 

















Preliminary Tests upon Flat Plates.—These plates 
were exposed to air for a period of 166 days, except 
that covered with the “E” material, which was 
exposed for 139 days. None of the materials 
withstood this test completely, and the signs of 
rust in the case of the greases followed the marks 
of the brush, showing that perfect adhesion of the 
film had not been obtained. Materials B, C, D 
and E, which were of the nature of paints did not 
show weakness from this cause, but all became 
covered with hair cracks which produced a network 
of lines of rust over the surface. Material A showed 
a few streaks of light rust following the brush marks, 
whereas the lanoline coatings showed this effect 
to a much greater extent, the coating applied at 
163 deg. F. being far worse than that applied at 
127 deg. F. These plates were cleaned as perfectly 
as possible before the materials were applied, and 
this does not appear to assist in the transference 
of the grease from a brush. Much better coatings 
were obtained on the standard test pieces after 
cleaning with a dry rag only. 

Tests on the Standard Pieces.—The number of 
coats and weight of coatings are given in Table IV, 
and the results of exposure are given in Table V, 
in which the appearance of the test piece after 
cleaning off the preservative is recorded. 

Notes on Table V.—In each case the unprotected 
piece rusted within 24 hours and the rust rapidly 
became deeper. 

Material A is fairly satisfactory throughout. The 
thick coating of crude lanoline is also fairly satis- 
factory. The thin coating of crude lanoline failed 
in the air test owing to the removal of too much of 
the material. The piece placed in distilled water 
was the only piece which showed no effect of 
exposure. Materials B, C, D and E all hardened 
and cracked, but the cracking was not so much in 
evidence when exposed to water. The test under 
aerated hot water appears to test the adhesion of 
the protecting film to the metal, since in every case 





the rusting appeared where the surface was struck 








124 


ENGINEERING. 


[JULY 31, 1925. 








by the air bubbles. From Table V it would appear 
that materials B and D adhere better than the 
remainder since no rust appeared on these pieces. 
The ffirst signs of failure under exposure to air 
occurred in the case of materials B, C and D after 
12 days, when the coatings hardened and cracked. 
A, E and lanoline showed signs of failure in from 
40 to 70 days. In the case of E the surface did not 
show visible cracks until 71 days, but rust appeared 
in 55 days, so that the cracking had probably 
started before this latter time. The general con- 






































TaBLe IV. 
| No. of | No. of | Weight | 
Material. Piece. Coats. | of Coat-| Exposed to 
| | ing. 
bh | Grams. 
i e _ — Air. 
Untreated.. 13 — -—— Distilled water. 
37 — | = Sea water. 
8 oi=h. 
9 3 0-38 Air. 
9 « . 
Bos =. 3 | 0:31 |'\ pistilled water. 
25 3 0-30 Sea water. 
36 1 0-12 Hot water. 
Lanoline applied 11 1 2-27 Air. 
at 127 deg. F. 23 1 3°34 Distilled water. 
Lanoline as 12 1 0-24 Air. 
above, wiped 24 1 1-07 Distilled water. 
with a rag 30 1 1-82 Sea water. 
4 1 0-47 A 
5 1 0-45 | fAlr. 
5 
B os : 0.24 | } Distilled water. 
27 1 0-44 Sea water. 
41 1 0-52 Hot water. 
2 2 0-55 
3 2 0-68 | ¢ Air 
C. ? 2 | 0:74 | \ Distilled water. 
26 2 0-65 Sea water. 
40 1 0-23 Hot water. 
( 6 2 0-42 Las 
i 2 0-56 | fAl. 
9° . 
Dz. ie 2 | 0:83 | bpistilied water. 
2 2 0-55 Sea water. 
42 1 0-37 Hot water. 
f| 10 3 0-28 Air. 
E 22 3 0-22 Distilled water. 
: 29 3 0-23 Sea water. 
43 1 0-10 Hot water. 














clusion drawn from the tests was that a grease coat- 
ing such as lanoline was superior to a paint or 
varnish, and further experiments were made in 
order to find the best medium from which to deposit 
lanoline and also to examine the effect of adding pure 
vaseline to the lanoline deposit. 

The mixtures used are tabulated in Table VI 
in the next column. 

This table is restricted to the best mediums for 
holding lanoline. Others were tried, such as 
methylated spirit, acetone and ether, but these 
liquids will not hold the lanoline in suspension in 
sufficient quantity to give a reliable deposit on 
metal. Paraffin, petrol, and petroleum spirit hold 
quantities of lanoline varying inversely as the 
specific gravity. Thus petroleum spirit or benzine 
is the best of this series of liquids, but it is very 
highly inflammable and therefore unsuitable. The 
aromatic hydrocarbon benzene (C,H,) No. 11 in the 
table, holds 40 per cent. of its volume of lanoline, 
and very little separates out in a closed vessel even 
after months of keeping. Although not so inflam- 
mable as petroleum spirit or petrol, pure benzene 
requires care in use, but its vapour does not appear 
to be so harmful as that given off by commercial 
benzole. 

The results of tests showed that No. 1 failed under 
exposure to air, about 8) per cent. being covered 
with rust in 108 days. No. 2 and No. 3 were more 
satisfactory, 61 days in air producing rust on 5 per 
cent. of the surface and 61 days in sea water rust on 
25 per cent. of the surface. No. 4, the clear solution 
of No. 3, was still more successful, a few very small 
spots showing upon exposure to air, and about 
5 per cent. to 10 per cent. of the surface becoming 
corroded when exposed to sea water for 54 days. 

The effect of replacing petrol by paraffin was very 
marked, as will be seen from Table VII. 

From the above tests it was observed (1) that the 
addition of vaseline to lanoline did not improve its 
performance, and (2) that petrol was far superior to 


paraffin as a medium for depositing the grease. 
No. 8 and No. 9 were unsuccessful, the boiled linseed 
oil proving to be permeable to moisture, and the 
film was not made impervious by the addition of 
lanoline. All the test pieces in air and in sea water 
became covered with a very light covering of rust 
all over the surface. The effect of using the clear 
solution No. 10 was to accentuate the corrosion to a 
small degree. 

No very satisfactory results having been obtained 
with the cheaper solvents, pure benzene was next 





quite possible, however, that in cases of exposure to 
a high temperature the greases might melt and leave 
the metal, while varnishes would not be affected. 
This point was examined by subjecting test 
pieces covered with lanoline applied with a brush 
and also deposited from the Benzene solution to 
a temperature of 150 deg. F. for a period of from 
2 to 24 hours, and then exposing them to air and 
to sea water. The effect of this treatment was to 
melt the lanoline, and in the case of those pieces 
coated with a brush a large proportion of the material 


TABLE V. 





Material. 


Exposed to Air 207 Days. 


Exposed to Distilled 
Water 161 Days. 


Exposed to Sea Water 
86 Days. 


Exposed to Hot 
Water 3 hours 


(All Steel Test Pieces). 





Untreated 


Gunmetal discoloured and 
steel completely rusted, 
with a bright ring of gun- 
metal at joint. 


Gunmetal discoloured, joint 


and steel completely 
rusted. 


Gunmetal dull, joint and 
steel completely rusted. 





Quite bright except for a 
few spots of rust on steel. 


Quite bright except for three 
very small spots of rust. 


Gunmetal slightly disco- 
loured. Steel bright 
except for several small 
spots of rust. 


Bright with a little 


rust on bottom. 





Lanoline (crude) 


Slightly dull and one small 
patch of rust on steel. 


Quite bright except for one 
small spot of rust. 





Lanoline (wiped 


Steel 66 per cent. covered 


Quite bright all over. 


Gunmetal slightly disco- 
loured. Steel part bright 

















with a rag) with light rust. 
except for several small 
patches of rust. 
B es .-| Gunmetal dull, steel covered | Quite bright except for a | Bright except fora number | No rust. 
with a network of lines of patch of rust at the joint of small patches of rust 
rust enclosing brightareas.| and a few spots on the distributed over steel sur- 
steel portion. face. 
Cc “~ .-| Gunmetal dull, steel covered | Generally dull, steel covered | Bright SS corroded | Small rust spots all 
with a network of fine with a network of light spots on both gunmetal over surface. 
rust lines with very little rust lines with some bad and steel. 
bright surface remaining. patches of rust. 
D ae .-| Gunmetal slightly attacked | Slightly dull with a little | Gunmetal and steel showed | No rust. 
and steel covered with an rust on joint and a few a mottled appearance 
open network of lines of specks of rust on steel with patches and lines of 
rust enclosing bright areas. portion. rust on the steel portion. 
E ae --| (189 days). Gunmetal dis- | Slightly dull witha fewspots| Gunmetal fairly bright. | Slightrust on bottom. 


coloured. Steel thickly 
covered with rust. portion. 








of rust on joint and steel 


Joint and steel slightly 
rusted with deeply cor- 
roded patches. 
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Fie. 3. Trst PIECES AFTER EXPOSURE TO AIR. 












































TaBLeE VI. Taste VII. 
No. | Weight Boiled Mixture. Solvent Exposed to Air Exposed to Sea 
of | of One | Lano-| Vase-| Paraf-| Petrol.} Lin- | Ben- |“ *%™re-| So : pes : Water. 
Mix-| Coat. line. | line. fin. seed zene. 
ture. Oil. 
\ 5 Petrol 5 per cent. rusted 5 per cent. rusted 
in 51 days ‘ in 51 days 
grm. grm. | grm. c.c. c.c. C.c. c.c, 6 Petrol and | 10 percent.rusted | 10 per cent. rusted 
| 0-04 2 2 _— 100 _ _— paraffin in 51 days n 51 days 
2 0-06 10 10 —— 100 -- -- 7 Paraffin 40 per cent. rusted | 40 per cent. rusted 
3 0-07 15 5 — 100 — —_ in 51 days in 51 days 
4 0-06 ditto clear solution 
5 0-09 2 — _ 100 —_ — 
6 0-15 20 _ 50 50 —- _ —s 
7 0-18 2065/1  .) Vp = ca — |was lost, and a film weighing 0-11 gram only 
9° ams ae = eae . . . ° 
S| oss | 301 — | — | = | 208 | = | was left. This is practically the same weight as 
10 | 0-17 | ditto clear solution the film deposited from benzene. In all cases 
so Catt e Th Rig Meee Wee * — | 100 |there was no more corrosion due to exposure to 





tried and proved to absorb a far larger quantity of 
lanoline, and this mixture 11 has proved to be very 
satisfactory. Samples exposed to air and sea water 
after receiving one coat of the material remained 
quite bright. 

The general result of the tests had shown that the 
grease coatings of lanoline were superior to others 
under the conditions of the test. It seemed to be 


heat than in the case of similar pieces not so treated. 
In the case of the pieces coated by brush with 
crude lanoline no corrosion was found at all, and 
in the other cases an occasional isolated spot of 
rust occurred generally on a corner where, perhaps, 
the grease had been rubbed off accidentally while 
hot. 

The results of the investigation can be summed up 





as follows :— 
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Fia. 4. Txrst Precks AFTER EXPOSURE TO SEA WATER. 




















Fig. 5. Trst Preckes ExPOSED TO SEA WATER AFTER CLEANING. 


(1) Preservatives of a grease nature are more 
satisfactory than hardening paints or varnishes. 

(2) The results obtained upon exposure to air, 
aerated fresh and salt water are practically the 
same. The sea water test is not convenient owing 
to the deposit which occurs on the pieces obscuring 
any action which may be taking place. The 
air test appears to be as rapid as the fresh. water 
test, and if no incipient action appears within 
30 or 40 days the material will probably survive 
much longer exposures. 

(3) The aerated hot-water test does not give 
comparative results within the short time it was 
applied. 

(4) Lanoline, whether brushed on or deposited 
from a solution forms the best coating tested, and 
has very great adherence to metal, even at high 
temperature. 

In conclusion, it must be pointed out that the 
tests were made under conditions of normal expo- 
sure, there being a chemical laboratory, and two 
large chimneys within 100 yards of the test pieces. 
Tn cases of exposure to abnormally impure atmo- 
sphere it is possible that the comparative value 
of the materials might be altered. 

Fig. 3 is a reproduction of the test pieces exposed 
to the air after cleaning. The unprotected piece (1) 
is on the left, and the materials starting from the 
left are Nos. 2 and 3, material B; Nos. 4 and 5, 
material C; Nos. 6 and 7, material D; Nos. 8 
and 9, material A; No. 10, material D; No. 11, 
crude lanoline brushed on; and No. 12, crude 
lanoline, as No. 11, but wiped with a rag. Fig. 4 
shows the test-pieces as removed from the sea- 
water bath, and Fig. 5 the same pieces after cleaning. 
The unprotected piece is on the right (37). The 
materials from left to right are No. 25, material A ; 
No. 26, material B; No. 27, material C; No. 28, 
material D; No. 29, material E; No. 30, crude 
lanoline, afterwards wiped over with a rag; No. 35 
is a piece coated with a single coat of mixture 
No. 3, containing 5 grams of vaseline, 15 grams of 
lanoline, in 100 c.c. of petrol. The last was an 














all-steel test piece. All the others were composite 
pieces of gun-metal and steel, the upper portion 
being of gun-metal. 








SIGNALLING IN MinEs.—Experimental work designed 
to test the utility of radio telegraphy as a means of 
communication between miners when entombed as a 
result of mine fires and disasters, conducted by the 
United States Department of the Interior at the Pitts- 
burgh experiment station of the Bureau of Mines, 
indicates that ordinary radio apparatus would not be 
practicable for the purpose. There is some promise, 
however, in the application of ‘‘ wired wireless,’”’ or 
line radio, which, under mine conditions, means trans- 
mission along metallic conductors such as water pipes, 
compressed air pipes, power and lighting circuits, and 
mine-car tracks, and the use of ground-current methods 
of signalling. Because of the higher conductivity and 
resultant attenuation of the high-frequency radio waves 
in penetrating the earth, relatively high-power equip- 
ment, with its attendant bulk and weight, would be 
required for mine rescue purposes. For reliable com- 
munication by pure radio over distances of even 1,000 to 
2,000 ft. through dense strata, transmitting equipment 
with a power of from 50 to 200 watts or more, even when 
used in conjunction with a sensitive receiver, would be 
required. Such equipment would be much too bulky, 
heavy and complicated to fulfil the requirements of a 
practical mine outfit. Vacuum tubes are the only 
present known means of generating the short-wave, 
high-frequency continuous currents such as could be used 
for voice transmission. The comparatively heavy and 
bulky power supply for plate current, filament supply 
and auxiliary apparatus makes vacuum tube equipment 
of 50 to 200 watts power heavy and bulky, and is too 
fragile and delicate for practical mine communication 
purposes. The Bureau of Mines has been conducting 
experiments on underground communication during a 
period of several years. During this time investigations 
have been conducted with the geophone, short wave 
length radio, Signal Corps ground conduction apparatus, 
and an improved electrical geophone. The practicability 
of using the present mine telephone, installed in properly 
protected rooms, and connected to the surface by wires 
passing through bore holes, has also been considered. 
Details regarding these investigations are given in Serial 
2651, ‘‘ Factors Retarding Transmission of Radio Signals 
Underground, and some further Experiments and Con- 
clusions,” by J. J. Jakosky, associate engineer, and D. H. 
Zellers, radio laboratory assistant, copies of which may be 
obtained from the Department of the Interior, Bureau 
of Mines, Washington, D.C., U.S.A. 





THE ELEMENTS OF THE KINETIC 
THEORY OF GASES. 
(Continued from page 64.) 

THE molecules of a gas having a finite diameter 
must necessarily come into frequent collision with 
each other, and as a matter of fact at normal 
pressure and temperature each molecule of air 
suffers about 5,000 million collisions per second. 
Several of the physical properties of a gas, such as its 
viscosity and its conductivity for heat, depend upon 
this mean free path. It is often somewhat care- 
lessly suggested that shearing strains and shearing 
stresses are involved in the viscosity of a gas, but this, 
though often a convenient convention, is inexact. A 
shearing stress can always be resolved into a compres- 
sion and a tension at right angles to each other, and 
it is obviously physically impossible for tensional 
stresses to arise between perfectly elastic spheres 
as the effect of a collision. The stress between the 
two is never other than a compressive stress. 
Again as regard shearing strains, these may, 
undoubtedly, be preity in a continuous fluid, 
but all shear strains are what is known as rotational. 
In the rotational motion of a fluid, if any little 
elementary sphere were suddenly solidified this 
sphere would be found to be rotating about some 
axis. Now it is known (as will be proved later on 
in this series of articles) that it is impossible to 
set in rotation a molecule of argon. Nevertheless, 
argon is a distinctly viscous gas. It is thus evident 
that whatever may be the cause of the viscosity 
of a gas, neither a shear strain nor a shear stress 
can be produced in the medium itself, and we 
shall see presently exactly what the mechanism 
involved really is. There are, of course, shear 
stresses in the solid boundaries between which a 
gas in viscous motion may be confined, but these 
stresses are restricted to these solids, and cannot 
arise in the gaseous medium itself. 

As already mentioned, the phenomenon of gaseous 
viscosity is intimately connected with the “‘ mean 
free paths ” of th molecules, which may be defined 
as follows. Let s denote the mean absolute speed 
of a molecule of the gas and Q the number of 
collisions it experiences per second. Then the 
average distance travelled between consecutive 


collisions will be %, and this ratio is what is 


known as the mean free path which is commonly 
denoted by the symbol 1. 

To determine 7 let us, in the first instance, 
consider the case in which all the molecules but one 
are assumed to be stationary, and that the one 
moving molecule is pushed through the crowd at 
a constant speed of s cm. per second. To further 
simplify matters let us also assume that the fixed 
molecules are reduced to Boscovich points, whilst 
the diameter of the moving molecule is doubled. 
Then, in being pushed through this crowd of 
particles, the enlarged molecule will make just 
as many collosions per second as if all the molecules 
had retained their original dimensions. The en- 
larged molecule will in one second excavate a 
tunnel s cm. long, and 20 cm. in diameter, where 
‘¢ denotes the original diameter of the molecules. 
Hence the volume excavated per second will be 
8X wo*cub.cm., Thus if there are n particles 
per cubic centimetre, the number of hits made per 
second will be s X 7 o* x n. Hence in this case 
the mean free path would be 

speed per second 8 ity 4 

“hits persecond 8. X ro2n woln 
Actually, of course, all the molecules in a cubic 
centimetre of gas are in motion. If all moved 
with thesame speed and in the same direction then 
the length of the tunnel excavated per second 
would be r centimetres where r denotes the relative 
velocity of the moving particles to the enlarged 
molecule. Hence to solve our problem we have to 
find the mean value of this relative velocity, 
taking into account the fact that the particles are 
moving with every conceivable speed and in every 
possible direction. 
To determine the mean value of r let us consider 
the case of those particles which all have the com- 
ponent velocities U, V and W along the co-ordinate 
axes, whilst the corresponding component velocities 








of the enlarged molecule are u, v and w respectively, 
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then the components of the relative velocity will 
be U —u, V—v and W—w. Hence the actual 
value of this relative velocity will be 
rem /(U — uj? + (V — 0)? + (W— w)2 

We have to find the average value of this, taking 
every possible value of all the components between 
— © and + oo. 

In the same way we see that the velocity in space 
of the enlarged molecule is 

= Jp etae 

and the mean value of s is the mean value of this 
expression. 

Now let us write 

at = ue + v2 + we 
where u? denotes the mean value of u*, and similarly 
for the other symbols. Then the square root of 
s* is not the same as the mean value of s, because in 
the latter case we average 
Jud + v2 + we, 
whilst to find s we frst average uw? + v® + w? 
and then find the square root of the result. The 
two however, bear a definite relationship to each 
other, and hence we may write 
a-cova 

where C is a coefficient, of which we shall not 


need the numerical value. (It is given, however, 
on page 3 ante, where it was shown that 


s = 0-921 «/ #) 

Now, as shown on page | ante, the probability 
of a component velocity u is proportional to e—v, 
Similarly the probability of the component velocity 
U is proportional to e—U*, and hence the combined 
probability that in a specified collision the “‘ struck ”’ 
molecule has the velocity U and the “striking ” 
molecule the velocity « will be proportional to 
e—u@ xe-U2, Hence the probability of the relative 
component velocity U-—w is proportional to 
e — (U2 +2), which if we put U2 + u® = Z® may be 
written as e~2*, From this, it will be seen, that 
the curve which has to be averaged to find the mean 
relative velocity r is similar in form to the curve 


which has to be averaged to find s. Hence we 
may write 
r=CV er 


where C is the same co-efficient as before, and 


em (0 — ult + (V— 0)? + (W— wp 
Now 








(U0 —u)? = U2-2uU0+ue 
The mean value of this, taking all values of U x u 
between — o and -+ o, is simply U? + u?, since for 
every positive value of the product uU there is a 
corresponding negative value, so that the average 
value of uU is zero. 
It follows therefore that 

vt me U8 4 ut + VO + ee + We + 
But from the perfect symmetry of the conditions we 
obviously have 
Hence 

v2 =: 2 (ul + v2 + we) 
= 2 82 
r=C/ 28 

This then is the effective length of the tunnel 
excavated in one second by the “enlarged ” 
molecule as it ploughs its way through the crowd 
of moving Boscovich particles, and hence the 
average number of hits made per second is 


wrnotr=rnor.C J/28 
The mean velocity of the molecule is, as shown above, 
s=C ./s*, The mean free path is found by 
dividing this average speed by the number of hits 
made. 
Hence 


ova 1 
mrno2C Vox note /2 


which is Maxwell’s value. Clausius originally 


obtained the value 
3 


Ss .... 
ano? 





which Maxwell showed to need correction as above. 

It is found by experiment that if we have two 
horizontal parallel plates indefinitely long, separated 
by a layer of any gas, then if the lower plate be 
set in motion with a velocity v whilst the other 
remains fixed, this fixed plate is subjected to a drag 
or shearing stress. 

The layer of gas between the two plates is set in 
motion with a velocity which varies uniformly from 
v at the moving plate to zero at the fixed plate. If 
F be the drag exerted on the latter, expressed in 
dynes per square centimetre, then 

tiene: aoe, 

= 7 D 1 ae 
where n denotes the coefficient of viscosity and D 
the distance between the two plates, whilst 
- = 5 is known as the velocity gradient across 
the layer of gas. It will now be shown that this 
coefficient of viscosity is equal to - amt! where 
n denotes the number of molecules in one c.c. of the 
gas, m the mass of a molecule, s the mean speed in 
centimetres per second with which the molecules 
move, and J the mean free path of a molecule 
expressed in centimetres. 

In deducing the above expression for the coeffi- 
cient of viscosity it is customary to assume that each 
molecule which collides with the fixed surface 


Fig. 3. 
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terminates there a normal free path. The assump- 
tion is presumably justified so long as this mean free 
path is comparable with the inequalities of the 
surface. Were the surface perfectly flat and 
perfectly smooth, the molecules on striking it would 
on the average have completed only one-half their 
normal free path. From such a perfectly smooth 
and flat surface, however, the molecules would be 
reflected as light is from a mirror. The only 
momentum destroyed would be the component 
momentum perpendicular to the surface, and the 
angle of reflection would be equal to the angle of 
incidence.» No shearing force would be developed 
at the surface and all traces of viscosity would dis- 
appear. It is the inequalities of the surface which 
are solely responsible for the production of the 
shear at the surface. This they do by reversing 
that component of the momentum of the particles 
which is parallel to the surface. When the mass of 
gas taken as a whole has no momentum parallel to 
the rough surface, the horizontal momenta im- 
pressed on the surface by the individual molecules 
averages out, and the net result is the same as if 
the surface were perfectly smooth and flat. Hence 
in finding an expression for the viscosity of a gas, 
we can neglect all momentum save that due to the 
motion of the gas as a whole. : 

Assuming, then, as already postulated, that 
each molecule which hits the surface terminates 
there, a free path of which the average length is 1, 
then the molecule will carry to the surface horizontal 
momentum corresponding to the velocity of the 
layer in which it suffered its last collision. Its 
path may be inclined at any angle to the surface, 


and hence if pe be the velocity gradient across the 


layer of fluid, separating the upper and the lower 
plane, each molecule will on the average bring in 


the horizontal momentum mm. l cos 6 ah where cos 


6 may have any positive value between 0 and 1. 
If s be the mean speed of the molecules, the 





volume striking, at the angle 6, 1 sq. cm. of surface 
will be s cos @ cub. cm. per second. If n be the 
number of molecules in 1 cub. cm., then, as shown 
below, the number of these which at any instant are 
travelling towards the surface at the angle @ is 


n.sin 0 oS. : é 
That this is so will be easily seen on reference 


to Fig. 3, which represents a sphere of radius /. 
Here the number of paths which make with the 


vertical an angle lying between 6 + a is obviously 


proportional to the area of the belt indicated. The 
area of this belt is 2 #1 sin @ X 1 . A 6, whilst the area 
of the whole spherical surface is 47/7. Hence 
if n be the total number of molecules per c.c. 
and A n be the number in the cubic centi- 
metre which are moving at any instance in a 
direction inclined to the vertical at an angle lying 
between 6 + aS we have the relation— 

An _ 2rlsin@.1A 6 _ sind.Ad 

ry anf 2 


This set of molecules, then, will bring in the 
momentum 





oe —— 3% 
8.cos@, x m.cos81la—> 


dv sinf.d@ 
— 

At the surface this momentum (which it must 
be remembered is, by our hypothesis, momentum 
parallel to the surface) is reversed, so that the 
shearing force developed on 1 sq. cm. by these 
molecules will be 


AF =nm.at, G2 cot0. sind .d 0 


To determine the total shear we have to integrate 
this expression between 6 = 0 and 6 = > since 
only those molecules whose directions of motion lie 
between these limits strike the surface. 

Whence— 

F =” z > -t. ra dyries per sq. cm. 

But the coefficient of viscosity is defined by the 

relation 





= dv 
FB =x 9. 7° 
Hence— a 
—_nms. 1 
3 
And substituting for 1, its value already found, 


we get 





n.ms 1 aa ms 23 
on. 3/ 2 


3 : ont /2 
On page 63 ante, it was shown that for 
spherical molecules the co-volume 6b was equal 


to i ro v where » denotes the number of mole- 


cules in a gramme, so that.m vy is unity. The 
co-volume 6 can be measured. Hence, sub- 
stituting for m in (8) we get the following 
expression for the diameter of a molecule. 





R= 


c= 9ba Peer ea ea) 
8/2 

Every term on the right of (9) can be measured 
or calculated, the value of s being given on page 3 
ante. Having determined o we can calculate 
from the expression found for J. The accepted 
value of » is 2-70 x 10° which is the number 
of molecules in 1 c.c. of gas at standard pressure 
and temperature. 

It is obvious that when the free path is of con- 
siderable length it is no longer legitimate to assume 
that each molecule, when it meets the surface 
confining it, completes a normal free path; as 
the asperities of the surface then are no longer 
comparable with this free path, but become rela- 
tively small. It is, in fact, proved by experiment 
that at very low pressures the shearing force 
developed on the surface diminishes and the 
resistance to flow through a pipe is reduced. 

Over a very large range of pressure, however 
the viscosity is found to be independent of the 
pressure, as it should be according to formula (8). 

According to this formula, the viscosity wil 
increase in direct proportion to s, which, from the 
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discussion given on page 63 ante, is directly pro- 
portional to the square root of the absolute tempera- 
tures. This rule is not found to hold good, as the 
viscosity appears to increase faster than this rule 
would indicate. 

This is what would be expected if temporary 
molecular co-aggregations occur, since these would 





increase the average mass of the molecules taken 


2. 


as a whole, and thus when the co-aggregation was 
large the value of s would be smaller than if no 


co-aggregation occurred. As the temperature rose s 
would increase not merely because the average 
kinetic energy of the molecules is proportional 
to the absolute temperature, but also because the 
rise of temperature by diminishing the number of 





co-aggregations would reduce the average mass of 
the molecules. 

Making use of Van der Waai’s assumption that 
there was a mutual attraction, other than gravita- 
tional, between the molecules of gas, Sutherland 
arrived at a similar conclusion and devised a formula 
for the variation of viscosity with pressure, which 
has in certain cases proved in very good accord 
with experiment. Sutherland’s formula is 
_ AVT 

+2 

¥ 
where T denotes the absolute temperature, and 
A and B empirical coefficients. 

The conductivity of a gas for heat depends upon 
the diffusion of molecules from one surface to 
another just as the viscosity does, and there is 
a simple relation between the conductivity k and 
the viscosity y, viz., k = 1-6 n Cy, where Cy is 
the specific heat of the gas at constant volume. 


7] 





(To be continued.) 





STEAM TURBINE FOR MILL 
DRIVING. 


WE illustrate in Figs. 1 to 47 on this and the fol- 
lowing pages and on Plate XII with our issue of this 
week a steam turbine of 1,250 brake horse-power 
rating which has been constructed by Messrs. Hick, 
Hargreaves and Co., Limited, of the Soho Iron- 
works, Bolton, for driving mill machinery either 
by ropes or by electric transmission. The general 
character of the turbine is well shown in Figs. 1 
and 2, which are reproduced from photographs 
taken from the H.P. end of the machine, and 
which show clearly the arrangement of the valve 
chest and governor gear. A longitudinal section 
through the turbine is represented in Fig. 3, Plate 
XII, from which it will be seen that the turbine is of 
the pure impulse type having seven wheels, each 
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Fia. 29, 


with one‘row of blading 28 in. in mean diameter. 
This is the simplest type of compounded impulse 
turbine and is well suited to general industrial 
work, in which long continuous service with a 
minimum of attention is required. The blade tip 
clearances are large, and no axial adjustment is 
required in starting up. 

As the turbine is intended for driving through 
reduction gearing, its speed of rotation was not 
limited by electrical or other considerations. The 
speed of 5,600 r.p.m. was accordingly adopted, 
which corresponds to a mean blade speed of 685 ft. 
a second, and the tip speed at the last row of 
blading is 780 ft. per second. This speed was con- 





Fia. 30. 


sidered to be as high as was reasonably permissible 
with the simple form of blade fixing used. Con- 
siderably higher speeds of rotation could have been 
adopted by fitting lighter blades and using a more 
complicated method of securing them. For the 
service in view, however, no appreciable advantage 
would be gained by this procedure, especially in 
view of the fact that the reduction gear ratio 
would have to have been correspondingly increased. 
As now fitted, this is designed to give a rope 
speed of approximately 5,000 ft. per minute. 
With an electric drive a smaller gear ratio would 
have been used. Even as matters stand, however, 
the unit, complete with turbine, gears and rope 
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Fig. 32. 


pulley, is very compact, the overall length being 
just under 20 ft. 

The casing for the high-pressure end of the tur- 
bine is a steel casting of symmetrical design, and is 
represented in detail in Figs. 4 to 9, Plate XII. As 
shown in Fig. 4, the steam belt supplying the nozzles 
is carried round the whole circumference of the 
casing, but the openings at the horizontal diameter 
are blanked off in the course of construction, so aS 
to avoid the possibility of internal leakage of steam 
at the joint. The connection between the upper 
and lower portions of the steam belt is accordingly 
made by external pipes, the bosses for which can be 
seen in Fig. 9. As shown in Fig. 4, the complete 
steam belt has three nozzle openings, of which that 
in the lowest section and that in the left-hand 
compartment of the upper section are always 
open to steam. The port in the right-hand com- 
partment, on the other hand, is supplied through 
a hand-operated over-load valve, which can be 
seen in position on the right of Fig. 2, page 127. 
For large over-loads steam is admitted, through 
a ‘second hand-operated nozzle, to the belt behind 
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the second wheel, as can be best seen in Fig. 3. 
With this by-pass in operation, stages Nos. 1] of cast iron and its joint with the high-pressure 
and 2 are short-circuited by the additional over-| section is arranged to come at a point where in 
normal working the steam pressure is nearly atmo- 
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The low-pressure section of the turbine casing is 








spheric so that there is little risk of leakage here. 
The design of this low-pressure section is clearly 
illustrated in Figs. 10to 18, Plate XII. Anoticeable 
feature is the ‘ deflector plate,” which is a curved 
diaphragm devised to collect the steam discharged 
from the lower half of the last row of blading and 
to deflect it along the axis of the exhaust branch. 
It has been found that, lacking this precaution, 
an undue proportion of the total steam flow is 
crowded through the further half of the exhaust 
branch, thus reducing materially the effective area 
provided. 

This- deflector plate also adds materially to the 
strength of the low-pressure casting. It serves 
not only to tie the sides together, but helps to 
transfer the weight to the feet on each side, by which 
the turbine is bolted to its bed plate. Provision 
for expansion is made at the high-pressure end of 
the turbine, which rests on a machined base plate 
provided immediately below the high-pressure 
bearing pedestal. The motion here is guided by a 
steel key (see Fig. 25), which prevents any lateral 
movement, whilst allowing free expansion longi- 
tudinally. The whole machine is thus carried on 
what is in effect a three-point support and is thus 
not subject to distortion strains. 

The diaphragm, between successive stages of the 
turbine are of cast-iron, and the steel partitions 
forming the guide blades are cast in. All the 
diaphragms are in halves. The upper sections 
are secured. to the top part of the turbine casing, 
and are lifted with the latter when the turbine is 
opened up. Knife-edged packing strips are pro- 
vided to baffle the steam where the shaft passes 
through the diaphragms. These are made to fit 
the wheel bosses, and wear their own clearances 
in service. The wheels are steel forgings. They 
are mounted on the shaft through the intermediary 
of two carrier rings which engage with the 
wheel bosses at each end. These bcsses are, it will 
be seen, very long, and in the middle portion they 
stand clear of the shaft, being centred solely by the 
carrier rings in question. With this arrangement 
the centrifugal forces developed in running tend 
to make the ends of the boss “nip” the carrier 
rings, so that the wheels are inclined to tighten up on 
these rings as the speed rises. The keys by which 
each disc transmits torque to the shaft engage 
solely with the central portions of the wheel bosses. 

The blading is milled from rectangular steel bars; 
the spacing pieces being solid with the root of the 
blade, the form of which is well shown in Fig. 28, 
page 128, on the left-hand side of which two blades 
are shown complete. The three test-pieces to be 
seen in the same figure, represent the last of a 
long series of tests made to determine the best 
proportions for the rcots. It was found in this 
series of experiments (which was carried out at 
the College of Technology, Manchester) that round- 
ing the corners of the root, as shown for the last 
of the specimens, gave a strength 10 per cent. 
higher than was obtained with sharp corners, as in 
the first, though both specimens had the same 
mean dimensions. It will further be noted that in 
the case of rounded corners, the root is practically 
of the same strength as the stalk, since it was just 
commencing to “ pull through” when the stalk 
broke. The blades fit into grooves machined in 
the edges of the turbine discs. They are inserted 
through a window which is afterwards closed by a 
locking piece. 

Carbon glands are used to prevent steam or air 
leakage, where the shaft passes through the turbine 
casing. At the high-pressure end, a leak-off is 
provided from the middle of the gland. The low- 
pressure gland is sealed by high pressure steam, 
which, before admission to the gland, is wiredrawn 
down to a little above atmospheric pressure. 

The pedestal for the low-pressure bearing is 
cast solid with the low-pressure casing, and is 
bored at the same time as the latter, thus ensuring 
accurate alignment. A flexible coupling of the 
type shown in Fig. 32, page 128, is used to connect 
the turbine shaft with the pinion of the reduction 
gear. 

The pedestal for the high-pressure bearing is a 
separate casting, which is bolted to the lower half 
of the high-pressure casing. In addition to the 
main bearing, this pedestal supports a Michell 
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thrust block, which locates the rotor longitudinally, 
and within the pedestal is also found accommoda- 
tion for the worm, which transmits motion to the 
main governor shaft, and for the emergency 
governor. The latter is of the eccentric ring type, 
and is represented diagrammatically in Figs. 33 and 
34, page 129, and also in fuller detail in Figs. 35 
to 40. As will be seen from Fig. 33, the emerg- 
ency valve is of the simple pot-lid type. The valve 
rod carries a piston at its upper end, and, to the 
top of this, oil is admitted from the lubricating 
system, but at a pressure of some 40 to 50 lb. per 
square inch, which, in the actual lubricating mains, 
is reduced by throttling to about 10 Ib. per square 
inch. The oil pressure above the relay piston 
opens the emergency valve against the steam pressure 
and against the strong helical springshown. Hence, 
lacking adequate oil pressure in the supply pipes, 
this valve is closed. The turbine accordingly 
cannot be started up until the oil supply is under 
pressure, whilst if this should fail, the turbine auto- 
matically shuts itself down. 

At normal speeds the unbalanced ring represented 
in Fig. 33 runs with its outer periphery concentric 
with the turbine shaft, being held in this position 
by the spring shown. Should, however, the speed 
rise above a predetermined limit, this ring moves 
out under the action of the centrifugal forces and 
pushes over the trigger indicated, thus withdrawing 
the detent, which holds open a plug valve on the 
oil supply system. When this detent is cleared, 
the plug is rotated under the action of a strong 
spring into the position shown in Fig. 34, thus 
cutting off the supply of oil from the pump system 
and opening to atmosphere a path for the oil 
on the relay cylinder of the emergency valve. 
The latter then closes automatically under the 
joint action of its spring and of the steam pressure. 
Details of the gear are reproduced to a larger 
scale in Figs. 35 to 40, page 129, the two alternative 
positions of the plug on the pipe line being repre- 
sented in Figs. 38 and 40 respectively. To reset 
the gear the handle, which can be seen to the 
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to the vertical position. The gear can also be 
tripped by hand, using the handle shown on the 
left-hand side of the same figure. As will be 
seen, the whole of the mechanism is mounted 
on a cover which closes in the end of the pedestal 
casting. A photograph of this cover, with the 
gear complete, is reproduced in Fig. 31, page 128, 
and it can also be seen in place in the general 
views of the turbine, Figs. 1 and 2, page 127. 
The main governor is mounted at one side of 
the high-pressure bearing pedestal, as is perhaps 
best seen in Figs. 25 and 26, Plate XII. It is 
driven by bevel gearing by means of the cross shaft 
shown in Fig. 26, which, in its turn, is driven by 
a multiple threaded worm mounted on the end 
of the turbine shaft. This main governor controls 
the valves of the oil-operated relay E shown above 
the main steam valve F in Fig. 25. Oil can be 
admitted to both sides of the piston of this relay. 
The lever B for the ‘‘ overtaking ” motion is pivoted 
on the bearing cap, as shown, and the turbine 
can be speeded up or down by raising or lowering 
the level of this pivot by the small hand wheel 
shown. This adjustment merely brings into action 
a different portion of the travel of the governor 
sleeve, and the sensitiveness is accordingly not 
affected when the turbine is speeded up or down. 
The “overtaking” lever can be readily dis- 
mounted and constitutes the only part of the 
governor or oil supply system which has to be 
removed to gain access to the bearing, and the 
turbine can be completely opened up without 
touching the governor, oil pumps, piping, or the 
steam chest. The oil pipes from the relay valve 
pass through the lower portion of the pedestal 
casting as indicated in Fig. 25. 
A photograph of the governor complete and 
ready for mounting is reproduced in Fig. 30, 
page 128, whilst Fig. 41 on this page shows it in 
longitudinal section. Details of its construction 
are also illustrated in Figs. 42 to 46. All the 
moving parts are supported by ball bearings, and 
similar bearings are used to take the thrust of 
the compression springs, the ends of which are 
therefore free to coil and uncoil as the amount 
of the compression varies. The sleeve is lubricated 
by oil supplied down the centre of the spindle. 
As shown in Fig. 26 the main oil pump is arranged 
at the foot of the governor spindle. It is of the 
gear type, and generates an oil pressure of some 
40 to 50 Ib. per square inch, which is the 
pressure used to operate the relays, but for the 
bearings this is reduced by throttling to a pres- 
sure of about 10 lb. per square inch. The 
discharge from the main oil pump passes through 
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oil distribution box shown in Fig. 26. The 
lower part of this box is also provided with a 
relief valve which opens if the pressure becomes 
excessive and allows oil to escape to the sump. 
From the description given of the working of the 
emergency valve it will be evident that this cannot 
be opened unless there is a full pressure of oil 
in the supply system, so that it ds necessary in 
starting up the turbine to make use of an auxiliary 
oil pump. A section through this is represented 
in Fig. 27, whilst Fig. 29, page 129, is reproduced 
from a photograph of it as completely assembled. 
As will be seen from Fig. 27 this auxiliary pump 
is of the centrifugal type, the oil impeller being 
at the bottom of the vertical spindle shown, whilst 
the drive is provided by a simple form of steam 
turbine at the upper end of the same spindle. 
The pump is bolted to the top of the main oil 
tank so that the impeller is always submerged. 
No governor gear is fitted, since the steam is so 
throttled at inlet that it is impossible for dangerous 
speeds to be reached. The oil is discharged into 
the same distribution box as that from the main 
pump through a second non-return valve. The 
non-return valve on the main pump discharge has 
a small hole drilled through it, so that when the 
auxiliary pump is started up the main gear pump 
is primed by the leakage through this hole. The 
pressure generated by the auxiliary pump is found 
to depend a good deal on the viscosity of the oil, 
and in Fig. 47 we reproduce some curves showing 
the pressures attained in the case of a heavy 
turbine oil at a temperature of 100 deg. F. It 
will be noted that the pump has a very flat 
characteristic. 





THE NEW GRAVING DOCK OF MESSRS. 
T. W. GREENWELL AND CO., 
~ LIMITED, SUNDERLAND... 


THE need for improved dry dock accommodation 
at the Port of Sunderland has been felt for many 
years. Although the shipbuilding facilities on the 
River Wear are equal to producing vessels of the 
largest cargo type, great inconvenience has been 
experienced hitherto, both by builders and owners, 
in that large vessels built at Sunderland have had 
to go elsewhere to dry dock for survey and repairs. 
This state of things has now been rectified by 
the construction of a new graving dock for 
Messrs. T. W. Greenwell and Co., Limited, ship 
and engine repairers, Sunderland, of which company 
Sir James Marr, Bart., C.B.E., is chairman, and 
Mr. T. W. Greenwell, managing director. This 
dock was formally opened on Tuesday last by 
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Salvage Association, London, in the presence of 
a representative company associated with shipping 
interests. 

The complete scheme then inaugurated comprises 
a new graving dock, 500 ft. long by 75 ft. clear 
width of entrance, and having a depth on the 
sill of 26 ft. at high water of ordinary spring tides, 
and 11} ft. at low water. The dock is so arranged 
that it can be conveniently lengthened at a future 
date to 650 ft. In conjunction with the dock 
a new tidal fitting-out or repairing quay has been 
constructed, 550 ft. long, having a depth alongside 
at high water of ordinary spring tides of 37 ft. 
and 22 ft. at low water. A new ship and engine 
repairing yard is being brought into use, covering 
an extent of about 34 acres. On this, new work- 


Authority, who have granted a long lease of the 
site to Messrs. Greenwell, but before this was 
arranged a general scheme of harbour improvements 
in the vicinity was carefully considered and decided 
upon by the Commissioners, which not only 
embodied the requirements of a modern graving 
dock, but also comprehends within its scope a 
remodelling of this part of Sunderland Harbour, 
to meet future expansion of the port. 

This general scheme of harbour improvement in 
relation to Messrs. Greenwell’s new dock is shown 
on the site plan (Fig. 1), and was prepared and 
partly carried out by Mr. Simpson when chief 
engineer to the River Wear Commissioners.* It 
comprises, briefly, the construction of two new 





wave basins, 360 ft. in diameter, with new flanking 
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shops have been laid down, for dealing with hull 
and engine repairs. These works have been carried 
out from the designs and under the superintendence 
of Mr. William Simpson, O.B.E., M.Inst.C.E., 
Sunderland, who has acted throughout as Messrs. 
Greenwell’s consulting engineer. The contractors 
were Messrs. Sir William Arrol and Company, Ltd. 

The site of the new dock and contingent works 
is on the River Wear, within three-quarters of a mile 
from the entrance to Sunderland Harbour, and is 
thus conveniently situated and easy of access to 
shipping. The general site plan (Fig. 1) shows the 
position of the new dock in relation to the River 
Wear and the dock system of the port. It is 
placed close to and alongside of the existing No. 1 
Graving Dock, the next largest dry dock in the 
port, which is owned by the River Wear Commis- 
sioners, the Sunderland port authority, and the 
two docks can thus be worked together advan- 
tageously by Messrs. Greenwell when required. 

The land on which the dock and repairing yard 
have been laid down, has largely been obtained by 
embanking the existing foreshores on the east and 
north sides. It is within the estate of the Port 
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piers at the inner entrance to the harbour, the 
south wave basin being intended to replace the 
old Polka Hole wave basin and the adjoining wave 
trap which have been absorbed in Messrs. Green- 
well’s new repairing yard. It also requires the re- 
moval of the existing shallow-founded north and 
south piers, thus providing a wider inner entrance, 
with deep water extending therefrom into the lower 
harbour, and efficient means of reducing wave 
action in the interior of that area. The removal 
of the old quays on both sides of the existing tidal 
basin is also involved, with the object of increasing 
the water space of the lower harbour and River Wear, 
giving room for wave expansion and improved 
facilities to navigation. The remodelling of the 
access to the south docks system, by the removal of 
the old-fashioned half-tide basin and the provision 
of a new deep water entrance to these docks, 100 ft. 
wide, and the reconstruction of the existing No. 1 
Graving Dock alongside Messrs. Greenwell’s new 
dock, are also included in this scheme. 








$ 





* Min. Proc. Inst. C.E., vol. ccix, Session 1919-20, 
Part I; Simpson on Sunderland Harbour Improvement. 


In connection with Messrs. Greenwell’s dock 
works, an important part of this scheme has been 
carried out by the River Wear Commissioners, 
contemporaneously with the construction of the 
dock. The old quay on the east side of the tidal 
basin has been removed, and deep water provided 
by dredging, the new fitting-out quay flanking 
this added water area. The sea wall and new 
south wave basin have been completed to the 
extent shown on the plan (Fig. 1), the remainder 
of this work being in active progress. The com- 
pletion of the sea wall and south wave basin thus 
far has permitted the site of the old foreshore to 
be embanked, and afforded the land necessary for 
Messrs. Greenwell’s repairing yard on the east side. 

The new dock, of which several views are given 
in Figs 2 to 5, page 138, is closed by means of steel 
gates of the semi-buoyant type, operated by electric 
machinery, and the electrically-driven pumping 
plant is capable of emptying the dock in 2} hours, 
when the water level inside is that of high water, 
and no vessel in the dock. The views reproduced 
show the dock from different points of view, just 
before final completion. We propose to deal with 
the details of the construction of the dock and its 
equipment in a subsequent issue. 

Although only officially opened on Tuesday 
a vessel has already been docked. This was the 
Silveray, a new motorship, of 412 ft. length by 
57 ft. beam, just completed by Messrs. J. L. 
Thompson and Sons, Limited, of Sunderland. 





THE NATIONAL PHYSICAL 
LABORATORY. 
(Concluded from page 113.) 

Photometry Division. Colour, Daylight, Thermionic 
Valves.—At the Geneva meeting of the International 
Commission‘on Illumination last year, the Laboratory 
was represented by Dr. J. W. T. Walsh, general 
secretary of the Commission, and Mr. H. Buckley. 
As regards heterochromatic photometry the Labora- 
tory is in agreement with America (the Nela Re- 
search Laboratory and the Bureau of Standards) 
concerning colour temperature, the temperature of 
a black body emitting radiation of the same colour 
as is emitted by a tungsten lamp at a certain voltage. 
But this matching, which is obtained by means of 
optical pyrometers of the disappearing filament 
type, is, so far, only reliable within + 10 deg. C. abso- 
lute, up to 2,400 deg. ; for higher temperatures more 
perfect vacuum furnaces are required. Photo- 
electric photometry is effected by means of photo- 
electric cells—glass bulbs containing inner films of 
colloidal alkali metals—and a quadrant electro- 
meter. As the temperature rises, the light emitted 
by a source becomes more white, 7.e., more blue and 
less red. The various alkali metals having their 
maximum sensitiveness at different wave-lengths 
and temperatures, a sodium and a rubidium cell 
are so connected that their photo currents oppose 
one another on the bridge when illuminated by the 
standard lamp. The aperture of the more sensitive 
cell is varied until balance is obtained, the standard 
lamp being then replaced by the test lamp, and the 
lamp potential varied until balance is again 
obtained. These colour comparisons are much 
more reliable than is colour matching by the eye. 

Standards of coloured glasses are difficult to obtain 
of uniform tint in large sheets. The glasses may 
be coloured throughout or flashed (coloured on the 
surface), The difficulty is greater with the red than 
with the green glasses ; the green glasses made by 
Messrs. Chance Brothers look slightly bluish; they 
transmit very little yellow. The Laboratory provides 
the working standards for the use of the surveyors 
of the Board of Trade for the inspection of ships’ 
lights. The work on daylight and artificial illumina- 
tion and their physiological effects on fatigue, in 
direct and diffused light from different portions of 
the sky and their variations in the course of a year, 
and on similar problems, is being continued. On 
behalf of the Radio Research Board, experiments 
have been made on the life of thermionic valves 
when used simply as lamps, as oscillation generators, 
and when ‘emitting electrons with various power 
dissipations at the anode. 

Metrology Department. Length Standards and 





Measuring Machines.—The department has suc- 








ENGINEERING. 


[JuLy 31, 1925. 








ceeded, though not completely, in elucidating the 
long-standing discrepancy existing between the 
Laboratory and the Bureau International des Poids 
et Mesures at Sévres as to the determination of 
the metre interval of the Nickel Standard No. 184. 
There was a discrepancy amounting to 0-44, to 
settle which Mr. W. H. Johnson was last year sent 
over to Sévres with the standard in question and 
also the standard Nickel 16. Independent measure- 
ments were made under identical conditions, by 
Mr. Johnson and a representative of the Bureau ; the 
observers then slightly approached each other, and 
the discrepancy was reduced to 0-25 ». As regards 
the Nickel 16, the two observers agreed within 
0-1, but this latter bar is suspected of having 
changed in length. The discrepancy is probably due 
to personal error, such as might arise through the 
manner in which the cross wires of the microscope 
are set on the lines, though it is not clear why the 
difference should affect the one bar more than the 
other ; it is not intended to carry out any further 
verification. The final average result would make 
Ll metre = 39-370137 in. ; on Mr. Johnson’s data, 
the final 7 would be a 3. 

Some standards made of the new invar of 
Guillaume (distinguished by its very low thermal 
expansion) have not yet been calibrated. The ac- 
cepted lengths of the old invar tapes and wires 
(24 m., 50 m., 100 ft.) have been increased by 0-4 pz 
per metre on the strength of investigations. Several 
of the tapes and wires supplied to the African 
colonies have failed and broken. The fault gener- 
ally follows corrosion and is often accompanied by 
damage due to kinking or bending of the wire. 
When coiled on drums, where the wires are exposed 
to heavy strain, the wires should be greased with the 
best acid-free vaseline and should not be tied with 
string (which may be hygroscopic) ; if the use of string 
is unavoidable it should be treated with paraffin 
wax. Stainless steel is mechanically stronger and 
seemed preferable in some ways to invar ; but it can- 
not be used in the field and it has now been found to 
be unstable. Thesag wires ofinvar, found very useful 
on the 50 m. base, as we explained on page 212 of our 
issue of August 18, 1922, are slowly increasing in 
length, but the rate of increase has diminished from 
3 parts in a million in 1921 to less than 1 part in 
1924, The new end-measuring machine of the 
department, fitted with a special micrometer head- 
stock and indicating tailstock, was illustrated on 
page 775 of our issue of June 13, 1924. Mr. G. A. 
Tomlinson’s gear-measuring machine, which we 
described on pages 104 to 109 of our issue of July 27, 
1923, has been much in demand for gear tests of 
all kinds, notably for hobs used in cutting large re- 
duction gears for turbines. The remarkable groups 
of tooth profiles, which our Fig. 27 of the last- 
mentioned article illustrated, are obtained on 
smoked glass, the preparation of which we noticed 
in connection with the vibrator described on page 19 
ante. As deputy-warden of the Board of Trade 
Standards, Mr. J. E. Sears, Superintendent of the 
Metrology Department, is also responsible for the 
periodic verification of these standards. 

Interferometry.—Progress has been made in the 
development of methods and appliances for the even- 
tual adoption of the wave-length of light as the 
ultimate standard of length. The realisation of 
that aim will take time, but the interference 
methods of Mr. F. H. Rolf and others applied 
to the measurement of short gauges have neces- 
sitated similar research. In one method, the gauge 
is wrung on to a steel plate and an optical flat is 
supported just above the gauge, inclined at a small 
angle. The two sets of interference bands pro- 
duced by a parallel beam of monochromatic light 
(between the lower surfave of the glass and the 
upper surface of the gauge and the supporting plate) 
are then measured by the method of coincidence, 
and the length of the gauge augmented by the 
one steel-steel wringing film is thus deduced ; there 
is no change of phase by reflection, The “stagger” 
between the two sets of bands is measured on 
negatives magnified by the horizontal gauge pro- 
jection apparatus. In the other method, an optical 
flat, partly silvered, is wrung on to each of the 
parallel faces. A convergent beam then gives 
interference rings, and the length of the gauge plus 


two glass-steel wringing films can be determined. 
The results are in excellent agreement with mechanical 
measurements, and a special monochromatic light- 
service in which the light of neon, helium cr 
cadmium tubes is split up by means of a constant 
deviation prism, has been constructed to facilitate 
this work. Some trouble was, however, experienced 
with certain neon lines. According to Pérard, some 
wave-lengths of neon vary systematically with the 
path they traverse, because the lines have satel- 
lites and thus the measurements become uncertain for 
lengths exceeding 2 in.. The red cadmium line is 
perfect in this respect. The second method 
just mentioned has also served for the determination 
of expansion ‘voefficients. Hardened steel gauges 
were found to have larger coefficients than the 
unhardened tool steel, about 12-1 as compared with 
10-8 x 10-® per deg. C. The thickness of the 
wringing film of air is of the order of 1 millionth 
of an inch, that is, on the border line of possible 
errors. The Blythwood machine for ruling diffrac- 
tion gratings has been redesigned and a consider- 
able number of gratings, with 14,400, 28,800 and 
also 2,400 lines (for infra-red work) to the inch 
have been ruled. 

Barometers. Weights. Watches. Glass Volu- 
metric Apparatus. —In the direct testing of 
barometers, which promises great advantages, 
the standard barometer and the instrument under 
test are mounted in the same vacuum chamber so 
that directly comparable readings can be taken at 
various air pressures ; large vacuum chambers will, 
however, be required for routine work. According 
to a pamphlet on testing weights and densities, 
recently issued, weights may now be certified for 
mass rather than for their weight in air under 
specified conditions. In order to study and to 
eliminate the influence of buoyancy, humidity and 
temperature during weighing, experiments are 
being made with spheres and open cylinders of 
quartz, approximately of equal mass and super- 
ficial area. As regards materials for standards of 
mass, stellite weights have maintained their stability 
of mass within 1 : 10,000,000, but small imperfections 
have been observed in the castings supplied, so that 
the casting had to be carried out in the Metallurgy 
Department. Owing to their hardness, these stellite 
alloys (of cobalt, chromium, tungsten with a little 
iron and carbon) can only be ground and polished, but 
notwithstending this the Metallurgy Department has 
been making yy-in. rods of stellite for the manufacture 
of pivots. Fortunately, nichrome (80 Ni, 20 Cr.) 
proves equal to stellite in stability, and is not too 
hard for machining. The performance of Class A 
watches has not been quite so good as last year, on 
the whole, but the 97-0 marks obtained by Messrs. 
Paul Ditisheim, of La Chaux de Fonds, are the 
highest ever recorded. This firm has several 
times gained the highest distinction and, as in 
previous years, all the highest marks were secured by 
Swiss firms, though some of these are also repre- 
sented in England. Few chronometers were sub- 
mitted, as was the case last year, and the percentage 
of failures was higher—17-6 as compared with 11-6 
per cent. The report on the standardisation of 
scientific glassware and the volumetric standardisa- 
tion in litres and millilitres (instead of cub. cm.) was 
noticed on page 378 of our issue of September 12, 
1924. We have already referred to the work on the 
“ cutting” diamonds, which make bad bearings for 
spindles, in which the Metrology and the Radiology 
Department have been engaged. The former is also 
investigating the cleaning of jewels by various liquids 
and has devised a machine for the final forming and 
polishing of pivots in situ employing a vertical 
projector so that the operator can see a magnified 
image of his pivot while he is lapping it. 

In concluding our review of the work of the Labo- 
ratory, we should mention that the report for 1924 
has again been provided with a very useful 
index, compiled by Mr. G. R. Edwards, assistant 
to the Secretary, Mr. F. J. Selby. 





RoyaL AERONAUTICAL Socrety.—It is announced 
that the Royal Aeronautical Society has awarded the 
R. 38 Memorial Prize for 1925 to Mr. R. A. Frazer, for his 

aper on “The Rigid Airship in Relation to Full Scale 
xperiments.”” 








THE ROYAL SANITARY INSTITUTE. 


Tue contributions of engineers to the welfare and 
progress of the people of the various countries of the 
world are, perhaps, the most outstanding features 
of the history of modern times. In making such a 
statement we do not desire, in any way, to belittle 
the efforts of men of other professions, but it must be 
recognised that those who provide the designs for 
the plant by which the work of others can be made 
available in practical application, are deserving of 
every commendation. The co-operation of engineers 
with medical men is but one phase of the 
work, in which such combined effort has resulted in 
the successful solution of problems confronting those 
who aim at the removal of difficulties accompanying 
modern industrial life. It is the phase, of course, 
of the engineer’s work which is usually our main concern 
when considering the activities of those devoting 
themselves to progress in sanitary science. The Royal 
Sanitary Institute, through its congresses, the latest 
of which was held in Edinburgh from July 20 to 25, 
provides the means of gauging the progress that has 
already been made and the problems that have jointly 
to be solved by physicians and engineers. 

The opening proceedings of this, the thirty-sixth 
congress of this kind, took place on Monday, July 20, 
when Sir John Gilmour, Bart., Secretary for Scotland 
in His Majesty’s Government, delivered a presidential 
address, in which he traced the public health develop- 
ment in the Lowlands and Highlands of Scotland. In 
the course of his address, the President stated that 
they must free their minds from the preconceived 
notion that the only materials of which houses could 
be built were brick and stone. They must be prepared 
to investigate, without prejudice, the possibilities of 
other materials and other methods of construction 
than those used in the past. 

The existing problems relating to river pollution 
were reviewed in a paper by Mr. Frank A. B. Preston, 
in which he stated that the preliminary treatment of 
trade waste liquids by producers was strongly advo- 
cated. Where economic advantage could be obtained 
by this treatment there was little difficulty in securing 
a solution of the problem, but, when monetary losses 
were incurred by it, there was usually opposition to 
the introduction of suitable plant. No uniform system 
of rendering all trade effluents innocuous was as yet 
available. New problems had to be faced in dealing 
with the damage caused to fish life by the washings 
from tar-treated roads, and the discharge of oils and 
petrol into streams and sewers was another source 
of trouble. There was laxity shown by many local 
authorities in failing to deal with sewerage pollution, 
apart from trade wastes. 

Professor T. Hudson Beare presided in the section 
devoted to Engineering and Architecture. A paper on 
“ Workmen’s Dwellings’ was read by Mr. John Wilfrid 
Green, the City Engineer of Durham, who suggested 
that suitable designs of blocks of flats should receive 
more: sympathetic treatment from housing committees 
than has hitherto been the case. To provide twelve 
houses to the acre of land necessitated building in 
regions remote from the area in which their occupants 
worked,’ and the prevailing insecure conditions of 
employment proved a deterrent to the removal of 
workpeople to such districts. Something intermediate 
between the present slum conditions of cities and the 
garden village was what was really required. The 
insistence:on a limit of twelve houses to the acre really 
meant that slums must be lived in longer than was 
necessary. It was essential that some of their ideals 
should be relaxed in view of the needs of the present 
situation. To'a large extent the bricklayer and the 
mason had been displaced in the making of bridges, 
and there was no reason why similar departures should 
not be made in the construction of buildings. The 
increased cost of coal, cartage and labour in brick 
making, as well as the abundance of cheap aggregate 
for concrete manufacture, were potent factors which 
demanded consideration. If by mass production and 
the making of components in the factories, the housing 
shortage could be overtaken by providing work for 
the unemployed, alternative schemes of building should 
receive sympathetic consideration. It was not beyond 
the bounds of ingenuity to make walls of other 
material than brick, which would be heat-retaining, not 
subject to condensation, fire, sound and vermin-proof, 
and yet durable and cheap to maintain. ; 

In discussing the ‘‘ Sewerage of Towns and Tidal 
Waters,” Mr. D. Balfour stated that wherever possible, 
outfall sewers on a beach should be designed as to be 
covered to as near the point of discharge as possible, 
mainly as a protection against the force of the waves. 
Where any portion of the outfall, between high and 
low water mark, was above the level of the shore, 
scouring of the beach inevitably took place on each 
side of it. When the excavation was in good firm 
sand, and the sewer well covered no other foundation 
might be necessary, but in cases where the foundation 
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was bad, the cast-iron pipes might have to rest on 
piles. Wherever possible the outfall should be of 
heavy cast-iron pipes with lead joints. Flanged and 
bolted pipes, where exposed to the action of the tides, 
often caused trouble because the bolts became loose 
through rusting. Periodical inspection was necessary 
of all long sea outfalls in exposed positions, in order 
that the slightest damage might be attended to imme- 
diately. It was becoming more apparent in the cases 
of towns situated on the banks of tidal rivers, from 
which sewage could only be carried out to sea on the 
ebb tide, that some form of clarification should be 
effected. All solid matter should be removed to 
prevent its deposit in the form of mud banks on 
the sides of the river. The main collecting sewers of 
a town on the river side or sea coast should, if possible, 
converge to a point from which the main outfall sewer 
should be laid. On this outfall sewer, at a point as 
near as possible to high-water mark, a storm outflow 
chamber should be provided, where flow in excess of 
six times the dry weather flow could be discharged. 
It was advisable to keep the hydraulic gradient as 
small as possible, in order to reduce the depth to 
which the sewer would be -back-watered at times of 
high tide, when discharging the maximum flow which 
could drain to it. 4 

Mr. Thomas P. Collinge, in the course of describing 
the “‘ Bridges over the River, Wear at Sunderland,” 
referred to the old Wearmouth Bridge, built in 1790, 

by Thomas Wilson, and. reconstructed by Robert 
Stephenson in 1846, which is now to be replaced by 
one of a two-hinged parabolic steel arch of 310 ft. span 
between hinges, 296 ft. between abutments, and 68 ft. 
rise to the axis of the ribs at. the centre. This new 
bridge, which will be 80 ft.’ wide, is to be constructed 
to the designs of Messrs. Mott, Hay and Anderson. 
The main ribs will be 15 ft.in depth at the centre and 
3 ft. 6 in. at the outer ends: and.are:to be triangulated 
trusses of the Pratt type, each chord being a parabola, 
with the web system composed of vertical and diagonal 
members. 

In dealing with “‘ Health and Industrial Efficiency,” 
Mr. Arthur Greenwood said that it was obvious that 
conditions which made for physical inefficiency were 
a drag upon production and economic development. 
Taking the figures given in a Government report for 
the year 1924 on the National Health Insurance scheme, 
it was found that the time,lost in England and Wales 
during that year due to sickness, was about two and a 
half times as much as. the time lost in the whole of 
Great Britain and Northern Ireland in the same period 
through trade disputes.. Industrial conditions were, 
broadly speaking, far from satisfactory. Many factories, 
warehouses, workshops and offices were much below 
modern standards. There: was still in use a large 
number of workplaces, built generations ago, which 
acted as a brake on industrial progress. Apart from 
structural defects, which made the attainment of 
healthy working conditions difficult, there were other 
matters, such as extremes of temperature, which were 
often injurious to health and output. Messrs. Collis 
and Hilditch had shown in a report what was. the 
effect on the sickness experience of tinplate operatives, 
due to the temperature conditions under which they had 
to work, and contended that ‘the extra expense of an 
efficient system of ventilation .would be more than 
compensated by the increased productive power of the 
men, 

Sir Thomas Oliver, in another paper, dealt with 
“Dusty Occupations and their. Effects upon the 
Lungs.” It was probable, he said, that the lungs 
were injured more by the nature of the dust than by its 
quantity, also more by the finer than the coarser par- 
ticles. Coal dust and cement dust were, for example, 
less harmful than silica. The author then referred to 
the troubles due to dust experienced by workers ‘in 
coal, lead and gold and arseni¢ mines, and in the manu- 
facture of asbestos. 

In the last paper, those which were of interest 
to engineers, Mr. W. B. Smith referred to the work 
undertaken by the Glasgow Corporation in association 
with Mr. Robert Maclaurin on low-temperature car- 
bonisation of coal. It was stated by the author that 
the rate which the Glasgow electricity department could 
pay for the gas produeed, taking 20s. per ton as the 
price of coal, and excluding the cost of handling the 
coal, was 1-Old. per therm, and it was contended 
that with the Maclaurin process, it was possible to 
make gas at even less cost than this. The author pre- 
sented a balance-sheet for a 10-unit plant costing about 
63,0001., which showed that the yield of gas of 68-5 
therms per ton sold at 1d. per therm, the production 
of oil which sold at 5d. a gallon, the recovery of sul- 
phates of ammonia which could be sold at 4d. per lb., 
and the smokeless fuel selling at 28s. 6d. per ton, 
would cover all charges, allow depreciation at 10 per 


cent., give 5 per cent. on the capital expended and | instance, the fusibility and viscosity of the 


putting down, at an electricity generating station, a 
plant capable of carbonising half-a-million tons of coal 
per annum. 





TESTING FIRE-CLAY BRICK. 


In 1922 manufacturers and users of refractories met 
at the United States Bureau of Mines in order to discuss 
the determination of the physical and chemical 
properties of various grades of refractories. The work 
decided upon was limited in the first instance to bricks 
used in the settings of coal-fired boilers and to construc- 
tions in which so-called first-class quality fire-bricks 
can economically be employed. Some sixty samples 
of forty-two brands of standard 9-in. bricks were 
obtained. The chief interest of the report on ‘ Testing 
Fire-clay Brick, with special reference to their Use 
in Coal-fired Boiler Settings” (Technologic Paper of 
the Bureau of Standards, No. 279), lies in the informa- 
tion given on the value and correlation of the various 
tests’ and of actual service of- bricks in settings. 
Most of the tests were made in a gas-fired laboratory 
kiln, 6} ft. high, by the methods of the American Society 
for Testing Materials. The softening point was deter- 
./mined ‘in a carbon-resistance furnace, 15} in. high, in 
which the specimen is placed on a high-alumina refrac- 
tory’ within a vertical cylinder of magnesite. The 
cylinder is surrounded by a ring of carborundum in the 
central portion, and in the other portions by granulated 
graphite in which the vertical copper electrodes are 
embedded. The outer shell of fire-clay is provided with 
& casing of sheet iron. Optical pyrometer readings are 
taken down the. cylinder. 

In the endurance test the brick is placed first on 
end and heated to 1,450 deg. C. for 12 hours; it is 
then laid flat and loaded on a span of 7 in.; changes in 
length and deflections are measured. In the reheating 
| test the brick is kept at 800 deg. over-night and then 
heated to 1,400 deg. for five hours. This test is in 
a sense preparatory for the quenching test, in which 
the bricks are plunged half-way into running water 
for three minutes, allowed to steam in air for five 
minutes, and then submitted to the same treatment 
again until spalling occurs; the quenching tempera- 
tures are 800, 850, 1,200, or 1,350 deg. The absorption 
test is made on specimens which have been through. 
the endurance or reheating test. A fragment of 
100 grammes or more weight of the brick is boiled in 
water for two hours and cooled with the water; the 
absorption in per cent. is then A = 100 (W — D)/D, 
where W is the weight of the cooled specimens and 
D the weight of the same dried to constant weight at 
110 deg. Load tests were also made, as well as 
chemical analyses, photographic examination for free 
quartz, cristobalite, glass and mullite (the silicate 
3.Al,O;.2 SiO, now believed to form the fine needle 
crystals found, previously described as sillimanite), and 
erosion tests. In the latter a chamber, one wall and the 
ceiling of which are built up of the brick, is partitioned 
off the kiln, and the flame into which ground slag is 
fed, is directed against the bricks; the results in this 
test. were not sufficiently pronounced to warrant con- 
clusions, but the test’ at 1,450 deg., continued for 
several hours, is recommended. Porosity tests and the 
fineness ‘Of grain are not discussed in the report. 

The results of the tests were not always very con- 
cordant ‘and the behaviour of. the samples under the 
several tests led to different groupings. Yet close 
relations were established between the chief tests 
and chemical composition. The endurance tests 
showed that specimens of first-class refractories might 
expand or contract, and that the test, though of value, 
was difficult and expensive. Quenching at a furnace 
temperature of 850 deg. C. proved an excellent means 
of judging resistance to thermal shock. A _ brick 
which, would stand 15 quenching tests was found to 
have a softening point of at least cone 32 (equivalent 
to 1,670 deg. C.; cone 28 is rated at 1,590 deg., cone 30 
at 1,630 deg.); the linear change of the brick in the 
endurance test would not exceed 2 per cent., the deflec- 
tion under transverse load remain below 10/52 in., 
and the absorption after reheating would lie between 
6 and 10 per cent. But quenching does not make it 
possible to dispense with chemical tests, though petro- 
graphic examination might be substituted for the latter, 
when the softening point is also determined. The raw 
materials of refractories should not contain more than 
4 per cent. of flux and 20 per cent. of uncombined 
quartz. These considerations favour the dry-press 
process of brick manufacture. 

On the other hand, it was found that refractories of 
high laboratory performance did not always show the 
best service in a survey of 72 installations. This was 
almost to be expected, however, since no two brands 


many indeterminate factors influencing service life : Base 


nearly all the bricks, including those set in sprung 
arches, failed through erosion; in the suspended arch 
spalling was the chief cause of failure, as in most cases 
of short life, whilst long life was terminated by erosion. 
No brick lasted longer than 24 months. Seventy per 
cent. of the failures were found to have occurred with 
chain grate installations, not only in the arches (which 
are rarely used with underfeed stokers), but also in the 
side walls. The inference would seem to be that the 
chain grate produces higher temperature than the 
underfeed type of stoker. If that be so, chain grates 
would require improved refractories or settings of 


special design. 
LETTER TO THE EDITOR. 


THE REIHERSTIEG SHIPBUILDING 
YARD. 


To THE Eprror or ENGINEERING. 


Srz,—In your current issue you give a description 
of the Reiherstieg Shipbuilding Yard, in the course 
of which is a statement which might give rise to a 
misapprehension of the facts, to the detriment of a 
British firm. Itis stated that the Reiherstieg Company 
had a floating dock built for them and designed by 
Clark and Standfield, and that afterwards they built 
another. As a matter of fact, the first floating dock 
was built, to our designs,. by themselves. When they 
wanted another they commissioned us to design it 
for them, and placed the order for its construction 
with the Flensburg Shipbuilding Company. When 
they wanted a third, we were the designers of this 
also, the construction again being carried out in 
Flensburg. The remaining docks were acquired during 
the war. 

As a matter of interest it might be noted that their 
first dock of 5,000 tons lifting power was the first 
off-shore dock ever constructed, and that the second 
dock, of 11,000 tons lifting power, is the largest 
off-shore dock in the world. 

Yours faithfully, 

CLARK AND STANDFIELD. 

11, Victoria-street, S.W., July 27, 1925. 








Tue Institution oF ELECTRICAL ENGINEERS.—It is 
announced that Mr. R. A. Chattock has been elected 
President of the Institution of Electrical Engineers. 
Lieut.-Colonel K. Edgcumbe, R.E. (T.A.), and Professor 
W. M. Thornton, O.B.E., D.Sc., have been made Vice- 
Presidents, while Mr. P. D. Tuckett has been appointed 
Hon. Treasurer. The new Members of the eee 
comprise the following Members of the Institution :— 
Professor C. L. Fortescue, O.B.E., M.A., and Messrs. 
R. W. Paul, C. Rodgers, and 8. J. Watson. Major E. O. 
Henrici, R.E. (ret.), and Messrs. R. Grierson and J. W. 
T. Walsh, M.A., M.Sc., Associate Members, are included 
among the personnel of the Council, together with Mr. 
E. Leete, an Associate of the Institution. 





Tue InstiITUTE oF Metats.—The autumn meeting of 
the Institute of Metals will take place on September 1, 
2 and 3, in the Rankine Hall of the Institution of 
Engineers and Shipbuilders in Scotland, Elmbank- 
crescent, Glasgow. The proceedings will begin at 
8 p.m. on September 1, when Sir John Dewrance, 
KBE, will deliver the fourth autumn lecture entitled 
‘*Education, Research and Standardisation.” Com- 
mencing each day at 10 a.m., meetings of members 
will be held on September 2 and 3. The papers to be 
read and discussed are as follows :—‘“‘ The Effect of 
Low-Temperature Heating on the Release of Internal 
Stress in Brass Tubes,’”’ by Messrs. R. J. Anderson 
and E. G. Fahlman ; “Colloidal Separations in Alloys,” 
by Professor J. H. Andrew and Mr. R. Hay; “ The 
Influence of the Time Factor on Tensile Tests Con- 
ducted at Elevated Temperatures,”’ by Mr. J. 8S. Brown ; 
“* Passification and Scale Resistance in Relation to the 
Corrosion of Aluminium Alloys,” by Mr. L. H. Callendar ; 
* Zinc-Cadmium Alloys: A Note on their Shear Strengths 
as Solders,” by Mr. R. B. Deeley; “‘ Thermal Conduc- 
tivities of Industrial Non-Ferrous Alloys,” by Mr. J. W. 
Donaldson; “The Influence of Pouring Temperature 
and Mould Temperature on the Properties of a Lead- 
Base Anti-Friction Alloy,” by Professor O. W. Ellis ; 
“On the Constitution of Zinc-Copper Alloys containing 
45 to 65 per cent. of Copper,” by Dr. Marie Gayler ; 
“The Effect of Temperature on the Behaviour of 
Metals and Alloys in the Notched-Bar Impact Test,” by 
Dr. R. H. Greaves and Mr. J. A. Jones; “On the 
Constitution of Alloys of Aluminium, Copper and Zinc,” 
by Dr. D. Hanson and Dr. Marie Gayler ; “The B 
Transformations in Copper-Zinc Alloys,’ by Dr. J. L. 
Haughton and Mr. W. Tr. Griffiths ; “The Properties 
of Some Aluminium Alloys,” by Dr. H. Hyman; “‘ The 
High Temperature-Tensile Curve—(a) Effect of Rate 
of Heating; (6) Tensile Curves of Some Brasses,” by 
Mr. D. H. Ingall; “The Physical Properties of the 


were subjected to similar service conditions. There are Me WR Alloys Rich in Cadmium,” by Mr. 


. Jenkins; “The Primitive Copper Industry 
in America,”” by Mr. G. B. Phillips; ‘‘ The Alpha-Phase 
Boundary in the Copper-Tin System,” by Mr.. D. 


leave a further 6 per cent. as a surplus. When they | temperature fluctuations, and clinker removal. Optical] giockdale. The programme also includes visits to works 


had sufficient working experience of the plant they 


pyrometer readings taken 


through flames or on sur}/ and other places of interest. On September 4 there will 








were using at Glasgow, it was proposed to consider | faces reflecting light are moreover misleading. Yet 





be a trip to the Trossachs and Loch Lomond. 
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THE DAVENTRY BROADCASTING 
STATION. 


No public service has ever before grown at more 
than a small fraction of the rate that has been achieved 
by the broadcasting service. Other public services, 
which are also in essence of a technical character, 
such as supplies of gas, water and electricity, as well 
as the ordinary telephone and telegraph services, 
have, each in their own sphere, taken months, if not 
years, to collect the customers which have come to 
the broadcasting service in days. Success such as 
this has its embarrassments and creates its own difficul- 
ties, and although the brief history of broadcasting 
in this country contains records of both disappoint- 
ments and failures, it is a remarkable.tribute to the 
technical direction which has been at the service of 
the British Broadcasting Company, that such records 
form such a small part of the whole, and that a suc- 
cessful service has been established over the greater 
part of the British Isles in a period which even now 
might reasonably be reckoned in months. 

The new high-power station at Daventry, which. 
was opened on Monday last, represents a further step 
in the direction of furnishing an improved service 
over a very considerable proportion of the total area 
officially allotted to the company. The essential pur- 
pose of the station is to enable good crystal reception 
to be obtained over as wide an area of England as 
possible. It was stated by the Postmaster-Generalj 
at the opening ceremony of the Daventry station on 
Monday that the Chelmsford station, which Daventry; 
replaces, has a crystal range comprising a population 
of about twelve million people. Daventry is situated 
at what is practically the geographical centre of England, 
and the crystal range of the station, estimated at 
about 100 miles, extends from the south of Yorkshire 
and Lancashire to the south coast, and from the 
Welsh border counties to Ipswich. The area contains 
a population of about 25 million people. The actual 
site which has been found for the station, about one 
mile south of Daventry, is a particularly suitable one. 
It consists of a flat plot 58 acres in extent, and at an 
average height of 650 ft. above the sea, and 300 to 
400 ft. above the surrounding land. A water supply is 
available on the spot and an electric supply service 
has been run to it from Northampton. The station 
will operate on a wave-length of 1,600 metres and will, 
of course, greatly increase the number of listeners to 
whom alternative programmes will be available. The 
station will take over the call sign 5X X from Chelms- 
ford. 

The station building is of brick and steel girder 
construction, 116 ft. by 64 ft., and was built by Sir 
Robert McAlpine and Sons. It is divided into two 
main portions, one of which houses the rotary elec- 
trical machinery while the other contains the wireless 
transmitting apparatus. The latter section has an 
area of 3,300 sq. ft. Offices, store rooms, workshops, 
&c., are also included in the building. There are two 
masts, each 500 ft. high, and placed 800 ft. apart. 
The tops of the masts are thus 1,156 ft. above sea 
level and are higher than the tops of the 820 ft. masts 
of the new Post Office wireless station at Hillmorton, 
near Rugby. The masts are of the stayed type of 
lattice work construction and of triangular section. 
The T-shaped aerial consists of a 10-wire cage along 
the horizontal portion, which has a length of 600 ft., 
and a six-wire cage brought to an insulator and lead-in 
trunk on one of the roof ridges. Four stays are used 
with the down lead to prevent it from swaying in 
view of its considerable length. The whole of the 
work in connection with the aerial and mast systems 
has been carried out by the Radio Communication 
Company. 

Two separate earth systems,are provided, one being 
an earth for the machinery and framework of the 
wireless apparatus, and the other the main wireless 
earth. The former consists of three strips of copper 
sheeting buried in the ground underneath the power 
house and running its whole length, connecting strips 
being bolted up at intervals. The main wireless earth 
consists of a number of zinc plates sunk in the ground 
and forming a ring round the building. A wire from 
each earth plate is led up tc an insulator on a 15-ft. 
mast, of which there are 3& disposed in a circle of 
100 ft. radius from the aerial trunk, and then above the 
roof to a ring fastened round the trunk. From this 
ring a couple of copper strips are taken down inside the 
trunk to the earth terminals of the transmitter.. Such 
a system of earthing forms an electrostatie screen over 
the roof, and probably serves to reduce aerial losses to 
some extent. 

The electrical power is supplied by the Northampton 
Electric Light and Power Company in the form of 
three-phase alternating current at 11,000 volts, .50 
cycles. This is transformed down to 375 volts at a 
sub-station on the site. It was thought undesirable to 
rectify the ‘three-phase supply direct for supplying the 
valve transmitter, as any slight out-of-balantetoad~on 
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one of the incoming phases might cause difficulty in 
maintaining the requisite degree of smoothing. Rotary 
machinery is, therefore, installed to provide a local 
single-phase supply. Although the present rating of the 
station is fixed at 25 kw., by which is to be understood 
the mean power input to the plates of the magnifier 
valves, provision has been made as regards the machi- 
nery for a rating up to 60 kw. on the same basis to 
meet possible future requirements. All transformers, 
chokes, cables, and high-frequency apparatus used in 
the station have been designed with sufficient capacity 
for dealing with this higher power when required. 
The power plant, situated in the machinery room, 
of which a view is given in Fig. 1 on this page, consists 
of three 70-kw., 1,000-volt, 300-cycle motor alternators, 





two 25-kw., 1,000-volt, 300-cycle motor alternators, 
and three 10-kw. motor generators, delivering direct 
current at 20-30 volts. There are also a few smaller 
machines, such as motor pumps, &c. The motor 
alternators and generators were supplied by the 
Electric Construction Company. Two of the 70-kw. 
machines are in use at one time, one machine supplying 
power for the modulation valves and the other for the 
magnifiers. The third machine serves as a spare. 
One 25-kw. alternator is run. for supplying power to 
the drive oscillator and also for lighting the filaments 
of all the rectifying valves. -The direct-current motor 
generators. are used'for lighting the filaments of the 
drive, sub-modulator; modulator and magnifying valve, 
two of these being required, leaving one available as 
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All these machines are fitted with individual 
self-exciters. 

The station will normally broadcast 2 programme 
relayed from London over a Post Office land line, but a 
small studio has been provided in the station building 


a@ reserve. 


for special occasions which may arise. Prolonged 
experiments have been made on the land line to secure 
the best quality of transmission, and the British Broad- 
casting Company have had the fullest co-operation of 
the Post Office engineers in the matter. The Western 
Electric Company, who designed and supplied the 
special line amplifiers, which amplify the impulses 
received over the land line before they are fed to the 
modulation panels in the transmitting room, also 
co-operated in the matter. The amplifiers are further 
adapted for amplifying the audio-frequency currents 
from the microphone in the local studio. 

The wireless apparatus has been designed and 
manufactured by Marconi’s Wireless Telegraph Com- 
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pany, and is based on the experience gained at the 
experimental high-power broadcasting station at 
Chelmsford as regards the theoretical circuits. At 
Daventry, however, more attention has been paid 
to the appearance of the various units, and the control 
switching has been elaborated. As will be seen from 
the three views of the plant which we give in Figs. 2 to 4 
on this and the opposite pages, an excellent and well- 
arranged layout has been adopted. The whole of the 
framework carrying the apparatus is contained inside 
a polished steel railing, access to the apparatus being 
obtained through a safety gate which, when it is 
opened. makes it impossible to switch on the power. 
Marconi-Osram valves are used throughout the gear. 
The independent drive which can be seen at the 
left-hand sides of Figs. 2 and 3 comprises two air-cooled 
rectifying valves, and one water-cooled oscillator. 
The rectifiers are arranged for full wave rectification, 
and supply direct current at 10,000 volts through 


the usual smoothing circuit to the oscillator anode. 
The drive oscillatory circuit is constructed of a pair 
of copper strip inductances astatically connected to 
reduce the external field, and an air dielectric condenser 
shielded by a metal case. The plate input to the 
drive oscillator is about 8 kw., which is an unusually 
high ratio of the power supplied to the magnifier, 
but this permits of securing the necessary magnifier 
grid excitation with a very loose coupling, resulting 
in negligible reaction back on the drive, and consequent 
freedom from frequency variation with variation of 
magnifier input. 

The magnifier, which can be seen next to the drive 
oscillator in Fig. 2, and also in Figs. 3 and 4, is formed 
of four water-cooled rectifier valves, and three water- 
cooled oscillatory valves of the same type as in the 
drive. The oscillator valves are capable of dealing 
with an input of 30 kw. at 10,000 volts, and in this 
station are normally operated at 10,000 volts with a 
plate current of 2-5 amperes. The filament input is 
the same for all the water-cooled valves used, namely, 
1 kw. each at 20 volts 50 amperes. The oscillatory 
circuit of the magnifier consists of an inductance of 
stranded cable and a shielded air condenser. The 


‘| grids of the magnifier are excited inductively from the 


drive circuit, the direct grid current required being 
about 300 milliamperes for the three valves. The grid 
circuit includes an anti-reaction coil which is inductively 
coupled to the plate inductance in such a manner that 
the internal valve capacity coupling is neutralised, 
so that it is not possible for the valves to operate 
as a self-oscillator if the drive excitation is removed. 
This adjustment is an important factor in securing 
stability of working and constancy of wave-length. 
The closed oscillatory circuit of the magnifier is 
inductively coupled to the aerial tuning inductance, 
which is of the same stranded cable as the closed 
circuit coil. 

The modulator, which is best seen in the centre of 
Fig. 4, consists of four water-cooled rectifiers and six 
water-cooled modulators. The modulating valves are 
similar in size and appearance to those of the oscillators, 
but have a much more open grid mesh with a low ampli- 
fication facto1. The modulator is worked with plate 
voltage and current equal to that of the magnifier, 
the current being adjusted by the setting of the grid 
negative voltage. For normal working this setting 
is between 1,200 and 1,300 volts negative, thus a large 
grid sweep is possible during modulation without 
running into grid current. The grid negative voltage 
is obtained from a dry cell battery, and as no current 
is taken from the battery this source is quite satisfac- 
tory, as has been proved by twelve months’ testing 
at the Chelmsford station. 

The smoothing circuits for a set of this size present 

something of a problem, as the permissible ripple is 
very small for high-quality broadcast telephony, and 
the smoothing units are necessarily somewhat bulky 
and costly. The condensers for the smoothing system 
consist of zinc plates with glass dielectric, oil-immersed 
in porcelain containers. The total capacity used on 
each half of the circuit is approximately 3-5 microfarads, 
and the inductance about 16 henrys. The smoothing 
inductances are closed iron core chokes placed in oil 
tanks. Each choke contains about 5 cwt. of iron, 
and there are eight of these in all. 
The sub-modulator to be seen to the right of Fig. 4 
consists of one air-cooled valve, operated from the 
same high-tension source as the main modulator and 
coupled by resistance and capacity to the grids of the 
modulator valves. The grid of the sub-modulator is 
in turn coupled also by resistance and capacity to the 
sub-sub-modulator, which is a block of four valves 
supplied by a 400-volt accumulator battery and with 
accumulator heated filaments. 

The arrangements made for water cooling the valve 
anodes deserve attention. As the anodes are at high 
potential it is necessary to insulate the valve water- 
jackets from the main supply of water. This is 
accomplished by running the water both in and out of 
the jackets through spraying nozzles. The water 
spray forms an almost perfect insulator and, therefore, 
no loss is sustained by leakage. The cooling water is 
stored in a concrete lined pond, holding about 5,000 
gals., and is pumped from there up to a tank in the 
roof, falling by gravity through the valve jackets back 
to the pond. The rate of flow is adjusted to allow 
about 1 gal. per minute through each valve jacket, 
and under these conditions the water leaving the 
valves is only increased in temperature a few degrees. 
As it is important to use cooling water free from lime 
or other ingredients capable of forming a deposit on 
the anodes, rain water is utilised and arrangements are 
made to drain water from the roof into the storage pond, 
a rainfall of 1 in. giving about 1;000 gals. to the pond. 
The apparatus for controlling the power input to 
the various sections of the transmitter is mounted on 
one control table placed in such a position in the wire- 
less hall that the shift engineer at the control table 








has a clear view of the valve panels and the various 
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indicating instruments mounted thereon. The table, 
shown in Fig. 3, carries the exciter field rheostats of 
all the alternators and dynamos, so that the machines 
can be brought up to the required voltage from there, 
Magnetic trip switches enable any particular machine 
to be cut out at quick notice, if necessary, and a 
master switch is available which when opened stops 
all the machines generating, except the filament lighting 
dynamos. As alread cena the high-tension wire- 
less apparatus is enclosed by a metal railing, the gate of 
which has a safety switch to cut off power when opened. 
The system of relays and wiring adopted renders it 
necessary to start up in a certain prescribed order of 
operations. The high-tension voltage cannot be applied 
to the drive oscillator unless the safety gate is closed 
and the valve filaments alight, neither can the power 
be thrown on the magnifier and modulator valves until 
the gate is closed, all filaments fully alight, and the 
drive oscillating at approximately its correct input. 
Also, if for any reason, the drive should cease oscillating 
the set is automatically shut down. A wave meter with 
visual indication on the control table keeps the shift 
engineer informed about the wave-length constancy and 
will show half a metre variation from the correct value. 





ENGINEERING TRAINING AND 
EDUCATION. 

University of Bristol—A prospectus describing the 
facilities available in the Faculty of Engineering of the 
University of Bristol for the prosecution of studies in 
civil, mechanical electrical, and automobile engineering, 
geology, and chemistry, has now been published. 
Copies may be obtained on application to the Registrar 
of the Merchant Venturers’ Technical College, Bristol. 
All classes will be resumed on October 1, 1925. Com- 
plete courses are given leading to the B.Sc. degree, pass 
and honours, at both day and evening classes, atten- 
dance for three years being required under the first 
arrangement, and for five years under the second. The 
M.Sc. degree may be.awarded either as a result of the 
presentation of a satisfactory thesis or the passing of 
an examination. In either case two years of post 
graduate study must be undergone by all candidates. 
Similar conditions govern the granting of the Ph.D. 
degree except that the presentation of a thesis is 
essential for securing this distinction. The degree of 
Doctor of Science in Engineering may also be conferred 
by the Faculty. Diplomas are granted after two 
examinations are passed, one of which is normally 
taken at the end of the first year, and the other at the 
end of the third year of study. Evening courses are 
also arranged to enable persons to secure diplomas after 
five years’ study. A further method of training 
engineers known as the Bristol Sandwich System is 
available for those who desire to adopt it. This scheme 
provides for approximately one-half of a total period 
of five years being spent in works and the other half 
in college. Many leading firms accept the arrange- 
ment. A number of scholarships are tenable in the 
Faculty of Engineering at Bristol University. 

Graduateship Examination of the Institute of Trans- 
port.—The London County Council has arranged for 
courses of instruction, suited to the requirements of the 
Graduateship Examination of the Institute of Transport, 
to be given at St. Clement Danes School, Drury-lane, 
London, W.C.2, and at the Haverstock Senior Commer- 
cial Institute, Haverstock-hill, London, N.W.3, during 
the sessions 1925-26. We referred to the examination 
on page 111 of our issue of last week. Classes will be 
given in economics, geography, French, statistics, and 
traffic working on three evenings in the week at each 
centre. Persons desirous of attending courses at the 
tirst-mentioned institution should address their inquiries 
regarding them to Mr. D. Magill, Principal, Hugh 
Myddelton Commercial Institute, Clerkenwell, London, 
K.C,1. Mr. H. A. Warmer, Principal of the Haverstock 
Commercial Evening Institute, Haverstock-hill, Hamp- 
stead, London, N.W. 3, will be pleased to receive, 
during the week commencing September 21, the names 
of students desirous of studying at the second centre. 

Goldsmid Engineering Scholarship.—An examination 
will be held in September, at University College, 
Gower-street, London, W.C.1, on the result of which 
a Goldschmid Engineering Entraace Scholarship, value 
401. and tenable for three years at the College, will be 
awarded. The scholarship is offered for competition 
between students who propose commencing an engi- 
neering course in October, 1925. Full particulars 
regarding this award may be had on application to 
the secretary of University College. 





Arr Matt SERVICE BETWEEN KAGOSHIMA AND SHANG- 
HAI—The Japanese Air Bureau is reported to be 
considering the inauguration of a regular aerial mail 
service between Kagoshima, Japan, and Shanghai, 
China. The Bureau favours the formation of a powerful 
company to operate the system, such an organisation to 
be assisted by a subsidy for five consecutive years to the 
total amount of Yen 6,000,000. 


TURKISH SUBMARINES. 


For a long time past it has been reported time and 
again that the Turkish Navy is about to be recon- 
structed, a feature in the programme always being the 
submarines that the Turks became interested in when 
the Germans used their ports as bases during the war. 
The Turkish Treasury has been empty however, and 
although each report has caused excitement in the 
Balkan powers, especially Greece, the Treasury has not 
been able to come to any definite arrangement. Now, 
however, one section of the programme actually is in 
operation, the Fijenoord Company of Rotterdam 
having undertaken to build two submarines for the 
Turkish Government. This firm has considerable 
experience in this type of construction for the Dutch 
Navy, both at home and in the East Indies, and has 
turned out some very satisfactory vessels. The adviser 
of the Dutch yard in this matter has been Mr. Marley 
F. Hay, the well-known American submarine designer, 
who has done very useful work for the Danish and other 
Navies. There is no doubt that strategically the 
submarine is the ideal naval weapon for the Turks, 
for the focus of any attack on them is bound to be 
the Dardanelles, and the Germans proved that these 
straits were excellent for submarine warfare. Whether 
the Turks can ever become efficient seamen in such a 
complicated vessel as a submarine, however, is another 
matter. They have made attempts before now; 
indeed the Turks were among the earliest navies to take 
to underwater craft. In the late eighties they went 
to Nordenfeldt for two steam-driven submarines, 
which were forced under the water by horizontal 
propellers and which were among the first semi- 
practical underwater craft to be built. They were 
tried in the Golden Horn before the Sultan and his 
whole Court and the greatest excitement reigned in 
Constantinople. After a good deal of trouble one 
was persuaded to submerge, but it was a very different 
matter to get her to the surface again and it was some 
hours before she was eventually salved. The other 
was never tried. They were laid up in the dockyard 
where their remains were discovered by the British 
officers who visited Constantinople after the Armistice. 
The only fault that has been found with the submarines 
turned out by Dutch yards for their own Government 
has been a very slow delivery, but as’the Turks have 
arranged a still slower system of payment by instal- 
ments this is presumably satisfactory to-both parties. 
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Reinforced Concrete in Practice. By A. ALBAN H. Scort. 
Second Revised edition. London: Scott, Greenwood 
and Son. [Price 8s. 6d. net.] 

Maschinenlehre der elektrischen Zugforderung. Vol. I. 
Austristung der elektrischen Fahrzeuge. By Dr. W. 
Kummer. Second edition. Berlin: Julius Springer. 
[Price 9-60 marks. ] 

Der Glihkopfmotor. 
Julius Springer. 





By Stecpert Wetscu. Berlin: 


{Price 7.20 marks. ] 





UNIVERSITY COLLEGE, LonpDon.—A pamphlet describ- 
ing the provision made for engineering courses at 
University College, London, has just been published and 
can be obtained on application to the secretary. During 
the past five a more than 50,0002. has been expended 
in enlarging the buildings and augmenting the equipment. 
The course in civil and mechanical engineering is under 
the direction of Professor E. G. Coker, F.R.S. The course 
of study on the principles applicable to all departments 
of engineering is supplemented by lectures by specialists 
a ggg og branches, such as railway engineering and 
di . The course on electrical engineering is directed 
by Professor J. A. Fleming, F.RS. with Mr. W. C. 
Clinton, M.Inst.E.E., as assistant professor. There are 
also courses on municipal engineering and on chemical 





engineering. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Activity at the local steel and 
engineering works is greater than a week ago, due 
mainly to the impetus given to production by the 
fear of a stoppage in the coal industry. Makers of 
machinery and other -finished products have taken 
steps to augment stocks of raw and_ semi-finished 
materials beyond the tonnage required for immediate 
use, so as to be in a position to carry on as long as 
ossible if there should be any interruption in deliveries. 

his has brought increased work to furnaces, forges 
and rolling mills. Quotations as last revised for the 
principal basic materials are as follows: Hard basic 
steel billets, 97. ; soft basic steel billets, 7/. 15s.; West 
Coast hematites, 41. 10s.; East Coast hematites, 
37. 17s.; Lincolnshire and Derbyshire No. ‘3 foundry 
iron, each 3/. 12s. ; Lincolnshire and Derbyshire forge 
iron, each 31. 7s. 6d. ; bars, 121. 10s. ; sheets, 15/.—in each 
case per ton delivered at local works. According to 
Chamber of Commerce reports the local heavy and 
medium: trades lost ground last month on balance. 
The trouble in China, the more adverse French and 
Belgian exchanges, the renewed German competition 
in India and the Near East, and uncertainty regarding 
labour in the home mining and engineering trades, 
have been the leading factors making for depression. 
Men are working well, and employers have so economised 
that the general range of steel prices is barely 30 per 
cent. above pre-war, but rates and. taxes are far more 
than double, and fuel is nearly 100 per cent. dearer 
than before the war. Inquiries at local concerns show 
there. is a lot. of work in hand for the electrical and 
automobile branches, and that railway departments 
engaged on axles, springs, tyres, and carriage furnishings 
are finding an outlet for virtually the whole of their 
output. The Cabinet’s decision respecting warship 
building has served to improve the undertone in the 
armament: branches, which have suffered severely on 
account of :post-war restriction of this class of work. 
Progress in the lighter branches is well maintained. 
Orders for saws, files, picks, shovels and building and 
quarrying tools are numerous. In the most favoured 
cases deliveries are being made up to the limit of manu- 
facturing capacity. 

South Yorkshire Coal Trade.—The steady run on 
supplies experienced during the past fortnight is reflected 
in numerous price advances. Smalls are the only 
description which are not dearer, though here also 
the selling position has strengthened. Compared with 
a week ago best steams have advanced 2s. per ton, 
house coal an average of 6d. to 1s. 6d., and cobbles 6d. 
Stocks at pits have been considerably reduced, contracts 
mostly being met from current production, but users 
are taking developments calmly. Quotations: Best 
branch handpicked, 31s. to 34s. ; Barnsley best Silkstone, 
27s. to 29s. ; Derbyshire best brights, 22s. 6d. to 25s. 6d.; 
Derbyshire best house 22s. to 24s.; Derbyshire best 
large nuts, 18s. to 20s.; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 19s. 6d. to 23s. ; 
Derbyshire hards, 19s. 6d. to 23s. ; rough slacks, 10s. 6d. 
to 13s. ; nutty slacks, 9s. 3d. to 10s. 3d. ; smalls, 3s. 6d. 
to 5s. -6d. 





Contracts.—Messrs. Thompson Brothers (Bilston), 
Limited, of Bradley Engineering Works, Bilston, 
Staffordshire, have secured an order for the supply 
of kerbside visible petrol measuring pumps from Messrs. 
Shell-Mex, Limited, of Shell Corner, Kingsway, London, 
W.C.2.—Messrs. James Pollock, Sons and Co., Limited, 
of 3, Lloyd’s-avenue, London, E.C.3, have received 
contracts to fit Star contra-propellers to vessels of 
an aggregate tonnage of 200,000 since January ], 
1925. 





SoutH AFrrican INSTITUTE OF QUANTITY SURVEYORS. 
—An application from the South African Institute of 
Quantity Surveyors for affiliation with the Surveyors 
Institution, of 12, Great George Street, Westminster. 
London, 8.W.1, has been approved by the Council of 
the latter body. Under the conditions of affiliation, 
members of the Colonial Society who are not members 
of the Institution will not be given any personal con- 
nection with the latter organisation. The Council of 
the South African Institute will, however, supervise 
the Institution examinations in the colony and_will. 
in other ways, co-operate with the council of the Insti- 
tution in furthering the interests of the profession. 





PreRSONAL.—The Joseph Dixon Crucible Company, 
manufacturers of graphite specialities, of 22, Duke-street, 
Stamford-street, London, §.E.1, have appointed as 
agents for India, Messrs. W. H. Brady and Co., of 
Calcutta, Bombay, Madras and Cawnpore ; and as 
agents for Ceylon, Messrs. Hoare and Co. (Engineers), 
Limited, of Colombo.—Mr. R. W. Weekes, who retired 
from partnership with Mr. W. T. Hudson shortly before 
the latter’s death, recently returned to carry on the 
business of Messrs. Weekes and Hudson, consulting 
engineers, of Maxwell House, Arundel-street, Strand, 
London, W.C.2. Mr. Weekes now conducts business 
in his own name, and the title Messrs. Weekes and 
Hudson is no longer used.—A British firm known as 
the British Perlit Iron Company, Limited, of 15, Victoria- 
street, Westminster, London, S.W.1, has purchased the 
British and Colonial patent rights of Mr. Heinrich 
Lanz, of Mannheim, Germany, for the manufacture of 
“Perlit? iron. The company has taken over from 
Mr. John A. Smeeton, of the same address, the rights 
he held to negotiate licences on behalf of Mr. Lanz. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Demand for Cleveland. pig- 
iron is on a very moderate scale. Continental competi- 
tion is still too keen for this district in markets abroad, 
and home buying has been held - by the fear of a 
stoppage at the coal pits which would be followed’ imme- 
diately by suspension of operations at the’ blastfurnaces. 
Stocks of Cleveland pig-iron ‘are. not heavy, but home 
customers experience no- difficulty in satisfying needs, 
and they are in no hurry to place orders.. Makers’ 
quotations move very little, No. 1 being 75s. ;. No. 3 
quality, 71s. 6d.; No. 4 foundry, 70%. 6d.; and No. 4 
forge, 70s. $ 

Hematite.—There has been rather more doing in East 
coast hematite. Local and other home buyers have 
placed a few orders, some of them being for the Sheffield 
district, and one or two parcels havé been sold to the 
Continent, the latter, however, being iron to special 
analysis, whilst 5,000 tons have been disposed of for 
despatch to America. Nos. 1, 2 and 3 are put at 76s. 6d., 
though,76s. is understood to have been accepted. No. 1 
is quoted 6d. above mixed numbers. ’ 


Foreign Ore.—There is no market for foreign ore, 
consumers having large stocks and large quantities over- 
due for delivery under old contracts... Nominally best 
rubio remains at 20s. 6d..c.i.f. Tees. - 


Blastfurnace Coke.—Local demand for Durham blast- 
furnace coke is not heavy but prices are firm. 


Manufactured Iron and Steel.—Contracts ‘for: nearly 
all descriptions of manufactured :iron and steel are 
difficult to arrange, and many firms are short of orders. 
Business has shrunk to very small proportions, price- 
cutting having failed to tempt ‘customers to operate 
to any extent. Quotations are irregular with the 
tendency downward, but the principal recognised market 
figures remain: Common iron bars, 11/..10s.; iron 
rivets, 137. 10s.; packing. (parallel), 8/.; packing 
(tapered), 111. ; steel billets (soft), 71. 10s. ; on billets 
(medium), 8l.; steel billets (hard), 91.5 steel boiler 
plates, 127. 10s..;. steel ship, bridge and. tank plates, 
81. 10s.; steel angles, 81. 5s.; heavy sections of. steel 
rails, 81. 10s. ; steel joists, 81, 5s.; black sheets (No. 24 
gauge), 11l.; and galvanised corrugated sheets (No. 24 
gauge), 167. to 16. 5s: 





TRIALS OF M.S. ‘‘ NeprunraN.’’—Recéntly, successful 
trials were carried out off the River Tyne by the motor- 
ship Neptunian, which has been built for’ the Hopemount 
Shipping Company, Limited, by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, at Wallsend shipyard. 
The newly-completed vessel is of the shelter-deck type, 
and has been built to fulfil the requirements of class 
100 A.1 of Lloyd’s Register. She has a length of 400 ft. 
between perpendiculars, an extreme breadth of 55 ft. 3 in., 
and a moulded. depth to the second deck, of 29 ft. A 
cruiser stern has beén: adopted: The cellular double 
bottom, is arranged for carrying, water ballast or oil 
fuel. Five large cargo hatches are ‘served by. ten 3-ton 
electrically-driven spur-geared winches and twelve steel 
derricks. Electro-hydraulic steering gear of the two-ram 
type has been fitted, and also a warping winch and 
windlass. The propelling machinery .consists of six 
cylinder oil engines of the builder’s Neptune two-cycle 
single-acting type, capable of. giving a service speed 
of 11 knots to the vessel. About 9,000 tons deadweight 
will be carried on a reasonable. draught, The auxiliary 
machinery has been supplied by Messrs. Harfield and Co., 
Limited, of Playdon-on-Tyne. ‘ : 





WATERWORKS aT Amoy.—The. Amoy Waterworks 
Company, ‘a private Chinese’ concern with a fully- 
subscribed capital of 1,200,000 dols., ‘was' inaugurated by 
the leading merchants of Amoy iri May, 1923. The main 
object of the formation of this organisation was to make 
possible the construction of a water supply system for the 
city of Amoy. Owing to civil disturbances, which com- 
menced in July, 1923, work was postponed until August, 
1924, when a contract was awarded to the Siemens 
China Company, of Shanghai. ‘The sum stated in the 
tender was 920,000 dols., which price included the cost of 
a sub-contract let to the Fu Hsing Engineering and 
Construction Company, of Peking. The entire system is 
intended to be completed ‘by February, 1926. Investi- 
gations, lasting two years, preceded the work undertaken. 
These were conducted under the personal direction and 
supervision of Mr. H. C. Ling, chief engineer to the Amoy 
Waterworks Company.. The operations include the 
erection of a masonry dam at’ Shangli, on the south-east 
part of Amoy Island, five miles from the city. This dam 
will be 110 ft. high and about 400 ft. long, and will form 
a wenn reservoir for impounding the run-off from an 
unpopulated mountainous catchment area capable of 
furnishing a constant supply of 500,000 gallons of water 
per day to the city. From this dam the water will be 
conveyed by gravity through an 11-in. pipe, 3 miles in 
length, to an open reinforced concrete slow sand-filter 
plant. The latter consists ‘of three rectangular basins, 
each of 3,600 sq. ft., located at’ Chihling. As a special 
Sanitary precaution an.‘ozonisation plant will be sup- 
plied for treating the filtered water and making it 
absolutely safe for drinking without‘ being boiled. This 
sterilised:water will then be led to a covered reinforced 
concrete distribution reservoir, having a-capacity of 
1,000,000 gallons. From this basin the water will 
flow under gravity to thé city through 12-in., 11-in,, 
8-in., 6-in. and 4-in. mains: The contract includes the 
installation of 2,000 house connections, 6 public hydrants 
and 40 fire hydrants. 


‘holidays. 





‘NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Scottish Steel Trade.—Practically nothing is being 
done in the Scottish steel trade this week owing to the 
The works are all closed down, and in few 
cases will a commencement be made before next week 
as there are not many orders on hand. During the 
holidays there has not been much accumulation of 
specifications, and the immediate prospects of the industry 
are not very encouraging. Should a miners’ strike take 
place the position will become more uncertain. _The 
makers of black sheets are not so badly off for work as 
those producing ship plates, &c., and the outlook on the 
whole is not so bad. The foreign demand of late has 
shown signs of expansion. For galvanised sheets there 
is quite a steady demand from overseas markets, and 
quotations have a firmer tendency once more. Ship- 
ments have recently been very well maintained, and 
although they have not been so heavy as during the 
early months of the year the figures for the half-year work 
out at about 60,000 tons over a monthly average. That 
state is very satisfactory when the conditions prevailing 
generally in the iron and steel trades are taken into 
account. Prices all round are nominally unchanged and 
are as follows : Boiler plates, 12/. 10s. per ton ; ship plates 
8. 10s. per ton; sections, 8/. per ton; and sheets, 
a” to f in., 101. per ton, all delivered Glasgow stations. 

© export price for sheets—gal. cor., 24 B.G.—is 177. 10s. 
per ton, f.o.b. Glasgow. 


Malleable Iron Trade.—In the West of Scotland 
malleable-iron trade reports show that bookings since 
the works closed down have not been of much importance 
and the re-start will lack sting. Inquiries also do not 
amount to anything good in the way of tonnage, and 
with possible trouble in the coal trade the future of the 
industry is somewhat -uncertain. Prices are quoted 
without change, at 11/. 12s. 6d. per ton for ‘‘ Crown’ 
bars, delivered Glasgow. 


Scottish Pig-Iron Trade——The makers of Scottish 
pig-iron have done very little in the way of fresh business 
during the past week as the holiday feeling still prevails. 
The furnaces have not yet been blown in as stocks on 
hand are ample to meet any ordinary demand, and 
inquiries do not hold out any hope of a revival yet awhile. 
Foreign buying is just about as poor as it has been for 
along while. Prices are weaker, and the following may 
be taken as the current market quotations: Hematite, 
4l. 3s. 6d. per ton, delivered at the steel works ; foundry 
iron, No. 1, 41. 4s. 6d. per ton, and No. 3, 4. 2s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 25, were again small and only 
amounted to 305 tons. Of that total 95 tons went 
overseas and 210 tons coastwise. For the corresponding 
week of last year the figures were 90 tons to foreign 
destinations and 96 tons coastwise, making a total 
shipment of 186 tons. 


Wages in the Iron Trade.—Messrs. Kerr, MacLeod and 
Macfarlan have intimated to the joint secretaries of the 
Board of Conciliation for the regulation of the wages in 
the —- trade of Scotland that, in terms of the remit, 
they have examined the employers’ books for April, 
May, and June, 1925, and certify that the average net 
selling price is 41. 8s. 4d. perton. This means that there 
will be a reduction in the wages of the workmen of 3 per 
cent. on basis rates. In the manufactured-iron trade 
the average net selling price brought out is 117. 18s. 4-7d., 
and it is intimated that in this section of the trade there 
will be no change in the wages of workmen. 


’ 
’ 





SatvaceE Work at Scapa Fiow.—The ex-German 
torpedo-boat destroyer G.40 wag successfully raised on 
Wednesday, July 29, and taken to Mill Bay for breaking 
up. This addition to the salved fleet brings the total 
up to 16. Itis the third to be lifted this month, and this 
constitutes a record for the salvage firm, Messrs. Cox 
and Danks, Limited, of Queenborough and 168, Regent- 
street, London, W.1. Of the torpedo-boat destroyers 
of 750 tons only three remain to be dealt with, but there 
are also seven larger vessels of the same type of 1,300 
tons, the raising of which will be undertaken as the 
second stage in the salvage operations. 





CrysTaL PaLace SCHOOL oF PRACTICAL ENGINEERING. 
—On the morning of Wednesday, July 29, Sir Philip 
Dawson, M.P., Consulting Electrical Engineer to the 
Southern Railway, occupied the chair on the occasion of 
the presentation of certificates to students of the Crystal 
Palace School of Engineering who had completed courses 
of instruction during the past year. In awarding these 
diplomas, Sir Philip paid a tribute to the characteristics 
of British engineers which enabled them, when abroad, 
to solve problems arising in the erection of plant, &c., 
on their own initiative. Foreign countries, however, 
keenly competed for contracts, and in certain cases 
supplied complicated and carefully made machinery. 
During the year just ended the first year’s course in 
mechanical engineering was attended by 13 students, 
of whom 11 passed their examinations, while in the 
second year’s course, comprising civil engineering, the 
work of the first term was performed by 6 students, 
that of the second by 10 students, and that of the third 
by 7 students. The President of the school, Mr. J. W. 
Wilson, thanked the examiners, and Mr: W. E. Under- 
wood replied on their behalf. Mr. Maurice Wilson, the 
Principal, addressed the students, after which the pro- 
ceedings terminated. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—It has been assumed ever since 
the colliery owners gave notice to terminate the 
agreement, and the miners’ leaders refused to negotiate 
on the terms offered by the colliery owners, that 
a national strike was inevitable. All available coal 
was booked up for July by inland consumers and 
buyers abroad, leaving only oddments for disposal this 
week, and these have commanded a premium according 
to circumstances. The most recent market prices were 
on the basis of 27s. to 28s. for best Welsh admiralty large, 
26s. to 27s. for seconds, and 23s. 6d. to 27s. for Mon- 
mouthshire. Smalls have been reserved for use at the 
pits with little selling of 13s. 6d. to 18s. per ton. 
In the past week 446,140 tons of coal were shipped 
abroad as cargo from South Wales, compared with 
502,210 tons in the previous week. The reduction was 
oceasioned by the check in shipments caused by the 
intervention of stormy weather, and also by the loss of 
anthracite exports, due to the strike of miners in the 
area. Of the total, 31,600 tons were despatched to 
Algeria, 60,900 tons to Argentina, 7,450 tons to Canada, 
28,550 tons to Egypt, 94,520 tons to France, 17,300 tons 
to Greece, 60,500 tons to Italy, 21,200 tons to the Atlantic 
Islands, 10,890 tons to Portugal, 29,490 tons to Spain 
and 13,000 tons to Uruguay. Shipments from Cardiff 
were 263,910 tons, Newport 112,580 tons, Swansea 
48,910 tons, Port Talbot 20,020 tons and Llanelly 
720 tons. While it is now believed that a national strike 
may be averted, the colliery owners had to take precau- 
tions to reserve small coal for use in keeping pumping and 
ventilation plant working at the pits over a stoppage of 
unknown duration. Instructions were issued by the 
Miners’ Federation to the workmen on Monday last that 
all work was to cease at the pits on the termination of 
the night shift on Friday, July 31, but that sufficient 
safety men were to be left at work, providing their pay 
was not less than in July, the numbers so left to be 
determined locally. The anthracite miners, however, 
decided last week-end that the safety men were to be 
withdrawn from the anthracite mines, which had been 
idle through strike since the middle of the month, on 
July 29, although apparently no opposition is to be 
offered to officials doing safety work. The Welsh 
miners refused to consider the terms posted at the pit 
heads by the Welsh Colliery owners for work from August 
1, and insisted on national terms being arranged. 


Tinp For some time the tinplate 
workers in South Wales have shown restiveness, and it 
was with some difficulty that a section, who went on 
strike recently, was induced to return on the promise 
that the Joint Industrial Council would speedily decide 
their claims. In view of the decline in prices a reduction 
in the ex-gratia bonus of 74 per cent. to 5 per cent. has 
been announced from August 1. The tinplate workers 
have put forward claims for extra payment to doublers 
for putting sheets in sizes; abolition of payments by 
shearers to bundlers; relief of millmen from work of 
changing castings ; recognition of Mayday as a general 
holiday ; payment of wages during the annual week’s 
holiday in August; abolition of Sunday cleaning ; 
provision of an attendant for Player’s duplex pots at 
ld. per box; payment for blackplate sorting at same 
rate as whiteplate ; output bonus to boiler firemen the 
same as to engine drivers; Good Friday to be general 
holiday, double pay for all working on that day; pays 
at 1 p.m. on Fridays ; output bonus for cold roll engine 
drivers at 3d. per 100 boxes; waiting time from first 
hour and output bonus to bar cutters. 


Iron and Steel.—Exports of iron and steel in the pas 
week totalled 21,012 tons compared with 17,584 tons in 
the previous week, the highest total since April last 
Shipments of tinplates and terne plates were 10,360 tons 
against 10,791 tons; blackplates and sheets, 3,671 
tons against 1,957 tons; galvanised sheets, 6,401 tons 
against 2,449 tons, 


Teri. Qs ry 
g n 














Non-MaGnetic Fitms oF NickeL.—In view of the 
unsatisfactory results of recent researches on the nature 
of magnetism and of atomic magnetism, it is interesting 
to note that thin films of nickel appear to be non-magnetic 
until rendered crystalline by heating. In experi- 
ments, which have extended over several years, L. R. 
Ingersoll and S. 8. de Vinney, of the University of Wis- 
consin (Physical Review, July), deposited a film of nickel 
(as well as iron and cobalt) on a cover-glass (cooled 
by water or liquid air) by spattering a nickel disc in a 
hydrogen bulb. The deposit, though bright metallic 
and hard, is originally amorphous, as X-ray examination 
by Hull demonstrated, and in that state generally non- 
magnetic and incapable also of producing magnetic 
rotation of the plane of polarisation. After heating to 
400 deg. C. or higher in a hydrogen atmosphere the film 
is distinctly magnetic and also crystalline ; films thicker 
than 120 ~»u may be magnetic to start with and thick 
non-magnetic films are not obtained. From these and 
other observations, as well as on colloidal iron, Ingersoll 
concludes that ferromagnetism is not an atomic property, 
but connected with crystalline structure. The removal 
of hydrogen. by heating might also account for the appear- 
ance of magnetism. Some films were spattered over 
with gold; they then developed blisters, apparently 
of escaping hydrogen, during the heating, which also 
diminished the electric resistance of the film, sometimes 
to a fifth of its value. The spattered nickel might 
first be in the oxidised condition and be reduced by the 
heat treatment with hydrogen. Ingersoll considers 
this unlikely because heating in a Bunsen flame also 
rendered the film magnetic, though the flame might 
oxidise the nickel. 
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BRAINS IN INDUSTRY. 


THE Report concerning the coal crisis, which 
appeared on Tuesday last, forms but the latest 
illustration of the modern tendency to exalt 
muscle at the expense of brains. We are told, 
what we all knew before, viz., that the crisis 
is purely economic, and that neither party is 
to blame, but nothing but the vaguest sugges- 
tions are made as to how a remedy for the 
present deplorable conditions is to be found. It is 
probably true that the mining industry might be 
more efficiently managed, but this is equally true 
of every other great industry, not merely in this 
country, but in the universe. The only fair criterion 
of efficiency is not whether this or that particular 
colliery is badly managed or poorly equipped, but 
whether on the whole the technical direction is 
superior or inferior to that of other countries. 
It is certainly the case that twenty years ago our 
mining methods were far in advance of the Conti- 
nental. If there has been a falling off in this 
regard it would be well to know it, but the Court 
of Inquiry gives no information on this point. The 
ideal of that large and influential school of publicists 
who use words as a substitute for thought, is for 
uniformity, which, however, experience shows is 
an almost fatal bar to progress. New ideas or 
plans must be tried out on a small scale, and this 
inevitably means that just as some individual 
undertakings will be inferior to the average, others 
will be markedly superior, and these set the 
standard to which others aspire and ultimately 
attain. When the more backward have reached 
this, however, the advanced guard is still many 
marches ahead. If our mine managers have fallen 
behind their Continental rivals (which is neither 
asserted nor implied), one of the reasons would 
undoubtedly have to be sought in the ever-increasing 
strain of coping with constant labour troubles 
arising over trifles. One mining engineer who 
visited this country after a long absence abroad 
has stated that on inquiry after old acquaintances 





amongst mine managers, he found instance after 
instance of nervous breakdown occasioned entirely 
by labour troubles. As a typical instance of these, 
he was told of a case in which a boy having been 
dismissed for brutally ill-treating a pony all the 
other boys went on strike, laying the mine idle. 
With constant worries of this kind, there would 
be some excuse if it were the fact that our mining 
engineers had fallen behind their Continental 
competitors in regard to technical matters, but 
the Court of Inquiry do not allege this to have 
been the case. 

The heavier burden on the management, arising 
as above explained may perhaps have caused 
an increase in the number of officials necessary 
to the conduct of the business, and apparently 
the pitmen consider that economies might be 
effected by reducing the amount paid for thought, 
and reducing the directing staff accordingly. In 
this connection it is interesting to recall that 
the census of production showed that the earnings 
per head were highest in those industries which 
had the highest so-called ‘“ non-productive ” ex- 
penditure, and it is pretty certain that if our 
mines are to be restored to prosperity it will 
be due to an increased expenditure on mind 
rather than on muscle. 

The objection taken by the miners to directors’ 
fees and to royalties is, of course, psychologic, 
not economic. Even were it possible to accept 
the complaint at face value, a leakage at the 
spigot of the directorate is of very small im- 
portance in comparison with the present heavy 
losses at the bunghole of Jabour. The Court 
suggests that relief might be found in the co- 
ordination of mining with other enterprises, pre- 
sumably coking and by-product plants and the 
like. Undoubtedly there are strong reasons for 
wishing for a universal use of smokeless fuel and 
for eliminating the existing sad wastage of at least 
potentially valuable chemicals which is involved 
in the methods of coal burning now all but universal. 
It has, however, yet to be proved that the proposition 
is aneconomicone. If it had been so, it is incredible 
that the numerous able men in the coal trade 
would not have exploited the system long ere this, 
and it may be added that.what might be profitable 
on a moderate scale might prove very much the 
reverse were by-products universally recovered and 
the market correspondingly flooded. In such by 
no means improbable conditions there would be 
no surplus for supplementing pitmen’s wages, and 
even if there was, it is hard to say what equitable 
claim they could have on it. 

Probably the best way out will be to close down 
the less economical pits until new processes . are 
devised by which they can be worked at a profit. 
The late Sir William Ramsay declared that it was 
possible, and he believed practicable, to gasify 
coal in situ, and he had commenced experiments 
to demonstrate this on a practical scale some time 
before his death. The work had, however, been 
hampered by his ill-health, and was abandoned 
on his decease. It must be confessed that mining 
experts were not sanguine about his success, but 
occasionally apparently unpromising ideas are 
ultimately brought into profitable operation. It is 
certainly to be hoped that some method other than 
those now in use will some day be devised for 
winning the fuel, not merely in the less economic 
mines now in operation, but from, the numerous 
very thin seams of excellent coal met with in all 
mining areas, but which are utterly valueless as 
matters now stand. 

One very serious aspect of the question is the 
threat of the railway men to refuse to move coal 
in the case of a stoppage. By law the railway 
companies are not allowed to discriminate between 
shippers, and there is no reason in equity why the 
unions concerned in the common carrier trades 
carried on under Parliamentary powers should be 
permitted a greater freedom. Sad experience shows, 


however, that few labour leaders have the slightest . 


conception of the real meaning of the word fair 
play, and they approve of acts done in their interests 
which they would be the very first to denounce 
if committed by employers. There seems quite a 
possibility that before many years are over there 
will be a trial of strength between the unions and 
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the nation, and there are too many instances on 
record of an organised minority triumphing over 
a disunited and undisciplined majority for the 
prospect to be viewed with equanimity. 





THE CHARACTERISTICS OF AN 
INSPECTOR. 


AN inspector is appointed either by a firm of 
manufacturers as a member of their staff, in order 
to ensure that the material and workmanship of 
their productions are in accordance with the 
standard they have set up for themselves, and with 
that of the contracts they have undertaken, or by 
the buyers who require to assure themselves that 
they are getting what they have bargained for. 

In the former case his duties are almost entirely 
technical, and the routine of his section will be pro- 
vided for in the general shop procedure and organ- 
isation. But while the importance given to inspec- 
tion and strict standardisation in’ any establish- 
ment will mainly rest with the management as 
exemplified by the measure of executive authority 
granted to the inspector, much will depend upon 
the manner in which he impresses the real value of 
his work on all grades of workers, and the methods 
by which he seeks not only to keep up the standard 
of quality, but also to guide and assist the various 
departments to attain satisfactory results. Con- 
siderable moral force and courage may be necessary 
in carrying out his duties, for the works inspection 
department should be their severest critic, calling 
attention to every error, tracing it to its source, 
and securing its elimination from future work. The 
external inspector’s rejections will undoubtedly call 
attention to serious discrepancies, but they may 
come too late to be of value of anyone but the buyer, 
and he is not likely in general to be in a position to 
point out that the work from a particular machine 
shows that it, or a jig used on it, requires adjust- 
ment. 

It is to the works’ chief inspector that visiting 
inspectors should look for all information and help, 
and with him they should make their arrangements 
for such action as they intend to take in conducting 
their inspection. He should take the initiative in 
submitting to the buyer’s inspector for his decision, 
all defects of material or machining as these are 
discovered. In the end he should be able to submit 
a completed machine, to a visiting inspector, with the 
guarantee that every part has been through the 
hands of his section, and is wholly in accordance 
with specification and drawing—such discrepancies 
as he had considered immaterial and allowed being 
pointed out. Such cases are not frequently met, 
but, fortunately, they are not unknown, and with a 
higher value on works’ inspection and greater atten- 
tion to it, they might be fairly common. 

The buyer may send out a member of his staff 
to inspect the machinery or material he is purchas- 
ing, but, if he has not regular employment for a 
man trained and experienced in this work, it were 
better to give it to an external and independent 
inspector. The employment of professional inspec- 
tors has much to recommend it, in that they have 
not only the proper experience and qualifications, 
but have also, in general, a considerable knowledge 
of the methods and standards of leading manufac- 
turers, and can judge of their skill in any particular 
case. On the other hand, a member of the buyer’s 
staff will, in nine cases out of ten, be ill-prepared 
for the duties both technically and temperamentally. 
Although lacking the experience of inspection and 
its routine, he probably has, in the case of machinery 
for a special purpose, a better knowledge of its 
functions than the independent inspector who is 
guided by the information in the specifications, 
drawings and instructions given him. The maker, 
however, is restricted also to the same information 
as the inspector, who is, therefore, fully fitted to 
judge as between the parties on the expressed 
terms of the contract, and not on requirements 
which have been inadequately stated. The ruling 
of the independent inspectors should, -therefore, be 
the more impartial in deciding whether or not a 
manufacturer is carrying out his part of the con- 
tract. 


an inspector, in whatever capacity he is employed, 
is high technical knowledge combined with wide 
experience and sound judgment. Hence youthful- 
ness and precocity are not qualifications on their 
own account, but rather maturity with robust 
health—for the work demands close personal 
attention. 

Of the manufacture of the raw materials of engin- 
eering and of their subsequent working up and 
treatment, the inspector must be fully cognisant, 
and when latent defects are revealed in the course 
of machining operations, their significance should 
be apparent to him both in relation to the actual 
part affected and in their bearing on others of which 
it may be representative. He requires thorough 
knowledge of methods of measurement, and as 
the quality of drawings varies very greatly, especially 
in the refinements of information, he may have 
many opportunities of exercising his judgment in 
defining “‘ limits,” ‘“‘ tolerances,” “ finish,” “‘ quality 
of workmanship,” and the like, which are really 
of the essence of inspection, although frequently 
they appear in specifications with a lack of 
precision which would provide lawyers with the 
subject of interminable argument. In certain 
cases dimensions must be kept within very fine 
limits, while at the other end of the scale are those 
almost arbitrary dimensions which must be ex- 
pressed in definite figures, but have no requirements 
as to accuracy. Between these two extremes lie 
2, multitude of cases, each needing to be considered 
on its merits, and demanding from the inspector, 
with whom their disposal rests, a careful balance 
of the pros and cons when,.due to shrinkage, dis- 
tortion, defect or error, there results a departure 
from drawing. 

The inspector enters the works of a manufacturer 
not for the purpose of catching him or his workers 
in a fault but solely to check that the buyer is 
getting what he has contracted for. Faults there 
may or may not be, and it is the duty of the inspec- 
tor to locate them by honourable means, but any 
indication on his part of suspicion, except where it 
may be justified, constitutes a disqualification for 
the duties of inspection. He must recognise clearly 
his position, and, when material is submitted tv 
him, carry out his tests on it with an open and 
unprejudiced mind, and accept it or reject it on 
its merits, but he may not rush into unjustifiable 
conclusions as to its failure. Rather should he 
take steps to direct attention to the failure and 
the reasons for it, if possible, suggesting where the 
cause may be found or the remedy lie. He will 
discriminate between such information as he gains 
from his own tests and observations, that which is 
given him and is confirmed by these, and that which 
is unconfirmed. By the accumulation of evidence 
of this kind he will have a shrewd idea as to the 
persons he has to deal with. 

Where inspection is to be continuous, he will 
take a broad survey of the work to be done, arrange 
his plans and decide where he can, with best effect 
and least dislocation, interpose to take tests and 
make measurements. When putting his plans 
before the firm’s officials he will listen to and 
consider sympathetically any criticisms or sugges- 
tions made by them, insisting on essentials, but 
giving way where adjustment will fit better into the 
firm’s procedure and yield equally good results. 
This capacity for give and take requires both 
strength of mind and a clear conception of the end 
to be attained. 

In cases where skilled or unskilled labour is 
employed to assist the inspector in gauging or in 
other suitable operations, they must be encouraged 
to give of their best, and to feel that they can refer 
their difficulties freely to him. For a variety of 
reasons, the principal being the maintenance of 
one standard and the exclusion of all contentious 
matter from the purview of subordinates, he will 
restrict their duties to the acceptance of entirely 
correct work, and will himself deal with that which 
they find incorrect. Such men as are employed 
on this work, from the nature of their work and the 
fact that they are free from the discipline of the 
shops, have to be carefully chosen. For them, 
in only a smaller degree than for the inspector 
himself, the position is one of privilege, and each, 


works they visit, must hold himself in honour bound 
to respect the confidence reposed in him, and while 
whole-heartedly serving their employer, the buyer, 
yield to the manufacturer the kindly co-operation 
which alone can make inspection tolerable. 





THE MINING INDUSTRY. 


Tue Court of Inquiry into the causes of dispute 
in the coal mining industry has found, as was a 
foregone conclusion, that the situation of that 
industry arises from complex causes, many of 
which cannot be changed immediately. The report 
that has now been published was prepared within 
a week, of which four days were devoted to taking 
evidence. No one can expect, and the report 
itself expressly disclaims, that within the time and 
under the circumstances in which it has had to 
work the Court can have investigated adequately 
the great subject with which it deals. In contrast, 
however, with other ad hoc tribunals that have 
found themselves in a similar position, it has 
avoided reporting as though it had. It puts 
forward no speculative remedies, based on its lack 
of acquaintance with the economic conditions of 
the industry. It contents itself with a keen 
scrutiny of the material that has been put before it, 
and an impartial statement of such conclusions 
only as the evidence has seemed to it to warrant. 
Without attempting to follow it throughout its 
examination of the facts, we may note shortly the 
effect of some of its principal conclusions. 

The report confirms certain fundamental] facts 
that already were well known. On existing 
arrangements about two-thirds of the coal mines 
of the country were producing at a loss in April 
and May last, and at the same time as the report 
was published the Mining Association announced 
that the loss had extended to the eastern area, which 
previously had shown a profit. The loss. during 
June amounted to 2s. per ton over the country 
as a whole. During the twelve months ending 
April 30 last the profit on the entire production 
of the country was under 4d. per ton, and but for 
the profits earned in the eastern area the produc- 
tion was carried on at a loss. The introduction 
of the seven-hour day has been followed by a 
substantial decrease of output, which would have 
been still greater but for the introduction of coal- 
cutting machinery. The restoration of the eight- 
hour day should effect an increase in output and 
some decrease of working costs, which the owners 
estimate would be large enough to enable them 
to compete effectively in foreign markets, and so 
provide larger earnings for the miners. Thus, 
though the owners are asking both a reduction of 
wages and an increase of hours, either might be 
sufficient in itself to put the industry again on an 
economical basis. The Court is sé tisfied that the 
miners are entitled to a minimum wage, irrespective 
of the course of trade, but considers that the 
amount of that minimum should be settled by 
negotiation between the parties. Apart from 
increases in efficiency possible in individual 
collieries, the Court sees considerable room for 
improvement by collective and co-operative action, 
and also suggests investigation into the increased 
costs of transport and shipment, and the means 
and cost of distribution. It regards the present 
situation as due to the fault neither of owners 
nor of men, and urges common counsel between 
them as the most likely means of averting its 
worst consequences. 

The Prime Minister is understood to have con- 
tinued his efforts to avert a strike by asking the 
owners to suspend their notices of reductions in 
wages for a further fortnight. It is to be hoped 
that before this issue is published the owners will 
have adopted the suggestion, though on the figures 
that have been published the cost to them will be 
great.. If, however, the delay leads to a reasonable 
settlement, and both parties now in dispute take 
the opportunity of the sincere co-operation that 
the circumstances of the times demand, it may 
be cheap at the price. Put very plainly, the 
situation is this: In the labour readjustments 
after the war the coal miners secured a reduction of 
hours, and now work shorter shifts than other 
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cost of production has gone up, and the industry 
cannot compete in foreign markets. Very naturally 
miners do not wish to work as long as other men 
and other miners if they can avoid doing so, and 
they may be quite sure that miners in other 
countries, who are enjoying the employment that 
the British coal mining industry cannot give in 
existing circumstances, will gladly do anything in 
their power—short, perhaps, of throwing themselves 
out of work—to perpetuate a state of affairs so 
advantageous to themselves. But the cost of the 
privileges now enjoyed by the coal miners and by 
men in other sheltered trades must either be earned 
by the industries to which they belong or provided 
by other industries or the State, which is a collec- 
tive name for a whole of which the industries form 
much the largest part. In the long run neither 
the industries nor the State can afford to continue 
the subvention to the coal miners that they have 
been paying since 1919 in the enhanced prices of 
coal and of materials made with it. The true in- 
terest of the miners is identical with that of the 
restof the community. It is to obtain such arrange- 
ments as will enable their industry to earn more 
than it spends, and will secure them their fair 
share of the difference. The hope of all concerned 
in industry, and in particular in the engineering 
trades, is that the leaders of the miners will devote 
their great abilities to that end; that they will tell 
their constituents frankly that neither the mining 
nor other industries can afford to pay them for 
output they do not produce, and that their own 
immediate and permanent interests require them 
to surrender advantages over their fellow workmen 
in other trades which they cannot retain without 
ruining their own industry. This is the indis- 
pensable condition of a return even to normal 
working in their own industry, and, incidentally, in 
the many that depend on it. The improvement to 
be made in efficiency of working is doubtless a 
longer business ; but neither private interest nor 
public opinion will be satisfied if any means are 
neglected that may conduce to it, and enable the 
miners to share in a returning prosperity that they 
will have done their part to deserve. 

How much has been and can be done in one 
essential aspect of mining to improve the position 
of coal miners is shown in the annual report of the 
Safety of Mines Research Board, which has just 
been published, together with reports of three of 
its researches.* No better examples of the direct 
application of scientific research to practical 
problems are to be found than those that are 
published from time to time by this board and its 
allied Health Advisory Committee. The present 
documents, the importance of which is by no means 
to be measured by their remarkably low cost, 
illustrate fairly the spirit in which the important 
problems under investigation are attacked. The 
Board itself is particularly strong on its scientific 
and mining side, and on its engineering side has 
the advantage of having as assessor Dr. C. H. 
Lander, the Director of Fuel Research. 

In the present report, perhaps the most notable 
matter recorded is the development of the Board’s 
co-operation with the Bureau of Mines of the United 
States. Both bodies have work in progress on 
similar subjects, though usually with different 
materials; and alike in avoiding duplication of 
experimental work, exchanging results, verifying 
conclusions under a greater variety of conditions 
than either body could command individually, and 
combining their authority in giving publicity to 
attested means of increasing safety, much has 
been done and more is expected. The leading 
officers of each body have exchanged visits of 
inspection, investigators from each of them have 
taken part in work undertaken by the other ; 
Dr, Foster Bain, the Director of the Bureau, has 
paid a visit to England and both discussed the 
proposed co-operation and given several interesting 








* Third Annual Report of the Safety in Mines Board 
(1924), H.M. Stationery Office, 1s. net.—The Ignition 
of Fire Damp. By H. F. Coward and R. V. Wheeler. 
H.M. Stationery Office, 6d. net.—The Lagoon Ignition of 
Fire Damp. By C. A. Naylor and R. V. Wheeler. 
H. M. Stationery Office, 6d. net.—Fire Damp Explosions 
Within Closed Vessels: The Effects of Turbulence. By 
G. B. Maxwell and R. V. Wheeler. H.M. Stationery 
Office, 4d. net. 


addresses, and Professor R. V. Wheeler, a member 
of the Board and the director of its experimental 
stations, spent some time in the United States in 
examining a number of the experimental stations 
and laboratories that are co-operating in the work 
of the Bureau, and, in a number of lectures arranged 
by the Bureau, gave information as to what was 
being done in this country to prevent accidents in 
coal mines. <A variety of researches is on foot 
to investigate differences in practice in America 
and this country. The promising beginning of 
this co-operation is an encouragement to hope 
for even more extensive results from the measures 
of co-ordination of scientific research into indus- 
trial subjects within the Empire. It will be remem- 
bered that these have been foreshadowed in reports 
of the Scientific and Industrial Research Depart- 
ment, and it is understood that active measures are 
being taken to press them forward. 

The Eskmeals Experimental station is now to 
be superseded by a new station at Buxton on a site 
of 411 acres, at which large-scale experiments can 
be carried out, and arrangements have been made 
with the University of Sheffield for the lease of a 
site for the Board’s laboratory, in which its other 
work will be carried out. The character of the 
work is illustrated in the report by a number of 
“progress reports” on experiments made in 
accordance with a definite programme of investi- 
gation. These deal on both large and small scales 
with the various problems that affect the safe 
working of mines; not rejecting empirical methods 
where no better can be obtained, but not being 
satisfied until they have been explained and placed 
on a firm scientific foundation. In this way the 
programme includes investigations on coal-dust 
and fire-damp explosions, spontaneous combustion 
of coal, flame-proof electrical machinery, various 
electrical researches, mining explosives, the support 
of underground workings, and a variety of other 
subjects. To take only the papers on fire-damp 
that happen to be published at the same time as 
the report, the circumstances under which the gas 
ignites and explodes are not yet known completely 
enough to enable means of avoiding them to be 
defined exhaustively. The programme of research 
covers therefore the analysis and investigation of the 
separate factors on a laboratory scale, and the verifi- 
cation ’of the results obtained by the use of the large- 
scale facilities at the Board’s disposal. The report 
shows in much interesting detail what the programme 
is on this and other subjects, and what progress has 
been made up till now. A model example of such 
exposition is given in a note by Dr. J. 8S. Haldane 
on the work of the Committee on the Control of 
Atmospheric Conditions in Deep and Hot Mines, 
set up originally in 1917 by the Institution of 
Mining Engineers, with financial assistance from the 
Research Department and the active co-operation 
of the Doncaster Coal Owners’ Committee. The 
Health Advisory Committee is pursuing its work on 
diseases and conditions peculiar to the mining 
industry. Admittedly, the conditions of miners 
in this country in respect to safety is better than 
in other countries. The vigour with which, never- 
theless, the campaign to improve the position is 
being pursued, is satisfactory in itself. The en- 
lightenment that has led to such work on such a 
scale, and the cordial support it is receiving from 
mine owners, may also be an indication of what 
they would be likely to do in matters that affect 
the material interests of the industry even more 
directly, if the situation were so stabilised as to 
allow them to undertake more enterprising action 
than would be prudent under existing conditions. 





NOTES. 


Tue Errect or Kkyways ON THE STRENGTH AND 
STIFFNESS OF SHAFTS. 

In a report just published by the Aeronautical 
Research Committee (Reports and Memoranda, 
No. 864. (M.22). H.M. Stationery Office. Price 
ls, 3d. net) particulars are given of a research 
made by Mr. H. I. Gough, M.B.E., B.Sc., on the 
effect on keyways in reducing the stiffness and 
strength of shafts. The keyways were to the 


extremely sharp corners so as to accentuate the 
effect. The materials employed were Armoo iron, 
chosen as representing highly ductile material, and 
a steel with 0-65 carbon, as typical of harder metals. 
The shafts were tested under alternating torsion. 
The elastic strength of both materials was found 
to be in good accord with theory, there being a 
reduction of 23 per cent. as compared with a plain 
shaft. The ultimate strength of the Armco iron 
under alternating torsion was, however, very much 
higher than theory would indicate, since it was 
only 12 per cent. less than that of a plain shaft 
of the same material. The ultimate strength 
of the hard steel shaft was, however, in very fair 
accord with theory, the reduction in strength being 
21 per cent., as compared with a theoretical value 
of 24 per cent. These tests emphasise the need for 
caution in applying observations made with one 
material for fixing the stresses which may safely be 
allowed on another, and show once again that 
though the mathematical theory of elasticity 
provides us with a means of calculating stresses, 
these stresses may afford but a poor criterion of the 
actual strength of a structure. The harder the 
material the greater is the reliance which can be 
placed on the theory and the more nearly does the 
elastic strength agree with the ultimate. 


Wart’s GARRET WORKSHOP. 


Through the generosity of Major Gibson Watt the 
nation has recently come into possession of the 
famous garret workshop from Heathfield Hall, 
in which Watt spent many hours of his declining 
years. Heathfield Hall was built by Watt in 1790, 
and stands not far from Handsworth Church. The 
Hall and its grounds for long remained comparatively 
unaltered, and last year during the World Power 
Conference an attempt was made to secure the 
house as a memorial to Watt. The scheme, how- 
ever, fell through, and the land will soon be in the 
hands of the builder. But the workshop and the 


‘whole of its contents, with most of its fittings, 


have been given to the Science Museum, where a 
replica of the room has been constructed. Before 
being dismantled the workshop and its shelves, 
benches, lathe, tool-chests, busts, &c., were com- 


pletely catalogued and photographed, and these 


will all be arranged in the room in the Science 
Museum as they were presumably left by Watt. 
Among the objects of especial interest are the two 
sculpture machines to which many references will 


‘be found in Chapter XIV in Muirhead’s Mechanical 
‘Inventions of James Watt. Muirhead says Watt 


got the idea of such a machine from one he saw in 
Paris being used for making dies. This was in 1802. 
By about 1808 Watt was able to reproduce heads 
of Locke and Adam Smith, and in 1811 he made a 
bust of Sappho, of which he left a time-sheet 
showing the hours employed in the various opera- 
tions. Greek names, such as Agalmatopoia and 
Polyglyptes, were suggested for this machine. 
With advancing years Watt found the garret rather 


| trying—too hot in summer and too cold in winter, 


but he retained his interest in the sculpture machine 
till the end. In 1818 Chantrey was to have gone 
to Birmingham to see it, but Watt was away, and 
the visit was never made. Watt died August 25, 
1819, 106 years ago. It is not a little extraordinary 
that the room should have remained intact for so 
long a period, and the thanks of the nation at large 
and of the engineering world in particular, are due 
to Major Gibson Watt for now handing over the 
unique collection for preservation in our great 
National Gallery of Engineering. 


Tue DockyYARDS AND PRIVATE SHIPBUILDERS. 


The press in most of the shipbuilding centres has 
published a protest against the Government’s sug- 
gestion that the first two cruisers built under the new 
programme should go to the Royal dockyards as a 
matter of course, the private yards having to wait 
until the beginning of next year, when the trying 
period of the winter is over. There is, naturally, 
the argument that the Royal establishments have 
got to be maintained and that they possess special 
value in the fact that they are far less liable to 
interruption by strikes than the private establish- 
ments. On the other hand, the war showed that the 








B.E.S.A. standards, and were purposely made with 


privately-owned yards were of inestimable value to 
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the Navy and have to be considered as well. On 
the unemployment question there is no doubt that 
the private centres are considerably worse off in 
this particular than the dockyard towns, but this is 
only one side of the question and is no more impor- 
tant at the present moment than the essential 
considerations of economy. From this point of view 
the private yards have considerable advantage 
over the dockyard towns. And it is not at all 
unreasonable for them to demand that the boats 
should be put up to competitive tender and that 
the contracts should be awarded on the merit of 
price only. Of course, care would have to be taken 
that all overhead expenses were taken into con- 
sideration in the dockyard tenders, and that the 
former practice of placing to different votes certain 
expenses which in the case of a mercantile firm 
would always have to be put on to the shoulders of 
the contract, was not allowed to influence the issue. 
It has been proved in the United States, where the 
Navy yards are in competition with private estab- 
lishments for repair and reconditioning contracts of 
ships belonging to the U.S. Shipping Board, that 
competition on this basis is quite possible and has a 
very healthy result. Naturally enough, the private 
yards are not now in a position to lay down new, and 
improve their existing, machinery for warship work 
when they get such a small proportion of the orders 
awarded, and it is in the improvement of machinery 
that lies the principal hope. of obtaining warship 
orders from abroad, There should be quite a 
number of contracts placed by the minor Navies 
within the next few years, and the French, Italian 
and American yards are already preparing to fight 
hard for the orders. It may be mentioned that in 
the German Navy the fixed policy was always to 
place as much new construction as possible in the 
hands of the private yards, letting the Imperial 
establishments do all the refitting and modernising 
work as in this country, but limiting their new con- 
struction to just sufficient to keep a sharp check on 
the prices charged in the private yards. This 
policy was found both successful and economical, 
and on it the German shipbuilding firms were able 
to lay down plant which permitted them to be such 
formidable rivals to the British shipbuilding 
industry. 


THE HARWICH-ZEEBRUGGE TRAIN FERRY. 


Built and equipped in 1917, the three British 
train-ferry channel steamers performed a great 
work during the late war, when they transported to 
France some 300,000 tons of war material. These 
vessels, together with the ferry bridges and their 
accessory machinery, were described in ENGINEER- 
ING, vol. cvii, pages 92, 119, 186, and 238. The 
three steamers are now owned by the Great Eastern 
Train Ferries, Limited, which instituted a daily 
service between Harwich and Zeebrugge in the early 
part of 1923. Each ship is capable of carrying 
54 12-ton special ferry wagons. The latter travel 
freely over British, Belgian, Italian, Swiss, and 
Austrian railways; permission to enable ferry- 
rolling stock to run to destinations within the 
boundaries of France, Holland, and Germany has 
not yet been granted. Negotiations with these 
three countries are now proceeding, and it is hoped 
that a satisfactory agreement upon the matter will 
shortly be reached. The ferry service lends itself 
particularly well to the transport of perishable and 
fragile goods, requiring rapid transit and the 
minimum of handling. Large consignments of 
Continental fruit, vegetables, eggs, poultry, and the 
like, are shipped to Harwich and distributed direct 
to such centres as Manchester, Birmingham, and 
Cardiff without having to cross London. Belgian 
slates and roofing tiles are regularly shipped to 
England by means of the ferry. At the present 
time the flow of traffic is mainly in one direction. 
While loaded trains arrive at Harwich, steamers 
returning to Zeebrugge carry a fair proportion of 
empty wagons. This adverse balance, one may hope, 
will, possibly, improve when the advantages of the 
ferry are more fully recognised in this country. 
The effective working of the services depends, to a 
large extent, upon the systematic organisation of 
rolling-stock distribution. At the present time 
there are two wagon control offices, respectively 
located at Brussels and Milan, and through which 





pass all requisitions for ferry rolling stock. Each 


office supervises its prescribed working area. There 
are 2,000 of these special ferry wagons, and, in 
spite of the fact that they are all fitted with con- 
tinuous brake appliances, they have not, up till 
the present, been approved in this country for 
fast mixed goods and passenger traffic. On the 
Continent, too, they are usually attached to goods 
trains, although, in a few cases, wagons have been 
coupled to fast trains. Notwithstanding the efforts 
of the control officers, there is a shortage of rolling 
stock, necessitating the transhipment of goods from 
one wagon to another at Zeebrugge. This proce- 
dure, unfortunately, neutralises one of the most 
important advantages of the train-ferry system. 
A further 3,000 ferry wagons are being built and 
are about to be put into service ; a number of trucks 
for use in exporting machinery have also been 
ordered. The fact that the rolling stock is being 
augmented by 150 per cent. would appear to indicate 
that the authorities are not merely desirous of 
coping fully with the present volume of traffic, but 
are anticipating an increase in shipments. 





THE ROYAL SOCIETY CONVER- 
SAZIONE. 


THE second conversazione of the Royal Society 
held last week followed the first, of May 13, after 
an unusually long interval, and was a two-days’ 
function consisting of two evening receptions, which 
were held on Wednesday and Thursday, the 
22nd and 23rd July. On the Wednesday afternoon 
the exhibits were examined by Their Majesties, 
the King and Queen; Mr. F. E. Smith, F.R.S., 
Director of Research to the Admiralty, having 
the honour of giving a discourse on ‘‘ Echo Sound- 
ing for Navigational Purposes”’ before them and a 
small audience. In the evening no discourses were 
delivered, either on the Wednesday or on the 
Thursday. On the latter afternoon the King and 
Queen took part in the celebration of the 250th 
anniversary of the foundation of the Royal 
Observatory at Greenwich, and many of the 
delegates of the International Astronomical 
Union, which had terminated its meeting at 
Cambridge, were in the evening received by Sir 
Charles Sherrington, O,M., President of the Royal 
Society, who was supported by Dr. J. H. Jeans, 
Sec. R. S. The scientific exhibits were, with a 
few exceptions, the same on the two days, and 
some of these had already been on view at 
the May conversazione, which we noticed on 
pages 615 and 644 of our issues of May 15 and 
May 22. 

Historical exhibits, especially of astronomical 
interest, were prominent. The Science Museum 
showed a replica of the “‘ Merkhet,” by means of 
which the early Egyptians laid down meridian 
lines and axes of temples, and also Egyptian 
clocks. The water clock from Karnak of about 
1400 B.c. was a clay vase, an inverted cone about 
15 in. high, from which water was allowed to 
escape through an orifice near the bottom. On 
the inside were marked 14 rows of radiating dots ; 
the hours of the night were determined by watching 
the sinking of the water level from one dot to the 
other, the spacing of the dots in the various rows 
being adjusted to the season. In the water clock 
from Edfu, the observer watched the rising of the 
water level. The shadow clock also shown marked 
the passage of the sun from sunrise to noon and, 
reversed in position, the passage from noon to 
sunset. Professor E. N. da C. Andrade’s illustra- 
tions of the early history of physical instruments 
previously noticed (ENGINEERING, April 3, page 407) 
did not go back much further than the sixteenth 
century. The lenses presented by Huygens to 
Newton for one of the Huygens aerial telescopes 
were exhibited by the Royal Society; they were 
object glasses of 122, 170, 210 ft. focal lengths. 
The Royal Society also exhibited relics of Newton, 
comprising the original face mask, the original 
reflecting telescope made by Newton in 1671, a 
tube about a foot long mounted on a sphere of 
wood, and a sketch of the observatory in the 
White Tower in which J. Flamsteed, the first 
Astronomer Royal, worked, before going to Green- 
wich in 1675. Other relics of those days included 





the earliest English telescope of Jacob Cuning- 
ham, 1661, exhibited by Mr. G. H. Gabb, Hooke’s 
microscope and a telescope, both probably made 
by Cocks, 1670, and exhibited by Mr. R. S. Clay 
and Mr. Thomas Court. There were also mirrors, 
a two-eyepiece micrometer, a hand speculum 
polishing machine, a prismatic apparatus for 
research on the solar spectrum, and other apparatus 
of Sir William and Sir John Herschel (exhibited 
by the Science Museum). The early compasses 
exhibited by the Admiralty Compass Observatory 
were mentioned in our articles last May. In 
commemoration of the Railway Centenary the 
Science Museum also exhibited six very neat 
working models of early locomotives (1812-1829). 

The photographs in natural colours taken thirty 
years ago by Professor J. Joly, of Dublin, the first 
of their kind, described. by him in the Philosophical 
Transactions of 1896, led up to our days and 
demonstrated by their beauty unfortunately also the 
limitations of progress in this field. Professor Joly 
ruled 400 lines to the inch, horizontal or vertical, 
in red, green and blue-violet, on gelatin by means 
of pens made by Sir Howard Grubb. A free 
pendulum astronomical regulator exhibited by 
Mr. F. Hope-Jones consists of the free pendulum, 
the ‘‘ master,” and the “slave clock.’”? The master 
has nothing to do but to swing, and has no escape- 
ment ; it receives an impulse twice every minute 
from a weight of 0-247 grammes of a gravity lever 
falling through 2 mm., this device being mounted 
on a bracket of the free pendulum. The slave 
clock, which counts time and releases the gravity 
lever, is so firmly held in synchronism with the 
free pendulum that the phase difference cannot 
exceed 1/240th second; the “hit and miss 
synchroniser ” adopted is the invention of Mr. 
W. H. Shortt. The sun-clock of Professor W. E. 
Cooke, likewise exhibited by Mr. Hope-Jones, was 
illustrated on page 85 of our issue of July 17. 

In the apparatus for the spark photography of 
bullets in flight of the Research Department, 
Woolwich, a branch tube, attached at right angles 
to the rifle barrel near the muzzle, is closed by 
a cap of the shape of a thimble. The gases 
pushing the bullet out of the barrel, force 
the thimble off and this pierces a screen of 
tinfoil and is caught in a chamber behind. 
The piercing of the foil discharges a condenser, 
charged to 10,000 volts, in front of the spark 
gap of which the photographic plate is mounted. 
The distances are so adjusted that the time taken 
by the thimble to strike and to discharge the con- 
denser is equal to the time which the bullet takes to 
travel the few feet from the muzzle to the photo- 
graphic plate. There are no contact wires, as in 
older methods, and no leakage troubles. The 
photographs displayed (by the old and the new 
method) showed that stream lines start from the nose 
and the rear (wake) of the bullet and also from any 
steps or scratches on it, and bring out characteristic 
differences in the angles of the stream lines from 
bullets travelling at various speeds below and above 
the velocity of sound. 

Professor W. M. Thornton’s miner’s safety lamp. 
which also indicates and measures the percentage of 
fire damp (described on page 615 of our last 
volume) has by a simple adjustment been so 
improved that a test can be taken within a 
minute or two; the lamp differs in appearance, 
weight (64 Ib.), and even in price, but little from 
the portable battery lamp. The exhibits of Dr. J. 5. 
Owens, shown by the Advisory Committee on Atmo- 
spheric Pollution, namely, his new settlement dust 
counter, dust samples, smoke particles in Brownian 
motion, &¢., were also mentioned on page 644 of 
our last volume, as were also Messrs. Hilger’s 
exhibits, among which the Miiller X-ray spectro- 
graphs were again conspicuous. Sir William Bragg’s 
exhibits and models exemplified some of the work 
done with these and similar apparatus ; they illus- 
trated the structures of graphite and of organic 
crystals, their mechanical and thermal distortion and 
other features. It is noteworthy that Dr. Shearer's 
actual X-ray examination of four aliphatic ketones, 
correctly giving the number of carbon atoms and the 
position of the CO group, and wrong possibly only 
in one case as to one radicle, occupied only two days. 
The “capillator” of the British Drug Houses, 
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Limited, is an apparatus for the colorimetric 
determination of the hydrogen-ion concentration 
(generally denoted by Pg), which is more and more 
coming to be an accepted technical acidity test ; 
one or two drops of the liquid to be tested are 
drawn up in a capillary tube, mixed with the 
reagent, and the mixture is compared as to colour 
by the aid of other capillaries. 

The National Physical Laboratory had two 
exhibits. The colorimeter of Mr. J. Guild, for the 
fundamental investigation of colour vision, is an 
instrument of the additive type. Gelatin filters 
of three selected colours are arranged about the 
circumference of a circle. The effective angular 
opening of each filter is controlled by a shutter. 
Light from a single source passes through the 
filters and is brought to a common axis by a 
rotatory prism, and the mixture obtained is com- 
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Fourchambault et Decazeville (in Central France, 
near the Loire), whose Imphy works, small forges 
at that time, were already renowned in Réaumur’s 
days; he wrote in 1722, ‘These are people on 
whose accuracy I can rely.” The specimens 
exhibited demonstrated the resistance of these 
steels to corrosion in the atmosphere, tap water, 
sea water, and in steam from simmering sea water, 
in comparison with ordinary steel and 12 per cent. 
chromium steel. This non-corrodibility, which they 
owe to their homogeneity, is secured without heat 
treatment or polishing, nor are they deteriorated 
by sudden temperature changes, quenching and 
tempering. They can, therefore, be riveted and 
brazed in complicated work, as some impressive 
specimens showed, and are not distorted by super- 
heated steam jets. The former point is of con- 
siderable importance in connection with the fixing of 





to be still fit for long life after the twelve months’ 
service they had done at 900 deg., and for the 
nozzles of high-pressure gas burners. Examples 
of the latter on view had served for twelve 
months. Very striking were the cast furnace racks 
illustrated in the photographs, Fig. 3. The lower 
rack, of mild steel, had become useless in twelve 
weeks ; the upper bar of Era/A.T.V. non-scaling 
steel had had sixteen weeks further service subse- 
quently and looked almost suspiciously new. Other 
exhibits exemplified the suitability of the A.T.V. 
steel for locomotive baffle plates and for furnace 
scrapers such as are used in zinc ore roasting fur- 
naces. With these scrapers the usually indispensable 
water-cooling is not necessary. That the A.T.V. 
is, in spite of strength and non-corrodibility, 
readily machinable was proved by the facsimile 
model of the famous Iron Pillar of Delhi, complete 
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pared with the colour to be measured by means of 
a photometric cube. By means of the other exhibit 
Dr. Rosenhain demonstrated that metallic crystals 
take different shapes according to circumstances. 
Freely developing in a fusible mother liquor, 
antimony, bismuth, the alloy CuAl,, magnesium, 
steel (a large crystal formed in a pipe, &c.) gave 
symmetrical crystals. When formed as aggregates 
the crystal outlines are determined by the surfaces 
on which they meet. Thus magnesium distilled 
above 1,300 deg. C. at reduced pressure con- 
densed to a conglomerate, and a peculiar dense 
conglomerate of steel crystals, devoid of interstices, 
had formed in a furnace flue in which the original 
y-iron had been exposed to repeated partial 
fusion. We noticed at the last function the 
electroplated ware and low-impedance valves of 
the Metropolitan-Vickers Electrical Company, and 
also the very instructive exhibits illustrating 
the properties, non-corrodibility and strength 
at different temperatures of some steels of the 
Brown-Firth Research Laboratories. The maxi- 
mum strength, elongation and reduction in area 
of the high-chromium steel (18 Cr, 8 Ni) fell off 
very much at 800 deg. C., but the elongation and 
reduction recovered partly at 900 deg. C. 

Sir Robert Hadfield’s exhibits of alloys of iron 
and of non-corrodible and non-scaling steels were 
the most noteworthy metallurgical novelty. The 
specimens exposed under various conditions and 
immersed in various liquids illustrated stages 
of the efforts now being made to reduce the 
corrosion of iron and steel. They ranged from 
pure iron to recent non-corrodible steels. Some 
of the latest of these, the Hecla (or Era) A.T.V. 
steels, are the joint production of Messrs. Hadfield 
and of the Société Anonyme de Commentry 
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turbine blades. Some 15 tons of A.T.V. steel, we 
are informed, have recently been ordered by a French 
firm for the nozzle and rotor blades of a 50,000-kw. 
turbine installation, while the A.T.V. steel blades of 
other turbines have kept their form perfectly for 
four years. While nickel steel (3 and 5 per cent.) 
and stainless steel turbine blades have failed; no 
case of failure of A.T.V. blading has occurred in 
superheated steam, wet steam from impure saline 
water, or stationary in damp air. 

Equally important as the freedom from corrosion 
is the freedom from erosion and from scaling, 
which does not directly depend upon superficial 
hardness and strength. The scaling diagram, 
Fig. 1, gives weight losses per 15 minutes in grams 
per square centimetre, at temperatures ranging 
from 750 deg. C up to 1,000 deg. C. The specimens 
were afterwards kept for three hours at 1,000 deg. C. 
It will be seen that oniy the non-rusting chromium 
steel suffered no scaling loss up to 850 deg. C. 
The 3 per cent. nickel steel gave altogether inferior 
results. The specimens of the photograph, Fig. 2, 
were heated, with access of air, to 900 deg. C. and 
1,120 deg. C. for 544 hours; the scale has partly 
been removed to indicate its depth. The A.T.V. 
steels stand out prominently and show very little 
scale, which in their case remains firmly adherent. 
This property makes the steel a suitable material 
for valves in internal-combustion engines; for 
laboratory muffles which, as exhibited, appeared 





3. 


with its ornate capital. Of other specimens we 
may mention some illustrating the resistance to 
creep under sustained stress at temperatures up to 
650 deg. C. of the steam turbine steel. 

The manganese-steel exhibits of Sir Robert 
Hadfield were shown to demonstrate other valuable 
peculiarities. This steel is known to be charac- 
terised by a remarkable “deformation hardness ” 
which by tension and compression can be raised 
from 180 to 512 and 550 (Brinell ball numbers) ; 
to that property the manganese steel owes its 
high resistance to wear. 





LITERATURE. 


—@e—— 

Practical Advice to Inventors and Patentees (Inventions 

and How to Patent Them). By C. M. Lintey. London: 

Sir Isaac Pitman and Sons, Limited. 1925. [Price 

3s. 6d. net.] 
In this country about 30,000 applications for Letters 
Patent for inventions are filed every year. Large 
numbers of these do not mature into patents, being 
abandoned possibly at the end of the provisional 
stage or after the examiner has made his search. 
Again, in Official and technical journals many 
inventions are offered for sale. It is true that most 
of these advertisements are introduced for the 
purpose in some measure of attempting to meet 
the working requirements of British Law, but even 
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so they would not be there if the inventors had been 
successful in marketing their inventions. 

It seems clear, therefore, that a publication which 
could be read with interest by a large proportion of 
inventors and would give information to assist in 
indicating the kind of application that is likely 
to meet with success, both before the Patent Office 
and ultimately in commerce, should be acceptable. 

Mr. Linley’s book is a small and popularly-written 
volume of this general character. It is not exhaus- 
tive, nor can it possibly be, as it treats his subjects 
in a matter of about 130 pages. The author is an 
engineer, but is clearly conversant with patent 
practice. The information appears on the whole 
to be accurate, although there is a certain amount 
of confusion in the sense that the same point is 
dealt with in more than one place in the book. 
This, however, is not a serious defect because one 
person may expect to find it when a certain subject 
is being considered, whereas another might look for 
it under a different heading. 

At the outset, the writer seems to indicate that 
an inyentor might select any field of art for. his 
activities, whereas later in the book he gives what 
is more usually regarded as sound advice, namely,’ 
that the inventor should confine himself to making 
inventions in an art with which he is fully con- 
versant and in which he is likely to be able to work 
the invention or to be able definitely to have it 
exploited for him. It will be seen that this is the 
more logical way of dealing with inventions when 
it is borne in mind that after a great disaster very 
many applications are filed for means for preventing 
a similar happening in the future. Probably not 
one of these ever matures into a commercial pro- 
position, largely because the inventor has no means 
of seeing that his device is placed on the market 
in competition with existing arrangements. This is 
especially true if the device is costly. A work of 
the character in question which, although indicating 
broad fields of invention also definitely cautions 
inventors in many ways may, therefore well save 
those inventors much expense and disappointment. 

General instructions are given on the drafting of 
specifications, although the book does not set itself 
up to be one giving particulars which will render 
professional advice unnecessary. Indeed, it almost 
consistently recommends inventors not to deal with 
matters by themselves, The typical specification 
given cannot be recommended as a particularly 
brilliant model, although it is safe. It is, however, 
to be admitted that the subject-matter in question 
being so small, is one that requires careful handling 
and imposes limitations which a more important 
invention might not involve. 

An appendix on a few well-known inventions 
makes interesting reading, and a short reference to 
trade-marks properly introduces this subject the 
importance of which is very frequently overlooked, 

There is one point of practice which is not strictly 
accurate, namely, it is suggested that the Patent 
Office can grant an extension of a patent term. 
This is not so. It is a matter for the Courts, and the 
procedure is expensive. Since the Act of 1919, 
however, a less expensive procedure is involved if 
the inventor is able to plead loss due to hostilities, 
but even in that case action must be taken at 
Court. 

It is recommended in the book that a private 
search beyond the Patent Office search might be 
made by inventors in certain circumstances before 
applying for a patent. This advice is sound, pro- 
vided it is borne in mind that a specification cannot 
now be anticipated merely by a prior specification 
more than 50 years old, but that some adjunct 
must be found, for examp-.e, a description in litera- 
ture. z 

The author has found difficulties in connection 
with patents filed in the name of more than one 
applicant and otherwise where co-patentees exist. 
The law on this point is not at all clear, and much 
depends on the actual facts of the case. It may, 
however, be recommended to anyone interested, 
especially if money is supplied in connection with 
the invention, that the name of the party in ques- 
tion should be inserted in the patent documents, 
but not necessarily as an inventor. 

One other point might be mentioned, that is, 


regretted because pure mathematicians are ever 
attempting to lay on the engineer the burden of 
complicated rigid proofs of theorems which, for 


furnish these mathematical Pharisees with un- 
desirable ammunition. 


a British patent, whereas it may not prevent the 
grant of a United States valid patent, the stainless 
steel American patents forming a classic example 
of this. 





Structural Engineering: The Strength of Materials. By 
G. F. Swarm, LL.D., Professor of Civil Engineering 
at Harvard University. London: The McGraw Hill 
Publishing Company, Limited. [Price 25s. net.] 

As was naturally to be expected from Professor 

Swain’s wide experience in bridge design, this volume 

contains very much valuable matter. Indeed, so 

far as the problems in which the structural engineer 
is specially interested, are concerned, the author’s 
introduction to the mathematical theory of elasti- 
city leaves little to be desired. All the commoner 
problems relating to the strength of beams and 
columns are adequately and clearly treated. The 
opening chapter deals with the resolution and 
composition of forces and moments. This is 
followed by a chapter on such geometrical problems 
as the determinations of centres of gravity and of 
moments of inertia. After this comes an excel- 
lent account of the stress strain diagram, and the 
general equations of elasticity, showing the relation- 
ship between the various elastic moduli are next 
developed. The slope and deflection of beams is 
particularly fully discussed, and the comprehensive 
chapter on the strength of columns will meet with 
general approval. There are also some admirable 
observations on the testing of materials. 

Causes of failure are given a chapter to themselves, 
and the author most properly points out that 
existing bridges may be quite safe even if the calcu- 
lated stresses on them are greatly in excess of those 
adopted as the limiting values for new designs. 

He states that the American Railroad Engineer’s 

Association advise that stresses of as much as 

26,000 Ib, per square inch in existing bridges need 

not condemn the structure, though on new work 

the limit fixed is 16,000 Ib. This latter figure 
provides a margin for increases in the weights to 
be carried. 

Discussing the question of strength, Prof. Swain 
argues strongly in favour of the maximum strain 
as the criterion to be adopted. Rankine, of course, 
took the maximum stress, as his basis for fixing 
factors of safety, and others have advocated the 
maximum shear as the most reliable gauge. Prob- 
ably, the relative value of the three alternatives 
varies with the material and conditions of use, and 

Professor Swain’s argument in favour of the maxi- 

mum strain standard appears far from convincing. 

A number of useful tables of structural standards 

are included in the text. 

The concluding chapter discusses Mathematics, 

Testing and Common Sense. We have much sym- 

pathy with the author’s denunciation of the frequent 

misuse of mathematics. The mere computer, who 
calculates, instead of thinks, is a growing danger, 
but the force of the author’s criticism is somewhat 
seriously discounted by a very bad mathematical 
slip of which he is himself guilty in his discussion 
of the stresses round a hole in a thick plate. As is 
well known, the mathematical theory of elasticity 
leads to the result that (within the elastic limit) 
the stress at the edges of such a hole may be three 
times the average. This result is independent of 
the size of the hole, and will, therefore, (assuming 
the material to be perfectly homogeneous and 
elastic), be the same if the diameter of the hole 
be diminished to an infinitesimal size. Professor 
Swain, however, takes the illegitimate step of 
equating this infinitesimal to zero, thus abolishing 
the hole, with the result that he obtains the 
equation 3 = 1, which he advances as a proof of 
some error in the formula he outlines. Of course, 
it is not always legitimate to equate an infinite- 
simal to zero and Professor Swain’s error in doing 
this is fundamental. It is the more to be 


the engineer’s ends, are sufficiently established 
by geometric and mechanical intuition. Such 
mistakes as that to which we draw attention above, 


great a thinker as Osborne Reynolds was, on 
one occasion, guilty of similarly defective logic. 
Thus, speaking of the effect of oil in stilling 
water in an address to the Royal Institution, 
in 1884, he observed that “to me it seems that 
the phenomenon of one of the most powerful 
mechanical actions of which the forces of nature 
are capable, being entirely controlled by a 
mechanical force so slight as to be imperceptible, 
does away with every argument against the strictly 
mechanical sources of what we may call mental and 
moral forces.” Here, again, an “ infinitesimal ”’ is 
illegitimately regarded as being actually zero. 

Of course, no one believes that a hole ain. 
in diameter through a plate 1 ft. wide, will have any 
material effect on the strength of the plate, the 
material being structural steel. But this is due 
in part to a lack of homogeneity comparable with 
the dimensions of the hole, and, in part, to the 
effects of ductility. Professor Swain we may add, 
also seems to question the validity of St. Venant’s 
masterly discussion of torsion, and offers instead a 
treatment of his own, which is certainly inexact. 





American Society for Testing Materials. Proceedings of 
the Twenty-Seventh Annual Meeting, June, 1924. 
Volume xxiv, Part Iand II. Published at the Offices 
of the Society, 1315 Spruce Street, Philadelphia, Pa. 

Tue efforts made by the metallurgist to prolong the 
life of metals exposed to deteriorating influences have 
aroused such world-wide interest that it is not sur- 
prising to find that the majority of the contributions 
on metallurgical subjects contained in Part II 
(Technical Papers) of the proceedings of the Ameri- 
can Society for Testing Materials are devoted to the 
consideration of various phases of the corrosion 
problem. The subject is introduced by tabulated 
data on the composition and properties of corrosion- 
resisting, heat-resisting, and _ electrical-resistant 
alloys. These tables, compiled for the purpose of 
disseminating existing knowledge, constitute a 
permanent record of the information at present 
available and reflect great credit upon the organising 
committee. 
Individual problems, such as the corrosion of 
metals exposed to acid mine waters, the endurance 
properties of stainless steels, and the deterioration 
of alloys subjected to the action of hot gases, are 
dealt with in turn. Several papers are devoted to 
the study of the fatigue-resisting properties of 
metals, the contributions of Messrs. H. W. Gillett 
and E. L. Mack and also of R. R. Moore being of 
interest as they deal with “long-time ” or unac- 
celerated fatigue tests, thus ensuring that the 
endurance limit is actually shown. On the other 
hand, a paper by Mr. D. J. McAdam, Jun., brings 
forward an accelerated fatigue test, the chief feature 
of which is that, while fatigue failure is initiated 
normally, its progress is accelerated by so adjusting 
conditions as to secure the greatest practicable 
automatic increase of stress. 

Other sections of Part II of the volume deal with 

concrete, mortar, gypsum, brick masonry, and 

factors affecting their strength and durability. The 


weathering of varnishes and the treatment of oils, 
timber for structural purposes, new suggestions 
regarding the testing of materials, and other subjects 
of a more general nature are also discussed. The 
wide field covered indicates the active progress 
made by a society founded as recently as 1898. 


Part I of vol. xxiv is itself divided into three 


sections ; the first contains committee reports, and 
the second and third are devoted to “tentative” 
specifications put forward in order that they may 
be criticised before final action is taken regarding 
their adoption as standards. Many of the com- 
mittee reports contained in the first section are in 
reality scientific papers upon technical and indus- 
trial problems. The effect of sulphur upon the 
properties of rivet and structural steel is studied 
in three detailed reports. Variations in micro- 
structure, caused by the tendency of the ferrite to 
deposit during cooling around nuclei, have given 
rise to a most elaborate metallographic research. 
While no definite conclusion is arrived at about the 
nature of these nuclei, their occurrence is found to 
be approximately proportional 


to the amount of 
A large number of 








that publication in this country may well defeat 





It may perhaps be noted as remarkable, that so 





sulphur present in the steel. 
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photo-micrographs are reproduced, some at magni- 
fications as high as 1,000 and 4,000 diameters. 

The size of the volume may be judged from the 
fact that each of the two parts contains over 1,100 
pages ; the very wealth of information is somewhat 
overwhelming. An attractive feature is that the 
opinions expressed, whether by individuals or by 
committees, are seldom dogmatic, and the idea of 
inviting and encouraging criticism by issuing “ tenta- 
tive” specifications and methods of sampling and 
testing is an excellent one. The discussion of their 
difficulties by manufacturers and by users of 
materials is likely to prove mutually helpful, and 
will certainly make for closer co-operation between 
the two parties. 





LABOUR NOTES. 


Tue Court of Inquiry “into the causes and circum- 
stances of the dispute in the coal mining industry,” 
issued its report on Tuesday night. Amongst the 
principal conclusions arrived at are (1) The workers 
are justified in claiming that any wages agreement 
they can be asked to accept should provide for a 
minimum wage negotiated between the parties; (2) A 
method of fixing wages which allows of their indefinite 
diminution cannot be regarded as satisfactory ; (3) The 
claim that wages must be a first charge on the proceeds 
of industry is a contentious and ambiguous one. If the 
meaning be that wages at some agreed minimum rate 
must, in practice, be a charge before profits are taken, 
the Court concurs in that view; (4) There is consider- 
able room for improving the efficiency of the industry 
as a whole, and in this way according some aid to its 
economic position ; (5) Further collective action on the 
part of collieries will enable facilities and resources to 
be used in common to greater advantage and promote 
economical working; (6) It is also for consideration 
whether the industry should remain in isolation or 
whether, by its co-operation with other enterprises, 
better results might not be obtained ; (7) The increased 
cost of the transport and shipment of coal is a factor 
meriting investigation; (8) The improvement of the 
distribution of coal would result in lowering the price 
to all classes of consumers and might have a consider- 
able effect in stimulating demand; (9) The question 
of the continuance of the royalty system on its present 
basis is important in its relation to the promotion of 
goodwill; (10) Although the Court has not had the 
advantage of evidence upon any of these or similar 
matters, it cannot believe that there is no room for 
improvement in the management, organisation and 
development of the industry, or that no alleviation 
is to be found in these directions. 





A general conclusion of the Court of Inquiry is that 
the present crisis, unlike others which have arisen in 
the past, is to a large extent the creation of neither 
party to the dispute. It has arisen in the main from 
without, and is due to causes not within the control 
of either side. ‘‘ These causes,” the report states, 
“are to be found in the operation of national and inter- 
national disturbances and dislocations which are the 
inevitable sequel of the economic upheaval due to the 
war. They are causes which may continue to operate 
for a considerable time to come. In such a crisis, 
it is perhaps not unnatural that each party should 
seek to transfer to the other as much as possible of 
the consequences of the common calamity. But just 
because the calamity is a common one not primarily 
due to the fault of either, we venture to think that in 
taking common counsel together the parties are most 
likely to find a means of averting its worse con- 
sequence.” 





Mr. Bridgeman’s intervention succeeded on Friday 
afternoon in inducing the coalowners and the miners’ 
representatives to agree to come together again, and 
a formal conference was fixed for Wednesday of this 
week. On Monday, Mr. Baldwin saw the representa- 
tives of the General Council of the Trades Union 
Congress, and on Tuesday the Executive Committee 
of the Mining Association, and on Wednesday he had 
further meetings with the representatives of both 
parties who did not, however, come together. 





At a meeting in the Midland Grand Hotel, St. Pan- 
cras, on Tuesday evening, the representatives of the 
railway managers were informed by the representatives 
of the railway workers, that the whole of the trade 
unions catering for railway employees had rejected 
the proposal made by the railway companies, on 
June 29, that there should be an all-round reduction 
of 5 per cent. in the wages of the staffs. According to 
a brief official report issued after the meeting “‘ informal 
negotiations aie now ended.” When the railway 
managers submitted this proposal, the negotiations 


on the National Union of Railwaymen’s all-grades 
programme, and the railway companies’ proposed 
wages cuts were suspended. It is now expected that 
there will be a formal application by the railwaymen’s 
union to the Wages Board, and that eventually matters 
will go before the National Wages Board. 





The Ministry of Labour states that on July 20, 1925, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great. Britain was 
1,221,900-—940,200 men, 32,200 boys, 221,700 women, 
and 27,800 girls. On July 13, 1925, the number was 
1,248,466—973,137 men, 33,311 boys, 215,008 women, 
and 27,010 girls—and on July 21, 1924, it was 1,041,784 
—791,834 men, 30,483 boys, 192,091 women and 27,376 
girls. 





Ar a conference in London last week between 
representatives of the Engineering and Allied Employers 
National Federation and representatives of the engi- 
neering trade unions, it was mutually agreed to adjourn 
the current negotiations on the wages question in order 
that the Government might be approached by the 
Federation and the unions jointly with a view to 
ascertaining what steps were possible in the direction 
indicated in paragraph (e) of the employers’ letter of 
April 22. In order to understand the position, para- 
graph (e) has to be read in conjunction with paragraph 
(c) and (d), which are as follows :— 

‘*(c) The increase in the length of the working week 
at this stage is rendered necessary by the action of 
our foreign competitors, who maintain a working week 
extending to 60 hours at lower rates of wages and 
working conditions and temporarily render competition 
by this country in the world’s markets so difficult.” 

‘““(d) If foreign competitor nations effectively 
decrease their working hours so as to bring them into 
reasonable relation to the working week in this country, 
the arrangement now proposed could be reviewed.” 
Paragraph (e), to which it has now been mutually 
agreed to give effect, runs :— 

**(e) Meantime it is suggested that a joint submission 
by the Federation and the unions should be made to 
the Government pressing upon them the necessity of 
taking such steps as may be possible under the Peace 
Treaty or otherwise to secure an arrangement whereby 
the working hours of competitor nations on the Conti- 
nent should be dealt with as indicated.” 

That the unions are now apparently realising that 
Continental conditions are a factor in the problem is 
not an unpromising sign. 





According to an official communication of the 
International Federation of Trade Unions—quoted in 
Man and Metal, the journal of the Iron and Steel Trades 
Federation—an industrial corporation, owning manu- 
facturing plant in the United States and in five European 
countries, has issued a statement concerning the wages 
paid by it to its workers during 1924. The American 
worker’s wage per day was 5-60 dols., the British 
worker’s 2-28 dols., the German worker’s 1-55 dols., 
the French worker’s 1-35 dols., the Belgian worker’s 
1-14 dols., and the Italian worker’s 0-98 dols. The 
compiler of the figures declares that the chief factor 
of the differences is the much greater productivity of 
the American worker, and the reason why the American 
worker can produce so much more is, he says, that the 
employer puts into the plant a much larger proportion 
of capital in comparison with what he pays out for 
labour than is the case in Europe. That capital goes 
to improve plant and perfect the technical equipment, 
so that the output per man is much greater. Thus, 
for instance, the capital invested in British industry 
is only one-third of the sum invested in America for 
an equal number of workers. Another factor affecting 
the case is the cheapness of coal in America. It 
should, of course, be noted, the I.F.T.U. says, that in 
making these comparisons the purchasing power of 
money in the various countries must also be taken into 
account, and in America prices are very high. Another 
feature not to be ignored is that, although the American 
company in question has been wise in equipping its 
European plants as efficiently as its American, its 
workers have not benefited by the rise in output ; 
all the profits have gone into its own pockets. The 
wages which it pays its European workers seem to be 
even lower than those paid by European employers. 





In the course of an interesting article on the rules 
of the Amalgamated Engineering Union in the A.z.U. 
Monthly Report, Mr. Smethurst, the general secretary, 
states that he cannot agree with the suggestion that 
district committees should have independent powers. 
He holds strongly to the view that a national organisa- 
tion must be governed from a national point of view, 
and that no district should be permitted to involve 








it in a dispute, dependent as it would be upon the 


national resources for financial support, without the 
control and sanction of an executive body responsible 
to the union as a whole. Properly administered, the 
present district committee rule, in his opinion, amply 
safeguards the interest of members. On the other 
hand, Mr. Smethurst thinks that divisional committees 
might very well be dispensed with. They have been, 
he says, a great expense, and the work they have done 
could have been equally well done by the distiict 
committees, provision being made, of course, in the 
rules for the sending of suggestions direct to the 
National Committee. 

The National Committee, as an annual body review- 
ing the policy of the society, should, in Mr. Smethurst’s 
opinion, be maintained. It has done excellent work, 
he claims, since its organisation; but he thinks that 
where questions of alteration of the rules are concerned 
a different body ought to be appointed. The National 
Committee, as at present constituted, is recruited very 
largely from men dealing with industrial questions, 
whereas for rule-making purposes, branch officers who 
have had administrative experience, would, obviously, 
be much more suitable. He suggests that the National 
Committee should be responsible for the appointment 
of delegates to the Trade Union Congress and the 
annual meeting of the Labour Party, thus dispensing 
with some of the costly ballot-voting that at present 
operates; but he does not share the view that the 
National Committee should supersede the Final Court 
of Appeal. The Final Court of Appeal is an important 
part of the constitution and should be maintained. 
It might, with advantage, however, be reduced to nine 
members elected for a period of three years. That 
would not only effect a saving in cost, but. would also 
be a beneficial reform. 


From a recent number of the Ministry of Labour 
Gazette, which contained an analysis of the trade 
disputes from 1893 onwards, it appears that by far 
the largest number of these disputes were settled by 
direct arrangement between the parties, this method 
accounting for 72 per cent. of the total number of 
settlements in the period under review, and for 
64 per cent. of the total number of workpeople directly 
involved. Next in numerical importance was the 
method of conciliation, by which 8 per cent. of the 
total number of disputes were composed, involving 
15 per cent. of the total: number of workpeople. 
Recourse to arbitration terminated 6 per cent. of the 
disputes, affecting 5 per cent. of the workpeople. 
Return to work on the employers’ terms was recorded 
in the case of 8 per cent. of the disputes, affecting 
5 per cent. of the workpeople. Five per cent. of the 
disputes were settled by replacement of the workpeople, 
but as these were mainly small disputes the proportion 
of the workpeople involved in stoppages who lost their 
employment in this way was almost negligible—only 
about } percent. Other methods of settlement account 
for only 1 per cent. of the total number of disputes, 
but in these disputes 11 per cent. of the total number 
of workpeople were involved, 7 per cent. being 
involved in one dispute, viz., the stoppage of 850,000 
coal miners in 1912, the matter at issue being ultimately 
settled by the passing of the Coal Mines (Minimum 
Wage) Act, 1912. ; 





The Monthly Trade Report of the United Pattern- 
makers’ Association states that the number of 
unemployed members in June was approximately 
the same as in May, the total representing rather 
more than 10 per cent. of the membership, exclusive 
of apprentices and honorary and superannuated 
members. It is recorded that, by 966 votes to 682 
out of a total membership of 11,694, the society has 
decided to withdraw from the Federation of Engineering 
and Shipbuilding Trades, with which it has been 
affiliated for 34 years. Mr. Findlay, the general 
secretary, expresses regret at both the decision and 
the smallness of the vote. 





TENDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, S.W.1, has announced 
that the Post and Telegraph Department, Wellington, 
New Zealand, invites tenders to be presented not later 
than September 22, for the supply of bituminous tape.— 
The Municipality of Bulawayo, South Africa, invites 
tenders to be presented not later than September 29, 
1925, for the supply of plant in connection with the 
extension of the electric light works.—The Oamaru 
Harbour Board, New Zealand, invites tenders to be 
received by September 29, 1925, for the supply and 
erection of one 7-ton locomotive steam crane.—The 
Public Works Department, Wellington, New Zealand, 
invites tenders to be presented not later than September 
29, 1925, for the supply of 560 galvanised steel trans- 
mission line towers, complete with cross-arms, ground 
stubs, and accessories. All inquiries regarding these 
tenders should be addressed to the Department of 








Overseas Trade. 
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THE BARBER LUFFING DAVIT. 


CONSTRUCTED BY MESSRS. THOMAS SUMMERSON AND SONS, LIMITED, ENGINEERS, DARLINGTON; 





THE BARBER LUFFING DAVIT. 


A VERY important part of a ship’s equipment is the 
lifeboat and its attending lowering gear. On the 
larger vessels, with great freeboard, luffing davits are 
almost universally used. Messrs. Thos. Summerson 
and Sons, Limited, of Darlington, have recently sup- 
plied to the order of Messrs. Vickers Limited, six sets 
of single-acting Barber davits. These have been fitted 
on new vessels for Messrs. Furness Withy. This new 
luffing davit, approved by the Board of Trade, is dis- 
tinct in its class, and is a departure from the type 
which uses a segment at the lower extremity of the davit 
arm co-operating with a guide cast at the base of the 
davit-supporting frame. The latter type is usually 
termed a quadrant davit of the luffing type. 

In the Barber davit, the arm works in a vertical 
plane, the upper extremity which carries the falls is 
off-set and a special design of eye to take a shackle is 
fitted. An eye for the life line is also provided. At 
the pivoting centre and at the lower extremity of the 
davit pins are located. The lower pin slides in a 
vertical slot cast in the supporting frame. 

The pivoting centre or fulcrum is allowed to slide by 
its attachment to a slipper or carriage, which moves 
along an enclosing chamber at the top of the supporting 
frame. The slipper engages a lead screw, and the 
rotation of the latter either directly or through spur 
gears moves the slipper horizontally along the bar 
and conveys motion to the arm. Owing to the pin at 
the lower extremity of the davit engaging its guide or 
slot in the frame, the upper end of the arm is caused 
to sweep outboard or inboard according to the direction 
of rotation of the operating screw. The arm makes an 
angle of 40 deg. from the vertical in the extreme out- 
board position giving an outreach of 7 ft. from the ves- 
sel’s curtain plate. The inboard stowage position of 
the single-acting davit is about 5 deg. inwards from the 
vertical, giving the necessary lift of the falls and taking 
up slack as the arm passes the vertical, the lifeboat, in 
consequence, being lifted from the chocks before travel - 
ling outboard. 

The davit arm is subjected to a combined bending 
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the effect of these stresses, and to relieve the slipper 
or carriage, an outer roller is provided on the fulcrum 
pin and moves along a runner bar supported from the 
frame, this bar supporting a portion of the load. A 
further provision for taking the torsional stress and side 
pressure, constituting a distinguishing feature of the 
Barber davit, is the use of a cross arm at the lower 
extremity of the arm close to where the lower pin en- 
gages in its guide. This cross arm is furnished with 
machined faces to bear against surfaces provided on 
the supporting frame. 

The chamber enclosing the slipper and screw is made 
with a removable top half and end covers, and is also 
fitted with side doors with locking handles so that the 
gear is easily inspected and can be entirely enclosed. 
This is a point appreciated at sea, where sand and dirt 
or the freezing up of movable parts is always a serious 
matter and may lead to disastrous results. 

The davit arm and frame are carbon steel castings 
of 33 to 35 tons ultimate tensile strength, and with 
ductility which passes the usual bending tests. The 
screwed shaft or bar carrying the slipper is of mild 
steel. The spur reduction gear consists of steel castings 
supported in a steel bracket. 

The standard davits comprise a range of five types 
suitable for boats up to 30 ft., and for working loads 
of from | to 5 tons on each davit. Gear ratios vary 
from direct acting in the case of the smallest up to 
6} to one for the largest size. The davits are adapted 
for operation by power, and special advantages are 
claimed in this connection. 

Figs. 1 to 3 show the single and double-acting davits 
suitable for 28-ft. lifeboats. In a modified design the 
arrangement of moving parts is inverted. The slipper 
and screw in this case are placed at the base of the 
supporting frame. Chain-sprocket wheels form the 
drive from a convenient handle position at 3 ft. 6 in. 
from the deck. This is a type which lends itself 
especially to operation by power. A double supporting 
frame may be used to take left and right-hand arms, 
an arrangement which enables deck space to be saved 
in a long line of end-to-end boat stowage, and also 
represents a corresponding saving in cost on the davit 


moment setting up torsional stresses due to the over- | installation. 


hang of the end carrying the lifeboat. To counteract 


The height of a davit arm suitable for a 28-ft. boat 
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is 14 ft. from the deck to head bolt centre. A total 
travel of 11 ft. 3 in. from inboard stowage to maximum 
outreach is allowed for. 
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MODERN GRAIN ELEVATORS : Errata.—In connection 
with the article which appeared in our issue of May 29 
(page 674) referring to a paper on “ Modern Grain 
Elevators,” read by Mr. L. Coke Hill before the Engineer- 
ing Institute of Canada, the author draws our attention 
to certain points needing correction. With regard to 
the loads on roller bearings the statement in the article 
that loads on the bearings are small may be miscon- 
strued, as Mr. Hill points out that the loads on elevator 
main bearings amount to about 10 tons per bearing. 
The statement we-made was intended to refer to the 
reduction in the elevator of the loads on the large 
number of small bearings necessary in conveyors. Ina 
further statement that the concrete bins were provided 
with ventilators and windows, the word cupola should 
have been employed instead of “ bins.”” With regard 
to elevators, these are enclosed in trunking which 
extends in the open between two structures, one accom- 
modating the boot and bottom shear, &c., and the other 
the headgear. In this way the dangers associated 
with trunking accommodated inside a building are largely 
avoided. . 

SHALE Ot In Mancuuria.—Recently a body known 
as the Committee on Oil Shale Exploitation in Fushun, 
which is composed of representatives of the Manchuria 
Railway Company and the Japanese Army and Navy, 
met in conference at Dairen, China. The object of this 
meeting was to discover a scheme for the working of the 
5,500 million tons of oil shale estimated to exist in the 
Fushun mines. The oil content of those deposits is 
stated to be 6 per cent. and in the event of this pro- 
portion being correct 330 million tons would appear to 
be present in the district. One million tons of oil are 
consumed in Japan each year, and the requirements of 
the navy amount to 400,000 tons. Consequently, the 
naval authorities are keenly interested in the develop- 
ment of the mines. The Manchuria Railway Company 
conducts the surface mining at Fushun, and desires to 
have the shale removed in order to secure coal lying 
beneath it. Lack of capital alone has prevented opera- 
tions being proceeded with. In order that the produc- 
tion of oil should amount to 2,000 tons daily, the 
minimum quantity which would make the enterprise 
profitable, yen 6,500,000 are required. The Committee 
hopes this sum will be raised in the near future. 
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PULVERISED FUEL AND ITS RELA- 
TION TO MODERN POWER PLANT 
DESIGN.* 

By Mr. Davip WItson. 


PowDERED fuel firing, 48 we all know, is not a new 
idea, but however much we honour the early pioneers 
of this work, we all recognise that it is only within the 
last few years that it has definitely established itself 
in so many of the great power plants of the world. 
It is, however, now so strongly established as the 
advanced modern method of firing that no engineer 
responsible for the design of boiler installations can 
afford to neglect the study of its great possibilities. 
There are, moreover, certain matters consequent 
upon its adoption which may well revolutionise our 
ideas regarding boiler design, and lead us at last into 
an open stride along the path of progress instead of 
the slow walking pace which was supposed to be 
characteristic of the boiler engineer. 

Progress has been so rapid, and so many papers have 
been read on the subject, that it is difficult for a 
lecturer to judge how much can be taken as read, 
but, at the risk of repetition and for the benefit of 
any in the audience who may not have closely followed 
powdered fuel development, it may be well once more 
briefly to cover the ground in a general way. We 
all know that the ideal way of burning coal direct is 
in powdered form, and the reasons for this—such as 
an enormously increased surface of carbon exposed 
instantaneously for oxidation, &c., are so obvious that 
it is useless to dwell upon them. The considerations 
occupying the minds of interested engineers are now 
chiefly confined to the practical application of this 
method of firing, the cost of same, and the commercial 
advantage to be obtained. For arriving at any definite 
conclusions we are for the present largely dependent 
upon American evidence, although in a very few months’ 
time we will have an opportunity of studying the practi- 
cal operation of the system on a large scale in England, 
and as no doubt you all know, the large Vitry power 
station in Paris is now operating with this system. 

No attempt will be made to describe or discuss all 
the various methods of utilising powdered fuel, as 
this ground has been fully covered already by many 
writers, and all detail information can be obtained 
from the technical press and from Institution journals. 
So far as description goes, the author will confine 
himself to the system he is associated with, and there- 
fore knows most about, namely, the Lopulco system. 

Pulverising machinery was fully developed to a 
state approaching perfection long before the suggestion 
was made to use powdered fuel for the purpose of 
steam-raising, and we can taken it as a definite fact 
that the preparation of coal for this purpose presents 
no difficulty whatever, although, as in everything else, 
individual preference exists for special types of plant. 
We have selected the Raymond mill because, rightly 
or wrongly, we consider it the best for coal grinding, 
and the mill most likely to attain comfortably the 
uniform degree of fineness so necessary for establishing 
the highest combustion efficiency coupled with the 
minimum yearly cost. 

Again, the method of transporting the powdered fuel 
from the mill to the powdered fuel bins and from the 
bins to the furnace presents no difficulties, and the 
selection of any particular method must be governed 
by a detailed discussion of the surrounding conditions 
and of the best method of transporting the fuel to 
suit such conditions. For the present purpose it is 
sufficient to know that these things can be done and 
are done efficiently. 

Moisture in Coal.—In order to prevent clogging of 
the mills, and to ensure an easy and continuous flow 
of the pulverised fuel from the bins to the feeders 
and from the feeders to the burners, it is essential 
that the raw coal fed to the pulverisers should not 
contain more than 10 per cent. moisture and preferably 
the moisture content should not exceed 6 per cent. 
In general, the cheap low-grade fuels contain an excess 
of surface moisture due to prolonged storage in dump 
at the pitnead, and it is usually necessary to instal 
some form of drier to reduce the moisture content 
to a manageable proportion. This necessity is often 
urged as a disadvantage of the pulverised coal system 
of firing, in that it adds to capital and operating 
charges. In this connection, it is of some interest to 
consider generally the effect of moisture content on 
boiler plant economy, and the use of coal drying equip- 
ment as an aid to efficient operation. 

Where moist coal is burned in the furnace without 
previous drying, the moisture is evaporated and super- 
heated to the furnace temperature during the process 
of combustion. This absorption of heat has a material 
effect in lowering the furnace temperature, and there- 





* Abstract of paper read before the South Wales Branch 
of the Institution of Mechanical Engineers at Swansea, 


fore in reducing the rate of heat transmission to the 
heating surface effected by radiation—admittedly the 
most efficient section of the whole heating surface. 
In an average case, the presence of 15 per cent. moisture 
in the coal as fired, reduces the furnace temperature 
by 120 deg. F., and lowers the intensity of the radiant 
heat emission by about 20,000 B.Th.U. per square foot 
of grate area per hour. It may be argued that a 
reduction in furnace temperature due to the presence 
of a limited amount of moisture in the coal is advant- 
ageous as permitting a reduction in the amount of 
excess air needed to prevent deterioration of the 
furnace lining. While this is true of some furnaces, 
the argument of the pulverised coal engineer is that 
the maximum amount of radiant heat should be 
generated in the furnace, and the refractory linings 
protected by effective heating surface, suitably dis- 
posed to absorb radiant heat. This has indeed been 
the central idea in the development of the large water- 
cooled combustion chamber associated with the pul- 
verised fuel boiler, and it is to combustion chamber 
design perhaps more than to any other factor that 
pulverised coal owes its success. 

Apart from its effect upon heat transmission and 
efficiency the presence of moisture in the coal as fired 
involves a direct heat loss due to the fact that the 
vapour formed is discharged to the atmosphere in a 
superheated condition. In an average case, with 15 
per cent. moisture in the coal as fired, the heat 'oss 
from this cause is between 1} and 2 per cent. of the 
total heat of combustion, the corresponding cost with 
fuel at 10s. per ton being between 14d. and 2d. per ton. 
It is therefore obvious that the burning of moist coal 
in the ordinary furnace entails a definite, if small, 
increase in operating costs, and in the light of this, 
more charitable regard may be paid to the inclusion 
of drying equipment in pulverised coal plant, particu- 
larly as previous drying materially improves the 
efficiency of the furnace. 

Waste Heat Dryer—Two main types of raw coal 
drier are in use in connection with pulverised coal 
equipment—the waste heat drier, using flue gas as the 
heating medium in direct contact with the moist coal, 
and the steam-heated drier in which live, bled or exhaust 
steam is employed to heat metal surfaces with which the 
coal is in contact. In the first type, the flue gas acts 
as the vehicle for carrying off the vapour formed, 
while in the second type the vapour is removed by 
air drawn through the drier by a fan. The waste 
heat drier has the disadvantage of excessive bulk for a 
given capacity, and also entails excessive expenditure 
in fan power if the drying is to be at all effective. 
Apart from this, the temperature of the drier is difficult 
to control, part of the volatile constituents of the fuel 
may be vaporised, and fire is liable to occur due to the 
suspension in the hot gas of finely divided particles of 
coal. It is now customary to apply the waste heat 
type of drier only to relatively small installations 
using coal of a uniform size and having a low moisture 
content. 

Steam Dryers.—With the steam-heated drier, heat 
and temperature distribution may be closely controlled, 
the power absorbed in circulating the air is relatively 
low, while the fire risk is entirely eliminated. The 
steam used in the drier may be exhaust or low-pressure 
steam, if such is available, but even where live steam 
is employed the additional cost of drying constitutes 
only a very small percentage of the total operating 
charge. With fuels having a moisture content in 
excess of about 10 per cent., the use of steam-heated 
driers is now an established practice. 

Cost of Drying.—A comparison of the total cost of 
drying the moist coal in the ordinary furnace, and the 
cost of preliminary drying in a steam-heated drier 
down to 6 per cent. moisture content, the remaining 
moisture being evaporated in the furnace, shows that 
the difference to be debited against the steam drier 
averages only 0-8d. per ton over the range of con- 
ditions investigated, while even under the most adverse 
condition with 20 per cent. initial moisture and a 
final flue gas temperature of 300 deg. F., the difference 
is only 1-2d. per ton. The actual additional cost of 
preliminary drying, therefore, represents only a small 
increase in operating charges, against which must be 
credited increased radiant heat emission in the furnace, 
decreased liability to stoppage of the pulverising and 
fuel-handling equipment, and steadier furnace con- 
ditions. In preparing the above analysis capital 
charges have not been taken into account, as they are 
best considered and justified in relation to the complete 
plant and on a basis of evaporation. 

The Furnace.—When we come to the furnace we 
enter a controversial atmosphere of high temperature, 
and there, unfortunately, still exist different schools 
representing different ideas as to the most suitable 
design of furnace for pulverised fuel, but it will be 
agreed that to justify its selection the fullest advan- 
tage must be taken of the higher efficiency and the 
higher evaporative capacity possible with powdered 
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fuel. Whilst powdered fuel has been slowly 





progressing in America for many years, the highest 
efficiency could not be obtained on account of slagging 
troubles with refractories, until furnace design was 
altered to overcome these difficulties. These have been 
overcome, and we have here the explanation of the 
enormous increase in powdered fuel installations which 
has occurred within the last few years. 

Typical Plant.—In order to make matters clear, a 
brief description of a typical powdered fuel system 
may be given, noting in passing that in the develop- 
ment of such a system provisions for safety under all 
operating conditions have constantly been stressed. 
Backfiring from the furnace into the storage bin, 
conveyor or preparation plant, is an impossibility, 
and each coal-handling appliance is properly enclosed 
and dust-tight. The raw coal is delivered to the 
site, passes through a crusher, a magnetic separator— 
to remove tramp iron, &c.—and is delivered to a 
conveyor distributing system, which deposits the 
fuel in the crushed coal bin. From there it passes to a 
steam or waste-heat drier, and thence to the feeding 
apparatus of the pulveriser. The Raymond pul- 
veriser pulverises the coal between the rotating rollers 
and a stationary grinding ring. The finer particles 
are separated from the coarser by means of an 
exhauster, which delivers the finished product into a 
cyclone collector. This separates the powdered fuel 
from the air, which is returned again to the mill, thus 
operating on a closed system. 

The powdered fuel is taken from the cyclone collec- 
tors either by conveyors or other transport means to 
the pulverised fuel bins above the boilers. Variable 
speed feeders consisting of a rotating worm measure 
the fuel fed into the feeder piping, and a certain amount 
of high pressure air from the feeder blowers carries the 
powdered fuel as an air-and-fuel mixture (about 1 lb. 
air per lb. coal) to the burners, where additional air is 
admitted through the casings surrounding the burners. 
The fuel is delivered in a vertical downward direction 
into the furnace, forming a ‘‘ U.” shaped flame -before 
it enters the boiler tubes and receiving additional air 
admitted through openings in the hollow front wall. 
The uniform particles of ash formed are dropped out 
of the flame through the so-called water or slag screen, 
which through its cooling action prevents the fusing of 
the ash particles which are deposited in the ashpit as a 
granular mass. 

The secondary air introduced into the furnace 
through the front wall; is preheated to a temperature of 
150 to 200 deg. F: by circulating through horizontal 
passages constructed in the front and side wall of the 
furnace. By this system radiation losses and refractory 
troubles are reduced to a minimum. 

Water Screen.—The water or slag screen, as it is some- 
times called, is an important feature of such a system. 
Its function is to cool the lower portion of the furnace 
so that the temperature of the particles of ash is reduced 
below fusing point as they fall to the bottom in the 
form of small fused beads, and thus formation of slag 
in the bottom of the furnace is prevented. This water 
screen consists of 4-in diameter tubes slightly inclined 
to the horizontal, extending across the bottom of the 
furnace, and spaced approximately 12 in. to 14 in. 
apart. 

Burner.—The burner, which consists of a fan-shaped 
nozzle surrounded by damper control passages, through 
which air is induced, is a flat, narrow orifice which 
delivers a fan-shaped stream of fuel, and provides the 
maximum exposure of fuel to the combustion air, 
which passes through the stream at right angles. 

Up till a short time ago there never was a 
more staunch advocate for mechanical stokers than 
the lecturer, but a visit to America has led to 
a change of ideas. When it is recognised that 
the consumption of powdered fuel for steam-raising 
in America alone is approaching 34 million tons per 
annum, equal to about half the total power station 
consumption in the United Kingdom, it will be agreed 
that this thing has long passed the experimental stage ; 
and as America has undoubtedly got ahead of us in 
boiler-house design and operation, it is really urgent 
that we should give the fullest consideration to what 
that country is doing, in order that we may be equally 
progressive and regain the lead which we so proudly 
held in the past. 


Drrect ADVANTAGES. 


Perfect Combustion.—It is obvious that coal can be 
burned more efficiently in the powdered form than 
in the solid form; ‘the combustion is more easily con- 
trolled and the combustible loss in the ash is reduced 
to the lowest possible minimum. 

Ability to Burn any Grade of Coal.—Modern mechanical 
stokers have reached a high state of perfection during 
recent years, and coals can now be used which hitherto 
gave poor results. They have, however, still limitations 
in this direction, and the design of the furnace has 
frequently to be altered to suit different coals, whereas 
with powdered fuel firing any class of coal can be suc- 





cessfully burned irrespective of ash, but there are certain 
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limitations even »with powdered fuel firing. On the 
other hand, the size of the coal is no longer a matter 
of any importance, and powdered fuel does certainly 
open up a much wider field of selection with its cor- 
responding commercial advantages, it now being 
possible for anyone to arrange a contract on a direct 
B.Th.U.-per-penny-of-cost basis without any reference 
to selection. 

Higher Combustion Efficiency under Test Conditions.— 
High combustion efficiency can be obtained with 
powdered fuel firing under test conditions, and there 
appears to be no reason to doubt the very high figures 
obtained, which, in many cases, have reached 90 per 
cent., bearing in mind the high standing of the engineers 
who carried out the tests and the elaborate nature of 
such tests. 

Higher Average Daily Working LEfficiency.—The 
higher average daily working efficiency is probably 
one of the greatest advantages of powdered fuel 
firing ; combustion is obtained with a high percentage 
of CO, irrespective of the load, and it is so definitely 
established that it is now possible to obtain guarantees 
over an extended period, say, one year. With stoker- 
firing it is possible to obtain a high percentage of CO, 
under test conditions, but it is probably impossible 
for the boiler-house staff to obtain the high average 
CO, day in, day out, which is possible with powdered 
fuel, this CO, averaging between 14 and 16 per cent. 

The other item to account for the higher efficiency 
is the very low percentage of combustible in the ash 
when using powdered fuel. Mr. David Brownlie 
stated in a paper before the Institution of Electrical 
Engineers that the combustible in the ash discharged 
from mechanical stokers was as high as 25 to 30 per 
cent. In a well-operated boiler-house, however, with 
mechanical stokers the percentage of combustible in 
the ash should in the author’s view not exceed 10 per 
cent., although, of course, there are cases in this 
country where the combustible in the ash is very much 
higher. Ten per cent., however, can be considered a 
good figure for mechanical stoker firing, whereas with 

wdered fuel firing there is practically no combusti- 

le left in the ash and this—depending upon the 
class of coal used—may produce a difference in the heat 
balance of 5 per cent., so that, taken in conjunction 
with the higher average CO, and the low radiation 
losses, it is quite possible to account for the higher 
efficiency claimed for pulverised fuel firing. 

Greater Flexibility to Meet Varying Loads.—Powdered 
fuel firing is undoubtedly much more flexible than 
mechanical stoker firing; in fact, it has all the ad- 
vantages in this direction of oil-firing, and is, of course, 
cheaper than the latter. 

Ability to Bank at High Efficiency for Long Periods.— 
Whilst it is possible to maintain a high combustion 
efficiency with mechanical stokers during light loads 
when using high-grade bituminous coal, it is not 
possible with such plant to approach the conditions 
which obtain with pulverised fuel firing when burning 
very low-grade fuel. Tests show that with pulverised 
fuel very low ratings can be obtained at high efficiency, 
the rate of combustion being easily regulated by simply 
varying the number of burners in use, and if necessary 
the furnace can be entirely shut off for a lengthy period 
and restarted without incurring any serious loss. 

Greater Boiler Capacity.—It is possible with pulver- 
ised fuel to obtain much higher evaporative capacity 
from the boilers, and this is another of the important 
advantages of this method of firing. It is difficult to 
determine the limit so far as combustion is concerned, 
and in America they are running boilers at much higher 
rating than we do in this country on the average, and 
apparently without any increased maintenance charges. 
They are quite satisfied that they can run at high 
ratings without any tube troubles, and whilst it is, 
of course, necessary to g've particular attention to the 
water-treatment, the chief reason for this immunity 
from the tube trouble is the fact that with pulverised 
fuel firing the gases of combustion are diffused over the 
whole bottom surface of the boiler, whereas with 
stoker firing local impingement takes place. Naturally, 
if this greater evaporative capacity with powdered 
fuel firing is accepted, it has an important bearing on 
the capital cost of boiler-house plant, and my prediction 
is that with this system we shall adopt higher ratings 
than have hitherto been the practice in this country. 

Reduced Maintenance Charges.—In the early days 
of powdered fuel firing the maintenance cost was 
somewhat heavy, but since the adoption of the water- 
screen and air-cooled walls the maintenance has gone 
down to a point which is now definitely lower than for 
stoker-firing. The maintenance cost of mechanical 
stokers varies very considerably, according to the class 
of coal used, and with some fuels this maintenance is 
very high. With powdered fuel firing there is no iron 
exposed to the fierce temperature of combustion, and 
such maintenance as there is in the furnace is confined 
to the brickwork, which, as indicated above, is very 
low on account of the special construction now 
standardised. 


Automatic Control.—Automatic control, first adopted 
in America for a few stoker installations, is now being 
widely extended in connection with powdered fuel 
firing, and this system lends itself much more readily 
to such control. In one station in America they are 
so satisfied with this system that they are now extending 
automatic control to the complete boiler-house, so that 
one operator will manipulate the entire plant from a 
cabin in the boiler-room. 

Clean Boiler-house.—It is necessary to see some of 
the modern powdered fuel plants to appreciate the 
extreme cleanliness in the boiler-house which follows 
the installation of this system of firing. In fact, the 
condition of things existing at Messrs. Ford’s works at 
Detroit is such as civilisation will demand for the 
comfort of our workmen in the future. The whole 
boiler-house plant there, consisting of eight boilers, 
each capable of evaporating 350,000 lb. per hour, 
suggests a departure from the kitchen to the drawing- 
room in boiler-house design; the boiler casings and 
the boiler-house floor are enamelled and the latter is 
covered with linoleum mats. All the fittings are 
nickel-plated, and there is not a speck of dust to be 
seen anywhere. The boilers are controlled from two 
switchboards by two operators dressed in white duck 
suits. This represents a condition of things which is 
not possible with any other method of coal firing. 


InDIRECT ADVANTAGES, 


The use of the slag screen suggested other develop. 
ments which, although now obvious, were not thought of 
until this screen had been used for the specific purpose 
of preventing slag in the ashpit. It was found, as can 
readily be appreciated, that this slag screen, beyond 
performing its special function, provided a very efficient 
section of additional heating surface; in fact, with the 
U-shaped flame in a powdered fuel furnace it responds to 
heat transmission practically to the same extent as the 
bottom row of tubes in a standard water-tube boiler, it 
being well known that this transmission is about ten 
times as great as the average through other portions of 
the heating surface. This being so, it was a natural 
thought that the water screen might be extended and 
the whole furnace surrounded by a really efficient 
heating surface exposed to the direct radiant heat of the 
furnace, which would remove entirely all possibility 
of refractory troubles. Such an arrangement, known 
as Murray fin tubes, was tried out at the Hellgate 
station of the United Electric Light and Power Company 
on a stoker-fired boiler, and after eighteen months’ 
experience they are so satisfied with the results that 
they propose installing the system on all the existing 
boilers. As a result of this, many of the other impor- 
tant power stations are adopting the same system 
for pulverised fuel firing furnaces, with which system 
the results are still further improved. 

On the question of refractory maintenance alone it 
is claimed by the Hellgate engineers that they will 
save 2,000/. per boiler per annum by the adoption of 
the Murray side walls. These side walls consist of 
standard 4-in. vertical tubes having two steel fins 
welded longitudinally at diametrically opposite sides, 
the tubes being spaced at 7-in. centres, thus forming a 
continuous water-cooled metal surface exposed to the 
furnace heat; and the tubes form part of the boiler 
circulation, although in one case the screen is arranged 
as a separate boiler in itself, the steam generated being 
collected in the screen drum and delivered to the main 
boiler drum. The possibilities of this departure in 
boiler design are so great that we shall hear much 
more of these things in the immediate future. The 
only criticism raised so far has been, first, that it 
represents a dangerous complication; and, secondly, 
that the cooling effect of the gases of combustion will 
produce smoke. 

Regarding the first, there is no conceivable reason 
why such tubes should give any more trouble than the 
bottom row of tubes in a standard water-tube boiler, 
especially as the waterhead is greater. The evidence 
from America is conclusive that you can work boilers 
at much increased ratings per square foot of heating 
surface without any danger of tube failures or at least 
without any greater danger than exists at present. 

Regarding the second, the engineers at Hellgate 
state that they have not suffered in this direction, and 
Dr. Kreisinger as the result of a careful investigation 
has found that the cooling effect of the side walls does 
not penetrate any appreciable distance into the gases of 
combustion, and certainly not far enough to produce 
smoke conditions. 

In considering the high evaporations per square foot 
of heating surface from modern boilers, it must be 
borne in mind that the heating surface is perhaps not 
being stressed to much higher duty than at present— 
the furnace tubes are certainly not working at any 
higher rate than hitherto ; but there are more of them 
in proportion to those remote from the furnace having 
low transmission characteristics, and the average rate 
per square foot is therefore increased. 





For a given heating surface a powdered fuel installa- 





tion is more costly than a stoker-fired installation, but 
on a unit basis of cost per 1,000-lb. of steam generated 
it is as cheap, and in some cases cheaper. 

Efficiency.—The daily working efficiency over the 
year—the really important commercial factor—is 
considerably higher when ysing powdered fuel than 
direct firing with mechanical stokers, this difference 
being easily anything between 5 and 15 per cent. 
When using high-grade coal the margin is not so great 
for improving the thermal efficiency of a particular 
boiler unit, although there is convincing evidence that 
responsible engineers have gone over from stokers to 
powdered fuel even after long experience with modern 
types of the former using the very best coal; but when 
we come to the lower-grade fuels we do know definitely 
that the average is much higher. It is possible to ob- 
tain good efficiency with such coal on mechanical 
stokers, but the attention necessary to maintain such 
results is more than can be expected from the average 
fireman. 

With powdered fuel, control of combustion is 
confined to the turning on of a tap and the regulation 
of the air. The result of such regulation is instanta- 
neous, whereas with mechanical stokers inequalities 
in the fire-bed occur which require constant attention, 
and unfortunately there is a very serious time lag 
before the result of any change in regulation becomes 
effective. This higher average efficiency is obviously 
a point of the greatest commercial importance and the 
one we must chiefly concentrate on. 

Buildings.—Whilst in small existing stations, 
powdered fuel plant may cost more than a stoker- 
fired plant, it is possible to erect a completely new 
station at a very low figure. Such a station is now 
being erected in England, and the total capital cost 
per kilowatt installed—including buildings—will be as 
low as the most modern station so far erected and much 
lower than the average station. Its average thermal 
efficiency will be higher than any previous guarantees 
covering yearly periods of working. 

Reduction of Coal Bill.—In studying this side of the 
balance two economies must be considered. First, 
net reduction in the coal bill when using the same fuel 
as at present, and second, net reduction in coal bill 
when using a cheaper fuel. 

The first will depend upon the actual difference in 
thermal efficiency over the year’s working. For exist- 
ing stations a figure of 76 per cent. is perhaps a fair 
average. One or two stations claim slightly higher 
efficiency, but the average is well below 76 per cent. 
For powdered fuel an average figure of 83 per cent. 
may be accepted, or a difference of 7 per cent. as being 
representative of established practice. 

Regarding the second, manufacturers of modern 
mechanical stokers deserve credit for what they have 
done in tackling low-grade coals, but the field of coal 
selection for stokers is still relatively limited. One 
limiting factor is the size, and whilst it is possible to 
burn very small coal on such plant, many of the 
engineers of stoker plant remote from the coal fields 
will not use this fuel because the transport charges 
plus the low average efficiency make it an unprofitable 
proposition. There are many cheap coals, however— 
cheap on account of their size, such as the }-in. slacks 
with sufficiently high calorific value to justify the 
transport charges, and engineers would readily accept 
these if they were satisfied that a high average efficiency 
would be maintained. 

With powdered fuel firing, the combustion efficiency 
would remain the same with such coals, as size obviously 
is of no importance, and the saving would be represented 
by the direct difference in the cost per ton. 

Use of Waste Coal.—There are mines in the country 
which have been on the point of shutting down because 
the particular coal is not popular on the market. If 
selection is the only trouble there need be no fear of 
further anxiety providing the price is properly equated 
on a calorific value basis, because there will shortly 
be plenty of opportunities for disposing of such fuel. 
In some cases coal prices have been inflated on account 
of preference for some particular colliery or seam, but 
in time such preference will disappear, and coal will be 
sold at a price more consistent in every case with its 
calorific value—whether it be very good coal with 
certain characteristics or very poor coal with other 
characteristics. : 

Smoke Abatement.—When you consider that a single 
particle of powdered fuel is 1/400th of an inch in 
diameter, you will appreciate how easy it is to obtain 
complete and instantaneous combustion. The total 
area of surface of a given quantity of coal exposed for 
oxidation being so enormously greater than when 
fired in the solid form, the cloud of dust burns like a 
gas with practically no excessair. Dust is emitted from 
powdered fuel chimneys. Thirty continuous tests 
made by the Bureau of Mines show an average of 
29-5 per cent. of ash unaccounted for, but just why 
the ash from powdered fuel installations is always 
referred to in percentage of ash whereas in other tests 
the ash is referred to in percentage of coal fired, is not 
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known. Resolving 29-5 per cent. of ash back to the 
percentage of coal, the average ash in the coal being 
1] per cent. this would make the stack emission in 
percentage of coal fired 3-1 per cent., which is about 
the same as with other methods. 





THE COMMERCIAL AND INDUSTRIAL 
POSITION IN JAPAN. 


Apart from the great loss of life and the extensive 
material damage caused, the earthquake which befell 
Tokyo and Yokohama on September 1, 1923, was a 
very severe blow to Japanese prosperity. The Govern- 
ment was obliged, on the one hand, to vote sums for 
reconstruction purposes, and, on the other, to make 
allowance for a reduction in revenue consequent upon 
the disaster. The decrease in tax receipts due to the 
catastrophe amounted to 130 million yen, and, in 
order to avoid serious disturbance of the national 
finances, public works were postponed, and expenditure 
was cut down in every way possible. While the 
earthquake undoubtedly exerted a profound moral 
effect on the people, the productive power of the 
nation was not greatly affected because the devastated 
areas were largely residential, and main industrial 
centres such as Kwansai and Kyushu remained intact. 
There was, however, a decrease in exports during 1923 
and a considerable increase in imports. According to 
the Financial and Economic Annual of Japan for 1924 
issued by the Department of Finance, exports amounted 
to 1,448 million yen in 1923, and imports for the same 
year totalled 1,982 million yen. The figures for 1922 
were 1,637 million yen and 1,890 million yen respec- 
tively. Thus, the excess of imports over exports, 
already considerable in 1922, appears to have been 
further intensified by the earthquake in the Kwanto 
district. 

In the matter of imports it is interesting to note 
that in 1923 British India supplied more than a third 
of the requirements in “ pig-iron and steel blooms and 
billets’; China took second place. Imports from 
Great Britain in this section have decreased rapidly 
since 1919, and the share held by the United States 
has dwindled still more quickly. In “iron and steel 
bars, rods, plates, sheets, wire goods and tubes,” 
trade with Great Britain has increased steadily since 
1921, chiefly at the expense of the United States, 
although Germany and Belgium are serious competitors. 
The import trade in machinery and machine parts, 
which was very steady during the years 1920-22, 
decreased in 1923. The United Kingdom supplied 
goods to the value of 36 million yen in 1923 and 42 
million yen in 1922; the values of goods supplied by 
the United States were 42 million yen in 1923 and 
57 million yen in 1922. Imports from other countries 
are small in comparison, although here again German 
trade is increasing. Since 1917, the first year quoted 
in the annual, United States manufacturers have had 
the motor-car import trade entirely in their hands. 
In 1923, cars to the value of 13 million yen were 
imported, nearly 10 million of which were received from 
American concerns. Building materials are largely 
supplied by the United States, the only competitor 
worthy of note in the year 1923 being Germany. Other 
imports include raw cotton and cotton goods, food- 
stuffs, and wool and woollen goods. British India 
supplies more than half the raw cotton, Australia has 
three-quarters of the wool import trade, while Great 
Britain has for years practically monopolised the 
market in cotton and woollen tissues. Exports consist 
chiefly of silk goods of all descriptions, together with 
manufactured articles of a very varied nature and 
foodstuffs. Some coal is exported, China and Hong- 
Kong being the two chief customers. 

Agriculture holds an important place in Japan, 
and large areas are devoted to the cultivation of such 
crops as rice, barley, and wheat ; a considerable income 
is also derived from the State forests. The silk industry 
is steadily growing, the total raw silk produced in 1922 
being 24 million kilograms as compared with 14 
million kilograms in 1913. Tea planting is another 
important branch of industry. Turning to mineral 
products, the annual shows that, whereas outputs of 
silver, copper and lead have fluctuated and, in the 
main, have diminished since 1914, the production of 
pig-iron and steel has increased enormously. In 1914 
the outputs of pig-iron and steel were relatively insigni- 
ficant ; the figures were 74,049 metric tons and 15,385 
metric tons respectively. This tonnage rose during 
and after the war almost without a break, and for the 
year 1923 the output of pig-iron was 530,536 metric 
tons, and that of steel 495,433 metric tons. The 
quantity of coal mined in 1914 is recorded as 22 million 
metric tons; the output for 1923 was 29 million tons, 
showing a steady increase. On the other hand, the 
production of crude petroleum has decreased from over 
four million hectolitres in 1914 to less than three 
million in 1923. 

Although introduced at a comparatively recent date, 


the Tokyo-Yokohama section having been laid down 
as a government undertaking in 1872, railways in 
Japan are extending rapidly. In 1905, there were 
4,778 miles of track, aa a point of interest is that, 
out of this total, 3,247 miles are owned by 38 different 
companies. The main trunk lines themselves are 
controlled partly by the State and partly by private 
companies. Economic expansion demanded greater 
efficiency than was possible under these conditions 
and, in 1906, a Railway Nationalisation Bill was 
passed ; under this measure the Government acquired 
nearly 3,000 miles of privately-owned roads. In 
1923, the mileage opens to traffic measured over 
9,000 miles, as compared with 6,500 in 1913; in the 
same interval the number of locomotives increased 
from 2,700 to 4,300. During the same decade the 
number of passengers more than trebled, and the 
goods traffic nearly doubled. 

The territories constituting Greater Japan—Korea 
(Chosen), Formosa (Taiwan), Japanese Saghalien 
(Karafuto), and Kwantung Province are all under- 
going development. Korea is largely an agricultural 
and pastoral country, but iron and mild steel are also 
exported, although quantities have fallen off some- 
what since 1921. Korean railways are expanding, 
and the weight and value of traffic of all descriptions 
are steadily increasing. In addition to gold and silver, 
zinc, copper, lead, iron, tungsten ore, graphite, coal 
and kaolin are also found. The country is especially 
rich in gold, iron, graphite and anthracite. Afforesta- 
tion is encouraged, and is making great headway; 
the fisheries are also important. Industry in Korea 
is, it is stated, in a promising condition generally. 
The chief products of Formosa are derived from its 
agriculture, and its fisheries, but in the northern por- 
tion of the island are situated deposits of gold, silver 
and copper; petroleum and coal are also found. The 
latter commodity holds an important position among 
the exports of the island. Extensive beds of coal 
have also been found in Saghalien. Three important 
seams have been discovered—northern, central and 
southern. Of these the central is the most extensive ; 
it is 60 miles in length, and is from 8 ft. to 9 ft. thick. 
Mining operation, however, have only just begun, 
and are at present conducted on so small a scale as 
barely to satisfy the needs of the island. Petroleum 
has also been located, and the matter is being further 
investigated. The South Manchurian Railway ceded 
by Russia to Japan in September, 1905, and since 
conducted by the South Manchurian Railway Company, 
created for the purpose, is fast increasing in import- 
ance, as the following figures show. The passengers 
carried in 1914 and 1923 were 3,600,000, and 8,760,000, 
respectively, the tonnage of goods hauled was 5,700,000 
in 1914 and 13,370,000 in 1923, while the net income 
increased from just under 15 million yen in 1914 
to nearly 56} million yen in 1923. 

As is the case with the majority of other nations, 
the after effects of the war, and of the boom period, 
immediately following it, still exercise an influence 
upon the commercial and industrial welfare of the 
Japanese people. There has been no remarkable fall 
in the price of commodities, and wages are, on an 
average, three times as high as they were in 1912, 
with a tendency to further increase. Moreover, the 
national debt, which in the years 1915-18 stood at 
2,500 million yen, reached a total of over 4,000 million 
yen in 1924. Taxes averaged 13 yen per head of 
population in the year 1923-24, or about double the 
pre-war figure. Taken altogether, however, the 
situation in Japan is one of progress, and the 
outlook is promising. 





Wuitworts Socrety.—The second summer meeting 
of the Whitworth Society was held at the British Empire 
Exhibition, Wembley, on Friday, July 17. In_the 
evening some fifty members dined at the Holborn Res- 
taurant, London, W.C.1. The chair was taken by the 
retiring President, Mr. R. B. Buckley, C.S.I., the Senior 
Whitworth Scholar, who installed the new President, 
Mr. William Sisson, Whitworth Scholar, 1874. There 
are now 465 members on the roll. The Hon. Secretary, 
Mr. E. R. Dolby, stated that the ‘“‘Who’s Who ”’ forms 
circulated must be sent in at once to ensure publication 
in the forthcoming volume of the Society’s Transactions. 





LauncH oF Motor Yacut “ Seasorn.”—Recently 
Messrs. Ramage and Ferguson, of Leith, launched the 
steel twin-screw motor yacht Seaborn, which is being 
constructed to the order of Mr. Richard F. Howe, of 
New York. The vessel has a weight of about 550 tons, 
yacht measurement, and has been designed by Mr. F. 
Gordon Pratt, of Messrs. Cox and King, London. The 
propelling machinery to be installed consists of two sets 
of Diesel engines made by the Atlas Diesel Company, 
Limited, of Stockholm. All the auxiliary equipment is 
electrically operated, the steering gear being electro- 
hydraulic. Passenger accommodation comprises a living 
and a dining room on the main deck, and staterooms 








situated below, aft of the machinery space. 


THE BAGNULO LOCOMOTIVE BOILER. 


Tue Societa Anonima Italiana Ing. Alberto Bagnulo, 
who have offices in Paris, 48, Rue de Londres, have in 
course of construction three 300 h.p. locomotives for 
the Mondovi-Villanova Railway, which are provided 
with oil fuel fired, rapid steaming boilers of a novel 
type ; the engines are illustrated in Figs. 1 to 3 on the 
next page. 

The steam-raising elements, to the number of three 
at either end of the engine, are separated by the 
central cab. Each consists of a spirally-wound cylin- 
drical tubular flue, along the axis of which is directed 
the flame proceeding from the burner. Each single turn 
of the spirals forming the flues, is connected, as shown 
in Fig. 1, to headers by means of short tubes. There 
are two such headers to each set of three spirals, as. 
shown in Fig. 1, a lower one to which the feed water 
connection is made and an upper one for drawing off 
the steam. The tubular flues are surrounded by firebrick 
with a lagged casing. Each set of three spirally-wound 
elements with the two headers constitutes a water- 
tube boiler. The burners are designed for operation 
with a steam blast, special arrangements being made 
for starting, the necessary steam being supplied for a 
short time by a very smali auxiliary boiler carried 
on the outside of the engine, this boiler being also 
fired with heavy oil; it operates only during 15 or 
20 minutes, and as soon as the steam pressure in the 
main boiler rises a few pounds above atmosphere, the 
main boiler supplies the burners with the necessary 
steam. The heavy oil burns in an atmosphere rich in 
oxygen, with a very hot flame; a high temperature is 
thus developed with a large amount of radiant heat. 

The steam drum and its connection with the 
steam header located underneath it is shown in 
Figs. 1 and 2. In order to increase the steam- 
raising efficiency, the circulation between the different 
elements forming the boiler is aided by a centrifugal 
pump operated by the feed-water auxiliary. The steam 
passes from the steam drums into sets of superheater 
tubes, located, as shown in Figs. 1 .and 2 sur- 
rounding the drums. A system of valves is provided 
for the supply to the engine cylinders of either super- 
heated steam, saturated steam, or a mixture of both. 

The whole of the boiler component parts are con- 
tained in a steel shell. The hot gases follow a well- 
defined path and reach the base of the chimney at a 
temperature below that which normally obtains, 
without detriment to the working of the boiler. The 
accessories and fittings, water and pressure gauges, 
safety valves, &c., are of the usual type. 

The heavy oil tank is located in the roof of the cab ; 
the water tanks are situated so as to distribute the 
load on the engine equally. Means have been pro- 
vided for rapidly dismounting the spiral flues with a 
view to cleaning them easily; it is claimed, however, 
that owing to the particularly active circulation 
of the water inside them, less scale is formed tham 
in multitubular boilers of other types. 

The following are the principal particulars of the 
engines, which are of the single-expansion type, with 
ordinary Stephenson valve gear :— 


Gauge ... aes aa “as 1m. (3 ft. 32 in.) 
Wheel diameter at the tread 0°875 m. (34°45 in.) 
Wheel base... --» 1600 m. (5 ft. Sin.) 


Load on the driving axle . 10,775 k. (10tons 12 cwt.) 
Load on the coupled axle 8,380 k. (8 tons 5 cwt.) 

Total weight of engine empty 15,155 k. (14tons 18cwt.) 
Total weight in running order 19,155 k. (18 tons 17 cwt.) 


Length between buffers dae 6 m. (19 ft. 8 in.) 
Diameter of the two outside 

cylinders “a --» 0°310 m. (12°20 in.) 
Stroke ... ame eas -- 0°460 m. (18°11 in.) 
Distance between cylinder 

centres dae «. 1470m. (4ft. 10in.) 


The arrangement or the engine consists practically 
of two similar boilers, as shown in our illustrations. 
The working pressure is from 12 k. to 15 k. per square 
centimetre (170 lb. to 213 lb. per square inch). Each 
steam-raising element consists of 25 turns of a mild steel 
tube 43 mm. (1-693 in.) inside, and 52 mm. (2-047 in.) 
outside, diameter. The mean diameter of the flue 
so formed is 352 mm. (13{ in.), and its length 1,400 m. 
(4ft. 7in.). The steam drum is of mild steel, 600 mm. 
(1 ft. 11§ in.) in diameter and 1,600 m. (5 ft. 3 in.) in 
length ; the barrel is formed of a plate 10 mm (¥ in.) 
thick, and the ends have a thickness of 12 mm. (about 
3in.). The inside diameter of the connecting tubes is 
23 mm. (0-905 in.), and the outside diameter 28 mm. 
(1-102 in.). The diameters of the water and steam 
headers are 102 mm. (4-015 in.) and 112 mm. (4°409 in.) ; 
those of the mild steel superheater tubes 25-4 mm. 
(1 in.) and 33 mm. (1-299 in.), The six tubular flues 
have together a heating surface of 24-75 sq. m. (266 sq. 
ft.), the total heating surface being 57-10 sq. m. (614 
sq. ft.). The steam production per hour amounts to 
2,130 k. (4,695 Ib.). The ratio of direct heating sur- 
face to the superheating surface is one-third. The water 





capacity of the two boilers is 0-620 cub. m. (136 gallons) ; 
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consumption per hour was 19-800 kg. (43-6 Ib.), 
equal to 0-047 lb. per Ib. of steam. 

Messrs. Bagnulo have supplied us with particulars 
of a test with a set of two locomotive boilers made 
last February, and witnessed by Italian and French 
railway and naval engineers. The preliminary heating 
up of the auxiliary boiler was effected at 11.25 a.m., 
the burner of the auxiliary boiler being started at 
11-273 a.m.; five minutes later, the pressure in 
the auxiliary boiler had reached 0-5 k. per square 
centimetre (7-1 Ib. per square inch), and the 
first burner of the first main boiler was started. 
The second and third burners were then started, and 
at 11.46 a.m. the pressure in the auxiliary boiler had 
reached 1 k. per square centimetre (14-2 lb. per 
square inch). The auxiliary boiler was cut out of 
action at 11°53. At 12 the pressure in the first main 
boiler reached 1 kg. per square centimetre. At 12.4 p.m. 
the pressure in that boiler had increased to 3 kg. 
per square centimetre (42-6 lb. per square inch). 
The three burners of the second main boiler were 
started between 12.3 and 12.7. At 12.14 the pressure in 
both boilers reached 10 kg. per square centimetre 
(142 lb. per square inch), and the safety valves com- 
menced to blow off. The boilers were started up from 
cold without using the circulating pump, and, as will be 
seen, they reached working pressure in 49 minutes. 
In the course of the test 510 k. (1,124 lb.) of water 
were evaporated with 35 k. (77 lb.) of heavy oil 
or 14-5 Ib. per lb. of heavy oil. The makers add that 
the test here referred to was not carried out under 
normal running conditions, since the burners are 
designed for an hourly consumption of 100 k. (220 lb.) 
of heavy oil. 





Swansea MetTat Excuance Report.—At the Royal 
Metal Exchange, Swansea, the tinplate market continues 
to be quiet, and prices are not good. Tinplates I.C., 
20 in. by 14 in., cost 19s. to 19s. 3d. per box of 112 sheets 
f.o.b. Bristol Channel ports. The stock at docks for the 
week ending July 21 amounted to 224,901 tons, com- 
pared with 199,294 tons at the end of the corresponding 
week last year. 





Twix Screw Mororsuip “ LarcHBanK.”—Recently 
Messrs. Harland and Wolff, Limited, launched from their 
Govan Shipbuilding Works, Glasgow, the twin-screw 
motor vessel Larchbank, which is being built for Messrs. 
Andrew Weir and Co., Limited, of the Bank Line. The 
ship is of the shelter-deck type, and is intended to fulfil 
the requirements, when completed, of class 100 A.1 of 
Lloyd’s Register. The length is 434 ft., the breadth 
53 ft. 9 in., and the depth 37 ft., while the gross tonnage 
is 5,200. A double bottom extending fore and aft will 
be used for the carriage of oil fuel and fresh water or 
water ballast. Seven bulkheads extending to the upper 
deck divide the hull into five cargo holds, motor room, 
and fore and after peaks. Two complete steel decks 
will be fitted in addition to the boat deck, the captain’s 
deck, and the navigating bridge. Large cargo hatches 
are fitted to the holds served by 12 of the builder’s 
special steel derricks, each suitable for 5-ton lifts. The 
derricks are attached to two steel pole masts and four 
derrick posts, and an additional heavy derrick, capable 
of dealing with loads up to 25 tons, is attached to the 
aft side of the foremast. The cargo winches and a 
windlass are steam operated, while the steering gear is 
electrically driven and controlled from the bridge by a 
telemotor. The propelling machinery will consist of two 
sets of six cylinder Harland, Burmeister and Wain 
oil engines. 





Hours WorKED UNDERGROUND By MINeERS.—In 
the Manifesto upon the Coal Situation issued by the 
General Council of the Trade Union Congress it is stated 
that misrepresentation has led the public to assume that 
the seven hours’ day represents the actual length of 
time during which the miner remains underground. It 
is further declared that all those connected with the 
industry are aware that in addition to the seven hours 
spent at the coal face the time occupied in lowering and 
raising the miner, and that taken up in travelling under- 
ground, makes the working day in reality equivalent on 
the average to more than eight hours. These statements 
are, however, rather misleading. The regulations 
governing work in coal mines are so worded that the time 
required for the making of either a descending or an 
ascending journey in the cage is included in the seven 
hours. Mr. Bramwell has estimated winding to require 
30 minutes, and that 25 minutes are occupied in walking 
from the cage, when lowered, to the working face of the 
coal. The total time spent underground, if we include 
both winding periods, then amounts to 7$ hours. A 
calculation may be made regarding the actual time spent 
at the coal face from figures contained in Appendix 
No. 24 of the Sankey Commission Evidence. Firstly, 
2} minutes are taken up entering and leaving the cage. 
A further 15 minutes are occupied in accustoming the 
eyes to lighting, examining lamps and getting tools. 
Twenty-five minutes are taken up in walking to the 
working position. Resting, stripping and preparing for 
work require 5 minutes, while 19 minutes are allowed 
for a meal. Putting tools away takes 5 minutes. For 
the journey back to the cage allow 25 minutes. Waiting 
in turn to ascend will occupy 20 minutes, entering and 
leaving the cage 2} minutes. Adding all these periods 
together, to ascertain the time spent at the coal face 
it 18 necessary to subtract from 7} hours, no less than 
1 hour 59 minutes, leaving 5 hours 31 minutes. 


INDIAN IMPORTS DURING THE YEAR 
1924-25. 


Wirain the period of the last three years a succession 
of favourable monsoons, a fairly stable rupee exchange, 
and an increasing demand for certain of the country’s 
produce and manufactured goods, have combined to 
assist in the economic recovery of India from the 
industrial depression following the year 1920. The 
satisfactory financial position revealed by the recently 
published Indian Budget indicates that the trend of 
trade is in general upward, but it must not be over- 
looked that the needs of a large market, normally 
supplied by the foreign exporter, to-day remain to a 
great extent unsatisfied, due to the high prices asked 
being beyond the purchasing power of the native. 
For the four great industries of India the past year 
has been one of mixed results. Jute-manufacturing 
and tea-growing companies have in a large majority 
of cases earned handsome profits, while coal-mining 
and cotton-weaving organisations have been faced 
with a period of extreme difficulty. Consequently, 
the purchasing power of the country as a whole is still 
below maximum. From the engineering view-point 
the decision of the Calcutta jute mills to continue the 
policy of non-extension of existing plant is, in par- 
ticular, disappointing, as such work formerly consti- 
tuted a wide outlet for the employment of machinery 
made in the United Kingdom. Another factor opera- 
ting against the importation of goods into India while 
high prices continue to rule, and one which is not 
commonly taken into account, is the speculative 
instinct of the Indian merchant, a characteristic which 
causes him to postpone purchases on the prospect of 
the narrowest of price concessions in his favour later. 

These considerations we have outlined are reflected 
in the statistics of Indian imports for the year ended 
March 31, 1925, recently published by the Department 
of Overseas Trade, of 35, Old Queen-street, London, 
S.W.1. India’s visible balance of trade in merchandise 
and treasure during the year under review amounted 
to Rs. 61,06 lakhs in her favour, compared with 
Rs. 96,23 lakhs for the preceding twelve months. During 
the later period the value of the imports increased by 
the moderate amount of Rs. 19 crores to Rs. 247 crores, 
while the total exports, including re-exports, increased 
by Rs. 36 crores to Rs. 398 crores. The value of the 
total imports from the United Kingdom amounted to 
Rs. 133 crores, compared with Rs. 131 crores registered 
in the preceding year, but. the British share of the 
total trade was reduced from 58 per cent. in the year 
1923-24 to 54 per cent. in the year 1924-25. It may 
here be mentioned that the hopes of larger orders for 
cotton goods from this country were not realised 
owing to the failure of Lancashire cloth prices to follow 
the drop in the price of the American raw material. 

The imports of machinery and mill equipment have 
been valued at Rs. 14% crores, compared with Rs. 19 
crores returned for the earlier year. In spite of a 
reduced trade passing in electrical machinery, it is 
satisfactory to note that for the year reported on 
the British share rose from Rs. 164 lakhs to Rs. 176 
lakhs. That of the United States fell from Rs. 41 lakhs 
to Rs. 15 lakhs. A contraction in the total imports 
of railway stock from Rs. 12 crores to Rs. 6 crores is 
recorded in the latest return. It is well, however, in 
this connection to bear in mind the fact that the change 
of ownership of certain systems occurring during 1925, 
would account for the diminution in the demand for 
renewal material by those about to surrender the lines. 

The trade in iron bars and channels fell in value from 
Rs. 23 lakhs to Rs. 16 lakhs, while the demand for 
similar products in steel decreased from Rs. 137 lakhs 
to Rs. 123 lakhs. Bolts and nuts were taken by India 
to the value of Rs. 29 lakhs, a normal figure. Hoops, 
strips, nails, rivets, and washers to the value of 
Rs. 99 lakhs were purchased. Fewer cast pipes and 
fittings were wanted, a diminution in value from 
Rs. 34 lakhs to Rs. 31 lakhs being reported. The 
steady increase in the imports of galvanised sheets, 
which has been a marked feature of the past few years, 
is once again notable. The total imports rose from 
165,000 tons, valued at Rs. 517 lakhs, to 209,000 tons, 
valued at Rs. 603 lakhs. Itis a satisfactory feature that 
this trade is practically wholly in British hands. 
Wrought tubes, pipes, and fittings have been in 
increased demand, though German competition has re- 
duced the British share of this trade. Rs. 114 lakhs 
were spent on such supplies by India last year. Less 
wire rope was taken into the country, though the 
Rs. 20 lakh’s worth was supplied by British makers. 
In the preceding year Rs. 28} lakhs’ worth was 
purchased. 

Hardware valued at Rs. 499 lakhs was imported in 
1924, an increase in value of Rs. 57 lakhs over the 
amount bought the year previously. The increased 
trade was largely to the advantage of Germany, the 
shipments from that country having increased from 
Rs. 93 lakhs to Rs. 134 lakhs. Motor-cars imported 








during the year numbered 9,380, valued at Rs. 220 


lakhs. In the previous year the figure was 7,984, 
and the value Rs. 205 lakhs. This improved result 
is in a measure due to reduced prices charged for 
British cars. The number of such cars rose from 
1,005, valued at Rs. 45 lakhs, to 1,682, valued at 
Rs. 61 lakhs. Canada supplied 3,956 cars, worth 
Rs. 65 lakhs, and the United States 3,106 cars, worth 
Rs. 73 lakhs, these values differing but slightly 
from those of the previous year, though Canadian sales 
increased by 666 cars. The United Kingdom supplied 
1,201 motor-cycles out of a total of 1,462 imported into 
India during the period covered by the report. The 
figure for the previous year was 831, and the corre- 
sponding values Rs. 8 lakhs and Rs. 6 lakhs. American 
machines delivered numbered 228, compared with 180 
for the previous year, the value depreciating from 
Rs. 2} lakhs to Rs. 14 lakhs. A good idea of the 
growth of the use of motor omnibuses, vans, and lorries 
may be obtained from a study of the figures under 
this heading contained in the report. The number 
imported was 2,156, more than double the figure for the 
previous year, the value increasing from Rs. 25 lakhs 
to Rs. 384 lakhs. British machines taken numbered 
100 compared with 61 the year previously, but the value 
decreased from Rs. 6 lakhs to Rs. 5} lakhs. On the 
other hand, American arrivals advanced from 352 to 
782 vehicles, and the values from Rs. 10 lakhs to 
Rs. 16 lakhs. An extraordinary expansion of the trade 
in bicycles has occurred within the last three years, 
the total imports being valued in 1922-23 at Rs. 394 
lakhs, in 1923-24 at Rs. 594 lakhs, and in 1924-25 at 
Rs. 79 lakhs. The British share of the trade last year 
amounted to 85 per cent. Rubber tyres for vehicles 
were imported from the United Kingdom, France, and 
America to the value of Rs. 29 lakhs, Rs. 25 lakhs, and 
Rs. 10} lakhs, respectively. 

The past year has been a particularly trying period 
for the Indian coal industry, and the spectacle of the 
South African product being sold in Bombay at Rs. 1 
per ton less than the native fuel caused a demand 
for the imposition of a protective tariff on foreign- 
mined material. No measure, however, of this kind 
materialised. The diminished total demand of the 
country can well be realised from the fact that imports 
of coal declined from 592,000 tons, valued at Rs. 166 
lakhs, registered in the year before last, to 448,000 tons, 
valued at Rs. 120 lakhs, recorded during the year under 
review. Shipments from South Africa fell from 273,000 
tons to 201,000 tons, those from Portuguese East Africa 
from 169,000 tons to 118,000 tons, and those from 
Australia from 61,000 tons to 14,000 tons. Imports 
from the United Kingdom, however, rose from 79,000 
tons to 108,000 tons. The last figures doubtless 
appear satisfactory from the point of view of the home 
countries, but it is to be borne in mind that any improve- 
ment in the position of the Indian mining industry 
—and this would appear overdue—must react injuri- 
ously on home suppliers. Indeed, the recent fall in our 
exports would seem to indicate that the improvement 
mentioned above may not be maintained during the 
year 1925-26. 








8.8. “ LuanDovVERY CasSTLE”’ AND M.S. “ MaLaBar.’’— 
Messrs. Barclay, Curle and Co., Limited, recently 
launched from their West Shipbuilding yard at Scotstoun, 
the twin screw mail and passenger steamer Llandovery 
Castle, which is "being built to the order of the Union- 
Castle Mail Steamship Company, Limited, and also the 
single-screw motorship Malabar, under construction for 
Messrs. Burns, Philp and Co., Limited, of Sydney, and 
intended for service between Australia and the Pacific 
Islands. The first-mentigned ship is 470 ft. long, 
61 ft. 6 in. broad and 42 ft. 6 in. deep, and will be fitted 
with a complete shade deck, above which the promenade 
and boat decks will be arranged. Accommodation is 
provided for 221 first-class passengers, and 186 third- 
class passengers will be berthed in cabins for two, four, 
and six persons. Three of the ’tween-deck compart- 
ments will be insulated for the carriage of fruit and 
cold meat, and these and the holds will be served by 
derricks working on the Union purchase system. The 
propelling machinery, made by the builders, consists of 
two sets of quadruple-expansion engines, steam being 
supplied by three double-ended and two single-ended 
boilers. A speed of 14 knots is anticipated. The life- 
saving equipment includes teak motor boats fitted with 
wireless apparatus. A feature of the davit gear is that 
control is maintained from the life-boats while the latter 
are being lowered. The vessel is being built to fulfil in 
all respects the requirements of the Board of Trade. The 
second ship, the Malabar, has a length of 350 ft., a 
moulded breadth of 48 ft. 6 in., and a depth, measured 
to the upper deck, of 25 ft. 3in. She has a gross tonnage 
of 4,500 and is designed to carry 4,600 tons deadweight. 
Accommodation in one, two, and four-berth cabins will 
be provided for 156 passengers. The cargo-handling 
equipment consists of 10 electric winches and 14 derricks. 
The latter operate on the Union purchase system, as in 
the case of then on the vessel first described. Electrical 
operation of the steering gear and windlass has been 
adopted. The propelling machinery, which is being 
installed by Messrs. J. G. Kincaid and Co., consists of a 
set of Burmeister and Wain eight-cylinder, four-stroke, 
single-acting Diesel engines, developing 2,700 brake horse- 








power and capable of maintaining a speed of 12 knots. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

oe one antes where none is mentioned the Specification is not 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copi <4 ifications may be obtained at the Patent Office, Sales 

ranch, 25, South pton Buildings, Chancery-lane, W.C.2., at 

the uniform price of 18. 

The date of advertisement of the ”p of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed”’ is appended, 

— may, at any time within two months from the date of 
the advertisement of the ti of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 

_ Patent on any of the grounds mentio: in the Acts. 


LIFTING AND HAULING APPLIANCES. 


228,732. Ransomes andj Rapier, Limited, Ips- 
wich, and P. D. Ionides, Ipswich. Locomotive 
Hoists. (5 Figs.) March 11, 1924.—According to the 
invention, the locomotive hoist comprises vertical stan- 
dards A each carrying a screw-threaded shaft C adapted 
to be rotated by an independent driving element D 
connected to it by gearing E, E!, the shaft and its driving 
gear and element being so mounted upon the upper end 
of the standard A that they can be rocked as a unit 
relatively to the standard in such a manner that the 
screw-threaded shaft cannot merely hang truly vertical 
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when loaded, but can also be swung aside through a wide 
angle whon desired. Each screw-threaded shaft A carries 
a nut K, the nuts on each opposite pair of standards 
being adapted to engage a seating formed near the end 
of a removable transverse beam B and the nut and seating 
being so shaped that the beam can rock relatively to the 
nut and quite independently of the standards. Each of 
the standards is conveniently mounted upon wheels or 
rollers, rendering them mobile and capable of being 
moved into the correct position for the locomotive 
whatever the length of the latter. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


229,003. Hulse and Co., Limited, Salford, H. Bates, 
Salford, and T. M. Lowthian, Salford. Grinding or 
Abrading Wheels and Machines. (8 Figs.) November 
15, 1923.—The invention relates to grinding or abrading 
wheels and machines. The grinding wheel is of the type 
comprising a steel disc a having gaps extending between 
the portions of its faces adjacent the periphery adapted 





(229, 003) 


to receive nens blocks c with wedging blocks d, the 
grinding blocks projecting from the face of the disc. 
The invention comprises the formation of the grinding 
blocks ¢ with a bevelled face e s> that the shaft f carrying 
the grinding wheel can have an angular disposition with 
relation to the axis of the wheel tread or like workpiece 
being ground, (Sealed.) 


229,469. J. B. Gould, Hanwell, London. Cutting 
Ovals. (2 Figs.) January 25, 1924.—The invention 
relates to mechanism for causing a cutting tool to move 
in an oval path. A base plate 10 has a slot 11 and a 
circular hole 12. A pair of trammels 13, 14 is journalled 
in the slot 11 and hole 12, respectively. A circular plate 15 
is mounted upon the base so that it is rotatable about 
the trammel 14. A spindle 17 is secured to the plate 15 
by the nut 18 and carries freely journalled upon it gear- 
wheel 19. A slot 16 is formed in the plate 15 and is of 
circular form and concentric with the centre of the 
spindle 17. Gear-wheels 20 and 21 are keyed to the ends 
of the trammels 14 and 13 respectively and engage with 
the gear-wheel 19. Owing to the curvature of the slot 16 





being concentric with the gear-wheel 19, the three gear- 
wheels 13, 14 and 19 will always remain in mesh irres- 
pective of the angular position of the plate 15 relative to 
the base 10. A pair of set-scrows 22 extending through 
slots 23in the plate 15 are provided to lock the plate 15 
to the plate 10 in any required position so that the dist- 
ance between the centres of the trammels 13 and 14 is 
determined. A plate 24 having slots of rectangular 
section 25 and 26 is mounted to slide over the face of the 
base-plate 10. The slots 25 and 26 engage the flattened 
ends 27, 28 of the trammels 13 and 14. The plate 24 is 
thereby located. A cover plate 29 is spaced away from 
the base plate 10 by distance pieces which may form an 
integral part of the base-plate 10 and is secured to the 


Fig. 











base-plate 10 by screws]30. The cover-plate 29 forms 
an abutment for the slotted plate 24 and holds it up 
against the face of the base-plate 10. A member 31 is 
secured by screws to the¥slotted plate 24 for the purpose 
of carrying a tool or work as required, a hole being formed 
in the cover-plate 29 to allow this connection. Any 
known means may be provided to impart rotational 
movement to either one or other of the trammels or to 
the gear-wheel 19, In the drawings an extension of the 
trammel 14 is shown (broken away) for the purpose of 
providing a drive. It will be appreciated that the two 
trammels are caused to rotate together and that when 
the trammels are rotated relatively to the base the 
slotted plate 24 and the member 31 have imparted to 
them an elliptical motion. (Sealed.) 


MINING, METALLURGY AND METAL 
«WORKING 


228 ,987. Woodall-Duckham (1920), Limited, 
London, and Sir A. McD. Duckham, London. 
Tunnel Kilns. (7 Figs.) -November 12, 1923.—A 
straight tunnel muffle kiln is constructed in a similar 
manner to the annular kiln described in Specification 
212,585, ¢.e., with parallel flues in the side walls of the 
drying, burning and cooling zones, the cooling zone 
flues g being connected to a roof flue r, which bye-passes 
the burning-zone and delivers hot air to the drying zone. 
The heating-flues / extend from about the middle of the 
length of the kiln to the inlet end, where they are con- 
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nected to the chimney flue n, and the air for combustion 
is heated in parallel flues p, through which it flows in 
counter-current to the heating-gases in the flues J. 
The goods are carried by trucks, or by movable floor 
section b running on axially-fixed rollers d, and at the 
discharge end of the tunnel these sections are raised by 
a travelling hoist ¢ for return to the entrance end on an 
overhead track k. Escape of gases from the tunnel is 

revented by side and end seals, the latter being formed 

y extensions h, h! so positioned that one will enter a bank 
of sand carried by the other. (Sealed.) 


229,483. J. S. Atkinson, London, and Stein and 
Atkinson, Limited, Westminster, London. Furnace 
Roofs.—({2 Figs.) February 15, 1924.—The invention 
has relation to the roofs of annealing, reheating or other 
furnaces. In a furnace roof in accordance with the 
invention, alternate rows of bricks 2 are suspended from 
angled suspensory members 4 consisting of U-shaped 





members or channel or angle irons dis d in pairs 
and oppositely arranged with the one flange of each 
member engaging a groove of the head 3, the suspensory 
members, which are connected with carrying girders 
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supported or carried by the main framing or structure 
oi the furnace, extending across the full width of the 
furnace so that the whole of the bricks in one row are 
suspended from the same member. (Sealed.) 


MOTOR ROAD VEHICLES. 


228,596. A. A. M. Durrant, Chiswick, London, 
O. W. J. Watson, Chiswick, London, and The 
London General Omnibus Company, Limited, 
Westminster, London. Vehicle Fenders or Life- 
Guards. (7 Figs.) October 30, 1923.—The invention 
relates to vehicles fenders or life-guards. According to 
the primary feature of the invention, there is provided 
a vehicle having in front a fender and a life-guard in the 
form of a shelf 26 which projects approximately hori- 
zontally from the face of the vehicle at a height (for 
example, the height of the vehicle wheel front axle, 
say, 14-16 in. above the road surface) which is sub- 
stantially below the centre of gravity of a person stand- 





ing in front of the fender and life-guard, and which shelf 
26 extends across but is spaced in front of the vehicle 
with its lateral extremities, each in the form of a closed 
loop, less advanced from the vehicle face than its middle 
portion and with such lateral extremities so arranged 
as to lie immediately in front of the front wheels 12 
of the vehicle. The mud-guards 28 extend down in 
front of the wheels 12 approximately to the lateral 
extremities of the fender and life-guard. In this way 
the safety of a person involved in a collision with the 
vehicle will be promoted since the person, if caught 
upon the shelf, will be prevented from sliding over 
the rear thereof and falling underneath the wheel. 
(Sealed.) 

229,723. J. S. A. Walker, Wigan, and Walker 
Bros. (Wigan), Limited, Wigan. Automobile 
Vehicles. (5 Figs.) October 2, 1923.—The invention 
relates to automobile vehicles in which a chassis has 
a tipping platform mounted thereon, and in which a 
rope or chain adapted to be attached at one end to a 
vehicle or load which it is desired to draw up upon the 
platform passes over a pulley at or adjacent to the end 
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of the platform remote from its pivot and then over 
a winch pulley by means of which the vehicle or load 
can be hauled on to the platform. According to the 
invention, the’ rope 11 connected to the load 1 to be 
hauled up is passed over a pulley 10, the axle of which 
is mounted to move in guides 20 so that as it is dis- 
placed relatively to the platform the load is hauled on 
to the platform. The arrangement forms a self-contained 
and very compact gear.—(Sealed.) 
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THE MICHELL THRUST BEARING. 


By RoBert OLIPHANT Boswa t, B.Sc. (Eng.) Lond., 
M.Sc. (Tech.) Man. 

Ir is now well known that the operation of the 
Michell thrust bearing depends upon the fact that 
if a film of fluid is drawn into a small wedge-shaped 
space between a fixed and a moving surface, pressure 
conditions are set up in the film which enable the 
surfaces to sustain loads, the magnitude of which 
depend upon (a) the velocity of the moving surface, 
(b) the shape and dimensions of the bearing surface 
and fluid film, and (c) the viscosity of the fluid. 

For the purpose of quantitative treatment the 
surfaces are usually referred to rectangular axes 
with the moving surface in the plane XOZ, and it 
has been shown that for these conditions the pressure 
developed in any element of fluid which moves with 
velocities u, v and w in the X Y and Z directions, 
respectively, can be expressed with sufficient accur- 
acy by means of the three equations* 
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in which P represents the intensity of pressure and 
\ the viscosity of the fluid. In addition, use must 
be made of the equation for continuity of flow which 
takes the form 
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since the fluid can be assumed to be incompressible. 

Michell’s original account of the application of 
these equations to the case of the thrust bearing 
appeared in the Zeitschrift fur Mathematik und 
Physik as far back as 1905, and although a detailed 
explanation of Michell’s work will be found in an 
article by Mr. H. M. Martin on the “‘ Theory of the 
Michell Thrust Bearing,’ which appeared in the 
issue of ENGINEERING for February 20, 1920, the 
discussion has so far been restricted to a considera- 
tion of plane rectangular surfaces under which 
another plane surface is supposed to move with 
constant linear velocity. 

In the actual practical form taken by the bearing, 
however, the pads or bearing surfaces are sector- 
shaped and press against a rotating disc. The 
velocity of any point on the moving surface is con- 
sequently proportional to its distance from the 
centre of rotation. These modifications have an 
important influence upon the working conditions of 
the bearing surface, and it is therefore proposed to 
indicate how the existing theory must be altered in 
order that they may be taken into account. 

The first point to notice is that, since the motion 
is now rotational, the choice of rectangular axes for 
the equations is inconvenient and it is therefore 
necessary to replace them by cylindrical polars. 
This system of axes is shown in Fig. 1, where ABCD 
represents the sector-shaped surface separated by 
a thin wedge-shaped clearance space from the disc 
which is supposed to rotate in the @ plane about the 
centre O with a uniform angular velocity of 
radians per second, the direction of rotation being 
indicated by the arrow. The angle subtended by 
the surface at the centre will be denoted by 9, 
the radius of the inner curved side by 7) and the 
radial width by B. 

With this system of axes the previous pressure 
equations become 


OP i ae ‘ 
C cle . . . (5) 
oP 
a—=@0. " ° « © 
oy (9) 
1 oP (2w . 
ogee (7) 


while the continuity equation transforms to 

1 o(ur) 6» 1 Ow_ 

ee ‘ste ae : - (8) 
the velocities w and w being now in the radial and 
tangential directions respectively, while the velocity 
vis in the vertical or Y direction as before. 





* Osborne Reynolds. Trans. Royal Society. 1886. 


Since by virtue of (6) P is not a function of y, 
equations (5) and (7) can be directly integrated, the 
integration constants being obtained to satisfy the 
usual assumption that there is no surface or boundary 
slip of the fluid. That is to say, at the surface of 
the disc where y = 0, the radial velocity u = 0, and 
the tangential velocity w= — or, whilst at the 
stationary bearing surface where y is equal to the 
film thickness A, both u and w are zero. It is more 
convenient, however, to assume that the disc 
rotates in the positive direction and to make o-r 
positive, the actual negative direction indicated by 
the arrow in Fig. 1 being allowed for by simply 
changing the velocity sign when numerical calcula- 
tions are required. With this alteration it will be 
found that 
1 oP y(y—4) 
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Substituting these equations in (8) and integrating 
the resulting equation with respect to y between 











“ENGINEERING” 


the limits 0 and h, the vertical velocity term v will 
disappear, since this must be zero at both limits, 
and the pressure distribution equation 
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is obtained. 
The variables will now be changed by writing 


6=O0 +o. andr=roe . (12) 
the limits for the new variables y and 6 being 0 and 
1-0, and 0 and 8 respectively. Since the upper 
limit for r is (r) + B), the constant p must have the 


value 4 loge 1+5), It is also convenient to 


0 
express the film thickness and viscosity in the forms 
h=h,.a, and A=A,.«, where « and e are non- 
dimensional functions of y only, and the terms hy 
and A, represent the film thickness and viscosity at 
the outlet edge of the surface. The expression of the 
film thickness in this form involves the assumption 
that the surface has a slight twist, although in actual 
practice it would, of course, be plane. Since this 
latter condition makes the film thickness also some 
function of the radius and introduces mathematical 
difficulties, the assumption made will be considered 
to represent the closest possible approximation to 
the actual working conditions. 

The pressure distribution equation can now be 
written in the form 
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in which the symbols C and D are substituted for 


2 
6 w Xo s S wa : respectively. 





the expressions 


These will be termed the dimensional and geometrical 
constants for the surface. 

The mathematical solution of this equation is 
based upon the fact that the term e2°% can be 
expanded in the form of the Fourier series 

e7P> _ SKm.sinmb + DKn.sinnb - (14) 
where 
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the terms m and m denoting successive odd and 
even integers. This enables the intensity of pres- 
sure to be expressed in the form of the infinite 
series 

P=C.{> Kn. Fm.sinmb+=K,.Fxr.sinnb} (16) 


where F,, and F, are functions of y only, the 
necessary zero pressure conditions at the surface 
edges being satisfied by making these functions 
zero when w is zero and unity, and by assigning 
the limits 0 and mw to the variable “ b,”? for which 
condition the constant p has the value 
1 og. (1 + 2). 

Tv To 

The corresponding pressure equation for a rect- 
angular surface with constant velocity conditions 
was shown by Michell to take a similar form, but 
the equation he obtained only involved the sum- 
mation of odd integral terms. This important 
difference between the pressure equations for the 
two types of surface is entirely due to the different 
velocity conditions, a velocity variation across 
the surface having the effect of producing an 
unsymmetrical resultant pressure curve in the radial 
or transverse direction. A typical summation of 
five terms of the series is represented diagram- 
matically in Fig. 2, and it is obvious that the lack 
of symmetry is due to the curves corresponding 
to the even integral terms. 

In order to obtain expressions for the functions 
Fn and F, values of ss and oF from (16) 
and e2e from (14) must be substituted in (13). 
By equating the similar sine terms which appear 
on each side of the equation and eliminating the 
sines and other constants, a series of equations is 
obtained which take the general form 
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This is identical with the corresponding equation 
obtained by Michell when dealing with the rect- 
angular surface, and he showed that: an exact 
mathematical solution is only possible if the film 
thickness decreases uniformly from inlet to outlet 
and the viscosity is constant. That is to say, 
provided a = (1 + ¢ wy) where “t#” is some 
constant depending upon the ratio of inlet to outlet 
film thickness and the term ¢ is unity. 

By writing 
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it will be found that (17) reduces to the standard 
form 
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The solution of this differential equation has been 
fully discussed in the articles by Michell and H. M. 
Martin referred to previously and it need only be 
stated here that it takes the form 


fm = Am . 1h (6) + Bm. Bi (9) + F (GO). (19) 


where I, and K, are Bessel functions which are 
obtainable from mathematical tables for small 
values of ¢ or from the asymptotic series 
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for larger values beyond the range of the tables 


available. Similarly, the function F (¢{) may be 
obtained from either 
-— Sea al 2 9 
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depending upon which gives the most rapid converg- 
ence. The same series must, however, be employed 
when calculating fm for values of ¢ corresponding 
to any one value of the integer morn. The con- 








“Theory of Lubrication.” ENGINEERING, vol. c. 1915. 
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stants Am and B, must, of course, be determined 




















































































154 


ENGINEERING. 


[Auc. 7, 1925. 








so that fm is zero when y is zero and unity, i.e., 
when ¢ has the values 
mD and m D (1 + ¢) +9 3 
t t 

The pressure conditions can now be established if 
the values of the film thickness constant “i?” 
and the geometrical constant “D” are known, 
about five or six terms only of the pressure series 
being required to obtain a reasonably accurate 
summation since it converges fairly rapidly. 

The total load carried by tie surface is W = 
Fo P.r.d@-dr. Substituting for P from (16), 


changing the variables and integrating with respect 
to the variable “b” this becomes 
W=C.retgh.E 


where 
el 


B= TP) {2S Key. Fu + 2K. Fabdy (22) 
2 J, ' 
Since the viscosity is assumed to be constant, A, 
will be replaced by ) and the dimensional constant 
can be written 


C= bwAri gd 





ho? 





to be written in the form 
Li 6E¢\} (wr\4 = 
ho .= Big (ba ‘_ ~ 
sf ( Ka ) (aa) (25) 
the term (Gr being non-dimensional. 
The intensity of shear stress acting in the direc- 
tion of rotation at the surface of the disc is, 
T= -» (3%) ih, OF 5 tee 
dy/y=0 2r'%0 h 
The total moment of frictional resistance for each 
pad can be obtained by multiplying this by r and 
then integrating over the whole area. This gives 


Mo = ee a OY ix) os ay nm 
(27) 


mi, es (26) 


where 


wal weenie tase =)'—1} Hoge (2+8) | 
l 19 J 4t 


The work expended in overcoming the frictional 
resistance can be now found by multiplying this 
by the angular velocity of rotation, The coefficient 
of friction can be represented in the form 


ee eee uffe.r.dd.dr. (28) 
where r is the distance of the centre of resultant 
pressure or load from the origin. 





Fig. 2. 
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“6 
Value of 6 


The load carried per unit radial width can there- 
fore be expressed in the form 


Wi = 6 (w1) dX (+ : ee ‘ eE) . (23) 





This will be constant for all geometrically similar | 
surfaces working under similar conditions, but it 
must be noticed that similarity only occurs when 
the angle subtended, and the geometrical constant, 
together with the terms (@ . 79), (2), and A} 
are identical for each surface considered. A 
similar condition has been shown to apply to 
rectangular surfaces. 

in the present instance, however, the load is not 
symmetrically distributed across the radial width 
and W, can only be regarded as representing an 
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Substituting for M, from (27) the coefficient of 
friction takes the form 


ber=m- ___M , (7)? - (29) 
(6E@ Ky)? \Wa 
and will be constant for all geometrically similar 
surfaces which work under similar conditions. 
The quantity of fluid which passes across any 
radial section of the film is 


Q= fw .dr.dy 


Substituting w from (10) and for P from (16) and 
integrating, it will be found that the quantity 
which passes through the inlet edge AB, and which, 
therefore, represents the amount necessary for the 
satisfactory working of the pad, is 








average value. It is also more convenient to | 
express the load conditions in terms of the angular | 
velocity , than in terms of a linear velocity such | 
as @.7. These difficulties can be avoided by 
considering the load per unit area and if the surface | 
area is expressed in the form ¢ . ro? . Kg, where Ka, | 
is a constant depending upon the radial proportions 
it will be found that the load per unit area given by 


Wi=tor(m™ .o© 24) 
nd 





is also constant for all geometrically similar surfaces 
provided that the angular velocity is identical in 
each instance. 

Load per unit area will therefore be accepted as 
the criterion for the comparison of similar sector 
shaped surfaces working under similar conditions. 


Q. = —ho.w.7m?.V= 

r {6E@\$} (/wr\$ 
+t. 99° o V «fs $ i - (30 
isi (“z) (Ww) ai 


where 
V=} [zea +e Km ag, -a + OKs | 
m 


m 


the term G,, denoting the value of “a when 


¥=1-0. It will have been obvious from the 
previous expressions that an increase of total load 
increases the friction work, but reduces the film 
thickness and the amount of oil which passes 
between the two surfaces. The heat generated by 
the friction produces a rise of temperature in the 
oil film which reduces the viscosity, and it is 
essential for the safe working of the bearing that 
the quantity of oil is sufficient to keep the tempera- 
ture change within reasonable limits. If it is 





Transposing (24) enables the outlet film thickness 








assumed that all the heat generated has to be 
dissipated by the oil, although actually some will 
be conducted away through the bearing surfaces, 
it can be shown by equating the heat equivalent 
of the friction work to the heat taken up by the 
oil, that 
we =: EV gis. 3.7. . (31) 
M. Ka 

where 

d is the density of the oil. 

s is the specific heat of the oil. 

J is the mechanical eyuivalent of heat. 

T is the temperature rise of the oil. 


The rise of temperature is, therefore directly pro- 
portional to the load per unit area, and is indepen- 
dent of both speed and viscosity. This is an 
important point, since it enables the load per unit 
area to be also accepted as a criterion for the 
maintenance of safe running conditions. It does 
not, however, constitute the only criterion, since 
it gives no indication that the film is sufficiently 
thick to prevent surface irregularities from inter- 
fering with its continuity, and in this connection 
speed and viscosity are also important factors. 
The minimum film thickness allowable is uncertain 
and will depend to a large extent upon the finish 
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and workmanship of the bearing surfaces. From 
measurements made on a journal bearing,* how- 
ever, it may be noted that satisfactory running 
conditions were obtained with an outlet film thick- 
ness of about 0-001 cms. (0-0004 in.). 

In order to determine the dimensions of a sector- 
shaped surface to work under any specified condi- 
tions it has been shown that it is necessary to take 
into account the angle subtended, and the ratio 
between, the radius of the inner curved edge and 
the radial width. The former dimension is fixed 
by the number of pads that can be conveniently 
fitted round the disc, and the standard practice 
appears to be to fit eight pads each subtending an 
angle of about 40 deg. This allows about 5 deg. 
clearance between each pad. The radial propor- 
tions are to some extent arbitrary, but may be 
influenced by the diameter of the shaft on which 
the disc is fitted and also by the allowable overall 
dimensions of the bearing housing. 

For the purpose of obtaining a quantitative 
comparison of the working conditions for surfaces 
having different radial proportions, the constants 
E, M and V have been calculated for the particular 
case in which the angle subtended is 40 deg. and 
the film thickness at inlet double that at outlet. 
These values, which are given in Table 1, have been 
used to obtain the data given in Table IT by means 
of which the actual working conditions can be at 
once determined. 

In obtaining the temperature relationship it has 


——<— 





* “‘ The Thickness and Resistance of Oil Films in High- 
Speed Bearings,” G. Stoney, F.R.S., R. O. Boswall an 





J. Massey. ENGINEERING, March 3, 1922. 





in 


sh 


m 
ng 
Tr'- 
li- 
ke 


io 


ye 


AUG. 7, 1925.] 


ENGINEERING. 


155 








been assumed that the specific gravity of the oil is 
0-9 and the specific heat 0-4. It will also be 
noticed that, with the exception of viscosity, the 
English system of units is employed and that the 
various quantities are expressed for convenience 
in terms of the temperature rise T, the surface area 
A, and the revolutions per minute N. 

For any given temperature change, it will ve 
seen that the allowable load per unit area increases 
as the radial proportions increase, and that there is 
a decided advantage in using pads for which these 
proportions are as large as possible. 


TABLE I.—Sector Shaped Surface. Angle Subtended 
deg. or 0-7 radians. 











|the value to be employed for calculation purposes 
will be 0-45. 

The working conditions calculated on this basis 
are given in Table III. The advantage to be gained 
by increasing the radial proportions is obvious. 
There is, however, the practical disadvantage that 
the inner radius becomes relatively small. In the 
present example, for instance, the horse-power 
transmitted by the shaft would probably be about 
8,000, assuming a ship speed of 20 knots, and the 
shaft diameter about 12 in. It would obviously 
be impossible to use the more efficient pads in this 
case, and the general practice in marine work appears 
to be to use pads whose radial width may vary from 
approximately 0-5 to 0-7 times the inner radius. 











B | | 
* -| 0-7. | 1:0. | 1:5. 2-0. | There seems to be no reason, however, why a larger 
— ~ |radial width should not be employed on certain 
' . 
E =|—o-o144 |~0-0367 i\—0-108 | —0-245 | types of footstep bearing. 
at +32 | 2-7 | : +s har . 
7 ae aan | 7a | babs a | Pressure distribution curves for the pad whose 
J | inner radius is equa! to the radial width are shown 
TABLE II. 
Sector shaped surface. Angle subtended, 40°. 
T = temperature rise in the oil in deg. Fahr. 
A = area of the bearing surface in sq. in. 
N = speed of the disc in revolutions per minute. 
B 2 | 
a 0-7, | 1-0 1-5 2-0 
0 | 
Inner radius .. me ce ve ae (ay? x 1-23 0-98 0-74 0-60 
Outer radius c= MR eerie (A)? x | 2-09 1-95 1-85 1-79 
Load per unit area.. Ibs. per sq. in, TOR. x | 7-05 8-45 9-35 9-83 
Maximum pressure .. Ibs. per sq. in. TOF. x | 16-4 | 19-4 21-1 22-0 
. ; : A.N.A\ 3 | . 
Film thickness ae ae os ee (==) x10-4 x } 1-45 1-32 1-24 1-19 
| 
Work per second .. a .. ft.-Ib. N.A. (N.A.A.T)? x10-4 x | 1-94 1-72 1-55 1°45 
: : : -, (ANayt | ‘ ; 
Volume of oil .. galls, per min. I A.(=7") x10-6 x | 4-18 3-66 3-32 3-11 
T F | 
Coefficient of friction (+) * 10-3 x | 1-88 1-56 1-40 1-28 
Centre of resultant pressure as ea r =f | 1-365 1-53 1-82 2-20 
6 =o Xx | 0-415 0-42 0-425 0-43 














TABLE III, 


Total thrust, 80,000 Ib. Angle subtended, 40°. 
Thrust per pad, 10,000 lb. Number of pads, 8. 
Temperature rise, 30° F. Speed of rotation, 250 r.p.m. 
Average viscosity, 0-45 C.G.S. units. 




















z | oe -) we i a fe 
70 | . | 2 | .. 2:0. 
| | 
Area of each ‘atl | 
8q. in. -} 47-2 39-4 35°7 33-9 
Inner radius, in. | 8-45 | 6-12 4°42 3-48 
Outer radius, in.} 14-35 | 12-24 | 11:05 10-44 
Load per unit | | 
area, lb. per | 
8q. in. oo} 211°5 | 253°5 280-5 294-9 
Maximum pres- | H 
sure, lb. per | 
} 492-0 | 582-0 633-0 660-0 


8q. in. 
Outlet film 

thickness, in. 
Friction work for 

each pad, ft.- | | 

Ibs. per sec...| 910-0 { 615-0 | 480-0 





0-00192 0-00160, 0-00143) 0-00134 


| 415-0 

Total friction | | 

h.p. for the | 

bearing --| 18-20 8-95 7-00 «=| 6-05 
Coefficient of | 

friction ..| 000362! 0-00304| 0-00271/ 0-00250 
Volume of oil | | | 

passing under | | | } 

each pad, gals. 

per min. -| 0-656 | 0-438 | 0-342 | 0-297 

| 





As a numerical example, the case will be taken 
of a marine bearing supposed to transmit a thrust 
of 80,000 Ib. when running at a speed of 250 r.p.m. 
lt will be assumed that the inlet oil temperature 
is 90 deg. F., and that the allowable rise in tempera- 
ture is 30 deg. F. This would probably be equi- 
valent to assuming that the outlet viscosity is 
equal to approximately half the inlet viscosit.. 
It has been previously pointed out that the exact 
mathematical theory does not enable variable 
viscosity to be taken into account, and the data 
given in Tables I and II are therefore only strictly 
applicable to constant viscosity conditions. It has 
been found, however, when dealing with rectangular 
Surfaces of infinite transverse width that suffi- 
ciently accurate results can be obtained if the con- 
Stant viscosity employed in the equations is the 
average of the actual inlet and outlet viscosities. 
If the inlet viscosity for this example, therefore, 





is supposed to be 0-6 and the outlet viscosity 0-3 


|in Fig. 3, the position of maximum pressure and 
centre of resultant pressure being indicated by the 
points P and W respectively. The unit for these 
curves is 2:29 W, Ib. per square inch, or 582 lb. per 
| square inch, if the curves are supposed to refer to 
the numerical example given above. 
| In conclusion, the writer would like to express 
his indebtedness to Professor G. Stoney, F.R.S., 
for his helpful criticism and advice. 





AEROPLANES FOR APPLYING INSECT POWDERS.— 
The dusting of cotton fields by aeroplanes for killing 
| insect pests having proved successful, the United States 
Bureau of Entomology has this spring tried to dust or- 
chards by means of flying machines. Near Fort Valley, 
Georgia, it took two hours (less five minutes) to apply 
a mixture of arsenate of lead and slaked lime to 10,000 
| peach trees. Previous experience had been gained in 
the boll weevil laboratory at Tallulah, in Louisiana. 
The feeding mechanism required adjustment as the lead 
arsenate is much heavier than the lime. Data as to 
results and cost are not yet available. Further informa- 
tion—very necessary in view of the risks involved from 
the poisonous dust—can be found in Sheet 357 of the 
U.S. Department of Agriculture. 








IncomE Tax GuipE, 1925.—During the last decade 
in particular the law relating to Income Tax has become 
progressively more complicated. A point has for long 
been reached when many persons are unable to do more 
than form an approximate estimate of their liabilities 
while much in the Regulations is unknown to them. 
The system of first making payment of tax and then 
appealing for rebatements renders it advisable for 
those interested in the latter to carefully study the con- 
ditions under which claims may be made. These 
considerations and the fact that the recipient of money is 
usually a bad judge of what he ought to receive cause 
us to welcome the publication of “‘ The Financial Times 
Income Tax Guide for 1925.” This booklet, which has 
been revised and brought up-to-date by Mr. G. H. 
Bridge, A.S.A.A., A.C.LS., explains in concise and 
simple language the main points of the new Finance 
Act of practical interest to all income tax payers. 
Examples and tables are given dealing with earned and 
unearned income, while the various rules governing 
relief and the procedure to be adopted in making claims 
are stated. How assessments are made is clearly shown, 
and Super Tax, Corporation Profits Tax, Death Duties, 
and the New Pensions Bill are fully treated. Copies of 
this most useful work may be obtained from The Financial 
Times, Limited, 72, Coleman- street, London, E.C.2, 


AN HISTORIC PARALLEL. 


THE quotation which we reproduce below has a 
curiously modern air, and at first glance might 
well be taken for an extract from the popular 
Press of to-day. The references to the Poor Rate 
of over 20s. in the pound and to the groups of men 
hanging about the streets could be paralleled by 
countless similar passages in recent journals. The 
paragraph refers, however, to conditions in the 
year 1830 as described in Our Sussex Village, by 
Thomas Gearing, of which a reprint has recently 
been issued by Messrs. Methuen and Co. :— 

“Our social condition (about 1830) may be 
written down as deplorable. There was this 
negative consolation: we were no worse off than 
our neighbours, the whole community being at that 
time under the darkest cloud of pauperism. Those 
were sad days, and not a few. Our political 
economists ascribed the state of things to over- 
population. There was a redundancy of labour, 
for which no employment could be found. The 
Poor Rate had gone up to 21s. on the rateable 
value, and the law said, ‘No man shall starve.’ 
The unalienable right established by Elizabeth in 
1601 was well understood and as severely tested. 
Men in the full vigour of Life did not hesitate to 
‘throw’ themselves on the Parish; relief in 
money or kind, or both, could not be refused. Self- 
help was not understood among our labouring 
population, neither was the glorious privilege of 
being independent recognised ; we were in an abyss 
of degradation and moral degeneracy. Groups of 
men were to be seen daily in our street hanging 
about having nothing whatever to do, but every man 
expected his daily pay. To entitle him to this he 
had to put in an appearance in the Morning at the 
workhouse, and if the master had no order for 
him he was turned adrift into the street for the 
remainder of the day.” 

There is, perhaps, some comfort to be derived from 
the fact that the distressing state of affairs so 
vividly pictured above was the prelude to the 
succeeding great prosperity of the country, in which 
standards of living were raised all round, so that 
what had long been considered as the luxuries of 
the few came to be regarded as the necessities of 
the many. A study of how the change was effected 
might afford useful guidance for us to-day, but 
the appeal to history is, unfortunately, not in 
favour with the more ardent type of social and 
economic reformer, who prefers to frame his argu- 
ments on plausible hypothetical premises rather 
than on the basis of the facts of experience. In the 
main, the rise of the country from the slough of 
despond described in the above quotation was due 
to improvements in transport and to a vast increase 
in our non-tangible exports, foreign and less deve- 
loped countries paying us large sums for the “‘ know- 
how ” rather than merely for labour and material. 
Mind is the main factor in the creation of wealth, 
and the creative mind is essentially and inherently 
individualist, and it is essential, if the country is 
again to win to prosperity, that mental activity 
should be encouraged in every way rather than 
“regulated ” out of existence as some would appear 
to consider advisable. 








LauncnH oF S§.S. ‘“ZuricHmMoor.’’—Messrs. John 
Readhead and Sons, Limited, recently launched from their 
shipbuilding yard at West Docks, South Shields, the 
steamer Zurichmoor, which is being built to the order of 
Messrs. Walter Runciman and Co., Limited, of Newcastle- 
on-Tyne. The vessel is of the monitor corrugated design, 
with poop bridge and forecastle, and has an overall 
length of 386 ft. 6 in., an extreme breadth of 55 ft. 3 in., 
and a moulded depth to the upper deck of 28 ft. 9 in. 
A cargo of 7,500 tons is intended to be carried on a 
moderate draught. The hull is fitted with a double 
bottom in which water ballast may be carried, while a 
steel centre-line bulkhead is arranged fore and aft. 
Wood-shifting boards are supplied to the holds, and 
feeders for handling grain cargoes are provided at the 
large hatchways. The latter are served by derricks 
and double steam winches. Triple-expansion engines, 
constructed by the builders and having cylinders 26 in., 
43 in., and 72 in. in diameter and 48 in. in stroke, will 
be installed in the ship. Steam will be generated in 
three large boilers working at a pressure of 180 lb. per 
square inch and fitted with superheaters and Howden’s 
forced-draught equipment. The Zurichmoor is being 
built to comply with the requirements of the special 








price ls, net. 


survey of Lloyd’s highest class. 
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34-IN. UNIVERSAL PLATE MILL AT 
THE CLYDESDALE STEEL WORKS. 


(Continued from page 93.) 


THE main electrical equipment associated with the 
mill has been supplied by the Metropolitan- Vickers 
Electrical Company Limited, of Trafford Park, 
Manchester, and is housed in a sub-station imme- 
diately adjacent to the mill, as shown in the key 
plan, Fig. 1, page 36 ante. In describing this 
equipment, it will be convenient to first give a 
general description of the various units, and after- 
wards to refer to some of the special arrangements 
adopted in rather more detail. 

The supply of energy for the operation of the mill 
is obtained from the Clyde Valley Electric Power 





Fig/9a. 








A. Main high tension switchboard, 11,000-volt, three-phase, 25-period. 


exciter panels, 500-volt D.C. 
J. Main transformer cubicle. 
a 2 motors. 


Main circuit-breaker. U. Motor field “‘ bucking” device. 


Company and is at '1,000 volts on a 3-phase, 25 
periodicity circuit. The substation contains the 
transformers, flywheel equaliser set, main motor, 
and switchgear. Various views of the plant in 
the station are shown in Figs. 20 to 23, while Figs. 
19 (a and b) show the wiring diagram. 

The main transformer reduces the voltage to 
3,300 for delivery to the fly-wheel equaliser set, 
and does not call for special comment. The 
equaliser set, which is shown in Fig. 20, and in the 
background in Fig. 22, has a speed of 500 r.p.m. 
synchronous. As can be seen from the illustration, 
it consists of an induction motor direct coupled to 
four D.C. machines, which are connected in series 
for generating the current for the main mill motor. 
A heavy flywheel is mounted centrally between the 
four D.C. machines. The induction motor is of 
3,000 h.p. and is shown separately in Fig. 21. It is 
capable of dealing with overloads up to 100 per cent. 
for prolonged periods. As can be seen from the 
figure, it is mounted in such a manner on the bed- 





K. Auxiliary transformer, 11,000/440-volt. 
P. Transformer tapping switch for slip regulator torque-motor. 





plate that its stator can be slid clear of the rotor, 


when required, for inspection and repair purposes. 
In order to regulate the supply of energy given out 
by the flywheel during the periods of peak load, 
the speed of the machine is controlled by means of 
a combined starter and automatic slip regulator. 
This regulator is shown in Fig. 22, and in addition 
to its use for the purposes mentioned, serves as a 
liquid resistance starter when starting up the equa- 
liser set from rest, and again as a dynamic braking 
resistance across the slip rings of the induction 
motor for the purpose of braking the set, and bring- 
ing it quickly to rest when closing down for the day. 

The four generators are each of 900 kilowatts, 
and generate current at 400 volts. They are 





designed with a large overload capacity in order 


Cc 


L. Exciter set. 
Q. Slip regulator. 
V. Motor field relays. 


to meet the demands of the mill motor when working 
at full output. The fields are excited on the Ward 
Leonard principle, and as it is necessary that the 
mill motor should be accelerated and retarded as 
rapidly as possible, arrangements are provided for 
applying abnormal voltages to the field terminals 
in order to force the fields as the varying require- 
ments demand during the rolling processes up to the 
limit of Ward Leonard speed, that is, to 80 r.p.m. 
For this purpose a field-forcing device is fitted 
to the generator fields for boosting the volts across 
the field terminals during the acceleration period. 
The effect of this device is to raise the voltage rapidly 
in the main D.C. circuit, and as the voltage and speed 
rise together, almost any desired degree of forcing 
of the speed can be obtained by forcing the genera- 
tor fields. The forcing device is normally in circuit 
when starting the mill motor from rest, and is 
rendered inoperative by means of relays operated 


B. Low-tension switchboard, 440-volt, three-phase, 25-period. 
E. Dynamic braking panel. F. Ward-Leonard controller. G. Driver’s instruments. H. Main transformer, 11,000/3,300-volt. 


M. Flywheel equaliser set. 


W. Safety device. 





by the voltage in the D.C. circuit when the required 
speed has been reached. 


The flywheel is 12 ft. diameter, and is of the 
maker’s solid centre type, with spigot couplings 
for the shafts, which are bolted to the flywheel 
at each side. The wheel has a stored energy of 
120,000 h.p. seconds at 500 r.p.m. The bed- 
plate for the whole equaliser set is of heavy box 
section, and is designed for partial grouting into the 
foundations. An important feature embodied in 
the set is that each of the four generators is mounted 
on a separate interchangeable shaft. As can be 
seen from Fig. 20, there are five bearings, one on 
each side of the induction motor, one on each 
side of the flywheel, and one at the outer end. In 
concluding our description of this set, it may be 
mentioned that in order to eliminate the possibility 
of the overspeeding of the set for any reason, an 





Cand D. Exciter- 


N. Main mill motor. QO. Oil- 
R. Electrolyte pump motor. S. Fan motor. 
X and Y. Generator field forcing device. 


overspeed trip is fitted, which operates on the in- 
coming supply and the safety device. It is set to 
trip about 5 per cent. over the synchronous speed. 
Should the driver inadvertently force the mill 
beyond its margin of output, and thus reduce the 
speed of the motor generator set to the point at 
which there is little more energy left in the flywheel, 
rolling would be stopped. To guard against this 
contingency, an underspeed alarm is arranged to 
ring a gong, which calls the attention of the driver 
to the falling speed, and gives him an opportunity 
to permit the set to regain normal speed. This 
device is fitted as a precautionary measure only, 
and is very seldom brought into operation, as the 
equipment is capable of dealing with a considerable 
margin of output over the normal. The bearings 
of the set are provided with flood type lubrication, 
which will be referred to again later. , 
Turning now to the main mill motor, which is 
shown in Fig. 23, this machine is of the two- 
armature, two-field pattern, the armature spiders 
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being bolted together solid to give the most rigid 
construction. Itisshunt wound, with compensating 
windings, is reversible, and has a normal continuous 
rating of 4,500 h.p. at 80 r.p.m.° It has, however, 
a speed range up to 135r.p.m., and is capable of an 
emergency peak output of 25,000 h.p., and of giving 
a maximum operating torque of 1,320,000 lb.-ft. On 
long passes, when on full output, the highest possible 
speed of the metal in the rolls must be maintained 
to utilise the capacity of the mill to the best 
advantage. In dealing with the flywheel-equaliser 
set, we referred to the arrangement by means of 
which the acceleration could be performed at a 
maximum rate. By means of this device the speed 
of the motor can be raised from creeping to 80 r.p.m., 
which is the limit of Ward Leonard control, 
in about 1 second. To obtain the maximum out- 
put, the mill must be run at its top speed of 


Fig. 196. 





elevation above the ground, where it is compara- 
tively free from dust. It is passed through filter 
cloths to render it still purer, after which it is 
drawn into the fan chamber, and propelled to the 
motor foundation pit, and from there guided through 
the armature core and air gap, the field coils being 
also effectively cooled. The ventilating fan in- 
stalled passes about 30,000 cub. ft. of air per 
minute, and is capable of maintaining this delivery 
against a head of 4-in. water gauge, a 45-h.p. 
motor being utilised to drive the fan. 

The field of the main motor is excited from the 
same exciter set which serves for the generator fields, 
and this set of machines may now be described. 
It consists essentially of four separate machines, 
direct coupled, comprising respectively a 440-volt 
A.C. induction motor; two D.C. generators, one 
for the generator and the other for the mill motor 





been mentioned that the control of the mill motor 
speed is by means of Ward: Leonard control, that 
is to say, is by potentiometer control of the 
generator fields. It should, however, be pointed out 
that the Ward Leonard controller is placed in the 
field circuit of the exciter, and not in the main 
fields of the generators, and the arrangement can 
best be followed out by reference to the wiring 
diagram, Figs. 19, (a and 6), to which we will refer 
again later. The main circuit breaker is fitted 
with a push button trip on the platform and a push 
button, as well as manual reset. A low-voltage 
trip feature is also fitted in connection with the 
weak field motor overspeed protection device 
which operates should the exciters be shut down 
from any cause, accidental or otherwise, or should 
they fail. 

Before dealing with the wiring diagram, reference 
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135 r.p.m., and acceleration from 80 r.p.m. to any 
higher speed up to the maximum is obtained by 
weakening the motor field. If simple rheostatic 
control of the motor field were employed, it would 
be many seconds before a speed of 135 r.p.m. 
could be reached. It is therefore necessary to 
employ some other means of acceleration between 
the speeds of 80 and 135 r.p.m., and for this purpose 
the motor field is “‘ bucked”; that is to say, an 
inverse method to that employed on the generator 
fields is utilised. By this device, in conjunction 
with that employed on the generator fields, the 
maximum speed of 135 r.p.m. can be reached from 
the creeping speed in under 4 seconds. It should 
be noted that the rates of acceleration given are 
independent of the load, except in the event of a 
predetermined emergenty load being exceeded, in 
which case the bucking of the motor field is pre- 
vented from taking place until the load is reduced. 

As the mill motor is continually starting and 
Stopping, and is not running at its full speed for 
any length of time, it cannot produce its own 
fan action to circulate cooling air. A complete 
ventilating system is therefore fitted, and in order 
that pure air only is used for cooling the machine, 
the air is drawn from a point at a considerable 





fields ; and a fourth generator, which may be 
referred to as the exciter-exciter, as it is used for the 
field excitation of the two exciters just referred to 
as forming part of the same unit. The current for 
the induction motor is taken from a subsidiary 
set of bus-bars, which are fed from the main 
11,000-volt bars through a transformer which 
reduces the current to 440 volts, 3 phase 25 
periodicity. The induction motor is of 250 h.p., 
and is of the squirrel-cage type, and the set has a 
synchronous speed of 750 r.p.m. It is capable of 
running on an occasional momentary overload of 
100 per cent. The induction motor is fitted with 
an auto-transformer starter provided with the 
usual protective devices. Neither the generator 
exciter, which is of 116 kw. 500 volts D.C., nor the 
main motor exciter, of 50 kw., 500 volts D.C., 
call for special comment. The exciter-exciter is 
used for other purposes in addition to its use for 
exciting the two exciter fields to which we have 
already referred, such as operating the various 
relays, the safety device and the circuit breaker 
re-setting devices. The safety device is of the 
contactor type, and consists of a breaker which 
takes the field off the exciters under emergency 





conditions, such as an overload. It has already 


may be made to the lubrication of the motor- 
generator set, which, as already stated, is of the 
flood type. The oiling system consists of two dupli- 
cate centrifugal pumps for raising the oil to an 
overhead storage tank. One of these is used as a 
stand-by pump, and they are run alternately each 
week, The pump draws its supply from duplicate 
strainers, fitted in the low-level sump tank, and 
delivers the oil to a cooler, which is fitted with a 
cold-water supply. The oil then rises to the over- 
head tank, from which it flows through a main 
downfall pipe with branches to each bearing. Each 
pump is capable of maintaining a surplus above the 
supply to the bearings, and the surplus drains back 
through a further overhead tank, and throughan 
overflow pipe into the sump tank. To make certain 
that the lubricating system will be in action imme- 
diately the motor generator set is started up, and 
also to guard against the stoppage of the oil supply 
for any reason, a trip is fitted in the downfall pipe 
to the bearings, which is interlocked with the oil 
circuit breaker of the induction motor. It is thus 
impossible to start up the set unless the main 
oil-supply valve is open. In addition, a flap-type 
flow indicator and switch are fitted in the uprising 
oil-supply pipe to the overhead tank. Should the 
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flow of oil cease for any reason, the switch rings 
an alarm bell to warn the driver, and, similarly, 
should the depth of oil in the sump tank get 
dangerously low, a float switch rings the bell. 

Turning now to the wiring diagram, Figs. 19 
a and 6, it will be understood that Fig. 196 is a 
continuation of Fig. 19a, as it is not practicable 
to illustrate the whole of the connections within 
the limits of a page. The broken lines at the inner 
sides of the two figures coincide. It is impossible 
in the space at our disposal to follow through all 
the connections, and we must confine our attention 
to the leading features of the lay-out. 

Dealing first with the main supply circuits, the 
main 11,000-volt switchboard, shown at A, is 
supplied from the Clyde Valley system through 
the two incoming feeders shown on the right. The 
outgoing feeder, shown on the extreme left of the 
board, supplies current to the auxiliary transformer 
K, where it is converted to 440 volts to feed the 
main 440-volt bus-bars on the low-tension board B. 
The second outgoing feeder supplies the main 
transformer H, which reduces the voltage to 3,300 
to serve the 3,000-h.p. induction motor on the 
equaliser set, shown at M. There are four out- 
going feeders on the low-tension board, which, 
reading from left to right, supply the induction 
motor on the exciter set L, the electrolyte-pump 
motor R, the fan motor 8, and the two oil-pump 
motors O. 

By reading the description of the various machines 
in conjunction with the diagram, the internal circuits 
between the various machines can be followed out 
without much difficulty. It will be seen that the 
automatic slip regulator Q is across the slip-rings of 
the induction motor on the equaliser set, that the 
dynamic braking panel E is on the generator 
fields of the same set, and that the main motor 
exciter circuit passes through the panel D, which 
carries the motor-field bucking device U and the 
motor-field relays V. The panels C and D carry 
the various devices which have been referred to 
as being operated by the exciter-exciter circuit, 
such as the safety device W and the generator-field 
forcing relays X. The Ward Leonard controller is 
mounted on the driver’s platform. The driver’s 
instruments are shown at G, and comprise dial speed 
indicators, electrically operated from the machines, 
which indicate the speed of the motor-generator set 
and of the mill motor. The small generators for 
operating these indicators are also used, when 
required, for the operation of the graphic speed 
recorders fitted for test purposes, and are driven by 
means of chains running in oil baths. In addition 
to the speed indicators and main current ammeter 
and voltmeter, the driver’s platform carries a push- 
button trip device which opens the main circuit- 
breaker in the Ward Leonard circuit should the 
driver observe an accident or breakage about the 
mill. The circuit-breaker is reset on the signal being 
given by the driver to the switchboard attendant. 
Coloured lamps on the pedestal indicate to the 
driver the “in” and “out” positions of the 
breaker. 

(To be continued.) 








LITERATURE. 


Switchgear for Electric Power Control. By Messrs. E. B. 
WepmoreE and H. Trencnam, London. Oxford Uni- 
versity Press and Humphrey Milford. [Price 25s. net.] 

THE publication of a book on switchgear, bearing 
the name of so eminent an authority as Mr. Wed- 
more, cannot but be regarded as a notable event in 
engineering literature. [t so frequently happens 
that those who are best qualified to inform others 
on the progress of an art or science are precluded by 
considerations of time from rendering this service 
to their profession that we can be all the more 
grateful for the present volume, the compilation of 
which has been rendered possible by the collabora- 
tion of Mr. H. Trencham. 

The importance of the switchgear relatively to 
the other components of an electrical installation is 
rapidly growing, az is its proportionate cost, and 
it is not too much to state that the information given 
in the work under review comprises theory and 
data, hitherto unpublished in complete form, the 
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possession of which is vital for the efficient design 
and employment of modern power installations. 
It has been found possible by the authors to provide 
this in language that is clearly intelligible to all 
readers who are in a position to require and to 
absorb the class of information supplied, and the 
sequence of ideas is not broken into by the dis- 
tressing mathematical excursions that so many 
electrical writers consider essential. Indeed, one of 
the chief successes that the authors have scored 
is that the mathematics inherent in a mathematical 
subject have been introduced sanely and moderately, 
forming a helpful part of the main argument instead 
of a series of unwelcome interruptions. Throughout 
the book the reader is conscious of the wide expe- 
rience and originating ability of the principal author, 
who is describing at first hand the results of his 
own work. 

A pleasing feature is the far-sightedness which 
has been advocated throughout. For example, on 
page 174, under the heading ‘‘ Economical Solution,” 
the authors state “‘. it is as well to remember 





the disadvantages under which the profession is 
working, and the opportunities that it has missed, 
through the continual lack of faith in its future. 
These tendencies the authors are at pains to remedy. 
Somewhat earlier, under ‘‘ Necessity for Action,” 
the question of utilising inherent and added imped- 
ance for the reduction of short-circuit risks in feeders 
is introduced with the following words :—‘ Con- 
sideration of the available remedies, points to the 
necessity of giving full attention to this question 
a long time before the danger point is reached, as 
otherwise it may not be found until after the plant 
has grown that the recognised remedies are almost 
impossible of application, which state of affairs will 
end both in inefficient service and wasteful expendi- 
ture.” These two extracts may be quoted as the 
keynote of the authors’ method, namely, to foresee 
the problem before it becomes a difficulty, and to 
provide the best possible solution while the applica- 
tion of the latter is still easily practicable. Such 
a difficulty, and a very serious one, exists in con- 
nection with the over-weighting of individual oil 


that in the past even optimistic engineers have | switches under heavy fault-conditions in an over- 
frequently under-estimated the developments of the | grown system, and the authors’ treatment of the 


immediate future, and the use of electrical energy 


is still being doubled every few years.” Very | 
many electrical engineers are in a position to realise | 


|matter in this chapter affords valuable help ia 


minimising the trouble. t 
As might be expected from Mr. Wedmores 
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prominent part in the developing of fault protective | 


gear, the chapters (VIII to XV) dealing with this 
branch of the subject are particularly full and 
informative. It is shown that the dangers peculiarly 
due to large-scale power production and distribu- 
tion, are most effectively countered by the use 
of such gear, while the layout is simplified, and the 
reliability of operation is much enhanced thereby. 
Che first of the above chapters deals with the various 
descriptions of faults, and pays particular attention 
to the most destructive form, those between 
phases. Chapter IX is devoted to excess current 
protection, which constitutes the earliest form of 
safety device, and traces the development from fuses 
and simple overload circuit breakers to the more 
highly-organised patterns with accurate discriminat- 
ing capabilities. The use of a time limit fuse in 
onjunction with a current transformer and a 
tripping coil is referred to, and useful characteristic 
urves exhibiting its action are given. This 
apparatus, which is the simplest time element 
“evice, was originated by Mr. Wedmore himself; 
nd we are able to confirm from our own experience 
‘he statements, in the book, as to its precision and 
its general value. 





Leakage protection proper | 


is dealt with in Chapter X, and a number of the 
less elaborate schemes are included in the descrip- 
tions, most of which are still applicable in present- 
day practice. 

Protection by the balancing of the currents in 
parallel feeders is described in Chapter XI. The 
change of voltage relationships consequent on the 
occurrence of a short circuit is clearly shown, this 
being an important matter in connection with 
relays having a potential winding. A modest 
space is devoted to the biassing principle, another of 
Mr. Wedmore’s own gifts to the profession, and one 
of the most important additions to the art of 
protection. The well-known “ Merz-Price”’ and 
split-conductor systems of protection, in the 
provision of which Mr. Wedmore has again played 
an important part, are treated in the two next 
chapters. Other systems, in which the advantages 
conferred by biassing are added to the Merz-Price 
principle, are also included, the more recent methods 
being especially interesting. We are inclined to 
think, however, that the adverse opinion on page 143 
with regard to the biassing of the relay itself is 
somewhat too sweeping, as this has undoubtedly 
been accomplished successfully. Finally, there are 


two short chapters, on systems requiring special 
forms of cable (other: than split ‘conductor), 
and on the automatic suppression of the 
field in alternators, following the operation of 
the protective gear. The title of the last chapter 
would appear to be something of a misnomer, as 
“stand by” protection occupies only a small 
proportion of its extent. 

The earlier chapters of the book are employed in 
making the reader familiar with-the various forms 
of circuit-making and circuit-breaking apparatus 
required for the power station. This part is well 
sectionalised, the various divisions being Fusible 
Cut-outs, Air Break Circuit Breakers, Circuit Breaker 
Attachments, Oil-Immersed Circuit Breakers, 
Mechanical Features of Oil-Immersed Circuit 
Breakers, Resistance and Reactance Switching, 
and Earthing the Neutral. The authors are to 
be congratulated upon their luminous treatment of 
the oil breaker, a subject which abounds with 
intricacies as soon as one attempts to penetrate 
far into its interior. The reader should also be 
grateful for their restraint, which has prevented 
the overloading of the chapter with involved and 
doubtful theories. ‘“‘In the absence of a larger 
volume of experimental evidence than is now 
available, it is useless to theorise much further on 
this part of the phenomena. We take warning 
also from the fact that theorisers of ability who 
have ventured upon this problem have reached 
conclusions contrary to the known facts.” 

It is a little unfortunate that the book begins with 
the least important, and, in our opinion, ‘the least 
satisfactory chapter, for it is a fact that the descrip- 
tions of two or three fuse parts provided us with 
almost the only examples of difficult reading in the 
whole book. On page 7, for instance, a component is 
described as a “‘ chimney provided with iron cheeks 
of a V-shape.” This chapter begins also somewhat 
abruptly, and one misses the customary introduction 
indicating the scope of the book and the authors’ 
particular objects and intentions. These small 
criticisms, however, are minor points when com- 
pared with the excellence of the main bulk of the 
book. 

The latter half of the volume is taken up largely 
with the arrangement of the apparatus comprising 
a power system, and the estimation of the circuit 
characteristics. Chapters XVI to XIX deal with the 
use of impedance, the design of the necessary re- 
actors, and the calculation of the power that may 
flow upon the occurrence of a short circuit in a given 
system. The last is accompanied by useful data 
regarding the cables that are likely to be involved 
and by a very clear method of arriving at the required 
results. The problem of supplying small consumers 
from large systems is considered in Chapter XX. 
Before dealing with the lay-out and choice of appa- 
ratus in power plants, a very practical chapter is 
introduced upon the mechanical effects of load and 
short circuit currents. The authors have continued 
to indicate those parts of the subject wherein further 
knowledge is needed, a policy which is to be com- 
mended from every point of view. Such abstruse 
matter as the mechanical attraction and repulsion 
between oil switch current-carrying parts, caused by 
the passage of heavy currents, are dealt with in a 
direct and lucid manner. 

The arrangement and design of D.C. and A.C. 
switchboards absorb the remaining eight chapters, 
the term “switchboard” including not only the 
original flat-back panel, but also the various patterns 
of stationary and truck-type cubicle, metal-clad and 
compound filled switchgear, and outdoor apparatus. 
As might be expected from authors so closely con- 
nected with the creative side of the profession, the 
most recent practice and designs are described as 
well as those that have led up to them. In reading 
these chapters, one notes with continual apprecia- 
tion, the insertion of practical data just where such 
information is needed by the engineer, and is 
ordinarily not very easy to secure. The various 
types of plant are grouped in a logical manner and 
fully illustrated by wiring diagrams. In connection 
with the diagrams representing the D.C. panels, 
we do not altogether care for the method of indicat- 
ing the generator windings, which is not only un- 
| usual, but seems unnecessarily difficult to follow out. 
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The last chapter deals with lightning arresters, 
a subject which is not of great importance in Great 
Britain, and perhaps for this reason the treatment 
is a little sketchy. 

The illustrations deserve a brief notice, both for 
their general excellence and for their quantity. 
There are just over 200 figures in all, as compared 
with 325 pages of reading matter, and they are 
entirely appropriate to the text. They are also, 
in the majority of cases, admirably executed, 
although a few reproductions from photographs, 
such as those used for Figs. 2, 6, 10, 18 and 20, 
show signs of wear, a matter which will, presum- 
ably, be rectified in later editions. The examples 
employed as illustrations might well have been 
selected from a wider circle of manufacturers. 
Taken on the whole, however, they not only provide 
generous assistance to the reader with regard to the 
understanding of the text, but they also convey a 
large amount of information in addition to that 
which is set down in words. We have no hesita- 
tion in commending the fruits of Messrs. Wedmore 
and Trencham’s labour to all those engineers and 
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technical draughtsmen who are engaged, or hope | that their inhabitants can reach the highest physical 
to be engaged, in the operation, design, or construc- | and mental development of which they are capable. 


tion of switchgear for electric power control. 


The Art of Town Planning. By H. V. LANCHESTER, 
F.R.I.B.A. London: Chapman and Hall, Ltd. [Price 
21s. net.) 

Ir town planning is ever to rise to its full possi- 

bilities, it will be necessary that there shall be an 

educated public who will desire that our towns and 
cities shall not merely be healthy from a sanitary 
point of view, but that they shall also be places 
of beauty, of which they can feel proud as citizens. 

Mr. Lanchester, in his work on ‘‘ The Art of Town 

Planning,” has written a book, not excessively 

technical, but eminently readable, and one that 

should be interesting as well as instructive to 





The author, in the first part of the work, reviews 
the history of town planning, and, in the second 
part, the present-day requirements, such as housing, 
education, civic works and parks, and, as the title 
suggests, deals with the subject as an art. He 
states, in his introduction, that the claim of Archi- 
tecture as the dominant art in town planning, can 
hardly be resisted, and such subjects as water sup- 
ply and drainage are only incidentally mentioned; 
but from many of his subsequent statements he 
would appear to be prepared to admit that, from 
the early days when defence was the dominating 
principle in town planning, down to the present day, 
when traffic and transport have taken its place, the 
engineer has had a large share in this art which, 
on its more practical sides consists in the con- 


anyone in anyway engaged in civic activity or| venient arrangement of sites and buildings to meet 
development, either as civil engineer, architect, or | the religious, social and economic demands of the 


member of a municipal corporation. 


should help to create the well-informed opinion | 


The book | period. 


Need is shown for the study of this subject. In 


that will ultimately result in our towns being such! Medizval times there was little organised planning, 
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except that towns centred on the Church and 
market, with the Castle dominating one side; the 
remainder of the buildings were crowded together 
by the influence of the containing walls which created 
congestion and overcrowding. Even later, when 
this period was succeeded. by the industrial age, in 
the poorer parts of towns there was no planning 
except that demanded by the economics of arrange- 
ment and construction. The previous standards of 
density were not amended and the need for better 
conditions was not visualised, except by a few 
advanced thinkers, and the joyless streets con- 
sisted of ’? warehouses for goods and warehouses for 
human beings.” , 

It was not until about 1845 that any strong move- 
ment arose to bring about a change, by means of 
sanitary measures, by improved buildings regulations 
and by a limited provision of openspaces. As far as 
England is concerned, one great opportunity was lost 
after the Fire of London, when Wren’s plan for 
dealing with the destroyed area was discarded. 
Consequently no example was set to the country 
of the value of good planning. It is possible, how- 
ever, that our neglect in this country of organised 
town plans down to almost the present day, is due, 
as the author suggests, to our Anglo-Saxon love of 
open spaces and rural life, that, though driven out 
of the country by force of circumstances, we have 
never become genuine townsfolk, and while in some 
countries, the cities absorb the wealth and fashion 
of the nation and are the only fixed abodes of edu- 
cated society, in this country the Metropolis is 
regarded as a mere gathering place of the classes, 
where they devote some portion of the year to 
gaiety, and return again to the apparently more 
congenial habits of rural life. This view is sup- 
ported by the essentially English development of 
the garden city and garden suburb. 

Even at the present day much remains to be done 
and learnt on this subject and the author points out 
many ways in which engineers, if they will, can help 
to add to the dignity of our cities. Such structures 
as docks, bridges and railway stations, to name only 
three important items, are almost exclusively in 
their hands and the recent controversy on the 
London bridges has shown that the claims of utility 
and art are still at variance, while, if the spirit of 
civic pride could be developed, these claims would 
more easily be reconciled. With regard to railway 
stations, these are the modern gateways of a town; 
but how often in England is the building unworthy 
and how inadequate the arrangements for approach, 
The excuse of economy can hardly defend them, 
when their inconvenient and haphazard plans are 


compared with some Continental examples and | 





many of the modern New York termini where the 
stations abut on open spaces and provision is made 
for separate routes for incoming and outgoing 
passengers between the street and platform. Em- 
bankments and viaducts also have wrecked the 
orderly plan of many town areas, and extra- 
ordinarily ugly bridges are still provided without 
any consideration to the artistic effect. 

The development of mining areas is another 
subject which falls within the engineers’ province. 
In this connection, opportunities frequently occur 
to work out a well-planned housing scheme. For 
new districts such as the East Kent coalfield the 
author recommends a central town with good 
transit facilities rather than a series of pit-head 
villages, with their very'severe limitations for educa- 
tion, art, amusement, shopping and general business, 
and with this suggestion we are in complete agree- 
ment. 

His ideas on street lighting are more questionable, 
as he advises that the lights should not be used 
solely to light the streets, but also to illuminate the 
fronts of the buildings, drawing attention to what 
has been done by stage effects. 

Considering the importance of street planning 
and traffic problems, one is surprised to find what 
a small space the author has devoted to these 
subjects—only a little more than to trees suitable 
for street planting. The book could be greatly 
improved by further information on this subject, 
with illustrations of good street junctions and 
methods of planning important centres; that he 
could deal with these problems is shown by: the 
ideas he develops for subway connections between 
theatres and restaurants with the underground 
stations in their neighbourhood. 

The book is well illustrated with aeroplane photo- 
graphs, though these have not always an accom- 
panying reference in the letterpress to explain the 
point they are meant to illustrate. Generally one 
is in agreement with the principles advocated. 





PUMPING STATION FOR FEN 
DRAINAGE. 


(Concluded from page 102.) 


WE may now conclude our account of the pump- 
ing station designed by Mr. E. G. Crocker for the 
Haddenham Level Commission by briefly describing 
the pumping machinery with which the station is 
equipped. The general arrangement of the 
machinery is illustrated in Figs. 26 to 29 on the 
opposite page, while Figs. 30 and 31 above, are re- 
produced from photographs showing the interior of 
the station. The oil engine was constructed by 
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Messrs. Vickers-Petters, Limited, of Ipswich, and 
is one of their well-known semi-Diesel, two-cycle 
vertical type, with two cylinders 12 in. in diameter 
and a piston stroke of 14 in. It develops 70 brake 
horse-power when running on crude oil fuel at 275 
r.p.m., and is directly coupled to a 24-in. low-lift cen- 
trifugal pump made by Messrs. Gwynnes Engineering . 
Company, Limited, Hammersmith. The auxiliary 
machinery, also shown in the general arrangement 
drawings, includes an air compressor for supplying 
starting air to the engine, a centrifugal circulating 
pump, a vacuum pump for priming the main pump 
and a fuel pump for filling the oil-storage tank on 
the top of the building from the sump, as explained 
on page 101 ante. A 5 h.p. Petter petrol-paraffin 
engine drives the whole of the auxiliary machinery 
by belt, as will be clear from Fig. 29. 

According to the. specification, the plant was 
required to discharge 45 tons of water per minute 
against a static head of 12-5 ft. when running at a 
constant speed of 275 r.p.m., the fuel consumption 
at this load not to exceed 0-58 1b. per brake horse- 
power per hour of crude or residual petroleum having 
a net calorific value of not less than 18,000 B.Th.U. 
perlb. The pump was required to be self-regulating 
so that the maximum overload should not exceed 
5 per cent. as the static head varied from a maximum 
of 15 ft. toa minimum of 7ft. It was to be designed, 
however, to have a maximum efficiency at a static 
head of 12-5 ft., at which head the overall efficiency, 
in terms of water horse-power, was required to be 
70 per cent., including the loss in the pipe line, 
On the actual trials, we understand, these require- 
ments were easily complied with, the discharge 
being nearly 9 per cent. greater than that specified. 

The plant, we may mention in conclusion, was 
completed in February, 1921, and has cost only 
a few shillings for repairs since it was first put to 
work in April of that year. In 1923, the plant was 
in operation for 1,863 hours in all, and from 
January 21 to 26 of the following year it was run 
continuously for a period of 136 hours, the consump- 
tion of fuel oil during this run amounting to 
460-81b., the lubricating oil used being 34 gallons. 
In round figures, the total cost of the whole installa - 
tion amounted to 4,050/., of which sum the building 
and foundations accounted for 1,150/. and the 
machinery for 2,900/. 





BENDING SMALL Tuses.—In making coils and spirals 
of small tubing, the Bureau of Standards at Washington 
has adopted the plan of filling the tubes with ice. i 
has the advantage of being very easily got rid of after 
the completion of the operation, and has proved very 
effective. To produce the ice filling, the tube, after 
charging with water, is immersed in a bath of ice and galt. 
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NOTES ON NEW BOOKS. 


WELL known as an engineer and explorer of the history 
of engineering, and as editor of the Contributions to 
the History of Technics and Industry which the Verein 
Deutscher Ingenieure has been publishing annually 
since 1919, Professor Conrad Matschoss was asked by 
that institution to edit a biographical handbook to be 
ready in time for the opening of the Deutsche Museum 
at Munich last June. The book, entitled ‘‘ Manner der 
Technik,” was duly prepared. It is dedicated to Oscar 
von Miller, the founder of the museum, and is pub- 
lished by the institution at the price of 28 marks. 
The charge that encyclopedias, general and special, 
have always space to notice princes, military men, 
artists (and criminals), but seldom any for technical 
men, though many of the latter have been real 
benefactors of mankind, is certainly not less justified 
in the case of England than of Germany. We have 
searched in vain in English encyclopedias for many 
of the names of Englishmen whose lives and achieve- 
ments Dr. Matschoss and his collaborators outline. 
The handbook does not deal with living men; but is 
well up to date, and duly mentions Kirk, Isherwood, 
Ziese, Heyn, C. P. Steinmetz, C. E. L. Brown, H. R. 
Towne, and Féppl, who died in recent years. Emil 
Fischer, who certainly was more a technical man 
than were Euler and Leibniz, and as a chemist was 
not second to A. W. Hofmann, receives no mention. 
But such omissions are really questions of available 
space, and it will be acknowledged that the 850 
biographies, with 106 portrait sketches, condensed 
into 306 pages of small quarto size, are fairly inter- 
national and well written. 





In its general arrangement the “‘ Report of the Progress 
of Applied Chemistry,” vol. ix, 1924, issued by the 
Society of Chemical Industry and published by the 
society [46-47, Finsbury-square, E.C.; price to non- 
members, 12s. 6d.] follows approved lines. The 
600 pages of 1923 have grown into 680 pages, partly 
owing to the re-inclusion of a long section on Photo- 
graphic Materials and Processes, in which Dr. Walter 
Clark deals with the advances of the last two years. 
One of the difficult problems of the kinematograph is 
the production of stationary pictures from a continu- 
ously moving film, and of the many proposed solutions. 
Dr. Clark considers the ring-lens of K. Weiss and the 
rotating mirrors of Leitz as the most promising. 
Many of the sections have again been entrusted to new 
contributors ; but in some cases, as, for instance, that of 
Fuel, the work has once again been taken up by the 
former compilers, Messrs. J. W. Cobb and H. J. 
Hodsman, who naturally have a good deal to say on 
pulverised fuel and carbonisation. The first section 
on Plant and Machinery is rather general and intro- 
ductory and of omnibus character. It necessarily 
overlaps others. Mr. S. G. M. Ure deals in it with 
nitrogen fixation plants, of which more is to be 
learned in the sections on Acids and Alkalis (now 
compiled: by Messrs. P. Parrish and F. C. Snelling), 
on Fertilisers (by Mr. H. J. Page) and on Explosives 
(by Dr. J. Weir, as last year). Mr. Ure refers to 
fuel, beet sugar, the Wembley Exhibition and World 
Power Conference, pulverising and grinding, boilers and 
steam supply, catalysis and centrifuges, and, further, 
to the opening of the Ramsay Memorial Laboratory, 
the Institution of Chemical Engineering, and a few new 
books, items best mentioned in the first section, no 
doubt, though perhaps not in the order he has adopted. 
They come rather oddly under the heading Plant and 
Machinery. The reader is able, however, to discover 
quickly, with the aid of good name and subject- 
matter indexes, and the competent reviews, what has 
been done in Gas and Tar Products, Mineral Oils, 
Textiles, Bleaching, &c., Glass, Iron and Steel, Electro- 
chemistry, Ceramics, India Rubber, and other more 
strictly chemical domains. There is no section on 
non-ferrous metals this year. 





The after-war period has been a busy time among 
writers and compilers and the publishers of pedagogic 
and instructional technical literature. The United 
States is prominent in this development, and this trans- 
atlantic literature also reflects the trend of industrial 
development. Probably in nc department of technical 
literature is this more the case than in that concerned 
with machine design, using the term in its widest 
abstract sense. The fact is the more significant in 
connection with the output of American technical books 
which are being presented attractively and at a price 
as nearly “ popular ”’ as seems likely to be possible for 
many a year. An instance in point is the recent pub- 
lication of a text-book on the “ Elements of Machine 
Design,” by two American assistant professors, S. J. 
Berard and E. O. Waters, respectively, of Brown and 
Yale Universities. Published at 10s. net in this 
country by Messrs. Blackie and Son, Limited, 50, Old 
Bailey, E.C., this covers a wide range of subjects in a 
simple and terse fashion, and is very considerably 





helped by many drawings and illustrations of machine- 
components. The large area of the pages (9 in. by 6in.) 
might be noted usefully by authors of similar text- books. 
A very commendable feature is the addition to the chap- 
ters of a bibliography of works and authors referred 
to or drawn upon in the chapter and divisions of the 
subject concerned. This arrangement both facilitates 
reference and impresses the reader with the quality of 
the treatment, since it enables him to decide the rela- 
tive importance, not to say accuracy of remarks, which 
in a work of this sort must necessarily be along peda- 
gogic lines. The student feels that he is studying 
data culled from the experience, and embodying the 
practice, of the leaders in the particular branch of 
mechanics with which he is concerned. In matters 
affecting technical publicity there is great freedom in 
the States. Unfortunately, this “open house” style 
has its drawback, of which the work in question is not 
without its quota of evidence. A tendency is develop- 
ing to become too self-centred and to overlook the 
work of others outside the country. There is an in- 
stance of this defect in the reference to worm gearing 
(page 229), where the sole example of a speciality 
form is the ‘‘ Hindley,”” which being of the hour-glass 
or concave form of worm is better known here than 
anywhere through the specialist efforts and scientific 
methods of Dr. F. W. Lanchester. The author’s 
bibliography appended to this chapter (No. XII) 
cites an J.A.E. paper on this subject (December, 1916), 
but it was actually dealt with in an earlier paper 
(Vol. VII, Proc. I.A.E., 1912-13, pp. 215-307) by 
Dr. Lanchester. The “‘ David Brown ” (Huddersfield) 
parallel worm gear which has challenged the ‘‘ Hind- 
ley” type and its amended forms, certainly claim 
attention in a further edition of this work. This 
form has been greatly developed in America as well as 
on this side for industrial vehicles, and no work on the 
subject can be considered adequate to modern require- 
ments, which omits to deal with these examples, even 
to the exclusion of less used and obsolescent mechanical 
lay-outs. The treatment of ball and roller bearings 
which forms part of Chapter VIII is almost exclusively 
American in its reference to makers. European users 
have commendation for some of the brands named, 
but in spite of our free market this country at least 
has favoured but two of the types listed. Another 
point—the form of two-piece cross-pinned ball sepa- 
rator dealt with on page 145, is less approved by makers 
of industrial vehicles than the single-piece corrugated 
separator, which originally was a German speciality, 
and merits reference in a work of this sort. This 
work in some directions hardly reflects the progress 
with which after-war development has made us familiar, 
but it has merits—e.g., terseness and freedom from 
ambiguity—peculiar to a generally satisfactory epitome 
of a study which it is increasingly difficult to cope 
with in a single volume. 





Professor L. A. Hazeltine, of the Stevens Institute of 
Technology, New York, makes a rather bold effort in 
presenting the essential elements of electrical science 
and its application to electrical engineering in a 
single volume on ‘ Electrical Engineering.” (London: 
MacMillan and Co., Limited, price. 30s. net). The 
volume, though not of larger bulk than some recent 
English books of half the number of pages which we 
have noticed, comprises, it is true, 625 pages. Yet 
the compression has involved the omission of a dis- 
cussion of electric furnaces and of alternating- 
current commutating motors, and of various types of 
special machines; ore reduction by electrolysis of 
fused salts is dismissed in four lines, the production 
of chemical compounds is allowed the same amount of 
space. Primary and secondary cells are given a few 
pages, and the page on chemical affinity, atomic 
numbers and the constitution of the atom (described 
as built up of protons and electrons) is not satisfactory, 
The volume is based on the lecture notes of the author, 
and is intended for use as a text-book for students rather 
than for self-study; particular attention is paid to 
electrical engineering. The treatment deviates in several 
respects from customary lines. The first seven chapters 
are on fundamental physical relations, electric con- 
duction, electrostatics, electromagnetism, alternating 
currents, transient currents and waves, and conduction 
in gases and electrolytes; electrons are only intro- 
duced in the seventh chapter. Then follow chapters on 
electrical measurements and machines, transformers, 
transmission and distribution and electrical com- 
munication—the last being much too brief. 





Most of the magnesium produced at the present 
time is prepared by electrolysing fused anhydrous 
magnesium chloride mixed with te chlorides of sodium 
and potassium. In magnesium chloride alone some 
oxychloride would be formed, owing to the unavoidable 
traces of moisture, and this would prevent the coagula- 
tion of the globules of the magnesium liberated. 
Magnesium chloride is plentiful and cheap in potash 
salt deposits and in sea salt works. The discovery 


of immense deposits of magnesia in. Southern Man- 
churia induced Mr. Ichitaro Namari to study the 
utilisation of the material in deposits also by electro- 
lytic methods. He has now described his researches, 
which go back to the year 1922, in a book on “ The 
Electrolytic Separation of Magnesium from Magnesia,” 
published at Sakai (Japan). In preparing his electro- 
lyte Mr. Namari fused a mixture of sodium and 
potassium chloride at 700 deg. C., added ammonium 
chloride and gradually calcined magnesia. In the 
process ammonia escapes, and the three chlorides are 
obtained in proportions suitable for electrolysis. In 
other experiments he dissolved magnesia in the fluorides 
of potassium, barium, calcium and cryolite (aluminium- 
sodium fluoride) and obtained then directly a 
magnesium-aluminium alloy containing from 5 to 10 
per cent. of the latter metal. A fluoride bath has for 
some time been used by the American Magnesium 
Company at Niagara Falls, a fact apparently unknown 
to Mr. Namari. The addition of cryolite for the 
preparation of the alloy is, however, probably novel. 
Mr. Namari found that he had to use a high tempera- 
ture, about 1,000 deg. C., and the electrolyte attacked 
the apparatus, the current efficiency was low, and it 
was difficult to separate the alloy from the kathode. 
He does not recommend this process, therefore. 
Experimentally he used cathode rods of graphite or 
iron in an anode crucible of the same materials ; com- 
mercially he would make the crucible the cathode. 





The term “ permanent way ” given to railway tracks 
is, unfortunately for the railway companies, rather a 
misnomer. Railway tracks, like many other things, 
are, in point of fact, only too liable to change. They 
are subject to wear and tear under traffic, while the 
vagaries of the weather have a great influence, also, 
on their life. Improvements in rail manufacture, in 
the materials used for sleepers, in the service of trains, 
and so forth, also affect the renewal of track which 
was probably considered perfect at the time it was 
first put down, ten years or so previously. Even 
with modern high-class tracks frequent inspection and 
renewal are essential. A number of manuals for 
engineers and foremen platelayers and others have 
appeared from time to time. Some are practically 
accepted as standards. A recent book to appear on 
the subject in the French language, is the “Manuel 
Pratique des Poseurs de Voies de Chemins de Fer,” 
by Henri Salin, 5th edition, issued at the price of 
15 francs, by Dunod, 92, Rue Bonaparte, Paris 6. 
The size of this volume is 84 in. by 5} in., and 
contains about 300 pages of profusely illustrated matter 
on the subject. After a few pages on the laying out 
of curves it enters in detail into the question of track 
laying both with bull-headed and flange rails, track 
maintenance, the laying of switches and crossings, 
earthworks, ballasting, &c. 





The translation of a reprint, dated 1920, of the 
second edition of 1910 of a book, which came out first 
in 1903, requires some justification. We refer to the 
“Technology of Wood Distillation,” ,by M. Klar 
(London: Chapman and Hall; price 25s. net). The 
translator is Dr. Alexander Rule, F.I.C. Mr. Klar 
justified his reprint by the statement that the wood 
distillation industry in Germany had scarcely under- 
gone sufficient change up till 1920 to render a new 
edition necessary, and Dr. Rule considers that this 
statement may be said to apply to European practice 
generally. We are inclined to agree. Of the many 
varied papers brought before the World Power 
Conference last year only two dealt with wood 
waste utilisation (see ENGINEERING, July 11, 1924, 
page 39). The acetic acid, acetone and creosote 
industries have certainly developed, but chiefly in 
applications and on synthetic lines, apart from wood 
distillation. Dr. Rule would not have entered upon 
his task if Mr. Klar, who is director of the Chemische 
Werke Henke and Baertling, at Holzminden, had not 
been a recognised authority on wood distillation. He 
has been responsible for the construction of many 
plants in Europe and abroad. Dr. Rule has made some 
additions to his translation. In the manufacture of 
pyroligneous acid and wood spirit the wood is slowly 
and continuously distilled. The aqueous acid obtained 
cannot be concentrated directly much above 12 per 
cent., and is therefore neutralised with lime or soda. 
The salt is then dried. It is the practice in small 
English plants more than in Germany for the acid, 
freed of its naphtha, to be run over scrap iron and 
turnings and converted into “ iron liquor” to be used 
as a@ mordant. Descriptions of mechanical retorts, 
of Ross and Corner and others, and of flow sheets 
illustrating the manufacture of acetone and methy! 
alcohol, and a concluding chapter on recent progress, 
have also been added. The volume deals with the raw 
materials, the distillation process and its products, 
comprising wood tar and wood gas, their utilisation 





and working up; there is also an analytical section. 
The wood distillation industry received its first 
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temporary impetus from the coal tar colour industry 
which utilised the wood-spirit as a solvent; more re- 
cently it was the demand for acetone as a solvent in the 
explosive and dope industry which stimulated wood 
distillation. But the importance of the process is now 
limited to countries in which wood waste is plentiful. 
Modern practice favours large distillation units; but 
Mr. Klar pays due attention to the more common 
plants of smaller size. 





In order that Londoners may have full knowledge 
of the way in which their affairs are conducted, the 
London County Council publishes each year a complete 
record of its activities in the form of a four-volume 
Annual Report. These ponderous publications do not, 
as a rule, appeal to the general public and, consequently, 
the average citizen remains in ignorance of the nature 
and extent of the work performed by the Council. 
On account of this, the Council has recently commenced 
to issue a series of popular handbooks under the general 
heading: “The London County Council and what it 
does for London.” One of these pamphlets is entitled 
“The London Fire Brigade.” This pamphlet deals in 
an attractive manner with the London fire-fighting 
organisation and contains a great deal of information. 
The subject is introduced by a history of the Brigade, 
and it is interesting to note that in 1707 each London 
parish was required by Act of Parliament to maintain 
“one large engine, one hand engine and one leather 
pipe.” Furthermore, churchwardens were ordered ‘‘ to 
fix fire cocks on water mains and pipes, and to place 
marks on neighbouring houses to show the position of 
these cocks.” After various changes in administration 
the control of the Brigade was taken over, by the 
London County Council, from the Metropolitan Board 
of Works in 1889. In 1911, when horse-drawn ap- 
pliances wete in general use, the total number of fire 
stations in London amounted to 83. With the intro- 
duction of motors having a wider area of effectiveness 
the number of stations has gradually been reduced 
to 62. A few judiciously chosen statistics are quoted 
in the pamphlet, together with short accounts of 
notable recent events. These include air-raid fires, 
the Silvertown explosion, and the destruction by fire 
of the London Hop Exchange. A few hints on fire 
protection, and a map showing the position of all fire 
stations in London, are given as appendices. This 
little book has been carefully compiled and is well 
printed on good paper. It is an excellent example of 
what a ‘“‘ popular handbook” on a little known but 
important subject should be. The University of 
London Press, Limited, are the publishers, in associa- 
tion with Messrs. Hodder and Stoughton, Limited, 
and the price of the book is 6d. net. 





SUB-STATION EQUIPMENT ON THE 
SOUTHERN RAILWAY. 


In connection with the recent opening to traffic of 
the first portion of the South Eastern Section of the 
Southern Railway to be operated by means of electricity 
plant for a number of sub-stations has been supplied 
by the General Electric Company, Limited, of Magnet 
House, Kingsway, London, W.C.2. There are eight 
similar sub-stations which have been built at Eltham, 
Sidcup, Dartford, Shooter’s Hill, Barnehurst, Charlton, 
Plumstead, and Belvedere. Each is supplied with 
three-phase current at a pressure of 11,000 volts and 
a frequency of 25 cycles from a switch house at 
Lewisham Junction. The apparatus installed at the 
sub-stations comprises two six-phase compound wound 
rotary converters designed to give a normal output 
of 1,500 kw. at a pressure of 660 volts with a 
speed of 500 r.p.m. These rotaries have a large 
overload capacity. The machines are designed to allow 
of ample leakage and creepage surface being available, 
while a high centre line reduces the possibility of an 
- being formed between brush-gear and the bed- 
plate. 

It was a condition of the specification that each 
converter should be capable of withstanding a load of 
4,500 kw. for 10 seconds. During the official trial 
this load was sustained for 25 seconds. An especial 
effort was made to secure high efficiency at half as 
well as full load, on account of the varying nature of 
the demand to which the rotaries are subjected. On 
test, efticiencies of 94-65 per cent. at half load and of 
96-26 per cent. at full load were obtained. Each 
machine is self-synchronising. A starting motor is 
fitted which prevents the possibility of the converter 
greatly exceeding the synchronous speed such as might 
otherwise occur in case of inadvertance on the part 
of the attendants. Due to the arrangement of this 
starting motor the converter tends to run at the 
synchronised speed, quite apart from the synchronising 
action of the machine itself. 

“Starting switchgear of the enclosed steel-plate pillar 
type with external operating levers is supplied for the 
converters, the pillars being mounted on the station 








floor in close proximity to the machines. In place of 
the usual open type of starting panel, however, all the 
apparatus is enclosed in a black enamelled steel-plate 
pillar, fitted with hinged doors, synchronising choke 
coils being mounted in the basement below. Each 
pillar is provided with a triple-pole circuit breaker for 
the starting motor, a triple-pole synchronising switch 
with sequence device and set of synchronising 
choke coils, a double pole cut-out field breaking switch, 
a direct-current 8-in. dial moving coil voltmeter and 
an alternating-current 8-in. dial moving iron volt- 
meter connected across one of the choke coils. Each 
sub-station contains extra high tension switchgear 
controlling the incoming and outgoing alternating- 
current feeders and station auxiliary transformers. 
This switchgear is contained in a number of moulded 
stone cubicles in the basement, the operating mechanism 
and instruments being mounted on panels forming an 
integral portion of the low-tension switchboard on the 
floor above. ; 

Each incoming or outgoing feeder and main trans- 
former cubicle is fitted with a mechanically remote 
controlled type three-phase oil circuit breaker. A 
separate steel tank is provided for each phase. Feeders 
are also supplied, with the necessary instrument 
transformers, isolating links, and a single set of three- 
phase bus-bars. The cubicles are arranged with the 
bus-bars in two sections, which can be separated by 
isolating links when desired. The complete direct- 
current switchgear, which controls all outgoing direct- 
current feeders and station auxiliary plant in addition 
to the rotaries and the alternating-current operating 
panels, is mounted on the main floor of the station on 
enamelled slate slabs fixed to an angle iron framework 
to form one complete board. Each rotary converter 
is provided with a direct-current positive panel, an 
alternating -current control panel and a direct-current 
negative panel. A separate panel is also provided for 
each alternating-current feeder and for the direct- 
current traction feeders. At Eltham, Shooter’s Hill, 
Barnehurst, Charlton and Plumstead, complete equip- 
ment for two extra high-tension incoming and two 
outgoing feeders, two extra high-tension transformer 
feeders and two auxiliary transformers, complete 
with E.H.T. fuses and current limiting resistances are 
supplied, whilst the other three stations are similarly 
equipped with the exception that no outgoing feeder 
is provided. The Eltham, Sideup, Shooter’s Hill, 
Barnehurst, Plumstead and Belvedere stations are 
each fitted with equipment for controlling two direct- 
current rotaries, four traction feeders, and one battery. 
Low-tension equipment for one auxiliary transformer 
is provided. 





CALENDAR.—We have received an illustrated monthly 
calendar from Messrs. Manlove Alliott and Co., Limited, 
laundry engineers, of Nottingham. 

Domestic Exvectric SuPPLIES : ADDENDUM.—In the 
paragraph entitled ‘‘ Domestic Electric Su sag 
which appeared on page 103 of our issue of y 24, 
a list of names of those persons who had been appointed 
members of an Advisory Committee by the Electricity 
Commissioners was given. We omitted to state that 
Major H. Richardson and Mr. W. A. Pearman are also 
members of this committee. These gentlemen repre- 
sent the Conference of Chief Officials of the London 
Electric Supply Companies. 





Traut Trip or ss. “ Crry or Devut.’’—The steamer 
City of Delhi, which was built at the Wear Shipyard of 
Messrs. William Gray and Co., Limited, of West Hartle- 
pool, to the order of the Ellerman Lines, Limited, 
recently ran a successful trial trip. Some particulars 
regarding this vessel were given on page 466 of our 
issue of April 10 of this year, and some interest 
attaches to her being the second vessel to be fitted with 
high-pressure quadruple engines, working with cylin 
drical boilers, in which the steam pressure is 250 lb. 
per square inch. 





CHARTERED ELEecTRIcAL ENGINEERS IN THE IRISH 
Free Statre.—Under the Bye-Laws of the Institution 
of Electrical Engineers, its corporate Members are 
designated chartered electrical engineers, and the care 
exercised by the Institution in admitting to Corporate 
Membership has conferred a definite professional status 
of a high order upon such members. It is satisfactory 
to know that the Irish Free State Government recognises 
this, and that the Corporate Members of the Institution 
practising in the Free State are regarded by them as 
possessing full professional qualifications. In view of 
the altered conditions in 1925, the Council of the Institu- 
tion specially authorised the Committee of the Irish 
Centre which meets in Dublin to advise the Irish 
Government on matters concerning electrical engineer- 
ing, if such advice is desired, and, although no official 
steps have as yet been taken, the relations between the 
Free State Ministry of Industry and Commerce and the 
Irish Centre have been entirely satisfactory. Informal 
assistance has been given whenever asked for, and there 
is little doubt: that in any legislation which may be 
effected in the future, the position of chartered electrical 
engineers in the Irish Free State will be fully safeguarded. 





THE MALLEABILITY OF CAST 
NICKEL. 


THE casting of nickel presented so many difficulties 
that for a considerable number of years after the 
discovery and isolation of the metal, and down to 
comparatively recent times, it was only available in 
the form of small cubes and grains. Castings of nickel 
and of its alloys were brittle and could not be rolled 
or drawn. This foundry brittleness was thought to be 
due to the presence, within the metal, of nickel oxide, 
and experiments were made with various deoxidising 
agents; additions of manganese were tried with some 
success. Finally, in 1879, T. Fleitmann, a German 
metallurgist, discovered and patented a process which 
consisted of adding metallic magnesium, in amounts of 
from 0-05 per cent. to 0-125 per cent., to the molten 
nickel, just prior to casting. This method was com- 
pletely successful in imparting ductility to the resultant 
metal and, with only slight modifications, is used at the 
present time. Even under modern improved melting 
conditions, cast nickel alloys are seldom malleable 
without the magnesium treatment. 

So successful was the process that the mechanism 
of the reaction was not investigated and the original 
brittleness of cast-nickel alloys was still somewhat 
vaguely explained as being due to the presence of 
oxides and dissolved gases. That there was something 
more in the action of the magnesium on the nickel 
than mere deoxidation and degasification was becoming 
increasingly apparent, and an investigation was begun 
in 1921, by the United States Bureau of Standards, 
with the object of ascertaining, firstly, why cast nickel, 
when not treated with magnesium, was brittle, and, 
secondly, what reactions took place upon the addition 
of magnesium to molten nickel. The results of the 
investigation are given in Technological Paper, No. 281, 
of the Bureau of Standards, published by the Govern- 
ment Printing Office at Washington. 

The influence of nickel oxide was first studied and, 
contrary to expectations, the presence of oxygen up 
to 0-24 per cent. had little effect upon the malle- 
ability of the metal. Experiments with carbon 
monoxide, carbon dioxide, oxygen, and nitrogen, 
forced the experimenters to the conclusion that nickel 
was not rendered brittle by the presence of these 
gases. On the other hand, the addition of small 
amounts of sulphur to pure nickel had a marked 
effect, the presence of as little as 0-005 per cent. 
producing brittleness. Metallographic examination 
showed that sulphur, in combination with nickel to 
form Ni, 8,, collects as a thin brittle film around the 
crystal boundaries. Moreover this sulphide forms a 
eutectic with nickel, which melts at a temperature as 
low as 644 deg. C., and, consequently, the cohesion 
between the grains of nickel is impaired and, in some 
cases, completely destroyed. Forging at any tem- 
perature is thus rendered impossible. Magnesium, 
however, has greater affinity for sulphur than nickel has, 
and, when added to a nickel melt, the former converts 
the Ni, S, present, into magnesium sulphide (Mg S). 
The beneficial effect of this reaction is due to the fact 
that the magnesium sulphide, instead of forming 
intercrystalline films, appears as small, hexagonal 
inclusions, uniformly disseminated throughout the 
nickel crystals. The metal is rendered malleable 
because these small, scattered particles have little 
or no effect upon the mechanical properties of the 
material. 





Launcu or T.S.8S. “‘ Carare.”—Recently Messrs. 
Cammell Laird and Co., Limited, launched from their 
Birkenhead yard the twin-screw steamer Carare, which 
is being built to the order of Messrs. Elders and Fyffes, 
Limited. The vessel is intended for trading between 
the West Indies, Central America and Europe, and will 
carry mails, fruit cargoes, and 104 single-class pas- 
sengers. The latter will be accommodated in one, two, 
and three-berth cabins on the upper and bridge decks. 
The Carare has a length of 425 ft., a moulded breadth 
of 55 ft., and a depth, measured to the upper deck, of 
32 ft. 10 in.; the draught, when loaded, will be 
25ft.9in. Insulated compartments will be disposed on 
the main, lower, and orlop decks, fore and aft of the 
machinery spaces, and in the lower holds forward. 
Refrigerating machinery situated in the shaft tunnel 
space will produce the low temperatures required for the 
preservation of fruit. In this connection two cooler 
houses will be placed on the upper deck, one in the forward 
well and the other in the after well. Each house will 
contain two brine-circulated air coolers. Large motor- 
driven fans will circulate the air from the coolers through 
the whole of the insulated compartments. Cargo will 
be handled by means of four 5-ton derricks fitted to 
each mast ond. operated by four steam winches. The 
propelling machinery will consist of two sets of triple- 
expansion engines having cylinders 234, 394 and 67 in. 
in diameter and of 48-in. stroke. Steam will be supplied 


by two double-ended and two single-ended boilers at a 
pressure of 205 1b. per square inch. The vessel is being 
constructed under special survey of the British Corpora- 
tion and — in all respects with the latest require- 
ritish Board of Trade. 
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BOILER FEED REGULATOR FOR HIGH PRESSURES. 


CONSTRUCTED BY THE CROSBY VALVE AND ENGINEERING COMPANY, LIMITED, ENGINEERS, LONDON. 
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THE CROSBY BOILER FEED 
REGULATOR. 


In endeavours to obtain the maximum possible 
efficiency in the working of steam plant many sources 
of loss are discovered, which might be eliminated 
if satisfactory means for dealing with them were 
obtainable. An example, and one of considerable 
importance, is the maintenance within narrow limits of 
the level of the water in the boiler. The hand adjust- 
ment of the running of feed pumps to meet the varia- 
tions in requirements is a tedious process, demanding 
continuous attention, and the boiler attendants are 
inclined to work on the principle of running the level up 
to too high a value in order to ensure that further 
attention will not be required for some time. This 
though a natural human failing is contributory to 
inefficiency in steam generation. The losses which may 
be incurred in this way may be avoided by the elimina- 
tion of manual control and the institution, in its 

lace, of a satisfactory means of automatic regulation. 

hat the need for such control devices has been felt 
is shown in an unmistakable way in all the new 
large power stations. Without exception, auto- 
matic means of control have been provided, and we 
Cor ee to describe in this article that type of boiler 
feed regulator, manufactured by the Crosby Valve and 
Engineering Co., Limited, of 41, Foley-street, London, 
W.1, for the purpose of dealing with modern high- 
pressure conditions, which has been already put to 
service in some of the largest British and Continental 
power stations. 

In principle the Crosby regulator consists of a small 
boiler, the evaporation in which, and consequently the 
pressure, are affected by the amount of heating surface 
it presents to steam from the main boiler, which is 
changed with every alteration of the level of the 
water in the main boiler. As the evaporation takes 
place, the steam produced inside the small boiler is 
conducted away for condensation, and its pressure is 
used to cause deflections of 4 diaphragm, to which is 
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connected the spindle of the valve for the steam supply 
to the pump. As the conditions change, it will be 
recognised that the amount of steam passing to the 
pump is altered, and the suitable proportioning of the 
components has made possible the control of the feed 
water to ensure that the level of the water in the boiler 
is maintained at sensibly the same level during all the 
changes of requirements which it has to meet. 

The actual details of the equipment of a Crosby 
boiler feed regulator, suitable for service with the 
highest pressures which are at present contemplated, 
are shown in the illustrations, Figs. 1 to 8, on this 
page. From Fig. 1 it will be recognised that the boiler 
part of the device consists of a small copper pan 
and a vertical pipe. Although the pipe is shown in 
the illustration to be free from the surrounding casing 
it is only so immediately it is put into position, for 
afterwards solder or lead is run into the annulus 
between them. Connection is made to the space 
below the copper pan to the steam and water in the 
boiler. As the level of the water in the boiler varies, 
more or less of the area of the copper pan will be 
exposed to contact with the high-pressure steam, 
and consequently the pressure, though it is never very 
high, will vary from moment to moment in the closed 
boiler system of the regulator. A guage is usually fitted 
to show the magnitude of this pressure. The steam 
produced in the boiler is condensed through the loss 
of heat to which it is subjected in passing through 
the surrounding coil of copper tube, Fig. 2. At the 
foot of this copper coil the condensate is returned to 
the small boiler through a needle valve. There is 
consequentlya completely closed system for the water 
in the small boiler and the steam produced from it. 
Details at the parts where connections are made to 
the small boiler are given in Figs. 3, 4 and 5, while 
Fig. 6 is a plan of this part of the instrument, without 
the surrounding copper coil, and Fig. 7 is a section 
showing the needle valve through which the con- 
densate passes back into the boiler. 

From what has already been said it will be appre- 
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ciated that the pressure within the closed boiler system 
varies with the amount of the area of the copper 
pan, which is exposed to steam, and we have still to 
consider how this varying pressure may be used to 
control the magnitude of the opening of the valve 
admitting steam to the feed pumps. From what may 
be termed the power producer of the instrument, a con- 
nection is made to the top of the valve contro), shown 
in Fig. 8.. Here the pressure in the instrument is made 
to act on the top side of a spring-loaded diaphragm, the 
movements of which are transmitted through a Monel 
metal spindle to the valve, which passes the steam 
to the feed pump. Whenever necessary, this valve 
may be opened by means of a hand-operated lever, 
and in this position it may be locked by a pin. 

One striking feature of the design of this feed regula- 
tor is the manner in which the number of joints have 
been reduced to a minimum, and the few that remain 
have been made of types affording very little possi- 
bility of leakage. It may therefore be claimed for 
this device that it is not only a sensitive feed regulator 
which has been already borne out in many of the 
largest power stations, but it is an item in boiler house 
equipment which needs little or no attention on the 
part of the boiler attendant. In addition to this feed- 
water regulator which was designed for steam pressures 
of 500 Ib. per square inch, the firm also supplies a coil 
pattern for pressures of 160 lb. per square inch and 
upwards, which has many of the constructional features 
we have referred to in connection with the higher pres- 
sure unit and also a pattern withouta coil-cooling system, 
in which the boiler takes the form of a dumb-bell, for 
use with pressures of 70 to 160 lb. per square inch. 





Tue Cycte anp Motor SHow.—An exhibition of 
early types of bicycle is being held in connection with 
the forthcoming Cycle and Motor Show, which takes 

lace at Olympia from September 21 to 28. An appeal 
is being made to those who have such machines in their 
possession to lend them for this purpose. Particulars 
should be sent in the first instance to either Mr. C. K. 
Mills, National Cyclists’ Union, 34-35 High Holborn, 
London, or to Mr. A. J. Leahey, Cyclist’s Touring Club, 
Roselea, Hayes End., Middlesex. Every care will be 
taken of the bicycles selected for exhibition, and _ all 
— in connection with the transport of the machines 

ill be met by the National Cyclist’s Union and the 
Cyclist’s Touring Club. 
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RACK-ADHESION LOCOMOTIVE FOR THE NILGIRI RAILWAY, INDIA. 


CONSTRUCTED BY THE SWISS LOCOMOTIVE AND MACHINE WORKS, ENGINEERS, WINTERTHUR, SWITZERLAND. 
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RACK-ADHESION LOCOMOTIVE FOR 
THE NILGIRI RAILWAY. 


®’ An interesting example of a modern rack-railway 
locomotive is illustrated on Plate XIII, which accom- 
panies our issue of this week, and in the above figures. 
The locomotive has recently been supplied by the 
Swiss Locomotive and Machine Works, of Winterthur, 
Switzerland, for the Nilgiri Railway in South India. 
The machine was the 3,000th locomotive turned out 
by the Winterthur Works, which, for many years, has 
made a speciality of the construction of rack loco- 
motives, and has built up a deservedly high reputation 
in connection with them. The long connection of the 
company with such machines is illustrated by the fact 
that the first locomotive constructed by it after its 
foundation in the year 1871, was a pure rack locomo- 
tive, for the Rigi Railway. The 1,000th machine built 
in the works was « 3-cylinder, 4-6-0 passenger engine 
for the Jura-Simplon Railway and the 2000th a 4- 
cylinder, 4-6-0 express passenger engine for the Swiss 
Federal Railways. 

The Nilgiri Railway, which is operated by the South 
Indian Railway, serves a hill station on the Nilgiri 
Hills, there being a health resort for the Indian Army at 
Coonoor, which is situate at a height of 5,600 feet, while 
at Ootacamund, at an altitude of 7,500 ft., the Madras 
Government has its summer residence. The Nilgiri 


Railway connects at Metapalaiyam with a branch line 
running from Coimbatore on the Madras and Calicut 
Railway, which crosses Southern India. 
Railway is a rack and adhesion line. 


The Nilgiri 
The rack portion 
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being on the Abt system. It was the second railway 
on the Abt system to be operated in India. The first 
was the line over the Bolan Pass which was opened in 
1887. The railway was opened for service in 1898. 
It has a guage of 1 metre and a total length of 
29 miles, the rack section being 12 miles long. About 
9 miles of this rack section are curved, a length of 
5 miles having curves of 320 ft. radius. The maximum 
gradient on the adhesion section is 1 in 40, and on the 
rack section 1in12. The superstructure of the line was 
supplied by Messrs. Cammell, Laird & Co., Limited, of 
Sheffield. There are four trains daily in each direction, 
the speed on the adhesion section being 20 miles per 
hour and on the rack section 8 miles per hour. 

There are five types of locomotives in use on the line 
of which the latest, known as the X class, are similar 
to the machine we illustrate. There are twelve of these 
locomotives in use, of which the first six were supplied 
at about the beginning of the war. Four more were 
delivered in 1920, and the two most recent, at the 
beginning of this year. They were all built by the 
Swiss Locomotive and Machine Works. According 
to the specification for the engines, they are required to 
handle a train of 150 tons (which includes 50 tons for 
the locomotive) at a speed between 6 and 7 miles an 
hour up a gradient of 1 in 12-28. The tractive effort 
required for this is 28,600 lbs. and is equally distributed 
between the adhesion and rack engines. 

As will be seen from Figs. 1 and 2 on Plate XIII, the 
locomotive is of the 0-8-2 type. It is a four-cylinder 
compound, with the low-pressure cylinders’ which 
operate the rack drive situated above the high-pressure 








cylinders, which are connected to the adhesion axles. 
The cylinders, which are inclined at 1 in 25, are all of 
the same diameter, viz., 450 mm., as will be seen from 
Fig. 4, but while the stroke of the adhesion cylinders 
is 410 mm., that of the rack cylinders is 430mm. In 
addition to this, in order to obtain a proper relative 
steam volume for compounding, the upper low-pressure 
engine runs at a speed 2-1 times as fast as the lower 
engine. By building the engine with all cylinders and 
their accessory parts of the same size, the number of 
spare parts which have to be carried in stock is consi- 
derably reduced. This compounding arrangement, 
which is a patent of the Swiss Locomotive and Machine 
Works, has been applied on various mountain railways. 
Trials made on the Briinig Railway showed a saving 
of 35 per cent. in fuel as compared with a simple engine. 
The high speed of the rack engine results in very 
favourable draught conditions. 

As will be seen from Figs. 3 to 9, and also from Figs. 
10 and 11 on this page, which show the locomotive in 
course of erection in the shops, the main frame is 
arranged between the wheels with the cylinders outside, 
the double engine arrangement being worked out very 
neatly. Piston valves with inside admission are used 
for all cylinders, and Walschaert gear is employed. 
There is only one reversing arrangement, the radius 
bars on one side being connected together with a 
suspension link. As will be clear from Fig. 1, the 
outside cylinders drive on to the third adhesion axle, 
the other three main axles being connected to it 
with coupling rods. The second and third axles, 
between which the rack wheels are situated, have no 
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lateral play. The leading axle has 15 mm. for each 
wheel, the fourth axle 20 mm. for each wheel, and the 
trailing axle 85 mm. for each wheel. As is best shown 
in Figs. 2 and 3 the trailing axle is carried in a truck 
which is connected to the fourth coupled axle by a 
ball joint. This swinging truck combined with the 
Jateral play of the rear wheels enable the locomotive 
to take the curves with ease. 

The two rack wheels are supported in the main 
frames by means of rocking levers. They are subjected 
to the oscillations resulting from the main springing 
of the machine, but, as a consequence of the low- 
travelling speed, the oscillations are extremely small, 
and experience shows that the engagement of the rack 
wheels with the rack remains for all practical purposes 
constant. The two rack wheels are connected to each 
other by means of an equalizing device, so that each 
takes only half the drive. The locomotive is provided 
with four brakes consisting of an air counter pressure 
brake, which is normally used for the descent and 
operates on all four cylinders ; a hand-brake actuating 
brake shoes on the first, third and fourth adhesion axles ; 
a vacuum brake acting on both the adhesion and rack 
wheel axles, and also on the carriage axles of the whole 
train; and a shaft brake acting by means of a band 
on grooved brake discs of the intermediate shafts. 
The counter pressure brake which was first used for a 
steam rack locomotive on the Rigi Railway is now 
commonly employed on rack locomotives for controlling 
the train on the downhill journey. The principle of 
the brake is the utilisation of the weight of the descend- 
ing train to compress air in the steam cylinders, steam, 
of course, being cut off. The compressed air is blown- 
off to atmosphere through a special brake valve, and 
by the opening and closing this valve the speed of the 
train can be regulated. The details of the boiler of the 
locomotive will be followed from Figs. 2 to 6. As will 
be seen, the boiler axis is parallel with the track. For 
very steep-grade railways the axis is sometimes in- 
clined downwards to the front of the locomotive. A 
Schmidt type superheater is fitted. The cab has a 
double roof, and Jones central coupling are used. The 
main particulars of the locomotive are as follows :— 
1,000 mm. (39-37 in.). 
450/410 mm. (17}/16 in.). 
450/430 mm. (174/17 in.). 


jauge one vee 
Adhesion cylinders 
Rack cylinders os 
Adhesion driving wheels, 


diameter sive ..- 815 mm. (32 in.). 
Trailing wheels, diameter 710 mm. (28 in.). 
Main rack wheel, 

diameter 840 mm. (33 in.). 


Transmission wheels 696/336 
in.). 

1 to 1-21. 

3,080 mm. (10 ft. 1 in.). 

6,030 mm. (20 ft.). 

14 atmos. (200 Ib.). 


mm, (27-4/13-2 


Gear ratio... cee 
Rigid wheel base... 
Total wheel base... 
Steam pressure 
Heating surface— 
Firebox... ‘7 sq. m. (83 sq. ft.). 
Tubes ae a 3-7 sq. m. (790 sq. ft.). 
Total ... eon ... 81-48q. m, (873 sq. ft.). 
Superheater 2-6 sq. m, (243 sq. ft.). 
Grate area *8 sq. m. (19-4 sq. ft.). 


2 
1 
Water in boiler ... ... 2,950 litres (650 gallons). 
Water in tanks ... ... 4,600 litres (1,000 gallons). 
Coal oer eas ... 3,050 kg. (6,700 Ibs. ). 
Weight of engine, light ... 38,300 kg. (37 tons). 
Weight of engine in work- 

ing order — 


... 48,950 kg. (48 tons). 
Maximum tractive effort 


13,500 kg. (30,000 Ib.). 





THE LATE MR. P. G. MESSENT. 


To those who are concerned with the construction 
of docks and the improvement of port facilities, the 
news of the death of Mr. Philip Glynn Messent, which 
occurred at 6, Grosvenor hill, Wimbledon, on Tuesday, 
August 4, will be received with great regret. Mr. 
Messent, who was for many years chief engineer to 
the Bombay Port Trust and carried out many important 
works on their behalf, was 63 years of age. 

He was the son of the late Mr. Philip J. Messent, 
M.Inst.C.E., the chief engineer of the Tyne Improve- 
ment Commissioners, and received his education at 
Charterhouse. He was then articled to his father, and 
at the termination of his pupilage spent some time in 
the drawing office of Elswici: "Wotks. Later he was 
appointed assistant to his father, and in this capacity 
had charge of the constructicn of a quay wall built 
by divers, of concrete blocks, In September, 1884, 
he,was given the post of an assistant engineer to the 
Bombay Port Trust under Mr. G. E. Ormiston, 
M.Inst.C.E. Here he was first engaged on the com- 
pletion of similar quay wall construction and the re- 
moval of reefs of rock within the harbour at Mody 
Bunder. He then worked under Mr. G. R. Lynn, the 
resident engineer on the building of the Victoria Dock. 
This consists of a dock of 25 acres of water area, with an 
80-ft. sea entrance with gates, and a 64 ft. communi- 
cating passage to the older Prince’s Dock, closed by a 
caisson. In 1891 his services were recognised by his 
promotion to chief assistant engineer under Mr. W. W. 





Squire, M.Inst.C.E., and eventually to chief engineer in 
1899. In the first-mentioned of these capacities he 
had executive charge of the building of a new landing 
pier on concrete blocks and carried out extensive recla- 
mations. Of the new constructional work he under- 
took when chief engineer he will be remembered 
in connection with the Alexandra Dock, which covers 
50 acres, and for the building of the Hughes Dry Dock, 
which opens into it. This dry dock is 1,000 ft. long 
and has an entrance breadth of 100 ft. It has three 
caisson grooves, one in the middle, and the others 
75 ft. on either side to facilitate its division. 

Mr. Messent was awarded the C.I.E. in 1914. He 
was a Member of the Institution of Civil Engineers 
and a Fellow of Bombay University. 
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TENDERS.—It is announced by the Department of 
Overseas Trade, of 35, Old Queen-street, London, 
8.W.1, that the Victorian Government Railways 
authorities invite tenders, which should be presented 
not later than September 16, 1925, for the supply and 
delivery of a forging machine, with a hot-saw attach- 
ment, and all necessary spare parts and accessories. 
A 10-cwt. hammer and two 5-cwt. hammers are also 
required, and these should be suitable for working by 
air at a pressure of 90 1b. per square inch. All necessary 
tools, accessories, and spare parts should be covered 
by the tendered price. Manganese steel rails are needed, 
of the 100-lb. A.S. section type, and also cross-overs, 
made from the same mahal, for 5-ft. 3-in. gauge 
railway track ; tenders for these will be received until 
September 30, 1925.—The Municipality of Bulawayo, 
Rhodesia, South Africa, invites tenders, which should 
be presented not later than September 29, 1925, for 
the supply, delivery and erection of a motor-driven 
centrifugal feed pump and a Weir type feed pump ; 
an iron hotwell with fittings and piping; a complete 
high-pressure steam range; and a Green economiser 
or, alternately, a tubular or other type air preheater.— 
The Department of Technical, Industrial, and Com- 
mercial Education, Ministry of Education, Cairo, 
invites tenders for the supply and delivery of machines 
and tools comprising the equipment required for the 
School of Engineering at Gizet. For the metal work- 
shops a lathe, a drilling machine, and electric motors 
are wanted, also vices, hammers, anvils, chisels, shears, 
a grindstone, &c. Planes, squares, bevels, chisels and 
other tools are required for the wood workshops amongst 
much other material. All inquiries regarding these 
tenders should be addressed to the Department of 
Overseas Trade. 


ENGINEERING TRAINING AND 
EDUCATION. 


Whitworth and Royal Scholarships.—The Board of 
Education have issued their customary announcement 
regarding the awards of Whitworth Scholarships for 
Mechanical Science and also of Royal Scholarships. 
Six Whitworth Scholarships and two Whitworth 
Senior Scholarships will be awarded this year under 
the Foundation of Sir Joseph Whitworth to candi- 
dates possessing handicraft experience obtained in a 
mechanical engineering workshop. In addition, a 
number of Whitworth Prizes, not exceeding 25, will 
be awarded to unsuccessful candidates for the Scholar- 
ships whose work merits some form of recognition. 
Full particulars relating to these awards are now 
published under the title “‘ Regulations for Whitworth 
Scholarships, 1925,” which will remain in force for 
1926 and may be obtained ata price of 2d. through any 
bookseller or directly from any of the depots of H.M. 
Stationery Office. 

The award of Royal Scholarships and Free Scholar- 
ships tenable at the Imperial College of Science and 
Technology, London, is decided upon on the results 
of the Science Scholarships Examinations, which are 
held by the Board of Education in the month of May. 
A Royal Scholarship gives the privilege of free admis- 
sion to the Imperial College, and, subject to evidence 
of financial need, to a maintenance allowance of 
601. per session, which may be augmented in certain 
cases by a bonus of not more than 33} per cent. The 
complete regulations will be published in due course 
under the title “‘ Science Awards Regulations, 1926.” 
For these scholarships and studentships candidates 
may present themselves for examination in one of 
five groups: Engineering, physics, chemistry, biology 
or geology. The examinations in the engineering group 
will be in mathematics, applied mechanics, heat 
engines or electrical engineering, machine construction 
and drawing or naval architecture. 








P. anp O. Liner “‘ Ranout.”’—Recently the P. and O. 
liner Ranchi, which was built at Hebburn Shipbuilding 
Yard by Messrs. R. and W. Hawthorn, Leslie and Co., 
Limited, ran a successful trial trip previous to commenc- 
ing service between London and Bombay. Some par- 
ticulars regarding this ship were given on page 196 
of our issue of February 13 of this year. We would 
state that a feature of the oil-fuel burning installation 
is that it is arranged in duplicate, each of the two units 
being capable of firing all six boilers in the vessel. 





APPLICATIONS OF X-RAy SpECTROGRAPHY. — A 
pamphlet entitled “‘ Applications of X-Ray Spectro- 
graphy,” issued recently by Messrs. Adam Hilger, 
Limited, makers of scientific instruments, of 75a, 
Camden-road, London, N.W.1, gives a good deal of 
information, in résumé form, on X-ray spectrography 
and crystallography as applied to metallurgical and 
chemical problems. Reference is made to pioneer 
work on the subject and a carefully compiled list of 
recent publications, dealing with X-ray crystal analysis, 
together with a summary of the contents, is appended. 





PERSONAL.—Messrs. Vickers Limited, have now 
acquired the whole interest in the Vickers-Spearing 
Boiler Company, Limited, from which Mr. A. H. 
Spearing has resigned all connection. The name of the 
company will remain unaltered. This change gives 
Messrs. Vickers Limited, the control of Messrs. Tinkers, 
Limited, Daisyfield Boiler Works, Hyde, near Man- 
chester.—Mr. Fraser 8S. Keith, who for eight years was 
general secretary of the Engineering Institute of 
Canada, and editor and manager of the Engineering 
Journal published by that organisation, has severed his 
official connection with the Institute in order to take up 
an appointment with the Shawinigan Water and Power, 
Company, Montreal.—Messrs. Allen-Liversidge, Limited, 
of Victoria Station House, Westminster, London, S.W.1, 
have acquired the sole selling agency for Great Britain 
and Ireland of the electric welding products of Messrs. 
Buckley, Saunders and Co., Limited, of Birmingham. 





THE UNIVERSITY OF LEEDS.—The Annual Report for 
the session 1923-24 on the work of the Department of 
Coal Gas and Fuel Industries in the University of Leeds, 
compiled by Professor J. W. Cobb, C.B.E., has lately 
been published. During the year reviewed in this Report 
a notable feature was the number of students who, 
having secured degrees in chemistry at various uni- 
versities, entered the department for the purpose of 
obtaining post-graduate training with a view to taking 
a diploma, honours B.Sc. or Ph.D. degree in Gas Engi- 
neering. There was, however, an insufficient mumber 
of students attending the normal three or four years 
course of study in the University leading to a degree or 
diploma. An analysis of the numbers of students of 
gas engineering and of fuel and metallurgy shows that 
10 undergraduates attended during 1923-24, compared 
with 11 in the session 1924-25. Post-graduate degree 
students numbered four and two respectively during 
these periods, while three post-graduate diploma students 
studied during 1924~25. Though four diploma and non- 
degree students were on the register during the earlier 
of these sessions, only one was enrolled during 1924-25. 
The total number of students in attendance was 19 in 





1923-24 and 18 in 1924-25. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—There is little business passing at” 
present in the steel and engineering trades of this area, 
no doubt resulting from the joint consequences of the 
holiday ps and of the coal truce. The immediate 
outlook is obscure, and current indications point to a 
tendency of business to mark time, until peace in the 
coalfields is assured. At the commencement of the coal 
crisis, a stimulating effect was noticeable in the buying 
of raw and semi-finished materials, but now that the 
coal position for the moment has been eased, purchasers 
are Bsr rn an inclination not to commit themselves to 
actual business. Departments engaged in the manu- 
facture of railway parts, springs, axles, tyres, wheels, 
&ec., are working on a satisfactory basis with orders 
recently placed by home railways, while automobile 
steel manufacturers report a better demand, and the 
general position of this department is one that displays 
improvement as compared with a few months ago. 
In the agricultural and implement sections, trade con- 
tinues to be fairly good, the colonies being good buyers 
of farm and garden implements, while an improvement 
is noticeable in demand for this class of goods by home 
users. Electrical trades are experiencing fairly busy 
times, orders flowing more freely on home and export 
account. Ship steel makers are consolidating their 
position, increased tonnages being sent from this district. 
The future of this industry, so far as Sheffield is con- 
cerned, is particularly bright, great hopes being enter- 
tained that considerable benefit will accrue from the 
recent placing of cruiser contracts by the Australian 
Government with firms having local connections. The 
lighter trades continue to make headway, file manu- 
facturers maintaining recent improved business, while 
there is a strong call for saws of various descriptions. 


South Yorkshire Coal Trade.—The coal truce has had 
the effect of terminating the rush on fuel for stocking, 
in consequence of the threatened stoppage at the pits, 
and with the holiday setdown, the position has become 
very quiet. Best steams are in fair demand for home 
consumption, but overseas requirements still show a 
further falling off. Cobbles and nuts have maintained 
recent improvement on home account, while slacks have 
eased somewhat with the result that prices have been re- 
duced 6d. per ton. House coal is a fair market, but it is 
doubtful whether it will be maintained. Foundry and 
furnace coke are in better demand, while gas coke remains 
firm, Quotations :—Best branch handpicked, 31s. to 34s. ; 
Barnsley best Silkstone, 27s. to 29s.; Derbyshire best 
brights, 22s. 6d. to 25s. 6d. ; Derbyshire best house, 22s. 
to 24s. ; Derbyshire best large nuts, 18s. to 20s. ; Derby- 
shire best small nuts, 12s. 6d. to 14s. ; Yorkshire hards, 
18s. to 22s.; Derbyshire hards, 18s. to 22s.; rough 
slacks, 10s. 6d. to 13s.; nutty slacks, 8s. 6d. to 9s. 6d. ; 
smalls, 3s. 6d. to 5s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—There was no weekly 
market here this week, the annual August holiday being 
observed. Cleveland pig iron is in only moderate request, 
and the sales recorded are mostly in small lots to meet 
home needs. A few odd parcels are, however, selling for 
export. Stocks are low, and makers hope for improve- 
ments in demand as the Autumn approaches. No. 1 is 
obtainable at 74s. 6d., No. 3, g.m.b., is quoted 70s. 6d., and 
No. 4, foundry, and No. 4 forge, are each put at 70s. 


Hematite.—After last week’s moderately good business 
in East coast hematite, demand is quiet, and values are 
easy. Producers, however, report stocks still being 
slightly drawn upon. Nos. 1, 2, and 3 are 75s. 6d., and 
No. lis at a premium of 6d. 


Foreign Ore.—There is little or nothing being done in 
foreign ore, and market rates are nominal on the basis 
of best rubio at 20s. c.i.f., Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
moderate request for local use, and average qualities are 
21s. 6d., delivered here. 


Manufactured Iron and Steel_—In some branches of 
manufactured iron and steel, producers are fairly busy, but 
orders are much needed in several departments. 
Structural steel manufacturers, rail makers, and galvanised 
steel producers have quite a lot of work on hand. Among 
the principal market quotations are: Common iron 
bars, 111. 10s., iron rivets, 137. 10s., packing (parallel), 
8l., packing (tapered), 11/.; steel billets (soft), 7/. 10s. ; 
steel billets (medium), 8/.; steel billets (hard), 91. ; 
steel boiler plates, 12. 10s. ; steel ship, bridge and tank 
plates, 81. 10s.; steel angles, 8. 5s.; steel rivets, 131. ; 
steel joists, 81. 58.; heavy steel rails, 8/. 10s.; and 
galvanised corrugated sheets, 161. to 161. 5s. 


Shipments of Iron and Steel.—July shipments of iron 
and steel from the Tees Ports totalied 75,284 tons, as 
against 75,440 tons in June. Last month’s loadings 
were composed of 24,834 tons of pig iron, 5,518 tons of 
manufactured iron, and, 44,932 tons of steel. Of the 
pig iron cleared during July, 14,637 tons went to foreign 
ports, and 10,161 tons went coastwise ; of the manufac- 
tured iron loaded, 875 tons went abroad, and 4,643 tons 
went coastwise ; and of the steel shipped, 34,118 tons 
went overseas, and 10,814 tons went coastwise. Scotland 
was again the largest customer for pig iron, taking 
9,055 tons, whilst Belgium received 3,691 tons; Italy, 
2,000 tons ; Finland, 1,220 tons ; Germany, 1,205 tons ; 
America, 1,400 tons ; and Japan, 1,150 tons. The largest 





steel were : India, 8,792 tons; Kenya, 4,315 tons; Aden, 


Brazil, 1,763 tons; Japan, 1,229 tons; and Siam 1,004 
tons. 








+ NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade the 
reopening after the holidays has not been marked b 
any change of note. Little fresh buying is reported, 
and the orders which have been booked are mostly of 
the kind necessary to carry on current business. With 
the disappearance, meantime, of the coal trouble, the 
horizon has become slightly clearer, and this may induce 
a better inquiry, but there has been little development 
in this direction as yet. The demand from the ship- 
yards for plates and sections is still tapering off, and 
there are few, if any, signs of an improvement from 
that direction. In the black sheet trade there is a fair 
amount doing; but some of the works could do with 
more forward specifications. Galvanised sheet makers 
continue to find a ready outlet for their production, 
and prices are being maintained. Other prices have a 
tendency to ease but show little quotable change, and 
are as follows :—Boiler plates, 12/. 10s. per ton; ship 
plates, 8/. 10s. per ton; sections, 8/. per ton; and 
sheets, ;*; in. to } in., 10/. per ton, all delivered Glasgow 
stations, 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade a quiet opening has been general. 
The accumulation of orders has not been such as to 
ensure steady running of plant for any length of time, 
and the outlook is not too hopeful. Inquiries in the 
market are only moderate. Prices are unchanged, with 
“Crown” bars called 111. 12s. 6d. per ton delivered 
Glasgow. 

Scottish Pig-Iron Trade.—There has been a very poor 
demand for Scottish pig-iron since the holiday period 
ended, and the prospects of any decided improvement 
in the industry in the near future seem rather remote. 
General trade is not getting much better, and this is 
keeping back any possible expansion in the home 
demand. Export business is slow and difficult to pick 
up. The following are the market quotations :— 
Hematite, 4/. 3s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 41. 4s. 6d. to 41. 7s. 6d. per ton, 
and No. 3, 41. 2s. to 4l. 5s. per ton, both on trucks at 
maker’s yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, August 1, showed a little improvement 
and ‘amounted to 1,312 tons. Of that total 1,270 tons 
went overseas and 42 tons coastwise. For the corre- 
sponding week of last year the figures were 190 tons 
foreign and 445 tons coastwise, making a total shipment 
of 635 tons. 

Shipbuilding.—The shipbuilding output for the past 
month was again very satisfactory, and shows that a 
certain amount of activity has been ruling. The great 
trouble in the industry is, however, the lack of sufficient 
orders for new tonnage to take the place on the stocks 
of those vessels launched. New contracts reported 
during the month only totalled something like eight or 
nine, and few of these are of heavy tonnage. In the 
matter of output from the different districts the figures 
were 37 vessels of 31,981 tons for the month of July, 
made up as follows :— 

Vessels. Tons. 








The Clyde 34 30,931 
The Forth 1 550 
The Tay ... ves aaa — — 
The Dee and Moray-Firth 2 500 
Total 37 331,981 


The Clyde total is the third lowest for the year to 
date, and while rather under the average monthly out- 
put is quite good considering that July is the holiday 
month in the district. It compares with the 27,835 
tons for July last year. The total,output for the past 
seven months is now 153 vessels, of 333,888 tons, as 
against 133 vessels of 282,202 tons for last year, and 
146 vessels of 377,270 tons for the record year of 1913 
—each for the corresponding period. While only some 
43,382 tons under the previous highest total, the above 
figure for the past seven months has only been bettered 
on five occasions during the past decade. Intimation 
has just been made that the General Steam Navigation 
Company (Limited), London, have placed an order for 
a shelter deck steamer for one of their Continental 
trades, with Messrs. Ailsa Shipbuilding Company, Limited, 
Troon. The vessel will have a very full equipment of 
cargo handling appliances, and the builders will supply 
the propelling machinery. 





HicH-TEnNsIOoN Exectric DistrRiBpuTION SysTEMSs.— 
A full report of the proceedings of the third session of 
the International Conference on High-Tension Electric 
Distribution Systems, held in Paris from June 16 
to 25, of which we gave a brief résumé in our issue of 
July 24 last, page 102, will shortly be published. This re- 
cord of the transactions will comprise two volumes, each 
containing 1,100 pages, and, in order to cover expenses, 
the authorities are desirous of selling at least 1,000 copies. 
The price of the work is 200 fr., and orders should be 


addressed to the Secretary, Conférence Internationale 
des Grands Reséaux Electriques, 25, Boulevard Males- 





buyer of manufactured iron was the Straits Settlements 
with an import of 333 tons; and the best customers for 


herbes, Paris. 


3,773 tons ; Australia, 3,304 tons; Natal, 3,055 tons; 


NOTICE OF MEETING. 


Tue Norra or ENGLAND InstITUuTE oF MINING AND 
MECHANICAL ENGINEERS.—Saturday, August 8, at 2.30 
p-m., in the Lecture Theatre of the Institute, Newcastle- 
upon-Tyne. Annual General Meeting. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—With the collieries idle for half the 
week in consequence of the holidays, and the outlook so 
uncertain in regard to the wages question, business has 
been driven to an almost complete standstill. Colliery 
salesmen with the outlook so indefinite are not prepared 
to accept new business, while exporters, too, are reluctant 
to commit themselves, and foreign consumers are indicat- 
ing figures much below current levels. It is hardly to 
be expected that much business will be transacted during 
the next week, as the trouble in the coal trade is by no 
means ended, and it yet remains for the men to accept 
the new terms which the owners will be able to place before 
them, in view of the Government subsidy. Exports of 
coal as cargo foreign from South Wales in the past week 
amounted to 321,860 tons compared with 446,140 tons 
a week earlier. Of the total, 51,350 tons were despatched 
to Algeria, 24,300 tons to Brazil, 60,070 tons to France, 
35,150 tons to Italy, 14,030 tons to Las Palmas, 11,700 
tons to Norway, and 19,870 tons to Spain. Shipments 
from Cardiff amounted to 199,210 tons, against 263,910 
tons; from Newport 72,450 tons, against 112,580 tons ; 
from Swansea 26,400 tons, against 48,910 tons; and from 
Port Talbot and Llanelly 23,800 tons, against 20,740 tons. 
The condition of the export trade at present will be 
gathered from the fact that to-day there were only 
138 vessels in the Cardiff, Penarth and Barry Docks, of 
which only 25 were loading coal, and no less than 46 
appliances were idle. Three months ago there were 
212 vessels in these docks of which 60 were loading and 
only 10 tips were unoccupied. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 15,775 tons compared with 12,641 tons 
in the preceding week. Business in Welsh tinplates has 
been virtually suspended as a result of the annual stop 
week, but it is anticipated that the market will re-open 
on a steadier basis in view of the curtailment of output. 
The question of the reduction of the ex-gratia bonus on 
the sliding scale to the wages of the tinplaters has been 
postponed for a month, the employers having agreed to 
continue the = per cent. payment for that period, when 
the matter will again be considered. This decision also 
applies to the ex-gratia payment made to the steel 
workers. 


Dock Charges.—At a meeting of the Cardiff Chamber of 
Commerce last week, Sir Wm. Seager intimated that the 
Great Western Railway Company had informed traders 
that all form of credit arrangements in regard to rates, 
dues and charges—other than ships’ accounts—would 
terminate, and that it had been decided to introduce a 
standard form of ledger credit agreement, to be secured 
by arantee. The Council of the Chamber urged 
members not to sign any document in connection with 
the matter before referring to the Chamber, as they 
thought it would be to their advantage to act collec- 
tively in the matter. 





Tue I.E.E. Wirtnc ReGutations.—After considera- 
tion of some of the comments and suggestions made 
regarding the eighth edition of ‘‘ The I.E.E. Regulations 
for the Electrical Equipment of Buildings,’’ issued a 
year ago, the Wiring Rules Committee have now 
published an Alteration Sheet dealing with points of 
some urgency. Other amendments not materially 


raffecting principles are under review, including those 


arising in connection with the difficulty experienced, 
in some cases, in wiring standard plugs with flexible 
cords and cables of the sizes recommended in the 
Regulations. It has been urged that screwed steel 
fittings complying with the British Standard Specifi- 
cation No. 31 are unnecessarily heavy and costly, and 
the B.E.S.A. have been pe B- to reconsider this 
specification. Pending the revision of the specification 
the Regulations do not require conduit fittings to 
comply with it. Copies of the Alterations and Additions 
so far made can be obtained on application to the 
Secretary of the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, London, W.C.2. 





Lonpon, MrIpLAND AND ScortTisH Rarwway.—Mr. 
George Hughes, C.B.E., who has been Chief Mechanical 
Engineer to the London, Midland and Scottish Railway 
since the grouping of the railways, is retiring, and will be 
succeeded by Sir Henry Fowler, K.B.E., who, up till now, 
has held the post of Deputy Chief Mechanical Engineer 
‘to that undertaking. Mr. Hughes was formerly Loco- 
motive Superintendent of the Lancashire and Yorkshire 
Railway, and, when the latter was absorbed by the 
London and North Western Railway, became Loco- 
motive Superintendent of the larger undertaking. Sir 
Henry Fowler, as is well known, was originally on the 
Midland Railway, where he ultimately rose to the position 
of Chief Mechanical Engineer. During the war he 
held several important positions, serving as Director of 
Productions to the Ministry of Munitions and was after- 
wards appointed Superintendent of the Royal Aircraft 
Factory. Subsequently he became Assistant Director- 
General of Aircraft Production to the Ministry of Muni- 
tions. Sir Henry Fowler occupied the Presidential chair 
of the Institution of Automobile Engineers in 1920 
and 1921, and is a Vice-President of the Institution of 





Mechanical Engineers. 
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PUMPING AND EXCAVATING PLANT 


(For Description, see Page 177.) 




















Triat Trip or SS. “ Reprirr.”—A trial trip was 
carried out on the self-trimming collier Redriff 
as been built to the order of the South Metro- 
olitan Gas Company of¢London, by the Tyne*Iron 
i Company, Limited, of Willington Quay- 
he vessel is of the steel screw tj 
has a length of 244 ft. between perpendiculars, a breadth 
of 36 ft. 8} in., and a moulded depth of 20 ft. 6 in. 
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has been specially designed for carrying coal from the| by the North Eastern Marine Engineering Company. 


Tyne to the owner’s works on the Thames, and can 
accommodate a cargo of 2,450 tons in the four holds 
provided for the purpose. Six watertight bulkheads are 
fitted, andfample provision for water ballast has been 
made. Large fore and aft peak tanks, and a deep tank at 
the after end of the after hold, are arranged. The propel- 
ling machinery, placed amidships, was made and installed 


Limited, of Wallsend-on-Tyne, and consists of triple-ex- 
pansion engines having cylinders 18in., 30 in. and 49 in. in 
diameter, and astroke of 33 in. A speed of 10} knots has 
been attained. Steam is raised in two boilers working at 9 
pressure of 1801b. per sq. in., and operating under natural 
draught. The ship has been built to the requirements ©! 
Lloyd’s highest class under special survey. 
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CONTINUOUS RECORDING INSTRU- 
MENTS FOR INTERNAL - COMBUS- 
TION ENGINES. 


It is now more than twenty years since the late 
Professor Perry pointed out the value to the station 
engineer of obtaining a continuous visual record of 
the cycle of operations occurring in the cylinder of 
an engine. At the time, such a conception could 
only be regarded as idealistic, but recent develop. 
ments in instrument design have placed the question 
on a somewhat different footing. In his paper on 
“Pyrometry of Exhaust Temperatures of Internal 
Combustion Engines,” read before the Diesel 
Engine Users’ Association in May last, Mr. C. E. 
Foster advocated what is in effect the realisation 
of Perry’s ideal. He proposed that a pyrometer 
should be inserted permanently in each exhaust 
branch of a multi-cylinder engine, by means of 
which the functioning of each cylinder could be 
examined at any time required. There can be little 
doubt that such a suggestion is quite practicable, 
but it may be argued that the pyrometer is not 


an instrument of sufficient accuracy in measuring, 


the fluctuating temperature of the exhaust gas, 
to render the proposal of much value. Before 
dealing with this point, it will not be out of place 
to consider. whether Perry’s original suggestion, 
which was that an optical indicator should be 
employed for the same purpose, does not offer 
a more satisfactory alternative. Objection will at 
once be taken that, in view of the present state of 
development of this instrument, such a proposal 
remains as idealistic as when it was first put forward. 
So far as we are aware, only one serious attempt has 
been made to obtain simultaneous diagrams from 
all the cylinders of a multi-cylinder engine, and the 
difficulties encountered in this case proved to be 
well nigh insuperable. The engine selected for the 
work in this instance, however, was a six-cylinder 
line-ahead aero engine, and the difficulties which 
arose were due chiefly to the relatively high speed, 
to the heavy vibration, and to the necessity for 
providing a light source for the indicators of suffi- 
cient intensity to enable photographic records to 


8! be obtained. In addition, every effort was made 





to obtain precise results. None of these pojnts 
would arise in the case of an indicator used merely 
as a tell-tale, and applied to such engines as those 


55]/of the large land or marine Diesel type. It is 


only in connection with such engines that the 
proposal deserves serious consideration, as on 
small engines the cost of the necessary equipment 
would bear au undue proportion to the cost of the 
engine. 

The essential conditions that would have to be 
fulfilled by an optical indicator for such a purpose 
are that it should be robust, that it should be 
capable of continuous operation at a moderate 
speed, say up to 600 r.p.m., and that it could be 
easily fitted to any or all of the cylinders of an 
engine. In considering the possibilities of develop- 
ing an indicator of this type, it is as well to remem- 
ber that, up to the present, investigators have 
concentrated their attention mainly on endeavouring 
to produce an instrument possessing a high degree 
of accuracy, and having a speed range comparable 
with that of a modern petrol engine. In other 
words, it may be said that attention has been 
concentrated on the production of a satisfactory 
instrument for research and laboratory use, rather 
than the evolution of a commercial testing appliance. 
Undoubtedly the primary difficulty associated with 
the line of development that has been followed 
has been that of inertia effects due to speed, and 
this difficulty is entirely eliminated if the applica- 
tion is confined to engines of the type we have 


mentioned. The problem of providing a light 


source of high intensity does not arise if the instru- 
ment is running slowly, and permanent records are 
not required ; and, finally, such points as a high 
degree of accuracy, or the maintenance of a true 
linear scale, become unnecessary if the instrument 
is employed merely as a tell-tale. Full advantage, 
on the other hand, could be taken of the marked 
improvements in mechanical construction, which 
have resulted from the efforts of designers to 
produce a reliable research instrument. It is not 
necessary to enter into the rival merits of the 
diaphragm and piston types of indicator, as it is 
probable that either could be made suitable for 
continuous records at low speeds if a high degree 
of accuracy were not required. On the score of 
adaptability to any engine, it would probably be 
advisable to adopt the principle of incorporating the 
stroke mechanism in the indicator itself. This 
arrangement, which was first employed by the late 
Professor Watson, avoids the necessity for a separate 
rig for each cylinder, and reduces the problem of 
coupling up the indicator to the provision of a 
rotary drive, which rarely offers any great difficulty. 

The advantages which would result from a 
continuous visual record of the cycle of operations 
will hardly be disputed, as the engine attendant 
could tell at a glance whether each cylinder was 
functioning normally. In practice, Perry’s idea 
of projecting the diagram on to the ceiling of the 
engine-room, or other large area, would be imprac- 
ticable in the case of multi-cylinder engines, and 
every requirement would be met by throwing the 
image of the diagram on to the usual sheet of ground 
glass. If considered desirable, a normal ‘diagram 
could be traced permanently on the glass for 
comparative purposes, but this would probably 
prove to be unnecessary, as any serious defects in 
the. combustion would be at once recognisable in 
the abnormal shape of the curve. 

Turning now to the alternative method of 
utilising exhaust pyrometers, suggested by Mr. 
Foster, it will hardly be claimed that this method 
can afford as much information as the indicator 
diagram, but it is capable of giving information 
of great value to the station engineer, and has the 
advantage that it has already been proved to be 
quite practicable. We have mentioned that this 
instrument is frequently viewed with suspicion on 
the grounds that it does not register the true mean 
temperature of the exhaust gas at the point in the 
system at which it is inserted, but as in the 
corresponding case of the doubtful accuracy of 
the optical indicator, this point is of small im- 
portance when the instrument is employed merely 
as a tell-tale. In measuring the high temperatures 
associated with the exhaust gases, three types 
of pyrometer have been employed—the expansion 
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pyrometer, the platinum resistance thermometer, 
and the thermo-couple. In commenting upon these 
alternative types in his paper, Mr. Foster expressed 
the opinion that the first was generally unsuitable 
for exhaust gas temperature measurements, but it 
has frequently been employed with success for this 
purpose, a recent example being in the work carried 
out on a 650 brake horse-power Diesel engine by 
Mr. P. H. Smith, summarised in his paper read 
before the Diesel Engine Users’ Association in 
October last. The chief advantage of the platinum 
resistance thermometer is its power of reading to 
very close limits over a relatively narrow range of 
temperature, but on account of its complication as 
compared with a thermo-couple, and the necessity 
for enclosing the resistance coil in an outer sheath 
which results in a relatively high time lag, it is not 
as suitable as the thermo-couple for routine use. 
Whatever instrument is used, the reading represents 
the average of the fluctuating temperature in the 
exhaust branch, and is subject to a variety of 
errors, arising from defects in the instrument itself, 
of which the time lag is again the most pronounced. 
These errors are generally of a minor nature, and 
are practically immaterial when the instrument is 
employed in the manner suggested. If necessary, 
they can be checked at any time, and a simple 
procedure for this purpose is described by Mr. 
Foster in his paper. The tests employed include 
every part of the pyrometer in its working position 
and condition. 

The interpretation of the changes in the exhaust 
gas temperature in terms of engine defects is fre- 
quently difficult, and may be impossible in the 
absence of collateral evidence ; but the greatest 
value of the record lies in the information that 
one or more of the engine cylinders is functioning 
abnormally, and that an investigation is therefore 
called for. Variations in the actual temperature 
of the gas may be due to a variety of causes, among 
which may be mentioned alterations in the valve 
setting, blast pressure, combustion efficiency, or 
fuel used. Considerable skill is thus necessary in 
determining the actual reason for any given change ; 
but diagnosis will be much assisted by the intimate 
knowledge of any particular engine which the 
station engineer naturally acquires in the course 
of his work. It can now be regarded as established 
that the relationship between exhaust temperature 
and mean indicated pressure approximates closely 
to a linear law when the engine is in good condition. 
Taking this as a basis, it has been suggested that 
a curve showing this relationship, taken when the 
engine has just been tuned up, would form a very 
useful future reference for the engine attendant 
in conjunction with a pyrometer inserted in the 
common exhaust. 

Tn view of the points we have discussed, it would 
appear that the pyrometer offers a useful addition 
to the various tell-tale indicators which normally 
find their place in the engine room, and that there 
are possibilities in the development of the optical 
indicator as an alternative instrument. The 
pyrometer has the advantage that when cost is of 
primary importance, a single instrument in the 
common exhaust forms a practicable means of 
checking the performance of the engine as a whole ; 
but it is possible that for larger engines the equip- 
ment of each branch of the exhaust system with a 
separate instrument is justifiable. In the case of 
the optical indicator, the use of a single instrument 
applied to only one cylinder would be of little value, 
and any development which might be contemplated 
must aim at producing a simple and reliable instru- 
ment for each cylinder. 





THE SUPPLY OF ELECTRICITY. 


Tur Electricity Commissioners have just pub- 
lished their statistical abstract* showing the 
progress made during the year 1924-25 in the 
economical generation of electricity. The report 
deals with the twelve months ending on March 31 
last, during which returns were received from 
584 generating stations, which is 46 more than in the 
preceding year. The increase is in part attributable 





* Generation of Electricity in Great Britain. H.M. 
Stationery Office. Price 1s. 6d. net. 
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to certain undertakers having on this occasion 
sent in returns for each of two or more generating 
stations instead of a consolidated return for the 
whole. During the year 23 new generating stations 
were brought into service. The total output was 
7,415 million units, of which 7,090 millions were 
generated in steam-operated stations. The corres- 
ponding figure for the previous year was 6,342 
millions of units. These figures refer to public 
supply undertakings, and it is estimated that about 
half as much is generated in private plants. The 
fuel consumed was 8,001,687 tons in 1924-25, and 
7,561,991 tons in 1923-24. The increase output 
of some 11 per cent. has thus been achieved with 
an increase of less than 6 per cent. in the fuel 
consumption. 

The average coal rate per unit generated was 
2-53 lb., as compared with 2-67 lb. in 1923-24, and 
with 2-78 lb. in 1922-23. This steady improvement 
is gratifying, but there is still much room for sub- 
stantial savings in fuel costs, since the coal rate has 
now been reduced at the best station to 1-51 lb. 
per unit generated. This is the figure returned for 
the new Barton station at Manchester, which is, 
moreover, credited with a thermal efficiency of 
19-85 per cent. Both this figure and the coal rate 
are fractionally worse than recorded for this station 
in the preceding return. That, however, repre- 
sented but six months working, for which a steam 
rate of 1-48 lb. per kilowatt-hour and a thermal 
efficiency of 20-33 were claimed. 

The second place in the list is taken by Carville, 
where the coal rate was 1-70 Ib. per kilowatt-hour 
and the thermal efficiency 18-78 per cent. This is a 
very remarkable showing for an old station, which 
has been responsible for so much pioneering work 
in the economical generation of electricity. Last 
year this station was credited with a steam rate 
of 1-81 Ib. per kilowatt. The improvement made 
reflects the greatest credit on the station engineers 
since it is much more difficult to modernise an old 
station than to build a new one. 

Last year the second place was accorded to the 
North Tees Station, where some very bold depar- 
tures have been made from normal practice, but no 
mention is made of this venture in the present report. 
Neither does the Dalmarnoch station appear, at 
least, explicitly, but the return does refer to a 
large station in the Glasgow area at which the 
steam rate was 1-82 lb. per kw.-hour, and the 
thermal efficiency 17-55 per cent. 

The larger steam stations show a much higher 
thermal efficiency than the best of the producer 
gas stations, and are apparently quite as economical 
at the Diesel engine stations though, of course, less 
efficient. Both the gas-operated and the Diesel- 
engine stations are of small capacity, the largest of 
the former mentioned, being rated at 900 kw. only, 
the corresponding figure for the Diesel - engine 
group being 1,940 kw. In neither of these groups 
was the highest thermal efficiency reached in the 
largest station, thus confirming the common view 
that the size factor has little bearing upon the 
economy attainable with internal combustion 
engines, although it is of extreme importance 
in the case of steam. 

The small steam stations, with an annual output 
of less than 50,000 units, have an average coal rate 
of 21-60 lb. per kilowatt-hour, and a thermal 
efficiency of perhaps not more than 3 per cent. The 
producer gas stations, of similar size, have an 
average coal rate of 3-69 lb. per kilowatt-hour, 
the corresponding figure for Diesel engines being 
1-34 Ib. of oil per kilowatt-hour. 

The maximum thermal efficiency at any gas 
engine station was 14-76 per cent., but the maximum 
output at this station was but 141 kw. The coal 
consumption figures at these producer gas stations 
range from 1-81 lb. to 3-69 lb. per unit generated, 
the average being 2-60, which is, it will be seen, 
higher than the average of the steam-driven stations. 

The Diesel engine figures showed a maximum 
thermal efficiency of 29-20 per cent., the correspond- 
ing oil consumption being 0-62 lb. per kilowatt- 
hour, but the average was 1-01 lb. The largest 
oil-driven station for which figures are given 
had a maximum output of only 1,940 kw., and 
its thermal efficiency was 26-60 per cent. There 





may, no doubt, be improvements in the opera- 


tion of Diesel-driven stations, but there seems 
little chance for any material reduction in the oil 
rate of the best Diesel engines, whereas the last 
word has yet to be said with regard to steam. The 
latter cannot, however, possibly compete with the 
internal combustion engine in small stations, as 
it is only in the case of large plants that the refine- 
ments necessary for securing the maximum of 
economy are commercially practicable. 

Water power contributes. very little to our 
supplies of electric energy, being credited with but 
51 million units out of the total of 7,415 million, 
which were generated in the year under review. 
Several large plants are now in course of con- 
struction, but our total water power resources are 
lamentably small. 





THE DETERIORATION OF STRUC- 
TURES IN SEA WATER. 


Since 1916 a committee of the Institution of Civil 
Engineers has been investigating the deterioration 
of structures in sea water in various parts of the 
world with the assistance of grants from the Depart- 
ment of Scientific and Industrial Research, and from 
time to time reports have been published on the 
subject, particulars of which have appeared in these 
columns. The Research Department has now 
published a further report, embodying the latest 
results that have been communicated to the Com- 
mittee by its several correspondents.* None of the 
principal series of observations are yet finished, but 
particulars are given of their progress and of some 
fresh methods, both of experiment and of treatment, 
which so far seem to be giving satisfactory results. 
Accounts are also given of observations made on 
specific injuries to concrete, cement and rock that 
have been brought, to notice or remedied in the 
period under review, and abstracts of some American 
publications, mostly official, on deterioration both 
of. timber and of cement. 

Satisfactory evidence has appeared of the import- 
ance attached to these investigations by the 
authorities most directly concerned. The Research 
Department, reverting to its normal attitude in 
regard to the researches it assists, has intimated 
that its future grants to the Committee will be 
contingent on the Committee’s obtaining funds from 
other sources to such amounts that not less than 
half the expenditure it controls will be independent 
of the Department’s contributions. An appeal to 
port and dock authorities for contributions over a 
period of five years has produced the gratifying result 
that, as against the 6001. to 7001. a year needed for 
this purpose, over 700/. was received last year, and 
a considerable part of this sum has been promised 
to be continued for a series of years. 

It will be remembered that in the harbours of 
Plymouth, Colombo, Halifax (N.S.), and Auckland 
a number of identical specimens of steels and irons 
of identical compositions have been exposed to 
corrosion in positions in which they were subjected 
to the effects of sea air, half tide, and complete sub- 
mergence respectively. An abstract is now given of 
reports in regard to the condition of all of these 
specimens except those that were submerged or half- 
submerged at Colombo, which it was thought 
desirable not to disturb for the time being. The 
condition of the specimens is not described in 
precisely the same terms at all ports, and exact 
comparison of the results cannot therefore be made 
till a later stage, a matter of no great consequence In 
an interim report. Some measure of agreement 1s 
found in the condition of the aerial specimens. In 
each port a mild steel with 0-7 per cent. manganese 
and with its surfaces left as rolled, and the Armco, 
Low Moor and Swedish charcoal irons are very little 
corroded, while the same manganese steel with 
cleaned surfaces, a medium carbon steel with low 
sulphur and phosphorus, cleaned and left as rolled, a 
low manganese and high sulphur and phosphorus 
mild steel, and an 0-4 carbon steel are all consider- 





* Deterioration of Structures of Timber, Metal and 
Concrete Exposed to the Action of Sea Water. Sg 
(Interim) Report of the Committee of the Institution © 
Civil Engineers. Edited by P. M. Crosthwaite, 3 
M.Inst.C.E., Secretary to the Committee, and Gilbert *. 
Redgrave, Assoc.M.Inst.C.E. H.M. Stationery Office 





3s. 6d. net. 
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ably corroded and rusted. The rest of the aerial 
specimens and the whole of the others gave more or 
less different results in different waters, and appar- 
ently the exposure must be continued longer beforé 
definitely significant results are obtained. In any 
case, heavy incrustations on some of the frames 
in which the specimens are exposed will prevent a 
correct judgment of the extent of corrosion from 
being formed until the frames are taken up for 
final examination and weighing of the specimens. 

In regard to the value of protective coatings on 
metal, similar exposures of a number of specimens 
are being made in Southampton harbour. These 
specimens consist of sheets 2 ft. long by 6 in. broad 
by ,J; in. thick, of which 500 were rolled from a 
single mild-steel ingot, and curved under hydraulic 
pressure to a 6 in. radius, so as to leave about 1 in. 
between the crown of the curve and the flat wooden 
batten to which the specimens are to be fixed. The 
protective coatings were prepared and applied by 
Dr. J. Newton Friend, who gives explicit particulars 
of the constituents and method of preparation of 
the several paints, the method of pickling the plates 
before they were painted, and the precautions taken 
to ensure continuous protective films of uniform 
weight. Each film was allowed to become thoroughly 
hard before the next was applied, and the whole of 
the plates were kept for three months after coating 
:o as to allow them to become as uniformly hard as 
possible. Mr. F. E. Wentworth-Shields, Docks 
Engineer to the Southern Railway, gives particulars 
of the positions in Southampton Dock in which the 
three sets of specimens are exposed and of the 
frames on which they are carried. These are made 
of Jarrah timber, which has been found well able to 
resist the action of sea water at Southampton. The 
frames were fixed in position in May, 1924. 

The systematic investigations into the deteriora- 
tion of timbers have been conducted under the 
direction of Professor Barger, and the impregnation 
of timbers with poisons as well as a series of 
mechanical tests has been made by Professor 8. M. 
Dixon. The impregnated test pieces, with un- 
treated controls, were exposed at Lowestoft, 
Plymouth, and Colombo, and some experiments 
on the effect of certain preservatives against a 
destructive organism (limnoria, obtained from 
the Marine Biological station at Millport) were 
carried out by Dr. F. M. White in Professor Barger’s 
laboratory. The result of the Lowestoft exposures 
was somewhat disappointing, as for a reason that 
is not quite clear the controls were not satisfac- 
torily infected, and valid conclusions can there- 
fore not be drawn from the failure of some organisms 
to attack the treated specimens. The Plymouth 
experiments, conducted by Dr. C. B. Harington, 
were much more satisfactory, the control specimens 
having been completely destroyed, even after 
treatment with creosote. It appears that the action 
of a typical and common timber-boring organism 
(teredo) is particularly severe in Plymouth waters, 
and it is recommended that the Lowestoft experi- 
ments should be duplicated at Plymouth. The 
results of the Plymouth observations point to a 
considerable increase in the efficiency of creosote 
as a preservative if it is mixed with 2-2 per cent. 
of carbazole, dimitronaphalene, and chlorodin- 
trobenzene, which seem to be effective in the 
order named. Even better results seem likely to 
be obtained by the use of a new arsenic compound, 
at present known as D.M. It is chemically similar 
to carbazole, except for the arsenic, and its addition 
to creosote appeared to give a much greater pro- 
tective power than was obtained from other sub- 
stances. These results appear likely to have 
considerable practical importance. Dr. Harington 
obtained complete protection for three years by 
adding 2-2 per cent. carbazole to creosote— 
whether this was the limit and what happened to 
the controls does not seem to be stated, and still 
further information on the matter should be valu- 
able. It is possible that the objection to the cost- 
liness of carbazole may be avoided by using a crude 
tar product containing 35 to 40 per cent. of that 
substance, which is said to be cheaper than creosote 
itself. No definite information is given about the 
cost of the arsenic preparation in the proportion in 
which it is used. 

Professor Barger has discontinued the use of 
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veneer ‘“‘appetisers °—untreated slips of wood 
attached to the impregnated specimens in order 
to allow the destructive organisms to get going— 
as it seemed likely that the presence of these cover- 
ings prevented the poison from being diluted in 
the timber or washed out of it, as would be likely 
to happen in ordinary work. In lieu of this method 
he is injecting the poison up the centre of the 
specimen under a vacuum, thus obtaining a poisoned 
cylindrical core surrounded and protected by an 
unpoisoned exterior. The efficiency of penetration 
has been thoroughly verified, and blocks treated 
by it have been exposed at Lowestoft, so far without 
infection. The results of the method in practice 
have therefore still to be learned. 

Professor Dixon’s report gives particulars of the 
manner in which blocks were prepared for exposure 
at Colombo. The blocks were of Swedish fir, 2 in. 
by 8 in. by 12 in. One series of 72 were furnished 
with appetisers } in. by 4 in. by 12 in. screwed on, 
and identified—having regard to the prolonged 
exposure that was anticipated—by a lead label, a 
brass number, and a distinguishing mark formed 
by the heads of 1-in. brass nails driven into the 
block. Half of these were treated with creosote, 
injected at 110 deg. C. into the dried block (Griffith 
process), and half with four solutions of arsenic in 
creosote of 0:3 to 0-01 per cent. Another series, 
similar in other respects, was prepared by a vacuum 
and pressure process, in which the tank containing 
the dried block was exhausted to 10-in. pressure 
and kept at it for half an hour before admitting the 
creosote or solution, the pressure being then raised 
to 190 lb. per square inch and the temperature to 
48 deg. C. and kept there for an hour, when the 
creosote was drained off and a reduced pressure of 
15 in. maintained for half an hour. A diagram 
shows the arrangement of the tank and pumps. 
A report from Mr. G. W. Dodds shows that exten- 
sive infection of the veneers and of some blocks 
has occurred on exposure in Ceylon harbour, but 
a number of them, though practically all covered 
by marine shell growth, showed no sign of the 
teredo organism. A number of these blocks are 
being sent home to Professor Barger for thorough 
examination by slicing, in case early infections may 
have been overlooked in the surface examination. 
Particulars are also given of a comprehensive 
series of mechanical tests on a number of New 
Zealand, Australian, and Ceylon timbers. The 
results of these tests are now being examined, 
and will be published in a further report, which will 
perhaps be a more appropriate occasion for describ- 
ing the detail of the tests. 

Mr. W. H. Hamer, Chief Engineer to the Auckland 
Harbour Board, reports the result of further exam- 
ination of various timbers exposed to marine borers 
in this harbour and to decay in the ground. The 
results are very. similar to those found on the 
previous examination. Greenheart and turpentine 
wood continue to show almost complete resistance 
to borers, whether treated or untreated. Other 
timbers showed varied degrees of attack, and some 
are sound except where previously attacked, when 
they are sometimes badly attacked. The preserva- 
tive treatments applied to most of the timbers were 
the carbo-teredo process and two coats of crude 
creosote. The former of these seems somewhat 
more effective, but in more than one instance an 
organism (limnoria) ate through the body of the 
wood wholly or partly, leaving the charred shell 
intact. The specimens exposed to decay in the 
ground were found in practically the same condi- 
tion as on the previous examination. This means 
that the Jarrah stringy bark, and Totara woods 
were sound, whether treated or untreated, the un- 
treated Kahikatea was rotten right through, and 
the treated Kahikatea and treated or untreated 
Kauri, Rimu, and Oregon were more or less decayed. 
Mr. Hamer also sent photographs of calcareous 
linings secreted by teredo, and is forwarding some 
of the tubes themselves for exhibition. They 
are said to have been taken from some large man- 
groves growing on the shore at Port Adam in the 
Solomon Islands. The tubes, which are corru- 
gated and thick are as much as 3 ft. long, and their 
external diameter at the upper end is from 2% in. 
to 24 in., dimensions much larger than have been 
recorded hitherto, An attempt is to be made 








to obtain specimens of the teredo itself for the 
museum. 

With these observations may be taken those of 
Mr. A. H. Roberts, the Superintendent and Engineer 
of Leith Docks, on specimens of pitch pine, Scottish 
oak, American elm, greenheart, and untreated and 
creosoted redwood which had been exposed for a 
year on the piling of the entrance channel to the 
Leith Docks. The greenheart had remained prac- 
tically immune, while the pitch pine and untreated 
redwood had been penetrated by. limnoria to a 
depth of about ¥ in., and signs of attack were 
beginning to appear on each of the other timbers. 


(To be continued.) 





AIR MINISTRY TESTS FOR 
AERO-ENGINES. 


THE advances which have been made in aero- 
engine design in recent years are in no sense 
spectacular ; but if a comparison is made between 
engines available at the conclusion of the War, 
and those of recent construction, it will be seen 
that a very marked improvement in design has 
taken place, particularly in the direction of increased 
reliability. This advance is reflected in the suc- 
cessive editions of the Schedule of Standard Type 
and Production Tests for Air-craft Engines, which is 
issued by the Air Ministry from time to time. 
The fourth edition of this schedule has just been 
published, and a comparison between this and earlier 
editions is of considerable interest as indicating 
the increasing degree of reliability expected from 
the engines under test. Perhaps the most important 
of the recent alterations is that relating to the 
endurance test for new designs of engines. In the, 
earlier editions of the schedule the duration of this. 
test was specified at 50 hours, the test being run 
at normal speed, and at 90 per cent. of full power, 
up to the last hour. The test comprised five non- 
stop runs each of 10 hours duration, the last hour 
being on full power at normal speed. In the third 
edition of the schedule, issued in May 1924, the 
duration, of the test was increased to 100 hours, 
comprised in ten non-stop runs of ten hours each, 
and the severity of this test may be judged by 
the fact that it is approximately the equivalent of 
300 hours flying. This may be compared with the 
position at the beginning of the war, when about 
35 hours flying was considered reasonable before 
complete rebuilding of the engine. 

The fourth edition cancels all previous schedules, 
other than those dealing with engines of a capacity 
not exceeding 1,530 cc., for which the regulations, 
introduced in November, 1923, remain unaltered. 
As in previous editions, the new schedule is divided 
into four parts, covering respectively, conditions 
of test, definition of power &c.; type tests for new 
designs of engines ; acceptance tests for new engines ; 
and acceptance tests for repair and rectification 
engines. The last part, though intended to apply 
to engines for the Royal Air Force, forms a guide 
to ground engineers as to the most desirable tests 
for repaired engines for civil aircraft. Part A, 
regarding conditions of test, definition of power, &c., 
covers such points as inspection, suitability of test 
plant, cooling, power tests, consumption, and slow 
running tests. The test plant employed must be 
capable of allowing variation of the brake torque 
without stopping the engine, of measurement of 
the brake horse-power developed by means of the 
torque reaction of either the brake or the engine, 
and of allowing adequate cooling of the latter. 
In the case of water-cooled engines, arrangements 
must be made such that the outlet temperature 
of the cylinder jacket water can be regulated and 
maintained steady at not less than 70 deg. C. 
instead of the 65 deg. C. specified in the earlier 
Schedules, when measured close up to the engine. 
In the case of air-cooled engines, the arrangement 
must be such that there is an air speed not exceeding 
120 miles per hour in the region of the cylinder heads. 
All power tests, endurance and final, will be carried 
out at 90 per cent. full power, and at normal revo- 
lutions per minute, unless otherwise specified by 
the Secretary of State. All engines must be opened 
out to full throttle, at normal revolutions per 
minute, for the last five minutes of all test runs, 
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and the brake horse-power developed must not be 
less than the rated full power. Amongst the new 
clauses. contained in this portion of the Schedule, it 
is stated that a minimum as well as a maximum oil 
consumption must be enforced to ensure that 
engines are not passed out for service in which there 
is a danger of under-lubrication. It is also mentioned 
that unless otherwise specified, the fuel for all 
general testing must contain not less than 30 per 
cent., or more than 38 per cent., of aromatic 
hydrocarbons, 

Part B, covering type tests for new designs, speci- 
fies the regulations governing endurance, slow 
running and accelerated tests, fuel and oil consump- 
tion, and water pump delivery. As already men- 
tioned, an endurance test of 100 hours’ duration 
at normal speed, and 90 per cent. full power, is 
required, fifty hours of the test being carried out with 
the engine fitted with an airscrew, the latter being 
suitable for thrust tests. At the commencement 
of the final hour of the test, the engine must be 
put on full power at normal revolutions per minute, 
and for the last five minutes will be opened out to 
full throttle. In the case of engines intended for 
civil aircraft, the endurance test is reduced to 
50 hours, The fuel consumption must not exceed 
0-54 pts. per brake-horse-power per hour for water- 
cooled engines, as against 0-56 pts. in the first 
schedule; and 0-60 pts. for air-cooled engines. 
The corresponding oil consumption figures are 
0-025 and 0-045 pts. per brake-horse-power hour. 
Parts C and D, covering acceptance tests for new, 
and for repair and rectification engines respectively, 
deal with running in, endurance, slow running, and 
final tests in the two cases, New engines must be 
“run in” light for a period of not less than two hours, 
and after tuning up on petrol must pass a two hours’ 
endurance test. The engine must then be stripped 
down completely and, if found satisfactory, a 
final half-hour test be given. In the case of rectifi- 
cation and repair engines, the running in is reduced 
to one hour, the endurance test to one hour for 
repair, and half an hour for rectification engines ; 
and the final test to fifteen minutes. 





LOADS ON HIGHWAY BRIDGES. 


Tue Ministry of Transport has introduced a 
much-needed uniformity into the design of highway 
bridges by specifying a standard loading to which 
all new bridges receiving financial assistance from 
the Treasury must conform. The standard is con- 
siderably in excess of what is demanded in most 
other countries, but does not provide for the 
special requirements of the Midland and North of 
England. The Glasgow Corporation, for example, 
took judicial action on account of damage done to 
their roads by the transport of boilers weighing 
from 53 to 70 tons and lost their case, since the 
courts held that such traffic must be considered 
normal in that area. In the Wakefield area, 
again, there is a boiler trolley designed for a gross 
load of 100 tons on an 8 ft. by 7 ft. wheel base, and 
the Middlesex County Engineer reports a load of 
130 tons carried on 16 wheels. 

The question of what typical loads should be 
adopted in proportioning bridges in our great 
industrial areas has been investigated by a joint 
committee of the Concrete Institute, the Institution 
of Municipal and County Engineers, and the Institu- 
tion of Municipal Engineers, which was formed in 
1911 and issued a report in 1916. A revision of this 
report was arranged for in 1923, and this has now 
been completed. Copies can be obtained at the 
offices of the Institution of Structural Engineers, 
Abbey House, Victoria-street, S,.W.1, price 2s. 6d. 
net. The report divides bridges into three classes, 
A, B and C, of which the third of these corresponds 
more or less to the standard of the Ministry of 
Transport. The loadings for the three classes are 
represented in the annexed diagram, but to the 
loads shown there should be added a load of 
1 cwt. per foot super, on all the area not covered 
by the typical loads. The Class A loading is in- 
tended for bridges on main thoroughfares in great 
industrial centres and within a 25-mile radius 
thereof. The bridges proportioned to this standard 
will take ordinary boiler trolleys and extra heavy 
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guns. The Class B loading is for bridges on 
secondary roads within the same areas, and the 
bridges will be suitable for 20-ton road rollers, 
large traction engines, and L.C.C. tramcars. The 
Class C loading is for bridges on provincial roads 
other than main roads. Such bridges may have 
to carry 15-ton road rollers, ordinary traction 
engines, brick trucks and heavy guns. The report 
gives tables showing the maximum bending mo- 
ments and shearing forces which will be developed 
by these standard loadings on bridges of different 
spans. For such towns as Leeds, Sheffield, West 
Bromwich, Salford, &c., still higher loadings 
should be provided for, and the Committee suggest 
that bridges in these areas should be proportioned 
for a maximum axle load of 35 tons or a gross load 
of 70 tons on two axles with a wheel base of 10 ft. 
by 6 ft. The Committee make no recommendations 
as to any allowance for impact, being of the opinion 
that for bridges of more than 50 ft. span designed 
for a factor of safety of four on the ultimate 
strength, the loads may be taken as dead loads. 
For spans of less than 50 ft. a factor of safety of 
five is recommended. 

~The Committee advise that “point” loads may be 
considered as spread each way a distance equal to 
the depth below the point of application. Thus 
a load of 5 tons on a tyre width of 3 in. will at a 
distance of 12 in. below the surface be regarded 
as spread over an area of 2 ft. 3 in. by 2 ft. The 
effective depth for “spreading” in reinforced 
concrete may be taken as the distance from the 
surface to the centre of the reinforcement. For 
reinforced concrete roads of which many hundred 
miles have now been built, the Committee suggest 
the following formula for fixing the depth d, 
measured in inches, from the surface of the con- 
crete to the centre of reinforcement :— 


a=r/ 4-5, 
w 


where W denotes the maximum wheel load in 
tons, w the average resistance of the foundation in 
tons per square foot. The percentage of reinforce- 
ment is taken as 0-675 and the value of w for 
average road bottoms is given as 14 tons per square 
foot. 








THE ,.INDIVIDUAL ELECTRIC MOTOR 
DRIVE OF PLANING MACHINES. 
By L. Miter, A.M.I.E.E. 


THE object of this article is to examine and 
analyse the various forms of individual motor 
drive of planing machines and to make clear their 
particular characteristics. Nothing will be gained 
by going over the time-worn arguments in favour 
of this type of drive, as it is generally accepted that 
the direct connected motor is the most satisfactory 
method of driving a planing machine. It is, how- 
ever, perhaps necessary to outline the features which 
should be embodied in a modern drive. These 
are as follows :— 

(1) The equipment must be so arranged that 
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complete control of the tool is obtained from push 
button stations. It must be possible to “inch ”’ the 
planer table to a fraction of an inch in either direc- 
tion by means of a push button. On large planers 
in order to facilitate “‘ setting up,” a complete push- 
button station must be arranged, so that the 
machinist can carry it about with him, 

(2) The equipment must be designed to give 
complete control of the cutting and return speeds. 
It must be possible to adjust the cutting speed to 
give the best results on the kind of metal being 
operated on. It must also be possible to adjust 
the return speed to suit the weight of metal on the 
planer table. 

(3) It must be possible to obtain accurate work. 
If the power fails, the arrangement must be such 
that the table automatically stops, so that it is 
impossible for it to over-run and cause damage 
to the work or to the machine. 

(4) When cutting pads on a large casting, the 
planer table must be speeded up between pads when 
the tool is cutting air, The arrangement must be 
such, however, that the table is slowed down again 
preparatory to the tool entering the work, so that 
it is not damaged by entering at too high a speed. 

The drives at present developed form themselves 
into two main sub-divisions: (1) The single variable 
speed motor either of the reversing or uni-direc- 
tional type geared to the planer table. In the case 
of the latter the reversing motion of the planer bed 
is obtained by means of some mechanical reversing 
arrangement. (2) The variable speed motor of the 
reversing type geared to the planer table, controlled 
from a motor generator set on the Ward Leonard 
principle. All these drives can be designed to 
embody the features previously described. 

The single variable-speed motor drive can only 
give commercially, by variation of the shunt field 
of the motor, a maximum difference in speed between 
the lowest cutting speed and the highest return 
speed of one to four. The maximum return speed 
is, therefore, four times the lowest cutting speed 
without dissipation of energy in series control. The 
drive is usually arranged to give a few lower cutting 
speeds by series control for use under exceptional 
circumstances as in the case of a hard casting or 
specially tough material where the normal cutting 
speed is likely to dumage the tool. 

The Ward Leonard method of control will give a 
much greater speed variation up to a maximum 
of one to nine, that is, the maximum return speed 
may be nine times the lowest cutting speed without 
dissipating energy in series control. The Ward 
Leonard drive costs at least 70 per cent. more than 
the single reversing motor drive. The wider speed 
range obtained appears at first sight to be of very 
great importance and probably explains the great 
popularity of this form of drive. 

The author is associated with a firm who manu- 
facture and operate both forms of drive and bas 
had every opportunity of comparing the two under 
actual operating conditions, From a close analysis 
of the data obtained, there is every reason to believe 
that the popularity of the Ward Leonard drive !s 
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based upon misunderstanding, It should, of course, 
be pointed out that where there is no direct current 
supply, it is impossible to use the single motor 
drive, and a Ward Leonard equipment must be 
installed. Where several planers are to be installed, 
however, it would in many cases pay to put down 
converting plant to supply constant direct-current 
voltage to the whole installation. 

The High-Speed Return.—The planer table cannot 
always be returned at the maximum speed, owing 
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to a variety of reasons. During the high speed 
return stroke, there is a certain proportion of the 
stroke during which the table is accelerating, and 
it is quite possible on short stroke work that the 
table never achieves maximum speed before the 
point of reversal is reached. The effect that short- 
stroke work has in increasing the time of 1 cycle 
over the theoretical time is illustrated in Fig. 5. 
To make this quite clear, two curves have been 
drawn, one for a planer table returning at 102-5 
ft./min. and one for a planer table returning at 
57-3 ft./min. These curves are compiled from 
experimental figures taken on a very heavy planer 
of an old type which was converted to electric drive 
and where it was necessary to cushion reversing 
in order to save wear and tear on the gear. This must 
be made clear because these figures can be very 
considerably improved on smaller planers of a 
different type. 

It will be clear from these curves that when the 











table is returning at 57-3 ft./min. on an 8-ft. stroke 
the time of one complete cycle is only approximately 
9 per cent. more than when the planer table is 
returning at 102-5 ft./min. and on shorter strokes 
this saving of time by returning at the high speed 
is even smaller. 

When the planer is used on non-repetition work 
it is often difficult to secure the work to the table 
in such a way as to ensure that it will not move 
when accelerating and retarding on the high-speed 
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Experimental Curve showing that the Full Advantage 
of High Speeds Cannot be Obtained on Short 
Strohe Work. 

14 ft. x 14 ft. planer. 
Weight of planer bed, 30 tons. 
Weight of heaviest load, 50 tons. 

Actual time per complete cycle. 





Factor “F” = 
Theoretical time obtained by divid- 
ing stroke by speeds. 
Curve “A.” Speed of cut, 36 ft./min. Return, 
102. 5 ft./min. 
Curve “B.” Speed of cut, 36-1 ft./min. Return, 
57:3 ft./min. 
Calculations. 
Stroke, 8 ft. 


Time taken per cycle to cut at 36-1 ft./min. and 
return at 100-5 ft./min. 
ee ) where F is the value of the 
36-1 100-5 / factor taken from the curve. 
= 1-13 x 0-3 = 0-339 secs. 
Time taken per cycle to cut at 36-1 ft./min. and 
return at 57-3 ft./min. 


8 8 
aE ka Be 
(se bs v3) 
= 1-03 x 0:36 = 0-371 secs., the factor being lower 
for the lower return sp: 


Thus the saving of time per cycle by adopting a 
return speed of nearly twice the value is only 


0-371 — 0-339 


x 100 per cent. 
0-371 


= 8-6 per cent, 


These are experimental results obtained from a very 
heavy planer; fora smaller planer lower values 
of the factor ‘‘ F” would be obtained. 


stroke. For this reason the machinist is very chary 
of using a very high-speed return, especially when 
handling heavy work. Owing to the characteristics 
of the drive the slow speeds cannot be utilised to 
the same advantage as on the single motor drive 
to give heavy cuts as the same power is not available. 
This is more fully explained under ‘“‘ The Character- 
istics of the Two Drives.” 

Apart from these facts, setting-up time is such 
a large percentage of the total time taken to 
complete a job that the actual saving in time, 
even when the high-speed return can be utilised 
does not show a proper return for the extra capital 
outlay. Taking the average over a number of 
shops and different jobs the setting-up time amounts 
to approximately 55 per cent. of-the total time 
on non-repetition work, and approximately 45 per 





cent. on repetition work. 





Setting-up time in this case includes. all time in 
which the planer is not actually running and includes 
the following operations : (a) initial setting up and 
final dismantling including receiving instructions, 
fetching tools and drawings, oiling and cleaning, 
and any necessary filing, scribing or chipping 
required ; (b) grinding tools, fixing to machine, and 
moving into position for cut; (c) examining and 
gauging work; (d) incidental troubles with machine, 
or tools and unavoidable delays. 

The figures quoted above are fully confirmed in 
Mr. G. E. Bailey’s paper on “‘ Workshop Efficiency,” 
read before the Manchester Association of Engineers 
on March 2, 1923. On short-time special jobs this 
setting-up time will considerably exceed the figures 
given above. A great deal of this setting-up time 
can, however, be saved by utilising two tables, 
one of which is being set up while the other is in 
operation. Taking into account all these points 
it will be seen that it is very difficult to justify 
an extra capital outlay of at least 50 per cent. for 
a Ward Leonard drive over the cost of a single 
reversing motor drive. 

The Characteristics of the Two Drives.—The 
characteristic curves of the two drives are shown 
in comparison in Figs. 1, 2 and 3, and the calcu- 
lations below show how the curves have been 
arrived at. The constants used in the calculations 
have all been obtained as the results of tests, and 
have been fully verified. 

Particulars and calculations for the curves, 
Figs. 1, 2 and 3:— 


Small Planer on Light Work. 


Weight of table = 90 cwt. 
Weight of job = 25 cwt. 
Min. and maximum 
cutting speeds = 25-50 ft. per 
Max. return = = 100 ft. Pints for single motor. 
Stroke = 12 ft. (20 ft. maximum, short- 
“stroke work). 
Tools 


ill 


4. 
Total area of cuts 0-103 sq. in. at 40 ft. per minute. 
H.P. during cut at 40 ft./min. = 90 _x 2,240 x 0-108 x 40 








33,000 
= 25-2 h.p. 
115 x 112 x 0-1 x 40 
Friction h.p. at 40 ft./min. = = 1-57 
. I 33,000 . 
100 ft./min. = 3-92 h.p 
K.E. "of armature at 25 ft./min. = 1,540 te Tb. 
H.P. required to stop in 1 sec. at 25 ft./min. = wee =2-8 h.p. 
” ” ” » »» 40 ft./min. = 7: poe 
» »,100ft./min. = 45 hip 
H.P. required for reversal in 1 sec. = 2 + 45. 
om 52. 2h.p. 


Single Motor Equipment. 














Operation. H.P. Duration, H.P.2 x t. 
t. secs. 
Cut < - ft./min. 26-77 18 12,950 
Rev 52-2 1 2,750 
Reema | at 100 ft. min. 4-0 9 144 
Reverse Pe §2-2 1 2,750 
29 18,594 
R.M.S. H.P. = 18,504 _ 95.4 
29 
Ward Leonard Equipment. 
Arma- Duration, | (C t 
Operation. | H.P. | ture, | Current.| “} » | (Current)2 
volts. . 8eCS. x i 
Cut at 40 ft. 
per min. ..| 26-77 110 181 18 590,000 
Reverse -+| 52-2 220 176 1 31,000 
Return at 160 
ft. per min.| 6-28 220 21-3 5-5 2,490 
Reverse -+} 52-2 220 176 1 31,000 
25°5 654,490" 




















R.M.S. current =  /$54,490 _ 160 amps, 
25-5 
Corresponding H.P. at 220 volts = 47-3 h.p. 


The physical characteristics of the motor arma- 
tures are the same in either case so that the power 
required for reversal is the same. 

It is clear that in the case of the Ward Leonard 
drive a motor generator is required in addition, 
and the driving motor is not the only part of the 
equipment as in the single motor drive. 

Fig. 1 shows the horse-power against ft./min. 
for both the single motor and the Ward Leonard 
equipment for the same armature current in each 
case. 

Tt will be seen that the single motor drive gives 
constant horse-power over the total speed range 
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of 25 ft./min. to 100 ft./min. obtained by shunt 
regulation, and constant torque from 25 ft./min. 
to zero speed. The Ward Leonard equipment gives 
constant horse-power from 80 ft. /min. to 160 ft. /min. 
only, and constant torque from 60 ft./min. to 
vero ft./min. In this particular case, for which the 
curve is plotted, 26-77 h.p. was required for the 
cut stroke at 40 ft./min., due to the weight of 
metal removed and considerably less than 25 h.p. 
was required at the high-speed return as the total 
weight of the work was light. 

Fig. 2 further illustrates the difference as described 
above, torque being plotted against ft./min. of 
the planer table. The important point to remember 
is that the two equipments are comparable as far 
as heating of the motors and generator are con- 
cerned ; in. other words, they are plotted for the 
same armature current. It will be seen that in 
order to get the necessary power for the cut stroke 
without overheating the machines a very much 
larger equipment would have to be installed in the 
case of the Ward Leonard set, making the capital 
outlay very excessive as compared to the single 
motor drive. 

In the single motor drive the r.m.s. horse-power 
settles the size of the motor that is required. 
In’ the case of the Ward Leonard equipment the 
r.m.s. horse-power does not settle the size of 
the generator and motor which has to be installed, 
since most of the work is done at a lower voltage 
‘than the- maximum. It is, therefore, necessary 
to base the calculation on the r.m.s. current 
carried by the armature of the generator and 
motor, and this in reality settles the size of 
the machine. Since, however, the machines have 
to give and operate at maximum voltage in order 
to get the high-speed return, the output they 
are capable of giving at full voltage is obviously 
very much more than the r.m.s. horse-power. 

From the point of view of removing metal in the 
shortest possible time, it is always advisable to 
increase the number of tools or the depth of cut and 
reduce the speed, and even on the planer for which 
the curves are drawn it would be better to run at 
25 ft. per minute, increasing the amount of metal 
removed per tool. The single motor drive will give 
25 h.p. at 25 ft. per minute, and assuming, for ex- 
ample, that the work is medium cast iron, then the 
area of the cut that can be taken = 0-164 sq. in. 
total, say, on four tools. 

Length of cut = 10 ft. say, 12 ft. stroke. 

Amount of metal removed per cut = 5°13 Ib. 

Cutting speed, 25 ft. per minute. 

Return speed, 80 ft. per minute average, includ- 
ing acceleration and retardation. 

Time of one complete cycle cut and return 
= 40 secs. 

Number of cycles per hour = 90. 

Amount of metal removed per hour = 462 Ibs. 

Now let us compare this with the same single 
motor drive cutting at 40 ft. per minute. 

25 h.p. at 40 ft. per minute gives for medium cast 
iron an area of cut = 0-103 sq. in. 

Time of one cycle .-. = 29 secs. 
Amount of metal = 
cut .. = 3°22 Ib. 
Number of cycles per 
hour ... > = 124. 
Amount of metal re- 
moved per hour = 124 x 3-22 = 400 lb. 

Therefore with the single motor drive 15 per cent. 
more metal can be removed at the slow speed of 
25 ft. per minute than at the high speed of 40 ft. 
per minute. 

Now let us compare this with the Ward Leonard 
equipment. 

At the cutting speed of 25 ft. per minute the Ward 
Leonard equipment is only capable of giving 15 h.p. 
(see Fig. 1). 1n other words, the torque is constant, 
and the area of cut must remain the same as at 40 ft. 
per minute. 


Area of cut . - = 0-103 sq. in. 
Amount of metal per cut... = 3-22 Ib 
Cutting speed . = 26 ft. per min. 
Return speed, maximum ... = 160 ft. per min. 
Return speed, average, in- 

cluding acceleration ... = 130 ft. per min. 
— of one cycle . ... = 36-5 secs. 

'yeles per hour... = 98. 

= of metal removed 

per hour . ses . = 315 lb. 


This, of course, is very + eomnideqahiy less than 





either of the cases taken for the single motor drive, 


and simply proves that full advantage cannot be 
taken of the slow speeds offered by the Ward 
Leonard equipment. 

Now let us consider what we can get out of the 
Ward Leonard drive at 40 ft.per minute, which is 
the speed for which it was designed. 


Cutting at 40 ft. per minute. 
Return speed eee = 160 ft./min., average 


130 ft./min. 
Area of cut.. = — sq. in. 
Weight of metal per cycle = “22 Ib. 
Time of one cycle .. = 35 5-5 secs. 
Cycles per hour ‘ = 141. 
Weight of metal remov ed 
per hour . +. = 455 Ib. 


Tabulating these results :— 





Weight of metal removed per hour. 








25 ft. per min. cut. | 40 ft. per min. cut. 

| — 
Single motor drive .. 462 lb. 400 Ib. 
Ward Leonard drive. . 315 ,, 455 ,, 








It should also be pointed out in connection with 
this tabulation that had the single motor drive 
been designed for a speed variation of 40 to 160 ft.- 
min. by shunt control, and the remainder down to 
25 ft.-min. by series control, the following results 
would have been obtained :— 


Weight of metal removed “ hour 


at 25 ft./min. = 315 lb. 
Weight of metal removed per hour 
at 40 ft./mon. R = 455 lb. 


This is exactly the same as the Ww ard Leonard 
equipment, but the result would be obtained when 
running at 25 ft. per minute at a slightly greater 
expenditure of energy, the cost and size of the 
equipment would, however, not be affected and 
would remain the same whatever speed range was 
adopted on the planer table. 

It is clear from the foregoing that with the Ward 
Leonard drive the area of cut is constant over the 
full range of cutting speeds and therefore it is always 
advisable to run at as high a speed as possible on 
the cut stroke. In the case of the single motor 
drive, since the horse-power is constant (utilising 
shunt field control) it is always advisable to run at a 
low cutting speed with the heaviest possible cut 
that the motor will handle. 

Curve No. 3 shows this graphically for the planer 
in question. 

In this particular case the Ward Leonard drive 
shows up very badly indeed, having available 
excessive power for the high speed return and in- 
sufficient power for heavy cuts with multiple tools 
at low speeds. This is partly due to the character 
of the work, which is light, and as a consequence 
the horse-power absorbed on the return stroke is 
considerably Jess than that absorbed on the cut 
stroke. 

In these days, where heavy cuts and multiple 
tools are used, it is usually found that the horse- 
power required on the cutting stroke is nearly as 
much as that required for the high-speed return. 
In the early days of planer drives this was very 
rarely found to be the case, and the high-speed 
return was found to absorb most power. 

The following example shows the comparison 
between a single motor drive and a Ward Leonard 
drive for a very large planer carrying very heavy 
work. 

Large Planer on Heavy Work. 
14 ft. x 14 ft. planer. 
Weight of planer bed ... = 30 tons. 
Weight of heaviest job... = 50 tons. 
Number of tools : 
Cut each tool, medium cant iron, }-in. X ys-in. 


= QO 1,875 sq. in. total. 


Cc utting speed 30 ft. per min. 


Ht 











Average stroke Am 10 ft. 
H.P. during cut = 90 x 2,240 x 30 x 0-1875 
33,000 
4 80 x 2,240 x 0-1 x 30 
' 33,000 
= 34-4 h.p. + 16-3h.p. 
= 50-7 h.p. 
H.P. during return = 80 x 3,360 x 0:2 x 140 _ 26 h.p. 
‘ 33,000 


The R.M.S. value of the armature current over 





the cycle fixes the size of the motors which must be 


installed for the alternative systems, and may be 
calculated as follows :— 


Ward Leonard. 
































Arma- 
Dura- 
: Armature | ture . 
Operation. =P. voltage. | Current papas i2 t. 
‘y . sec. 
Cut 30 ft./min. 50-7 94 403 20-0 | 325,000 
Reverse 140-0 220 475 1-5 34,000 
Return 140 ft. 
per min. 76-0 220 258 4°3 28,600 
Reverse 140-0 220 475 1-5 34,000 
27-3 | 421,600. 
R.M.S. current = ees = 392 amps. 


H.P. of motors at 220 volts = 115-5 h.p. 


Single Motor.—In this case, the armature voltage 
being constant, the R.M.S. value of the horse-power 
over the cycle will give the size of the motor. 














Operation. H.P. Duration, | (H.P.2 

t. secs. xo). 

Cut 30 ft. per minute os 50-7 20-0 51,200 

Reverse : --| 100-0 1-5 15,000 

Return 100 ft./ /min. es 54-5 6-0 17,800 

Reverse we --| 100-0 1-5 15, 000 
2 “29- 0 99, 9,000 














R.M.S. HP. = rm = 58-5 h.p. 

Thus, the size of motor required to handle this 
work would be very much smaller in the case of the 
single motor drive than in the case of the Ward 
Leonard drive, the ratio of their normal ratings 
being 58-5:115-5. The above results are shown 
on Fig. 4. 

This should have been an ideal case of a Ward 
Leonard drive, since the weight of the table and 
work is such as to give a very heavy friction load 
on the high-speed return, but again it is seen that, 
owing to the fact that the cutting speed is obtained 
by voltage control, the driving motor is capable of 
giving power at full voltage considerably in excess 
of that demanded for the high-speed return, and 
the equipment is expensive and uneconomical as 
compared with the single-motor drive. This is 
especially the case in this example, as the machinist 
never dared to run the table at top speed when 
carrying a load of 50 tons, and this again reduced 
the power taken for the high-speed return. 

The Reversing of the Planer Table.—In the case of 
the Ward Leonard drive the motor driving the 
planer table is in some cases decelerated by leaving 
it connected to the generator armature, and cutting 
off the field of the generator. The effect of doing 
this is to drive the generator as a motor which 
drives its motor as a generator, returning power 
to the line.. Since, however, the decelerating 
current flows in both generator and motor armatures, 
this does not permit any reduction in the size of 
these machines to be made, and, although the 
energy may be returned to the line, the resultant 
saving in energy is very small indeed, as will be 
seen by reference to the calculation sheets. 

In the case of the small planer, where the condi- 
tions are peculiarly favourable it amounts to 
6 per cent. of the total energy per cycle, and in the 
case of the large planer 6-6 per cent. of the total 
energy per cycle. 

In the case of the single-motor reversing drive 
it is impracticable in most cases to return any very 
large amount of energy to the line, and the majority 
is usually dissipated in resistances. 

It is often claimed by the advocates of the 
single motor drive utilising a mechanical reversing 
motion, that, owing to the fact that the motor has 
not to be stopped and accelerated again in the 
opposite direction, as in the case of the reversing 
motor drive, a considerable economy in power 
consumption is achieved. This claim is, however, 
one which will not bear examination, as it ignores 
the fact that speed regulation amounting to one to 
four is still utilised on the motor, in order to get t he 
necessary adjustment for the cutting and return 
speeds. A motor operating the table at 25 ft. per 
minute on the cut stroke must be accelerated at 
the end of the stroke, so as to return the table at 
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100 ft. per minute. The energy saved on this 
stroke is exactly one-sixteenth of the stored energy 
of the motor armature only, since it is necessary 
to reverse the rest of the gear. At the end of the 
high-speed return, full field is again applied and the 
motor generates, returning power to the line until 
it has reduced its speed to one-fourth of its original 
value. The energy put into the motor is not, 
however, balanced by that returned to the line, 
since certain losses occur in the machine in both 
cases. The actual energy returned is only about 
70 per cent. of that put into the motor to accelerate 
it, and amounts to considerably less than that 
saved when utilising the Ward Leonard drives. 
These small savings of energy, although admittedly 
on the right side of the balance sheet, do not com- 
pensate or show an adequate return for the addi- 
tional complication and increased maintenance 
charges involved in the use of a mechanical reversing 
device. 

The Efficiency of the Two Drives.—In the case of 
the Ward Leonard drive constant losses take place 
in the three machines utilised for the drive. On 
the other side of the balance-sheet a certain amount 
of power is returned to the line by the motor- 
generator set at the end of each stroke. In the case 
of the single reversing motor drive losses occur 
only in one machine, and, in addition, power is 
consumed in resistances when accelerating at the 
beginning of each stroke. 

If we take the case of the small planer given on 
page 173, the following figures will give the com- 
parative efficiencies :— 


Ward Leonard Drive. 

Take the efficiency of each machine at 90 per cent. 

Overall efficiency is therefore 73 per cent. 

Since the motor of the motor generator set is operating 
at constant voltage, we can take the R.M.S. H.P. at 
25-4. 

.. Input to this motor = 34-8 h.p. 

.. Loss over one hour = (34:8 — 25-4) x 3,600 

= 33,800 h.p. secs. 

H.P. secs. returned to line per cycle = 52-2 h.p. sees. 

x 0-73 = 38-2. 


H.P. secs. per hour = 38-2 x 141 = 5,400 h.p. secs. 
.. Total loss per hour = 33,800 — 5,400 = 28,400 h.p. 
28,400 


secs., equivalent to a continuous dissipation of 
: 7 ? 3,600 


= 7-9 h.p. 
Single Reversing Motor Drive. 
Take the efficiency of the motor at 90 per cent. 
25- 
Then input to the motor = ~ = 28-4 h.p., say 
Therefore loss ever 1 hour = (28-4 — 25-4) x 3,600 
10,800 h.p. secs. 


This represents the loss in the motor itself, to 
which we must add the loss in the starting resistance. 
In this particular instance the loss in the starting 
resistances.is very small, amounting to considerably 
less than half of the accelerating horse-power, since 
most of the acceleration is carried out by weakening 
the field of the motor. However, for the sake of 
argument, we will assume that 26 h.p.-sec. is 
dissipated in the resistance per cycle. 


Then total loss per hour in resistance = 26 x 124 = 
3,230 h.p. sees. 

-. The total loss per hour = 10,800 + 3,230 = 14,030 
h.p. sees. 
¢ 14,030 


3,600 
3:9 h.p., or just about half that of the Ward Leonard 


set. 


Equivalent to a continuous dissipation o 





CoNCLUSIONS. 


(1) Operating planer tables at very high speed 
on the return stroke does not offer any adequate 
return for the necessary capital outlay. 

(2) The single reversing motor drive offers great 
advantages in simplicity, cost, and compactness. 

(3) The single reversing motor drive gives a great 
advantage in its constant horse-power characteristics 
having available the same power at slow cutting 
speeds as at the highest return speed, and from the 
point of view of removing metal this is ideal. 

(4) The use of a Ward Leonard equipment can 
only be justified when operating on very light 
repetition work, where it is impracticable to take 
heavy cuts, or to utilise multiple tools. 
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LABOUR NOTES. 


Late. on Thursday night last week the Prime 
Minister succeeded in, at any rate, temporarily adjusting 
the serious difficulty which had arisen between the 
coalowners and the miners. He proposed (1) that 
the coalowners should suspend for a fortnight their 
notices to terminate the existing agreement, (2) that 
there should be a full investigation into the methods 
of improving the productive efficiency of the mining 
industry for the purpose of increasing its competitive 
power in world markets (3) that financial assistance 
should be given to the industry for nine months by 
which time, it was hoped, the inquiry would be com- 
pleted. The representatives of both sides provisionally 
agreed to the settlement whose terms were later given 
to the House of Commons by Mr. Baldwin. On the 
following day, after the truce had been definitely 
arranged, the following statement was issued by the 
Treasury :—‘‘ The assistance to be given by the 
Government to the coalmining industry will take the 
form of a subvention in aid of wages during the nine 
months August 1, 1925, to May 1, 1926. During this 
time wages will be paid on the basis of the 1924 agree- 
ment, but in any month in which wages calculated in 
accordance with the recognised ratio of division between 
wages and profits would be lower in any district than the 
wages payable at the minimum percentage under that 
agreement, the deficiency will be made up by the 
Exchequer. This follows the same lines as the wages 
subvention of 1921, but on this occasion it is stipulated 
that in any month in which the estimated average 
profit of a district in which subvention is payable 
would exceed Is. 3d. a ton, the excess will be used in 
reduction of the amount of the subvention. It is 
impossible at present to forecast correctly the cost 
involved to the Exchequer, as this must depend on the 
course of trade.” 





The terms on which a stoppage of the country’s 
coalmining industry has been averted have been 
criticised from many angles, but, obviously, their least 
desirable effect will be on the negotiation of labour 
affairs generally. If the railwaymen and the transport 
workers had acted in support of the miners as they 
said they would—had refused, that is, to handle coal 
which had been mined under perfectly satisfactory 
trade union conditions—more than one mutually 
arrived at agreement would have been broken. In 
these circumstances employers’ organisations generally 
would be justified in considering whether agreements 
are worth the time and trouble which their making 
involves. The settlement has been hailed in some 
Labour circles as a “‘ great victory ” for Trade Union- 
ism. In a sense, it may be so regarded, although to 
flout collective bargains seems to be a break with the 
traditions of the movement ; but it would be interesting 
to know what these circles would have called the 
“success ’’ if the Government which capitulated had 
been a Labour Government. The movement’s politi- 
cians cannot but be rather uneasy at what has happened. 

The strike of anthracite miners at Ammanford ought 
to give pause to the people who are pinning their 
faith to grand combinations of labour units as the 
salvation of the workers. The new ambition of many 
leaders is to endow the General Council of the Trades 
Union Congress with power to move the forces of 
Labour about as a generalissimo moves armies. The 
difficulty which Ammanford illustrates—which other 
areas and other classes of men have also illustrated 
before—is that groups of workers are not readily mov- 
able like groups of soldiers. Not only will workers, on 
occasion, decline to be ordered about; they will also, 
when they feel strongly, defy constituted authority— 
as they are doing at Ammanford. The truth is that 
the rank and file of Labour has no use for discipline, 
and that until it realises the need for it, talk about 
general staffs, industrial alliances and so forth is 
futile. The unofficial strike, the repudiation of 
dispute settlements, and the flouting of executive 
recommendations and orders suggest that the workers 
have some way to go before they become the mobile 
force which many of their leaders desire them to be. 








The official minute of the meeting which took place 
at Essex Hall to consider the draft constitution of the 
proposed Industrial Alliance is rather interesting read- 
ing. Apparently, Mr. Bevin did the bulk of the 
speaking for the drafting committee, and in what he 
had to say he was frank to the point of bluntness. 
He said that at the St. Pancras conference on June 4 
three federations and eight trade unions had been repre- 
sented. The three federations had three different 
constitutions. The Miners’ Federation was limited to 
an industry, the Federation of Engineering and Ship- 
building Trades was composed of about 40 unions 
with. nearly a million workers, and the . Transport 
Workers’ Federation represented a section of transport. 
Several of the eight unions had direct executive respon- 








sibility, while others had indirect, but in every instance 
the rules appeared to have been devised to provide a 
check upon strike action or to prevent interference 
with the autonomy of the organisation. Whichever 
form the constitution took, none of the unions appeared 
to have power to join an alliance of the proposed 
character with its responsibilities, although in the case 
of the moulders there was an obligation to obey an 
order of the General Council of the Trades Union 
Congress. The Committee consequently arrived at 
the conclusion, Mr. Bevin said, that it was impossible 
to frame a constitution for an alliance which could 
accommodate the constitutions of the unions now in 
existence. They, therefore, proceeded to draft the 
conditions of an alliance which would be a workable 
instrument, and he had been directed to tell the 
conference quite honestly that if it desired an effective 
combination the constitutions of the affiliated organ- 
isations would have to be accommodated to the require- 
ments of the new organisation, and not the constitution 
of the proposed alliance to the constitutions of the 
affiliated organisations. 

It would be necessary, Mr. Bevin went on to say, 
for the delegates to the conference to have special 
regard to the obligations under clauses 6, 9 and 12 of 
the draft constitution which dealt with the power of 
the executive to take absolute charge of any move- 
ment to which the alliance gave assistance. Clause 9, 
moreover, asserted, it should be noted, he said, that 
the autonomy of a union must be given up for the time 
being when the assistance of the Alliance was asked 
for. Clause 12 meant, in effect, that the General 
Conference of the Alliance could call for financial assist- 
ance for a particular allied union or, in the case of 
partial sympathetic action, for the cost of that partial 
sympathetic action to be borne proportionately by 
those not involved. In an extremity it could exercise 
its power to pool the whole trade union funds of the 
unions. The Committee were of the opinion, Mr, 
Bevin added, that nothing less than they proposed 
could make an alliance workable or possible, and they 
desired the unions to realise the consequences before 
entering, in order that there should be. no misunder- 
standing. Amongst a number of questions asked by 
delegates was one relating to amendments to the drait 
constitution. The answer given was to the effect 
that, doubtless, amendments might be put in. It was 
added, however, that the Committee stood firmly on 
the vital principles of control embodied in the draft 
constitution, which could not, in their opinion, be 
departed from if the alliance was to be effective. The 
conclusion of the average man will probably be that 
if this project matures at all it will be on a much less 
ambitious scale so far as its composition is concerned. 





The American Labour Legislation Review states that 
the validity of the 1923 amendment to the Wisconsin 
Workmen’s Compensation Act, requiring employers to 
pay part of the award in death cases into the State 
treasury in case no full dependants are left, has been 
upheld by the State supreme court. The fund thus 
created is used to provide added benefits to the orphaned 
children of fatally-injured employees. 





The question of unemployment insurance is at the 
moment very much to the fore in American and Cana- 
dian Labour circles, and many men, chiefly represen- 
tatives of the workers, are publicly discussing it. A 
notable recent commentator is Mr. B. Seebohm 
Rowntree, who deals with the matter in the July 
issue of the Machinists’ Monthly Journal—the official 
organ of the International Association of Machinists. 
In his opinion, the benefits paid must be, on the one 
hand, adequate and, on the other, not excessive, lest 
the effects on production be unfortunate. It is an 
essential condition, he says, to the successful working 
of an unemployment compensation scheme that there 
should be some fully effective methods of determining 
whether or not a man is bona fide unemployed. For 
practicel purposes, the only reliable method of ascer- 
taining that is to be in a position to offer a job. In 
other words, unemployment compensation involves a 
far-reaching and closely co-ordinated system of 
employment exchanges or something equivalent, where 
a man must register periodically when unemployed. 
In endeavouring to prevent unemployment and 
protect the worker against it when it occurs, care must 
be taken not to do anything which will reduce the 
volume of employment. For example, men should not 
be deterred from roving freely from district to district or 
from industry to industry, or from taking work for 
long or short periods, or employers deterred from 
offering employment in proper cases. Every step 
should be taken, Mr. Rowntree says, to secure the 
highest efficiency and economy in administration. In 
particular, the largest possible share in administration 
should devolve upon those actually engaged in industry 
whether employers or employees. In that. way, he 
adds, one may hope to obtain efficiency, a reduction in 
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the amount of unemployment and a more human form 
of administration. 





At the Trades Union Congress, which is to be held 
at Scarborough next month, three resolutions are to be 
submitted on the subject of workmen’s compensation. 
One sent up by the Amalgamated Weavers’ Association 
proposes that the right to compensation shall be 
extended to a learner who is not receiving wages. 
In another, the Miners’ Federation of Great Britain 
presses for the reforms set out in the Holman-Gregory 
report, and urges that the widow should ‘“‘not be 
penalised through being left with children whose 
claims will exhaust the present maximum amount of 
6001. Another stipulation is that the weekly compen- 
sation to an injured workman shall be not less than 
two-thirds of his average earnings. Consolidation of 
the various Compensation Acts into one Act is proposed 
by the Transport and General Workers’ Union. 





An interesting discussion should take place at Scar- 
borough on the proposal of the Distributive Workers’ 
Union that the National Unemployed Workers’ Com- 
mittee shall be allowed to affiliate to Congress. An 
entertaining debate is also likely to develop on a resolu- 
tion sent up by the National Union of Clerks and Shop 
Assistants to the effect that a scheme be drafted to 
give Trades Councils representation on the General 
Council. These are both pet projects of the National 
Minority Movement, whose prominent men frankly 
consider that acceptance of them by Congress would 
constitute important steps towards the dictatorship of 
the projetariat of which all true communists dream. 
Orthodox trade unionists are, of course, under no illu- 
sions as to what is behind the moves ; but their effective 
objection to them has for its basis the fact that they 
would destroy the balance of Labour’s existing organi- 
sation. The trade unions to which the unemployed 
belong are, or should be, affiliated to Congress, so that, 
to give Mr. Harrington and his friends what they 
desire, would simply be to duplicate representation. 
The proposal to give Trades Councils representation 
on the General Council has much the same drawback. 
Locally, trade unions are represented on Trades and 
Labour Councils and, nationally, through Congress, 
on the General Council, so that to agree to the proposal 
of the National Union of Clerks and Shop Assistants 
would be to give them indirect as well as direct represen- 
tation. These considerations, as a matter of course, 
do not deter the communists, who are simply feeling 
heir way along the line of least resistance to the 

dictatorship ’’ which is the goal of their ambition. 





A resolution, for which the National Union of 
Boot and Shoe Operatives is responsible, declares 
emphatic opposition to the ‘‘ spurious remedies of 
lower wages and the degradation of established 
working conditions,’ and calls upon the trade union 
movement to offer its utmost resistance to any 
attempt to increase the hours of work. It asserts 
the unquestionable right of the unemployed worker 
and his dependants to adequate maintenance, and 
demands the establishment of a National Employment 
and Development Board for the purpose of devising 
and co-ordinating measures whereby the extent of 
unemployment may be reduced. Such a National 
Employment and Development Board is, of course, 
a part of the official programme of the Labour Party. 





The Ministry of Labour states that on July 27, 1925, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,197,600—912,500 men, 33,400 boys, 220,400 women, 
and 31,300 girls. On July 20, 1925, the number was 
1,221,912—940,230 men, 32,257 boys, 221,662 women, 
and 27,763 girlsk—and on July 28, 1924, it was 
1,048,261—794,340 mer, 34,559 boys, 189,161 women, 
and 30,201 girls. 





Royat AERO CLuB MreEtiInG.—The results of the 
Light Aeroplane meeting held at the Lympne Aerodrome 
from August 1 to 3 constituted somewhat of a triumph 
for the Bristol Aeroplane Company, Limited, Bristol. 
Machines with engines manufactured by this firm came 
in first in the International Light Aeroplane Holiday 
~nererag the International I'wo-Seater Light Aeroplane 
Scratch Speed Race, and the International Single-seater 
Light Aeroplane Scratch Spesd Race. Machines with 
Bristol engines were also first in the 30-minute and 
unlimited time height contests ; first in the 3-km. and 
second in the 50-km. speed contests. The height attained 
in the 30-minute competition was 8,180 ft., and in the 
unlimited time event was 11,900 ft. The speeds in the 
3-km. and 50-km. events were 139-69 and 135-05 km. 
per hour respectively, Bristol machines were second 
and third in the International Handicap, and machines 
with their engines secured the whole of the first five 
positions in the Grosvenor Challenge Cup Handicap. 
Other machines similarly fitted were first and second inthe 
International Private Owners’ Handicap. The great 


majority of the successes were attained with the Cherub 
engine, 
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pig-iron. 
those for steel rails are for heavy sections. 
Cleveland iron, both of No. 1 quality. 
which vary from 70 lb. to 80 lb. 

cases the prices are per ton. Each vertical line 


which they represent 1s. each. 


The price of quicksilver is per bottle, 
The price of tin-plates is per standard box, 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, 


The prices given, in the case of steel plates, are for ship, € 
The pig-iron prices are for East-Coast hematite and 
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and also for hematite and Cleveland 
bridge ‘and tank qualities, and 
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horizontal lines represent 11. each, except in the case of the diagram relating to tin-plates, in 








ContRacts.—The Westinghouse Brake and Saxby 
Signal Company, Limited, has received an order from 
the Four.Wheel Drive Lorry Company to fit pressure 
brake equipment to five vehicles destined for pas- 
senger and ‘goods service abroad.—The United Water 
Softeners, Limited, of Imperial House, Kingsway, 





London, W.C.2, have secured, amongst others, orders 





to supply Messrs. Vernon and Co., Limited, of Preston, 
with water softening plant capable of treating 480,000 
allons of water ; the United National Collieries 
ompany, Limited, Risca, with plant for treating 244,000 
gallons of water daily; and the Palestine Railway 
Company, Haifa, with plant for treating 192,000 gallons 
of water daily. 
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HYDROPEAT. 


Psat is the staple fuel in very large areas. Such 
districts, generally classed as poor, would become 
more productive from the agricultural and industrial 
points of view if the peat could be won and utilised in 
more efficient and economical ways. As it is, the peat 
industry still retains a local character, in spite of its 
great and even national importance and of much 
ingenuity and money spent upon its development. 
The cause of this is due to difficulties in connection 





| Russian engineers, Messrs. R. Klasson and V. Kirpitsh- 
| nikoff, of Moscow. Their first large plant was erected 
near Bogorodsk, 75 km. east of Moscow. Other plants 
have been installed, some outside Russia, in Finland, 
Denmark and Germany; the process has sometimes 
been described incorrectly as Finnish or Danish. In 
development a special method of peat cutting 
was forced upon the inventors by the peculiar con- 
dition of the peat moors of Russia and Scandinavia. 
So many tree stumps, branches and roots are 
embedded in the peat of these districts, that cut- 
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with dehydration. As taken from the bog, peat may 
contain only 10 per cent., and rarely more than 
12 per cent., of solid, or rather colloidal, matter, all 
of which is combustible except the minerals; the rest 
is water, held with a tenacity which baffles removal 
by compression. Curiously enough, the most recent 
and promising method of winning peat, the hydropeat 
process, makes the peat even more watery to start 
with by cutting the bed, not with ordinary implements, 
but with jets of water. It is claimed for this process 
that the peat is easily won, when otherwise it would 
be almost unexploitable, and that it is obtained in a 
condition particularly suitable for chemical treatment 
and the subsequent drying. 

The hydropeat process is the invention of two 


ting by means of dredges and other machinery proved 
impossible. The use of high-pressure jets of water 
was first tried during the war. The jets uncover 
the branches and roots of all adhering peaty matter 
and transform the whole mass into a pulp which con- 
taining 95 per cent. of water, can be pumped at a rela- 
tively low pressure, through large pipes, the sections of 
which need only be loosely joined together, for a mile 
or more. A good deal of special machinery is required 
and such a process could, of course, only be profitable if 
worked on a big scale. But the immense peat moors of 
Russia demand extensive operations. The peat moors 
}of European Russia—excluding, of course, Finland, 
| one-quarter of the land of which is said to be moors— 
| are estimated to cover more than 35,000,000 hectares 





(two and a-half times as many acres), and every hectare 
may yield 3,000 tons of good fuel. In a report on 
the potential power of Russia, which Professor Ramsin, 
of Moscow, presented to the First World Power Con- 
ference, at Wembley, last June, it was stated that the 
power supplied in Russia by peat and wood was almost 
equal to that derived from coal (43 per cent.), and that 
Russian engineers and authorities were well aware 
of the importance of these available sources of power. 
At the same meeting, Professor P. F. Purcell, peat 
investigation officer of the Fuel Research Board, said, 
in his report on “‘ Peat Winning and Utilisation,” that 
more had been accomplished on sound lines towards 
the practical and economical development of the peat 
industry by Wielandt, Strenge and Baumann-Schenck 
in Germany, and by Moore in Canada, during the last 
fifteen years than in all previous experience. But those 
various processes were unable to exploit the peculiar 
northern moors with their wood enclosures. For this 
reason, the hydropeat development received the en- 
couragement of the Soviet Government; the late Mr. 
Lenin took a personal interest in the matter, and 
machinery was ordered, mostly from Germany in the 
first instance ; later machinery is of Russian construc- 
tion. For our information and the illustrations which 
we give on page 168 and on this and the following 
pages of the plant employed in the process, we are 
indebted to Mr. Klasson. 

The general arrangements of a hydropeat plant are 
as follows: The moor is cut up lengthways by V-ditches 
with flat bottoms, about 6 ft. deep, and lateral ditches 
less than half that depth, to drain off the excess water 
and to maké the moor sufficiently firm to bear the 
weight of the excavators which run on caterpillars. By 
means of hydraulic jets at 20 atmospheres pressure from 
1-in. nozzles; the peat is broken up and ground into a 
pulp which is drawn off by suction pumps and delivered 
into macerators for further disintegration. The view 
given in Fig. 1 on page 168, shows in the background 
two men applying the hydraulic jets and in the fore- 
ground an excavator provided with two jibs; from 
the one is suspended a suction pump (only the pipe is 
visible in the photograph), from the other a grab, 
which handles the tree stumps, branches and roots left 
in the pit. This form of excavator and conveyor was 
found too heavy, and separate machines are now used, 
one for the pumping and maceration, the other a stump 
grab which is illustrated in Fig. 2 on page 168. After 
maceration the pulp is discharged into a pulp conduit 
leading to a sump which is common to several pulping 
sets. Another pump delivers the pulp from the sump 
into a system of pipes for distributing it over the 
surface of the drying ground, which is also drained. 
After a few days the pulp consolidates sufficiently to 
be cut up into sods ; this is done by a novel travelling 
sod cutter, running on large wheels of !paddle-wheel 
type as illustrated in Fig. 3, or by the caterpillar 
cutter, shown in Fig. 4, or by other means. The sods 
are air-dried in the usual fashion and further treated ; 
coke is also prepared from them. The power used is 
three-phase electric throughout. The main caterpillar 
excavator of the new type, not equipped with a stump 
grab, is shown in Fig. 5. Figs. 6 to 9 illustrate the 
suction pump fitted on it, and Figs. 10 and 11 the 
macerator. The dimensions marked on the diagrams 
are in millimetres. 

The 4-ton pump excavator, Fig. 5, carries suspended 
from its jib the suction pump and its connection, and 
has mounted at the other end the macerator and the 
pipe coupling which is joined to the pulp conduit. The 
older machines further carried a jib for the 14 tons grab. 
The platform has a total length of 8 m. (26 ft.) and 
is equipped with three electric motors all running at 
960 r.p.m. On the carriage is a 15 h.p. motor operating 
the chain tracks which have a width of 1,300 mm. 
(44 ft.) and are driven through a worm gearing and 
chain at the rate of 5 m. (164 ft.) per minute. The 
9 h.p. crane motor can lift and lower the pump through 
a worm and toothed gearing at the rate of 2-65 m. 
(84 ft. about) per minute. The grabs (Fig. 2) are 
equipped with 9 h.p. motors lifting at the speed of 
24 m. (78 ft.) per minute and slewing at the rate of 
52 m. (170 ft.) per minute. These machines are not, 
however, yet standardised. 

The suction pump is the most noteworthy feature of 
the machinery, and the type illustrated in Figs. 6 to 9 
is the outcome of many years of experiment. Fig. 6 
is a vertical section through the pump, Fig. 7 a side 
elevation; Fig. 8 shows the cutter pump as seen from 
above with the motor removed, and Fig. 9 is a horizontal 
section through the centrifugal pump. Any ordinary 
pump would rapidly be choked by the pasty pulp and 
particularly by the pieces of branches and small root 
drawn into the suction. The type adopted may be 
described as a compound machine, the lower part of 
which is so constructed that it cuts up any pieces of 
wood which the rotating arms at the lower end of 
the shaft may fail to ward off. The pump is suspended 
from the jib by a hook and adjustable slings, Fig. 6. 





The 75 h.p. motor runs at 730 r.p.m. and drives a 
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by wide air spaces which facilitate the draining and| station in the world. In 1924, 19,000,000 poods | satisfactory results. In the Babcock and Garbe boilers 
drying of the sods. By means of cams, a series of |(of 36 lb.) were produced at the works. In the/|of the Shatura and Elektroperedatcha plants evapora- 
knives, which are not shown in Fig. 4, are lowered and| present year two-thirds of all the peat of the plant | tion of from 40 kg. to 50 kg. of steam was realised 
raised quickly at intervals. This cuts up the strips| will be gained by the hydropeat process; by 1926|per hour per square metre of heating surface. The 
transversely into sods of the size found most suitable | the substitution of the new process will be complete. | powdered peat burns like oil with a long flame. For 


Fig.6.SEC. A-B. 
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metallurgical purposes, dried sods are used as fuel in 
| one Russian blast furnace. As a rule, the peat has to 
| be turned into coke for this service. Owing to its high 
me and portability hydropeat gives a superior 
coke. 

The artificial drying of peat is at present being 
investigated by Professor S. Stadnikoff, of Moscow. He 
has found in colloidal iron hydroxide an excellent 
binding material for the peat, which can then be 
compressed in Madruck presses to a moisture content of 
less than 65 per cent.; this promises to make factory 
drying practicable. A large plant for artificial dehydra- 
tion started working in May this year on the Elektro- 
peredatcha grounds. The treatment of hydropeat with 
colloidal iron has the further advantage that the 
dehydration need not be effected simultaneously with 
the winning, but can be carried out, independent of 
the season, throughout the year. 

A standard plant, designed for many years’ operation, 
requires four sets of machinery, erected at the two ends 
of a rectangular drying ground, 3 km. by 2 km., which 
occupies the centre of the moor to be exploited, with 
the factories and other auxiliary plant near by. There 
is an electric sub-station at each end. The sumps are 
connected by a main conduit of 570 mm. (22-5 in.), from 
which the lateral pipes branch off; these are loosely 
joined as described. The permanent rail track runs 
parallel with the main pipe line; temporary branch 
lines are laid on both sides for the transport of the 
dry sods and for general purposes. The air-drying of 
the sods requires from three to five weeks, during 
which the peat has to be re-stacked ; the resulting 
peat bricks are sufficiently hard and elastic to bear 
heaping up in high stacks, and do not absorb 
moisture. 

Longitudinally, the drying ground is subdivided 
into strips of 25 m. width. The water for the high- 
pressure hydraulic jets is drawn from the ditches 
8 in the moor by centrifugal pumps mounted between 
the two travelling excavators, which work together. 
Each complete set of machinery consists of one main 
excavator (Fig. 1) requiring one attendant, two grabs 
(Fig. 2), each requiring one man, and two water jets 
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each worked by one man. Another man is required 
to attend to two sets of high-pressure pumps, and, 
finally, one man is needed at the sump. The length of 
a working season is a question of weather; in the 
Moscow district it lasts about 70 days. 

The applications we have mentioned do not exhaust 
the possible utilisation of hydropeat. Near one of 
the Russian stations an arid sand field has within a 
week been converted into fertile ground by being 
covered with peat pulp, which was mixed with pow- 
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dered chalk and limestone to neutralise and to con- 
solidate the mass. Mr. Klasson also points out that 
floatingt=hydropeat machinery might help jin solving 
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for rapid drying and the smallest subsequent ex- 
penditure of manual labour. 

The original peat power plant installed at Elektro- 
peredatcha (near Bogorodsk), of 1912-13, utilised 
& number of peat-cutting machines and 30 men in 
two shifts. With the adoption of the hydropeat 
process and the installation of a 36,000-kw. power 
plant, it has become the largest peat-power central 











Peat being considered an inferior type of jfuel, was|the problem of the Nile sudd. The conditions’ are, 
not at first burned direct in the new power plant. | of course, hardly parallel; the sudd consists of float- 
But the systems of step grates and shaft furnaces|ing masses of weeds, not stationary;moors. Yet 
for coke tried in the first year did not result in good|the sudd is so compact and relatively stationary 
use of the heating surfaces ; the efficiencies werelow, and |that it has been found possible to use steam 
much coke went to waste with the ashes and cinders. | navvies on it. Drying grounds would be available 
The first experiments with the chain grates of T. Makar-|in some parts, and drying is a rapid process in 
jeff for peat made in 1921-22 gave, however, very | those latitudes. 
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ALUMINIUM AND ITS LIGHT 


ALLOYS. 


By Rosert L. Srreerer and P. V. FaARaGuer, 
Pittsburgh, Pa. 


THE desire to improve the mechanical properties of 
aluminium, and at the: same time retain its desirable 
properties, has resulted in the development of a large 
number of light aluminium alloys. The increase in 
strength and hardness which is obtained in the alloys 
is gained at a sacrifice of some of the ductility and 
workability of the metal. In most cases the resistance 
to corrosion is lessened, although some of the alloys 
are at least the equal of the commercial grades of pure 
metal in this respect. Most of the alloys contain 
90 per cent. or more of aluminium; the specific 
gravities vary from 2-65 to 2-90 as compared with 
2-70 for the commercially pure metal. 

It is the purpose of this paper to make available 
to the engineer data on the mechanical properties of 
aluminium and its light alloys. The recent literature 
contains a large amount of information on the develop- 
ments in this field. The data which have been pub- 
lished are, however, to a great extent the results 
obtained in laboratory investigations and do not 
represent minimum values which may be used by the 
designer for commercial materials. 

The data presented in this paper are minimum 
properties obtained from numerous tests of commercial 
material, and may be used by the engineer with the 
assurance that such materials are available on the 
market. 

The term “‘ aluminium,” as commonly used, denotes 
not only the commercially pure metal, but also the 
alloys in which aluminium is the principal constituent. 
Aluminium is available in a great variety of forms. 
It can be rolled, forged, extruded, drawn, spun, and 
cast. The list of commercial wrought forms includes 
plate, sheet, foil, tubing, bar, rod, wire, mouldings, 
structural shapes, rivets, forgings, automatic-screw- 
machine products, and castings produced in sand, in 
permanent moulds, and by the die-casting process. 

Aluminium Casting Alloys.—Although the mechanical 
properties and casting characteristics of commercially 
pure aluminium are not such as to recommend it for 
general casting purposes, it is used to some extent 
where its chemical and electrical properties are prefer- 
able to those of the common casting alloys. 

It is possible by the addition of relatively small 
amounts of other elements to commercially pure 
aluminium to produce alloys which possess very satis- 
factory mechanical properties and good foundry 
characteristics, and at the same time retain in a large 
measure the desirable properties of the commercially 
pure metal. The most commonly used alloying 
elements or “ hardeners” are copper, silicon, zinc, 
and manganese, and to a lesser degree nickel and 
magnesium. These hardeners differ among themselves 
in the percentages which are required to produce a 
given increase in the tensile strength or hardness, 
and also in the effects on the other properties which 
accompany the change in strength of the alloy. These 
facts are best seen by reference to Table I, which 
gives the mechanical properties and approximate 
compositions of the most commonly used casting 
alloys of aluminium. 

Of the large number of alloys which have been 
proposed, only a few have come into general usc. The 
standardisation on a relatively small number of alloys 
is the natural result of several factors. The necessity 
of simplifying the problem of the utilisation of secondary 
metal, the desire to avoid complex alloys with their 
attendant difficulties of composition con.rol, and the 
dictates of economy in the choice of alloying elements, 
exercise the greatest influence in limiting the number 
of alloys. 

The largest tonnage of castings produced from 
aluminium alloys is poured in sand moulds. The 
most commonly used alloys are marketed in ingot 
form for remelting. They are manufactured in large 
lots under careful chemical and pyrometric control, 
and by their use the foundry may avoid the difficulties 
which are encountered in the preparation of alloys 
on a small scale. 

The field for each of the methods of casting is rather 
sharply defined. The sand-casting process is applicable 
to the most varied types of work, both as to size and 
shapes which can be produced. The accuracy of 
dimensions is not so great as in the permanent-mould 
or the die-casting processes, and in general more 
allowance must be made for machining and finishing 
operations. The surface finish is inferior to that 
obtained in metal moulds. 

Permanent-mould castings are used where a superior 
product is required, but where a forging cannot be 
used, either because of the form of the part or because 








* Paper read at the Spring Meeting of the American 
Society of Mechanical Engineers, at Milwaukee, Wis., 
May 18 to 21, 1925. 
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of cost considerations. The strength of a casting 
produced from a given alloy in a permanent mould is 
about 20 per cent. greater than that obtained from a 
sand casting, and the hardness and ductility are 
correspondingly greater. The dimensions may be 
controlled more accurately than in a sand casting, 
and either a machined or polished surface will show 
greater freedom from defects. By the use of permanent 
mould castings it is often possible to effect appreciable 
saving in weight due to the ability to design to closer 
limits. Because of the cost of producing the moulds 
this type of casting is available only for quantity 
production. 

The die-casting process is adapted to the production 
of castings in which extreme accuracy, uniformity 


seconds and sixty-fourths, while for sand castings 
tolerances are considered in eights and sixteenths. 

Sand Castings.—Table I lists the alloys which are 
most commonly used for the production of sand cast- 
ings in the foundries of the Aluminium Company of 
America, together with the approximate chemical 
compositions and the mechanical properties which 
are obtained. The test specimens are poured in sand 
moulds without chills or other means of artificial cooling 
and are tested without machining. 

The values representing the lower limits of the ranges 
for tensile strength and elongation are regularly guaran- 
teed ; the average values aré, in general, midway be- 
tween the upper and the lower limits. The results 
which are obtained from test specimens machined from 








TABLE I.—Atuminium Castine ALLoys. 
(Properties obtained from unmachined sand-cast test specimens.) 





Approximate 





Elongation, | 





Alloy | Approximate | Ultimate Yield Point, Brinell 
No. Composition. | Tensile Strength, Per Cent. lb. per Hardness 
| | lb. per sq. in. in 2 in. | sq. in. Number. 
100 99 per cent. aluminium a3 12,000-14,000 15-25 4,000 25 
12 (S.A.E. No. 30) 8 per cent. copper ere 18,000-23,000 1-3 10,000 65 
7-5 copper 
112 (S.A.E. No. 33) 7 | 1-5 zine 19,000-24,000 1-2°5 11,000 65 
1-2 iron ae 
109 12 per cent. copper ae 19,000-—26,000 0-1-5 15,000 70 
43 (S.A.E. No. 35) 5 per cent. silicon 17,000-21,000 3-7 7,000 40 
45 10 per cent. silicon 19,000—23,000 1-3 9,000 50 
47* 13 per cent. silicon 25,000-30,000 5-10 11,000 60 
(Modified) 
106 2 per cent. manganese 16,000-20,000 3°5-6-+5 6,000 40 
195* 4 per cent. copper 28,000-35,000 5-5-11 18,000 70 
(Heat treated) 
196* 5 per cent. copper 36,000—45,000 0-2-5 27,000 115 
(Heat treated) 
f 10 per cent. zinc 
145* 2-5 per cent. copper .. 25,500-34,000 3-6 12,000 65 
\ 1-2 per cent. iron 




















* The modification process by means of which the properties specified for No. 47 alloy are realised, the production of castings 
195 and 196 in the heat-treated state, and alloy No. 145, are covered by patents or patent applications owned by the Aluminium 


Company of America. 


TABLE II.—Puysicat PROPERTIES OF PERMANENT-MOULD-CastT ALLOYS. 
(Standard 0-505-in. test specimen, cast in permanent mould.) 


























Tensile Strength, Elongation, 
Alloy Approximate Composition. pounds per square inch. per cent. in 2 inches. Brinell 
No. per cent. | Hardness 
Number. 
| Minimum. | Maximum. Minimum. Maximum. 
| | | | 
43 | Silicon 5-0 | 18,500 | 24-500 3-0 8-0 40-45 
Copper 4-5 ‘ | ‘ | A / R.o 
108 { Silicon By i} 21,000 | 29,500 1-0 4-5 65-80 
45 Silicon 5x a -. 10-0 24,500 29,500 4:5 10-0 45-56 
112 Same as sand-cast 112 (as cast) 21,000 | 29,000 | 1-5 3-0 70-90 
Copper an -» 10. | 
122 Tron ‘ 1-2 22,000 | 30,000 | 0-0 1-5 85-105 
Magnesium 0-25) | 
Silicon 5-0 | | | 
125 Tron 1-0 | 17,500 | 22,500 4-3 8-0 40-45 
Tin .. 2-0 | | | 
y % & | 
151 — ee | 20,500 | 26,500 3-5 7-5 60-70 
7m .. 1-0 | | 
152 Copper 10-0 | 20,500 29,500 | 1:0 3-0 85-110 
195 | Copper 5:5 | 22,000 | 28,000 3-0 6-0 60-70 
Heat-Treated Alloys. 
Heat-treat number. 
195 | 4 | 35,000 39,000 5-0 9-0 70-90 
195 | 10 H 8, 54,500 1-0 1°5 110-140 
122 | 2 24,000 30,000 0:5 1:5 | 90-120 
122 | 7 40,000 48,000 0-5 1-0 125-160 
122 | 12 24,500 32,500 0-5 1-0 125-160 
122 14 24,000 30,500 0-5 2-0 95-125 
122 15 | 26,000 | 32,500 | 0°5 | 1-5 115-125 
| | 
TABLE III.—Mechanical Properties of Die-Cast Alloys. | castings vary considerably with the nature of the cast- 


(Obtained from found, die-cast test specimen, 0°252 in. 
in diameter.) 








Approximate Tensile Elongation, Brinell 
— Composition, | Strength, per cent. Hardness 
per gent. Ib. per sq. in. in 2in. Number. 
. Copper 2)}. ‘ | ‘ 2 
83 { pa sat 3} 25,000-28,000 3-6 55-65 
Copper 4 -_ e 
a {| sapper 3} 28,000-30,000|  2°5-4 €0-70 
13 Silicon 13 | 28,000-30,000 1-3 70-80 

















and superior finish are essential. In this process very 
thin walls may be cast, with the consequent saving of 
weight in the finished part. Holes may be cast to very 
close tolerances, and the dimensions can be controlled 
so closely as to reduce machining operations to a mini- 
mum. Because of the excellent surface, polishing and 
finishing operations are greatly simplified. In this case 
also the die cost is such that the die-casting process is 
suitable only for castings which are produced in large 
quantities. 

In comparing the accuracy with which these products 
can be produced the following comparison is of interest. 
For die castings tolerances are discussed in thousandths 
of an inch, for permanent-mould castings, in thirty- 


ing and with the size and shape of the section from which 
the sample is taken. Sand castings which show 80 
per cent. of the tensile strength of the unmachined cast 
test specimen are considered indicative of very good 
foundry practice. 

While it is true that more accurate measurements 
can be obtained from test specimens which are cast 
oversize and machined accurately to dimensions, the 
difference between the results which are obtained 
with such specimens and those obtained from un- 
machined bars are no greater than the normal variations 
between individual casts of a given alloy. In view of 
this fact and of the fact that the test specimen does not 
represent the strength of the casting but is a means of 
controlling the quality of the alloy, the added expense 
and the delay incurred by the use of the machined test 
specimen are not warranted in routine inspection. 

There is a considerable lack of agreement among 
engineers as to the proper definition of the yield point 
of non-ferrous metals, and also as to the best means of 
measuring it. The values given in Table I for the yield 
point consider this property to be the stress under which 
the elongation in the gauge length of the test. specimen 
is equal to one-half of one per cent. of its initial length. 
This property is not regularly measured in routine 





|inspection and the values given in the table are to be 
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considered as approximate, and not as guaranteed 
minimum values. The measurement of Brinell hard- 
ness is subject to considerable variation, and the values 
for this property are also approximate average values. 

Each of these alloys has its advantages and its 
disadvantages, and there is a field in which each 
excels. The commercially pure metal has the lowest 
strength and yield point and in addition is difficult to 
handle in the foundry, but its use is imperative in 
certain chemical and electrical equipment, because of 
its characteristic properties. Alloys Nos. 12 and 112 
are the most widely used of all the alloys and their 
tonnage is far in excess of all the others for general 
casting purposes. They are easily handled in the 
foundry, and their extensive use in the motor-car 
industry is proof of their satisfactory properties. 
No. 112 machines somewhat better than No. 12 and is 
stronger, but has slightly less ductility. For parts 
which must be leakproof under pressure, alloy No. 109 
may be used, although this advantage is gained at a 
sacrifice of the toughness and resistance to shock which 
are shown by the alloys containing the lower percentage 
of copper. 

The aluminium-silicon alloys are quite fluid at 
temperatures almost down to the freezing point, and 
they have a low solidification shrinkage. This com- 
bination of properties makes it possible to cast intricate 
shapes having both heavy and thin sections without 
the excessive use of chills and risers. The castings 
are dense and leakproof. Silicon has a lower specific 
gravity than aluminium, and its alloys with aluminium 
are therefore somewhat lighter than commercial 
aluminium itself. This factor is significant in aircraft- 
engine construction where even small differences in 
weight are important. These alloys are perhaps the 
most resistant of all the casting alloys to salt-water 
corrosion, which fact makes them especially suited to 
marine construction. In remelting, somewhat greater 
care must be used since they show a great tendency 
to absorb iron, which element has a harmful effect on 
the mechanical properties. It will also be noted that 
the yield points are lower in proportion to the ultimate 
tensile strength, than in the other alloys, but their 
elongations are higher. These alloys are more difficult 
to machine than the other casting alloys. 

The properties which are given for No. 47 alloy are 
obtained only by special modification treatments of 
the molten alloy according to processes which are 
covered by patents. Castings made from the unmodi- 
fied alloy show coarse crystalline fractures and inferior 
mechanical proverties, whilse castings from the modified 
alloy show extremely fine silky fractures. 

Alloy No. 106 is used almost exclusively for small 
parts such as pipe fittings, where the shrinkage can be 
easily taken care of. Such fittings are used extensively 
with wrought aluminium-manganese alloy (3S) pipe 
and tubing, in order to reduce the tendency toward 
electrolytic corrosion. The alloy is quite resistant to 
salt-water corrosion. 

The properties of Nos. 195 and 196 alloys are devel- 
oped only after proper heat treatment, according to 
processes covered by patents and patent applications. 
These alloys show remarkably high strengths and 
yield points, and the elongation is also very high in 
No. 195 alloy. These alloys age spontaneously on 
standing ; in this process the strength and particularly 
the vield point increase and the elongation decreases 
somewhat. These alloys will naturally be chosen 
where the mechanical property requirements are 
sufficient to warrant the added expense of heat treat- 
ment. 

Castings from No. 145 alloy have good strength and 
ductility, and are quite resistant to shock. While its 
properties are not equal to those of the heat-treated 
alloys, the fact that it does not require heat treatment 
will frequently cause it to be chosen for those purposes 
where the properties are adequate. This alloy is also 
subject to spontaneous ageing, and shows an increase in 
strength with some loss of ductility on standing. In 
common with other aluminium alloys containing 
relatively high percentages of zinc, it is not adapted for 
use at high temperatures, since it loses its strength 
rather rapidly at elevated temperatures. 

Permanent-Mould Castings—Some of the alloys 
which were considered with the sand castings are also 
used in the permanent-mould process, and in addition 
there are certain alloys which are intended primarily 
for use in this process. The art of producing permanent 
mould castings is still new and is developing rapidly. 
Whereas most of the production in the past has been 
confined to castings in which the average weight would 
not exceed 3 lb., at the present time castings are 
being run on a commercial scale in which the weight 
varies from 5 1b. to 13 1b. Such heavy castings must, 
of necessity, not present too great complexity in design. 

In addition to the superior mechanical properties 
possessed by permanent-mould castings, the alloys 
have greater resistance to corrosion, and greater sus- 
ceptibility to heat treatment where these processes 


are applicable, due to the fine grain and greater density 
of the metal. 

Table II lists the more commonly used alloys and the 
mechanical properties which are obtained when they 
are cast in permanent moulds in the form of the 
standard half-inch test specimens. In giving values for 
Brinell hardness it is necessary to point out that this 
measurement is subject to considerable variation, and 
the range is of necessity rather wide. The values for 
tensile strengths represent the ranges which are usually 
obtained in commercial production; the average 
value is somewhat higher than the mean of the mini- 
mum and maximum strengths which are given. In 
some cases small test specimens have been machined 
from castings to determine the variations in strength 
which may occur in different sections. This specimen 
has a parallel section of 0-210 in. in diameter and 
0-800 in. in length. The results indicate that in 
actual castings the strength may fall below the mini- 
mum values which are given in Table II. 

Die Castings.—The Aluminium Die Casting Corpora- 
tion, located at Garwood, New Jersey, uses three 
different aluminium alloys under the trade name of 
* Alumac.”” The approximate composition and the 
mechanical properties of these alloys are given in 
Table III. The properties are those which are obtained 
from die-cast test specimens having dimensions which 
simulate those of actual die castings. Because of the 
nature of the die-casting process, materially different 
results would be obtained from a die-cast bar of the 
form and dimensions of the standard test bar which 
is used for sand castings. The mechanical properties 
and the quality of the castings obtained with the 
aluminium-silicon and the aluminium-silicon-copper 
alloys are superior to those obtained with the aluminium- 
copper alloys. 

The choice of the alloy to be used depends upon both 
the nature of the casting and the properties that are 
required. Because of the individual casting charac- 
teristics, the three alloys given in Table III cannot be 
used indiscriminately for the production of all types 
of die castings. 

While light-weight castings are the rule, it is not 
uncommon to produce complicated die castings weighing 
as much as 10 Ib. 

Wrought Aluminium.—The wrought forms of alumi- 
nium are produced from commercially pure aluminium, 
from an alloy containing approximately 1} per cent. 
of manganese, and from the recently developed alloys 
which are susceptible of heat treatment. Some little 
material is produced from other alloys for special 
purposes, but the amount is limited and is not to be 
considered as commercial production. 

The commercially pure aluminium which is supplied 
to the trade in the various wrought forms is usually 
required to show a minimum aluminium content of 
99 per cent. This metal is designated as ‘‘ 2S’ by the 
Aluminium Company of America, and this designation 
is used extensively in the trade. The manganese alloy, 
designated as ‘‘ 38,” is appreciably stronger than 2S 
and yet is quite workable in the softer tempers. 

In the fully annealed state these metals are quite 
soft and ductile. When worked cold they are strain- 
hardened, the tensile strength, yield-point, and hard- 
ness increasing in proportion to the amount of reduction 
up to a certain limit, beyond which the rate of har- 
dening increases progressively. The ductility of the 
metal as measured by the percentage elongation 
decreases very rapidly with the first amounts of 
reduction by cold work and at a gradually diminishing 
rate for successive reductions. 

The tempers of 2S and 3S products are based on the 
properties produced by the strain-hardening of the 
metal by cold work after annealing. In the case of 
sheet, the tempers may be indicated by the amount of 
this decrease in thickness measured in gauge numbers 
(the American wire gauge or Brown and Sharpe gauge 
is commonly used), since the width remains practically 
unchanged as the sheet passes through the rolls. For 
tubing, bar, &c., the actual reduction in cross-sectional 
area must be calculated to correspond to the reduction 
which is produced in sheet. 

Strong Alloys.—The development of the high- 
strength aluminium alloys has made aluminium with 
its properties of lightness, corrosion resistance, and 
pleasing appearance available as a structural material. 
Alloys of this type are in commercial production and 
are available in a large variety of forms: sheet, tubing, 
bar, rod, wire, forgings, rivets, automatic-screw- 
machine products, angles and channels both rolled 
and extruded, and other extruded structural shapes. 
These alloys are produced in several tempers, the pro- 
perties varying over a fairly wide range. In the case 
of these materials the temper depends upon the condi- 
tion as regards heat treatment. 

The Aluminium Company of America produces three 
alloys of this class: 178, an alloy of the duralumin 
type, containing copper, magnesium, and manganese ; 





258, containing copper, manganese, and added silicon ; 


and. 51S, containing magnesium and added silicon. 
Each of these alloys has its specific heat-treatment 
process and its characteristic properties, It should 
be noted that while these alloys in the cast condition 
show some improvement on heat treatment, the cast 
structure must be thoroughly obliterated by working 
if they are to develop maximum properties in the heat- 
treatment operation. 

These alloys all possess the property of strain harden- 
ing when they are worked cold. This strain hardening 
is removed and the alloy rendered workable by anneal- 
ing at a suitable temperature. This temperature 
must be carefully controlled since too low a temperature 
will fail to soften the metal and one which is too high 
will produce effects analogous to those which result 
from heat treatment though lesser in degree. 

The heat treatment consists in heating the alloys 
to a suitable temperature and quenching; the actual 
temperature varies somewhat for the different alloys. 
Immediately after quenching the alloys are much 
stronger than in the annealed state, but are distinctly 
more workable than when in the fully aged condition. 

From this point the characteristics of the metals 
diverge appreciably. The alloy 17S on standing at 
room temperature undergoes a spontaneous ageing, 
during which process the strength and hardness in- 
crease very markedly and the elongation also shows a 
slight increase. This change proceeds quite rapidly 
at first, then more slowly, and is practically completed 
in about four days. The alloy 51S also undergoes 
spontaneous ageing at ordinary temperatures, but the 
change is much less: pronounced than in the case of 
178. If this alloy is to develop its maximum proper- 
ties, it must be aged at elevated temperatures. Under 
these conditions there is a very marked increase in the 
tensile strength, yield point, and hardness, and an 
appreciable decrease in the elongation. The alloy 
258, even on standing for a long time at ordinary 
temperatures, shows only an insignificant change in 
properties. If, however, it be heated to a suitable 
ageing temperature, changes in properties occur which 
are comparable with those which take place spontan- 
eously in 17S. The effects of the heat-treatment 
operations may be removed by subsequently heating 
to the annealing temperature and cooling. There 
appears to be some difference in the properties of this 
annealed material and that which has not been pre- 
viously heat-treated in the case of 25S. These metals 
are being used in automobile and particularly in 
motor "bus construction, as well as in certain parts of 
railway cars, street cars, and ships. 

The alloy 51S in the heat-treated state has a tensile 
strength about 10,000 lb. per square inch less than that 
of 178 or of 25S, but the yield point and hardness are 
practically identical with those of the stronger alloys. 
This alloy can be worked with great ease in the soft 
condition and the finished articles can be heat-treated 
to develop maximum properties. Although the elonga- 
tion of 51S is lower than that of 25S or 178 in the heat- 
treated state, in those cases where the material is not 
subjected to severe forming operations, the high yield 
point and hardness make this material attractive. 

In the soft or annealed state the alloy 51S has a 
tensile strength of from 14,000 to 18,000 lb. per square 
inch, in the quenched and aged condition, the tensile 
strength increases to a minimum of 45,000 lb. per 
square inch and a maximum of 50,000 lb. per square 
inch. The figures for the alloy 25S average 30,000 lb. 
per scjuare inch in the soft condition, and 60,000 Ib. 
per square inch after quenching and ageing. Corre- 
sponding tensile strength values for alloy 17S are 
approximately equal to those given for alloy 25S. 
The yield point, elongation and Brinell hardness 
values of treated specimen also show remarkable 
increases over those given by untreated metal. 

Shapes which have been produced from these alloys 
by extrusion and have not been heat-treated subse- 
quently, possess properties intermediate between those 
of the annealed and the “as quenched” tempers. 
The metal is extruded at an elevated temperature and 
the issuing material is cooled in air. This is equivalent 
to a mild heat treatment, although the temperature of 
extrusion is not the optimum for heat treatment 
nor is it subject to close control. There is consider- 
able variation in this material as extruded, but for 
certain purposes the properties are adequate. 

Forgings —The Aluminium Company of America 
produces strong-alloy forgings in three different grades. 
Grades 1 and 2 have a guaranteed minimum tensile 
strength of 55,000 lb. per square inch, while that of 
Grade 3 amounts to 40,000 lb. per square inch. The 
elongation per cent. in 2 in., and the Brinell hardness 
of Grades 1, 2 and 3 are, respectively, 16, 15 and 12, 
and 100, 90 and 90. 

The grade which is supplied depends upon the duty 
which is to be performed by the forging. Material 
having properties listed under Grade 1 is usually 
supplied for connecting rods for automobiles, sewing 





machine arms, gear blanks, and propellers for aircraft. 
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The high strength combined with lightness make 
strong aluminium-alloy forgings ideal for high-speed 
reciprocating parts: vibration and inertia stresses 
are reduced, with the consequent increase in the life 
of the machine. The advantages of direct babbitting 
are also gained by the use of these forgings. Gears 
made from these alloys can be machined more accur- 
ately and more rapidly than is possible with cast iron 
or steel, and their operation at high speeds is much 
quieter. The propellers for aircraft forged from these 
alloys are of about the same weight as wood propellers 
and have the advantage of longer life. Experience 
has shown that the metal propellers are not injured 
by hail or rain, and that in many cases it has been 
possible to repair damage which was caused by a faulty 
landing. 

For miscellaneous hardware the properties given 
for Grades 2 or 3 are more commonly specified. For 
this use strong aluminium alloys possess the advantage 
of ease of finishing and polishing. The finish is per- 
manent, since there is no plated coating to rub off in 
use. In addition to permanence of finish there is the 
further advantage of lower cost in comparison with 
nickel-plated brass. 

Automatic-Screw-Machine Products.—The Alvmi- 
nium Screw Machine Products Company manufac- 
tures a complete line of automatic-screw-machine- 
produces from strong aluminium alloy which it dis- 
tributes through the Aluminium Company of America. 
These products have the physical properties of the 
quenched and aged 17S alloy. They possess the 
advantages of ease of finishing and permanence of 
finish which was mentioned under forgings. The 
cost as compared with nickel-plated brass is very 
much in favour of the aluminium-alloy products. 
In many cases aluminium-alloy products are chosen in 
preference to brass on the basis of cost alone, even 
where the brass is not to be nickel-plated. 

It is interesting to note the fact that many parts 
can be produced from aluminium and its alloys more 
cheaply than they can from other metals, the price of 
which per pound is considerably lower. The greater 
speed of machining and finishing aluminium combined 
with the fact that the weight of the part from alu- 
minium is approximately one-third that of the same 
part from brass or iron, are the factors which make 
this result possible. In other cases the decrease in 
weight of the entire assembly with the consequent 
longer life and the saving of power during its opera- 
tion, are the principal considerations in favour of the 
use of aluminium. 





CoLoGNE Fatr.—The problem of how to provide 
houses and other buildings rapidly and economically is 
one common to continental countries as well as our own. 
This is reflected in the decision of the directors of the 
Cologne Fair to include a special Building Exhibition 


in the autumn session of the Fair to be held from 
eis. eve veegad 23 till October 2 of this year. The 
exhibits are intended to cover the whole field of con- 


structional work, from the materials used to finished 
designs. The British representative for the Cologne 
Fair is Mr. W. Dederich, of Stanley House, Dean 
Stanley-street, Westminster, London, S.W.1, to whom 
all inquiries should be addressed. 


THE IRoN anp STEEL InstiruTe.—The autumn 
meeting of the Iron and Steel Institute will be held at 
the University, Edmund - street, Birmingham, on 
September 9, 10 and 11, 1925. The papers which 
will be submitted to the meeting are as follows: 
“The Dilatation of Cast Irons during Repeated Heating 
and Cooling,” by Dr. J. H. Andrew and Mr. R. Higgins ; 
** Equilibrium at High Temperatures in the Iron-Carbon- 
Silicon System,’”’ by Mr. M. L. Becker; “ High- 
Frequency Induction Furnaces,’’ by Mr. D. F. Campbell ; 
“The Chromium-Iron Equilibrium in Carbides Recovered 
from Annealed 2-23 per cent. Chrome Steels,” by 
Professor E, D. Campbeil and Mr. J. F. Ross; “ Steel 
Moulding Sands and their Behaviour under High 
Temperatures,” by Captain A. L. Curtis; ‘‘ The Tensile 
Properties of Single Iron Crystals and the Influence of 
Crystal Size upon the Tensile Properties of Iron,”’ by 
Professor C. A. Edwards and Mr. L. B. Pfeil; ‘“‘ The 
Orientation of Crystals Produced by Heating Strained 
Iron,” by Miss C. F. Elam; ‘Ancient Iron from 
Richborough and Folkestone,’’ by Dr. J. Newton 
Friend and Mr. W. E. Thorneycroft ; ‘‘ The Effect of 
Temperature on the Behaviour of Iron and Steel in 
the Notched Bar Impact Tes:,’” by Dr. R. H. Greaves 
and Mr. J. A. Jones; ‘‘ Notes on the Iron-Nickel and 
Tron-Cobalt Equilibrium Diagram,” by Mr. L. Grenet ; 
“Reduction of Iron Ores by Hydrogen,” by Mr. H. 
Kamura; “Blast Furnace Practice in India, with 
Special Reference to Economy in Coke Consumption,” 
by Mr. J. L. Keenan; “The Davis Steel Wheel and 
its Manufacture in England,’’ by Mr. W. R. Martin; 
““ Retained Austenite,’’ by Dr. J. A. Mathews ; “‘ A New 
Direct Process,’ by Mr. H. Flodin; ‘‘ The Magnetic 
and Electrical Properties of Cast Iron,’”? by Mr. J. H. 
Partridge; ‘Dendritic Segregation in Iron-Carbon 
Alloys,” by Professor A. Sauveur and Mr. V. N. 
Krivobok ; “‘ The Influence of Strain and of Heat on 
the Hardness of Iron and Steel,” by Professor A. Sauveur 
and Mr. D. C. Lee. 
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VENEER-CUTTING LATHE FOR 
PLYWOOD. 


THE introduction of plywood provided not only a 
means of utilising to the greatest possible advantage 
the available supplies of all kinds of timber, especially 
the valuable hardwoods, but also made possible the 
construction of cases, boxes, barrels and many other 
objects in a way which permitted strength and 
lightness to be obtained at low cost. In consequence, 
the industry has undergone a very rapid development 
and is continuously increasing in importance. As it 
is now possible to procure plywood to which a thin 
metallic plate has been applied on one or both surfaces, 
it may be anticipated that further extension of the 
application of the material will be made in the future. 
For the manufacture of plywood for present-day com- 
mercial purposes material of 3 in. to } in. thickness 
is commonly used. Sheets of the required thickness 
are produced by a process of continuous turning from 
logs. Special machines have been designed for this 
purpose, a recent introduction being the Universal 
rotary veneer lathe or peeling machine illustrated on 
this page. This machine has lately been placed on 
the market by the designer, Mr. John T. Pickles, of 
Mytholm House, Hebden Bridge. 

The log from which the veneer is to be cut is chucked 
between the centres of the lathe and is operated upon by 
a steel knife or blade held rigidly in a sliding carriage, 
which is given a continuous feed. Usually the cir- 
cumferential speed of the log is not more than 500 
ft. per minute, but this speed is continuously reduced 
as the diameter is turned down, unless the machine is 
fitted with a regulator drive to maintain uniform 
conditions right up to the completion of the work. 
In these lathes the features which makes possible the 
production of smooth and uniform stock are the knife 
position and the angle it makes with the log, as well 
as the provision of a regulated pressure bar acting 
upon the log immediately above the knife and, there- 
fore, on the material just prior to its being cut. Rigid 
mounting of this pressure bar is essential, but provision 
must be made for it to be thrown out of position imme- 
diately, whenever it is necessary to gain access to the 
knife or for the removal of splinters, This pressure 
bar is made from tool steel and needs occasional 
grinding to keep it in proper shape. On the carrier of 
the pressure bar, parting or scoring knives may be 
mounted in suitable positions to trim and divide the 
veneer sheet into strips or merely to score it when it 
is very thin and is to be used as stock for the making 
of match boxes, fruit chip baskets, &c. For cutting 
in a line along the length of the log a back roll, 
shown in Fig. 2, is used. This figure also gives an 
indication of the angle at which the knife blade of the 
machine cuts and shows how the stock is guided away 
after peeling. 

In the back roll there are slots for knives, spaced 
to meet the requirements, and as it is revolved these 
knives indent the log to the thickness of the veneer, 
which when it is cut by the knife is of exact pre- 
determined width. The use of a back roll has other 
advantages for it gives support to the log on the opposite 
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side to the main cutting action and, whether it is fitted 
with knives or not, it serves a useful purpose in making 
possible the peeling of the log to a much smaller 
ultimate diameter than would otherwise be the case. 
For the automatic movement of the knife slide 
carriage, feed screws are used which are actuated by a 
change speed gear. Often, however, a lever gear 
is introduced to enable the operator to change the 
thickness of the veneer stock obtained while the work 
is in progress, and thus permit the utilisation of the log 
to the best advantage in thin or thick veneer according 
to its quality. The Universal veneer lathe is of 
rugged construction having rigid headstocks cast 
with its bed. For use with these the chucks are of 
3 in. to 12-in. diameter, are of the slip-on type and 
afford a large gripping power. The machine illustrated 
was designed to deal with logs 30 in. diameter and 40 
in. long, but similar standard productions are obtain- 
able which have a swing of from 24 in. to 48 in. and 
can deal with maximum lengths of logs from 2 ft. 
to 12 ft. 
| Asis known, when the veneer is cut it is assembled 
jin layers, with the grain running alternately in the 
| direction of the length and across it, The layers are 
treated with an adhesive by the use of roller spreaders. 
Presses of various types are used to ensure proper 
adhesion and to maintain the stock in a condition 
|free from curved surfaces. At the works of Mr. 
| John T. Pickles the manufacture of all machinery 
required by the process is undertaken. 











| Launcu oF §.S. “‘ Saton.”—Recently Messrs. William 
| Gray and Co., Limited, of Pallion, Sunderland, launched 
{from their Wear Shipyard, the steamer Salon, which 
| is being built for the Compagnie de Navigation d’Orbigny, 
|of Paris. The vessel, which is intended for general 
| trading purposes, has a length of 412 ft. 6in., an extreme 

breadth of 53 ft., and a moulded depth to the upper 
| deck of 27 ft. 6 in., while the deadweight will be about 
| 8,100 tons, and the approximate gross tonnage, 4,610. 
Of the shelter deck type with forecastle, the ship has a 
steel centre line bulkhead fitted fore and aft, to allow of 
the holds being disposed in a manner suited for the 
carriage of grain. Eleven winches and ten derricks are 
supplied, each of the latter being capable of lifting a 
load of 5 tons. The propelling machinery consists 0! 
triple expansion engines having cylinders 26, 43, and 
71 in. in diameter, and of 48 in. stroke. Steam will 
be supplied by three multitubular marine boilers working 
at a pressure of 180 lbs. per square inch. Engines and 
boilers are being constructed at the Central Marine 
Engine works of the builders, together with the auxiliary 
machinery. The vesselis being built to meet the require- 
| ments of both Lloyd’s special survey and French law. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

= oe ari where none is mentioned the Specification is not 

justrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2., at 
the uniform — of 1s. 2 

The date of the advertisement of the pti 





lot, 





Specification is, in each case, given 
Patent has been sealed, wi the wor 

Any person may, at any time within two months from 
the advertisement of the 
give notice at the Patent O, 
Patent on any of the grounds ment 


AERONAUTICS. 


ts @ 


in the Acts. 


231,302. The Blackburn Aeroplane and Motor 
J 


Limited, Leeds, and 
(4 Figs.) 


D. Rennie, 


Company, * 
March 1, 1924.— 


Brough. Landing Gear. 


The invention relates to aeroplanes suitable for landing 
upon and starting from the land or for alighting on or 


starting from the water. In such aeroplanes,-the wings 
have been secured to a central structure such as a boat, 
and wheels carried on stub axles supported on triangular 
frames have been arranged to be lowered so as to bring 
their axes approximately horizontal, or to be raised by 
turning the triangular frame about axes parallel with the 
axis of the machine, the hinged joints of such axes being 

















(231302) 


connected with the exterior of the boat. According to 
the invention, the triangular frames EFG carrying the 
wheels D are controlled in position by jointed shock 
absorber struts J, which, when bent at K, raise the wheels 
D above the level of the under surface of the boat, 
and when straightened out not only hold the wheels in 
position for landing below the level of the under surface 
of the boat, but support the hinged triangular frames 
EFG elastically in such positions, permitting the 
resilence of the shock absorber struts J to absorb the 
landing shocks between the wheels and the framework 
of the machine. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


231,587. W. Beardmore, Lord Invernairn, West- 
minster, London, and A. E. L. Chorlton, West- 
minster, London. Internal Combustion Engines. 
(3 Figs.). January 4, 1924. The invention relates to 
internal combustion engines employing crank-case 
compression. According to the invention, lubricating 
oil is ‘supplied to each of the crankshaft bearings and is 
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caused to spread from the middle to the ends of the 
surface of a bearing at a pressure sufficient to withstand 
the highest pressure normally produced in the crank-case, 
thereby preventing leakage of air along the bearing. 
The piston A has fixed to it a bearing member B. The 
connecting rod C is provided at its upper end with a 
strap Cl, which engages with the bearing member B. 
The lower end of the connecting rod C is also provided 
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with a strap C? surrounding the crank-pin D. The 
lubricating oil is forced from a pump through a passage 
Gin the crankshaft and the crank-pin to an outlet G! in 
the surface of the crank-pin. Registering with this outlet 
G! is a groove in the bearing surface of the strap C2. 
This groove communicates with a central passage H in 
the connecting rod C. At the upper end of the rod this 
passage H connects with a passage H! in the strap Cl 
leading to the lower surface of the bearing member B. 
The oil is thus forced from the crankshaft through the 
passage H in the connecting rod to the bearing member B. 
The oil then works across the bearing surface towards the 
ends of the bearing member, grooves B! being provided 
in this member to distribute the. oil over the bearing. 
The oil is returned through passages K! in the strap to a 
second passage K in the connecting rod concentrically 
surrounding the central supply passage H. Each of the 
crank webs E is extended into the form of a disc disposed 
centrally within the crank-case L and an annular box M 
is mounted on this dise E in such a manner as to leave an 
oil passage M! between the edge of the disc and the box. 
A number of vanes M2? project outwards from the box 
M opposite to another set of vanes N! projecting inwards 
from a collecting ring N fixed to the crank-case wall L 
and surrounding the annular box M. The ring N is 
provided at its edges with troughs N5 to catch any oil 
outside the vanes Nl. This collecting ring N has an 
outlet passage at the bottom leading to an oil sump out- 
side the crank-case L. The annular box M has a lip 
M5 projecting inwards on the side adjacent to the crank- 
pin D. The return age K communicates with an 
outlet K? which lies under the lip M$ so that the oil is 
thrown centrifugally outwards from the outlet and is 
caught by the lip and passed into the interior of the box 
M. The arrangement provides a closed lubricating 
system so as to prevent any oil from escaping from 
the crank-case to be carried into the cylinder with the 
air charge.—(Sealed.) 


RAILWAYS AND TRAMWAYS. 


228,221. F. G. Mitchell, London. Hoisting and 
Tipping Railway Wagons. (3 Figs.) September 28, 
1923.—The invention relates to tipplers of the kind in 
which the rotary carrier is raised and then tipped by 
winding drums on the superstructure. The carrier e 
is arranged at one of the outer sides of the structure a 
without towers or pillars at the side of the carrier remote 
from the side towards which it is tipped. The winding 
mechanism ¢, cl is carried on a projecting portion al 
of the superstructure which overhangs the carrier, and 
hoisting and lowering ropes d pass down under the carrier 
at f and up to an anchorage near the tipping axis. The 
carrier is guided during hoisting and tipping by rollers 
i, # engaging guides h, hl, h2, k on the superstructure. 

































































The wagon delivers into a bunker, hopper or shoot 6 
for loading vehicles on tracks below or to one side thereof. 
Weights m guided in the superstructure are arranged to 
balance only the weight of the carrier, and the carrier is 
lowered more rapidly than it is raised. The ropes ml 
carrying the balance weights m are connected to bent 
links o pivoted on the cradle at «1 and provided with 
rollers r running in the guides hl. The wagon is held 
on the carrier whilst tipping by a fixed lateral supporting 
beam e! and a sustaining beam ¢ carried on arms pivoted 
on the superstructure and balanced by weights y. The 
beam ¢ may instead be carried by the longer arm of a pair 
of levers pivoted on a horizontal axis, the shorter arms 
of the levers being engaged by the rollers 7. (Sealed.) 


228,679. Babcock and Wilcox, Limited, London, 
and F. W. Hollick, London. Tipplers for Railway 
Wagons. (5 Figs.) December 19, 1923.—The invention 
relates to side-tipping apparatus for railway wagons, and 





more particularly the invention is concerned with 


clamping mechanism for clamping the wagon auto- 
matically by the act of tilting the carrier. 1 denotes an 
L-shaped carrier mounted for tilting movement on the 
axis 2 and carrying a pivoted tray 3 bearing a section of 
track 4 on to which the wagon 5 may be wheeled. 6 
denotes .a lateral abutment against which one side of 
the wagon 5 is moved on pivotal movement of the tray 3 
consequent on the tilting of the carrier 1. The auto- 
matic clamping mechanism for clamping the wagon 5 
when the carrier is tilted includes a clamping lever 7 
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carrying a clamping jaw 8 engaging[with the upper 
edge of the wagon 5. For controlling the movement 
of the clamping lever 7 when the carrier 1 is tilted, a 
connection 9 is provided between the lever 7 and an 
arm 10 mounted on a fixed fulcrum 11, the arm 10 
extending to a weight 12. The weight 12 is fixed to 
the arm 10, but may be movable in a guide in the 
structure 13 which carries the usual winch 14 and acces- 
sories for tilting the carrier 1 by winding the rope or 
ropes 15, the latter being anchored to the carrier at 152. 
(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


228,215. The General Electric Co., Limited, 
London, and B. F. Pochobradsky, Sidcup. Steam 
Turbines. (11 Figs.) August 29, 1923.—To avoid 
stresses arising from high-pressures and temperatures 
in turbines, the high pressure end of the casing d is 
provided with an internal freely expansible casing c 
enclosing stages through which the steam expands to a 
moderate pressure, means being provided to maintain a 
slight flow of steam from the exhaust end of the casing c 
towards the inlet end by way of the exterior of the casing 
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c, as shown by the arrows, Fig. 1, so as to maintain a 
moderate temperature in the space between the two 
casings. The means referred to comprise a valved 
conduit g, which permits a small leakage from the packing 
gland f to a lower stage or the exhaust. Leakage steam 
from the gland e is similarly conducted by means of a 
valved conduit 7. The casing c, which may be lagged 
with a non-conducting material, has an admission cham- 
ber b for supplying one or more peripheral portions of the 





stage, and a chamber / fer admission, for higher loads, 
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to moving blades attached to, or formed integrally with, 
the moving blades of one of the ordinary stages. The 
easing ¢ can expand freely on both sides of its flange 
which fits with radial clearance in a groove in the external 
casing, Fig.2. Keys p,q and keyways are associated with 
the two casings for the purpose of centreing. Alter- 
natively, flexible rings may connect the casings for the 
same purpose. To avoid thermal dilatation of the rotor 
shaft, the moving elements are mounted on a sleeve a!, 
Fig. 3, which drives the main shaft by keys 6! and is 
free to expand relatively to the shaft, a nut e! fixing 
the longitudinal position of the sleeve, which at one or 
both ends fits into a ring c! secured to the shaft by four 
keys dl. (Sealed.) 

229,866. Heenan & Froude, Limited, Worcester, 
and A. E. W. James, Worcester. Refuse Destructor 
Furnaces (2 Figs.) March 7, 1924.—The invention 
relates to the furnaces of refuse destructors of the type 
in which the grate of the furnace is formed to slide 
horizontally to remove the clinker therefrom. According 
to the invention, a depending plate is affixed to the 
front of the sliding grate, which plate moves with 
the grate and on the return movement of the latter 
scrapes all the clinker fallen from the grate into a chute 
which directs it to the exterior of the furnace. A plate A 
is fixed to brackets a carried on the front of the sliding 
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grate B and extends down to the level of a platform C 
on to which the clinker is discharged when the grate is 
moved. A fixed horizontal dead plate B! is arranged 
above the depending plate A to make joint with the grate 
when the latter is in the position shown. The grate B 
is moved horizontally by means of a rack and pinion. 
In operation, the grate B is moved horizontally carrying 
with it the depending plate A, the clinker falling off the 
grate behind the plate A on to the platform C. On the 
return of the grate the plate A pushes forward all the 
clinker on the platform C to a chute D down which it 
falls to a conveyor. (Sealed.) 


229,373. R. B. Armstrong, Newcastle-on-Tyne, 
J. Dornan, London, Marine and Locomotive Super- 
heaters, Limited, London, and R. and W. Hawthorn 
Leslie and Co., Limited, Newcastle-on-Tyne. 
Superheaters. (6 Figs.) November 16, 1923.—The 
invention relates to superheaters for water-tube boilers 
of the type in which banks of generating tubes connecting 
the water and water-and-steam drums cross one another, 
the superheaters being disposed in the angle or angles 
formed at the intersection of the tubes. The boiler has a 
pair of lower water glrums 7 and a pair of upper 
steam-and-water druffs 8 connected to the lower 
water drums by diaggaal generating tubes which cross 
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one another. A common steam drum 11 is also provided 
in a central position above the plane of the steam-and- 
water drums 8 and is connected to each of the latter. The 
angular space 13 formed between the crossing generating 
boiler tubes and the upper steam drum 11 accommodates 
a primary superheater 14. The primary superheater is 
coupled to a junction piece 19 in order to supply first 
stage superheated steam to the inlet headers 20 of a pair 
of secondary superheaters, the elements of which pro- 
ject into the wing combustion spaces 21. The outlet 
headers 23 of the secondary suverheaters are connected 
to a common connecting pipe 24 which is, in turn, con- 
nected with the steam pipe. (Sealed.) 


MISCELLANEOUS. 


226,012. H. B. Dewhurst, Bamber Bridge, 
Preston, J. Molyneux, Bamber Bridge, Preston, 
and F. Hoon, Bamber Bridge, Preston. Spraying 
Bitumen. (4 Figs.) November 15, 1923.—This inven- 
tion concerns travelling mechanical pressure sprayers 
for distributing bitumen upon road surfaces. The bitu- 
men is pumped from the boiler a through the filter b 
to a pipe c leading to the horizontal distributing pipe d. 
The transverse <istributing pipe d is disposed close to 
the ground and is fitted with separate and closely-spaced 
control valves, Each control valve has a controlling 





spindle with a squared end, and all the valve-operating 
devices are arranged in an angle-iron support p in line. 
Such devices consist of a hanging rod g formed at the 
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lower end with a box-head engaging with the squared 
extremity of the valve spindles. Any one or more of the 
valves can be opened or closed or adjusted to give any 
required delivery. (Sealed.) 

227,771. A.B. Symons, London, F. T. Harrison, 
London, and Whitbread and Co., Limited, London: 
Machines for Cleansing Bottle Stoppers. (3 Figs,) 
November 11, 1924.—The invention relates to machines 
for cleansing bottle stoppers of the kind comprising 
brushes submerged in a tank of water and a chain to 
carry the stoppers into contact with and past the brushes, 
each stopper being supported in a hole in the chain and 
carried thereby between a pair of rotating flat brushes 
by which the screwed part of the stopper is scrubbed and 
then past a flat stationary brush which operates on the 
head of thestopper. After the stopperis partially pushed 
out from the chain it is carried past a further brush which 
operates on the shank under the head, and finally to 
a position where it is subjected to the action of a stream 
or douche of clean water. According to theinvention, a 
machine of the kind described for cleansing bottle stoppers 
has the brush that operates on the head of the stopper 
arranged over the upper side of the chain and submerged. 
1 is a tank, 2 is a chain mounted on sprocket wheels 


























3, 4. The chain 2 is built up of links 16 each having a 
hole 17 of a size to accommodate the shank of the bottle 
stopper. 30 is a flat brush disposed over the upper side 
of the chain 2. 31 is a pair of circular brushes mounted 
face to face a short distance apart, and 37 is a pair of 
narrow brushes. 40 is a water spray which is directed 
on the stoppers immediately before they leave the chain. 
A stopper 46 is inserted in a link of the chain and is 
carried towards the brush 30. As the stopper moves 
under the brush the top of the stopper is scrubbed. 
The chain then carries the stopper round to the brushes 
31 which are rotated in a direction opposite to the 
movement of the chain. These brushes act on the 
screwed portion of the stopper. On reaching the point 
15 the stoppers fall partly from the chain so that when 
they reach the position 49 the brushes 37 are able to 
act on the portion of the shank immediately below the 
head. The continued movement of the stopper brings it 
under the spray 40 by which it is thoroughly washed and 
is then delivered to the chute 39. (Sealed.) 


227,890. H.S. Hele-Shaw, Westminster, London. 
Filters. (4 Figs.) September 25, 1923.—The invention 
relates to filters or devices for separating suspended 
matter from fluids. The invention comprises a filter 
in which a fluid is filtered by forcing it between super- 
posed sheets of material, wherein the fluid pressure to 
effect such filtration or separation of suspended matter is 
obtained in the filter itself by centrifugal force. The 
annular pile of sheets 2, shown in Fig. 1, may be mounted 
between press heads rotatable on a vertical shaft and 
closed at the lower or both ends so that fluid passed into 
the central space through a suitable inlet will, when the 
device is rotated, be driven by centrifugal force against 





the inner walls of the annular pile and then between the 
sheets of the pile, the filtrate passing to the outer surface, 
from which it may be collected in an outer casing, while 
the separated matter is retained on the inner walls of the 
pile, and may be removed therefrom in any suitable 





manner. A pile of annular sheets 2 provided with 
perforations 3, as shown in Fig. 2, may be substituted 
for the annular pile in a machine described with reference 
to Fig. 1, the filtrate being arranged to pass between the 
sheets into the perforations from which it passes to 
any suitable outlet.—(Accepted February 4, 1925.) 


MISCELLANEOUS. 


228,249. J. M. T. Johnston, London. Drying 
Granular Material. (3 Figs.) October 29, 1923.— 
The invention relates to apparatus for drying granular 
material of the kind which includes an internally heated 
drum capable of rotation provided with pockets on its 
outer surface so constructed as to retain material to be 
dried during a certain part of its movement and there- 
after to permit the material to fall therefrom. Accord- 
ing to the invention, two or more drums e, e! of the kind 
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referred to are arranged in such manner that material 
after treatment on the drum e falls therefrom into the 
pockets hl of the drum e! and is retained therein during 
a substantial part of the movement of the drum el. 
The drums '‘e, el are arranged within a casing provided 
with a furnace therein which supplies heat to the material 
otherwise than through the walls of the drums, and also 
ereates a draught to carry away the vapour from the 
drying material. (Sealed.) 

229,406. T. Sloper, Devizes. Grip-Fastenings 
for Wires. (5 Figs.) November 23, 1923.—The inven- 
tion relates to grip fastenings for wires of the type com- 
prising two members, one encircling the other (hereafter 
referred to as outer and inner members respectively) and 
so arranged that one may be moved longitudinally 
relative to the other. According to the invention, 
a grip-fastening of the type set forth is characterised 
by a third member engaging the inner and outer members 
so as to be capable of causing relative longitudinal move- 
ment of the inner and outer members. The inner mem- 
ber A constitutes a part of an insulator to which a wire 
B is to be secured. This part is in the form of a bolt 
which is screwed at one end and is provided with 
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a longitudinal channel A! extending from the screwed 
end of the bolt towards the insulator. The depth 
of the channel decreases as it approaches the insulator 
and is made deep enough at the screwed portion to 
allow the wire B to clear the threads, and is shallow 
enough at the other end so that the wire cannot 
lie entirely below the surface of the bolt. The outer 
sleeve C is made cylindrical except at that part at 
which it is intended to engage the wire, while it is pro- 
vided with a channel A! on its inner face corresponding 
with the channel in the bolt. A nut D engages with the 
thread on the bolt A and abuts against the sleeve C 5° 
that it may be made to force the sleeve along the bolt- 
(Sealed.) . 
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STRESSES IN CONNECTING-RODS. 
By B. B. Low, M.A. (Cantab.), A.M.I.Mech.E. 


WHEN an attempt is made to estimate the 
stresses in the shank portion of a connecting-rod, 
the stress caused by inertia bending may present 
some difficulty. For every position of the crank 
there is, of course, a point on the connecting-rod 





a the cross-sectional area of the rod in square inches. 
N the speed of the crank in revolutions per minute. 
and @ the crank angle measured from inner or top dead 

centre. 


Stress is obtained from the bending moment by the 


usual formula 
M 


z (3) 


where the bending moment is a maximum, and there | where f is the stress in Ib. per square inch, and Z 


will be one position of the crank when this maximum | 
It will | 


bending moment has its greatest value. 


the modulus of section in inch units. 
After obtaining the position of the top point on 


not be sufficient to calculate the greatest maximum | the curve by using the formule stated above, the 
bending stress and then add it to the maximum | cyrve itself may be drawn by employing a simple 
stress produced by the forces acting in the line of | 
stroke, since these two stresses will not occur | 
simultaneously. The most satisfactory method is! The following construction applies for any value 


construction. For the curve given in Fig. 1, 2 = 3. 
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Fig. 3. 
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to plot two curves, one for thrust stress and the 
other for maximum bending stress, and then to 
add together these two curves. 

In this article the inertia bending is analysed 
mathematically, and an example has been worked 
out to show the practical application of the results 
obtained. It may be convenient to state the 
results obtained from the analysis before proceeding 
further. In Fig. 1 a curve of maximum bending 
moment (or stress if the vertical scale be changed) 
is shown plotted by a continuous line on a crank 
angle base. The position of the highest point on a 
curve of maximum bending moment is given by the 
following equations— 

M=r3 [ 1-76(= “ ova)" +2]_0¢™* _ tb.in, (1) 
r 19°51 x 105 
3500 


(= + 7-82)? 
rT 


where M is the greatest maximum inertia bending 
moment in Ib.-inches. 
r the length of the crank in inches. 
L the length of connecting-rod, between centres. in 
. inches. 
p the weight, in lb., of a cubic inch of the material of 
the rod. 


0 = 90— deg. (2) 
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of = up to 4. Draw a parabola with its vertex 


at H, the highest point on the required curve, its 
axis along HA, and passing through the origin. 
From D, the point on the axis of 9 where 9 = 180 
deg., draw a tangent to the parabola. The tangent 
and parabola give a close approximation to the 
required curve; they are shown dotted where 
they do not coincide exactly with the actual curve. 
In Fig. 2 the same construction is shown for the case 


when = = 4. When : is greater than 4 a slight 
In Fig. 3 


the actual curve when + = 5 is shown by a con- 


variation in the construction is necessary. 





tinuous line. From the origin to H proceed as 


| above. Along the axis of 9 mark off AB = pa 


2 
| Draw a parabola with its vertex at H, its axis along 
| HA and passing through B. Draw a tangent from 
D to this parabola. As in the other cases the 
constructed curve is shown dotted where it does not 
coincide with the true curve, and the variation is 
| not very appreciable. 
| The axial thrust in the connecting-rod must now 
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be considered. This thrust will vary from point to 
point along the rod owing to the inertia forces on 
each little bit of the rod. It will be accurate 
enough for practical purposes to assume that one- 
third of the mass of the rod reciprocates with the 
piston. From the gas force, which is found either 
from an actual or assumed indicator diagram, 
subtract the force required to accelerate the recipro- 
cating mass. Resolve the net force along the rod 
and the result will give, very approximately, the 
axial thrust in the neighbourhood of the point on 
the rod where the bending moment is a maximum. 
The thrust stress must be plotted on a crank angle 
base. 

To illustrate the practical application of the 
results obtained in this article an example has been 
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worked out for a four-stroke cycle single-acting 
engine. Suppose the indicator diagram, shown in 
Fig. 4, is such as may be expected from a cylinder 
in which the piston has a stroke of 7 in. and an 
area of 33 sq. in. If the piston is of cast iron the 
weight of the reciprocating mass will be about 
17-5lb. Suppose also the length of the connecting- 
rod is 12-25 in. from centre to centre, and that it 
is of uniform circular cross-sectional area with an 
outside diameter of 1? in. and an inside diameter of 


Zin. The length of the crank is r = 3-5 in., hence 
L ® 

—=3'5. 

Tr 


The curve of total gas pressure during the firing 
stroke has been plotted on a crank angle base in 
Fig. 5, also the curves of inertia force for the 
reciprocating mass are shown for speeds of 1,500 
r.p.m. and 2,000 r.p.m. Figs. 6 and 7 show the 
curves of compressive stress, due to thrust, when 
the speeds of the crankshaft are 1,500 r.p.m. and 
2,000 r.p.m. respectively. For each of these speeds 
the curve of maximum bending stress is drawn by 
first finding the position of the highest point, using 
equations 1, 2 and 3, and then drawing a parabola 





and tangent as already explained. Finally, in each 
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case, the resultant maximum compressive stress is 
plotted by adding together the other two curves. 

It will be noticed that the maximum value of the 
resultant stress curve decreases as the speed 
increases. This decrease will continue until a speed 
slightly above 2,000 r.p.m. is reached when it will 
begin to increase? Of course, the decrease is due 
to the increase in the inertia force of the recipro- 
cating mass. Consequently, if the engine in this 
example is not to be run at a speed above 2,000 
r.p.m. the use of an aluminium piston in place of 
the cast-iron piston would increase the compressive 
stress in the connecting-rod. 

The tensile stress in the connecting-rod may be 
examined in a similar way. The bending stress 
will not have much effect on the maximum tensile 
stress, since the latter will occur near the beginning 
of the suction stroke and towards the end of the 
exhaust stroke and will depend chiefly on the mass 
of the reciprocating parts. 

In deriving equations 1 and 2, given at the 
beginning of this article, it has been assumed that 
the connecting-rod is of uniform cross-sectional 
area and that its length extends from the centre of 
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the small end to the centre of the bigend. Generally 
in rods which are tapered, the taper is not sufficient 
to affect the bending moment to any very appreci- 
able extent. When a connecting-rod bends on 
account of its inertia a small deflection is produced, 
and the end thrust together with this deflection 
will cause what may be termed a secondary bending 
moment. This secondary bending moment has 
been neglected as it was found to be negligible. 

Before considering the forces which act on the 
connecting-rod it wil! be convenient to give the 
expressions for the acceleration of the piston and the 
angular acceleration of the rod. 

From Fig. 8 

xz = Lcos@++r cos 0 

by differentiation 

ae = (st) { cos 6 + 

dg dt 


where c is the value of = 


c2 cos 26 + sin’ 0 
(c2 — sine 9)! 


} (4) 








Also 
@o_ “4 (c2 — 1) sin 6 (5) 
ade (a (c2 — sin? @)3 
Let 
tin 
di. 
= or sng. - (6) 
dw 
Then 
Sk r { (c2 — sin? 6)? cos.6 + ¢2 cos 26 + sin‘ 0} (7) 





c(c* — 1) 

The resultant acceleration of any point P, 
distant / from A (Fig. 9) is made up of two accelera- 
tions KP and PQ and an acceleration (not shown in 
the Fig.) along the rod. KP is in a direction 
parallel to the axis of the piston and equal to the 


KP =? The com- 


ae 
ponent of KP perpendicular to the rod is 


_ . ae. 
OP#KPsin¢g = za nd 


acceleration of the piston. 


P Q is in a direction perpendicular to the rod and 


is due to the angular acceleration of the rod. 
PQ—1%%. It follows now that the total 


ak 
acceleration, perpendicular to the rod, at the point 
Pi 
O0Q= Pz sin @ + 


2p _ ay 
Ta pes ——~ (« + 2) 


dt dt (8) 


inserting uw as defined by equation 6. Completing 
the figure, as shown by the dotted lines, the required 
acceleration at any other point S may be found by 


will, of course, vary as 6 varies. 


and p the mass of the material per unit volume. 
Then the force at right angles to the rod, caused by 
the inertia of a small length 8/ (Fig. 10) is 


2» 
padi_e (s+. 


The reaction f at A, at right angles to the rod, due 
to the force on the length 61 is 
L-I 











&o 
fopntt—s (u + 1) 
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The total reaction F at A is given by 


“i 
ao flu 


= @ cite niihe 
ort ea 


The bending moment M, at a point distant A 
from A is 


A 
a 
M, = F)— Pe pel: 
a \? dt 


L 
ay 1) 
#6 wn (1-2) 21 
pa ze + ( : 
0 
ie 


6 . . - (9) 


(u+t) A-Dal 


Integrating and substituting the value of F from 
equation (9) gives 
( +) u+ 


a 
For a particular value of 6, M, is a maximum 
when x (M,) = 0 that is when 


Gre F-B}e* 


+ Qur— (Lut) 0. 


LA 


My, = pa eae 
ad 3 


es _™ 
a 


s)} 0 


L — r)u + (4-% 


= <n 
- 


pak 


2 


Solving for gives 


Naud /t+L (ut 2). (11) 


: L 
For any particular value of =, A can be calculated 


for different values of 6. Substitute these values of 
X in equation 10 and so calculate the maximum 
value of M, for each value of 6. The maximum 





value of M, has been calculated for values of 6 Papakvriazi-street, Salonica. 


drawing RST at right angles to the rod AB. The| 
actual values of the accelerations shown in Fig. 9| M 


Let a be the uniform cross-section area of the rod | 


from 6 = 0 to 6 = 180 deg., and curves are shown 
plotted in Fig. 11 for various values of - r being 


taken as 3in. From Fig. 11 the greatest maximum 
bending moment M can be found for each value 


of 


The curve showing the relation between 


M and % is plotted in Fig. 12. It was found that 


the equation given below fitted this curve very 
closely ; 


: 2 
= [ 176 (F-ons) +2] paw... 


( 


To check this equation ~ was taken as 100 in 


equation 10 and the greatest maximum bending 
moment M found by drawing a curve of maximum 





where w = —— 


7) (12) 


bending moment and 6. Also = was taken as 


100 in equation 12 and M again determined. The 
values of M found by these two methods differed 
only by about 1 per cent. 

Since up to this point r has been taken as 3 in., 


Fig. ?2. 
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equation 12 must be modified before it can be 





| 


| 





perfectly general. 


For a particular value of x 


it will be seen from equation 7 that uw is proportional 
to r and from equation 11, remembering that L 
is proportional to r, that A is proportional to r. 
Therefore, from equation 10 it is obvious that M 
is proportional to r*. Hence, equation 12 may 
be made general by writing it as follows 
rd 
Mm 5 
and this equation may be written in the form given 
in equation 1 above. 
In Fig. 13 is plotted a curve showing the relation 


between = and the value of 6 when the maximum 


bending moment is greatest. Equation 2, given 
above, was found to be the equation of this curve. 


s 2 
1:76 (2- ou) +2 |pawe . (13) 





Savonica First INTERNATIONAL Farr.—It is announced 
that a First International Fair will be held at Salonica 


| from October 18 to 31, 1925. This Fairis being organised 
| by @ special committee with the co-operation of the 


Salonica Chamber of Commerce and Industry, and the 
Salonica Trade and Industrial Federation, and is under 
the auspices of the Greek Ministry of National Economy 
and the patronage of the Governor General of Macedonia. 
Specially constructed pavilions and stands covering 8D 
area of 40,000 sq. metres in the centre of the city, which 
has been recently reconstructed, will be available for 
the display of all kinds of machinery, automobiles, 
chemicals, electrical equipment, building materials, 
leather goods, and a wide selection of printing and other 
apparatus. All t of exhibits are permitted. Further 





information re ing this Fair may be obtained on 
| application to any Greek Consulate in Great Britain oF 
| directly from the offices of the Fair Committee, at 11, 
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MULTIPLE-SPINDLE AUTOMATICS. 
By JosEpH HoRNER. 
(Continued from page 97.) 

THE machines by the New Britain Machine 
Company, of New Britain, Conn., U.S.A., are hori- 
zontal multiple-spindle chucking machines. They 
are built in two designs—the tools rotating in one, 
the work rotating in the other. The first are either 
single, or double-ended, and each has a large range 
of capacities. 

The New Britain Rotating-T ool Machine.—In this, 


| turret is mounted at one end of a barrel which 
| turns, and slides in two large bearings. The index- 
| ing mechanism is situated at the opposite, or right 
hand end. The turret is fed by a cam drum 
beneath, between the two bearings. To this cam 
strips are bolted to feed for different lengths of 
work. They act directly against a hardened steel 
| roller on the turret yoke, capable of being clamped 
in any position on the barrel, thus providing for 
handling different lengths of work. The drum is 
actuated by worm gear at the left end of the machine. 
The path of the cam changes rapidly after feeding 




















Fie. 24. Srvete Heap New Brirain Automatic or tHe Roratina-Toot Type. 





Fig. 35. SprnpLE Heap or New Britain Automatic; RoTatinc-WorK TyPE. 


the tool spindles carry and revolve the tools against 
work held in the chucks on the turret, which is 
indexed between cutting. In the single head 
machine of this group, the turret advances and 
feeds the pieces of work against the revolving tools. 
In those with a double head, the revolving tools 
are advanced from opposite sides, performing their 
operations on both ends of the work. Thus, eight 
tools may be cutting at one time between the 
intervals for indexing. The tool spindle centres are 
aligned exactly opposite to the turret chuck centres, 
with one exception, As the turret indexes, it 
brings each chuck in turn opposite to a location 
where there is no tool, and here the attendant un- 
loads and loads, while tooling is proceeding on all 
the other turret positions. 

The general construction of the single head 
machines, of which an example is shown in Fig. 34, 
is as follows: The work-holding multiple chuck 








the turret forward, to return it quickly to clear the 
tools at the time of indexing. Guard strips oppo- 
site the reversing portions of the cam prevent the 
turret from being thrown too far, and an adjust- 
able screw stop on the side of the turret yoke gauges 
the forward movement of the turret. 

The chucks are rendered widely adaptable by the 
fitting of false jaws, accommodated to pieces of all 
conceivable shapes. Each pair of jaws is inde- 
pendent of all others. It is operated with a 
right and left-hand screw having a square end to 
receive a wrench. The jaws and screws are of 
crucible steel, hardened. 

The single head machines are built with four 
working spindles, and five chucking positions, and 
with five working positions and six chucking posi- 
tions. The maximum capacities of the largest are : 
7} in. swing of work outside the jaws, and 17 in. 
between the turret face and the spindle. In the 





double head machine with a central work-holding 
turret, the turret is indexed, but has no longitudinal 
movement, the feed being imparted to the tool 
spindles by cams on drums acting on rollers on the 
spindle yokes. As each group of spindles is inde- 
pendent, they may be cammed and set up with tools, 
for like, or unlike operations to suit the character of 
the work. These machines are made with six working 
spindles, and four chucking positions, and with 
eight working spindles and five chucking positions. 
To both single and double head machines, a steady 
rest is fitted to lock the turret to the bed of the 
machine while the tools are in action. The turret 
barrel, and the indexing mechanism are thus relieved 
of strain during the machining operations. The 
turret position is determined before locking by a 
spring-operated latch. There is no strain on the 
latch, this being taken up by the steady rest. The 
indexing accelerates the turret at the time of index- 
ing, and checks its momentum without shock. 
The index dividing wheel is twice the diameter of 
the circle of the chucking positions, which reduces 
the risks of inaccuracy. 

The New Britain Rotating-Work Machine.—The 
latest New Britain automatic is a chucking machine, 
built in two sizes, each equipped with either four 
or six work-holding spindles, capable of holding and 
rotating pieces up to 8-in. in diameter. It is: 
remarkable by reason of the numerous provisions: 
made for automatic movements, and from the fact 
that pneumatic control is introduced, operating 
as often as a work spindle is indexed into the loading. 
position. The control disengages the drive to that 
particular spindle, applies a brake to stop the rota- 
tion of the spindle quickly, and actuates the 
mechanism of the chuck to release the work. When 
the chuck has been reloaded, the air valve again 
comes into action to close the jaws on the work, 
release the brake, and engage the drive to the 
spindle. The manual labour of hand chucking is 
thus avoided, and because of this fact one man 
can attend to two machines. 

Yet the starting and stopping of the spindle is 
within the control of the attendant, since it is 
not timed with any other function of the machine. 
The spindle may be stopped and started at will 
while it is in the loading position, and it is thus 
possible to determine if the work is running 
truly, and to readjust it if necessary. Generally, 
the operator can keep pace with the normal rate 
of production, but if the chucking is delayed 
beyond the index time, a safety device comes 
into play to prevent indexing until the attendant. 
throws in a feeding clutch. And, further, if 
it is not desirable to use the air control when 
chucking, hand-operated chucks can be substituted. 
In that case, the air control is used for starting 
and stopping the spindles, applying and releasing 
the brake, and setting the safety device. 

The general scheme of the machine can be followed 
in Figs. 35, 36, and 37. It has four, or six work- 
spindles. Tooling proceeds simultaneously on all, 
except on the one at the loading station. The 
spindles are carried and rotated in a cylindrical 
head. The tools are carried on a longitudinal 
slide, and also on cross slides, and these may be 
used in association with those on the longitudinal 
slide, or separately from them. There is one tool 
station on the front cross slide, and two on the rear 
slide. The front slide is intended to carry tools 
for only one work-spindle, and has, therefore, an 
horizontal dovetailed bearing. That at the rear 
is designed to carry tools for two spindles, and has 
a combined horizontal and vertical bearing. 

All the movements of the machine are derived 
from a single pulley, seen in Figs. 36 and 37, for 
which a motor drive can be substituted. The 
pulley drives through a toggle clutch, thrown in 
by an overhead rod (not shown) from any position 
occupied by the attendant. The drive is transmitted 
through a box of change gears A, to a central shaft 
B, Fig. 35, that extends through the headstock 
to drive the spindles. The spindle speeds can be 
altered at the change gears without affecting the 
rates of feed. A spur gear on the shaft B meshes 
with a gear on each spindle—seen at the right- 
hand of Fig. 37. The spindles, disposed in @ 
circle, are contained in a cylindrical casing having 
bearings in the headstock housing. A spur gear 
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Fic. 36. New Brrratn Automatic. Rotatinc-Work Tyre; Front View. 




















Fig. 37. New Britain Automatic, Rotatina-Work Type; Back VIEw. 


of large diameter is mounted on the spindle cylinder | and driving the large cam drum D, Figs. 36 and 37, | end of the machine is driven. The cam drive being 
to impart the indexing movements. immediately below the main tool slide E. This} applied at the circumference reduces the torque on 
The feeding of the longitudinal tool slide is | drum is rotated through a large internal gear at the | the camshaft. The feed is started and stopped with 
derived from a second set of change gears in the | circumference of the cam drum, and in this way the | the handle G, Fig. 37, at the rear of the machine. 
box A, controlled by the clutch-handle C, Fig. 36,| camshaft F, Fig. 36, extending to the forward! The spindle cylinder is indexed during a small 
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Fig.38.FAN DRIVE PULLEY. 
MALLEABLE IRON. 


it R.PM. 
45 PIECES PER HOUR. 
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portion only of the rotation of the cam drum D. 
This is effected with a pair of elliptical gears, below 
the headstock. One gear on the through camshaft 
F, meshes with another below (H, Fig. 37). On 
the shaft which carries H is keyed the arm of a 
Geneva mechanism. This engages intermittently 
in the slots of a second part mounted loosely on the 
shaft F. The slotted member is geared to the 
indexing gear on the spindle cylinder, and so serves 
to index the cylinder at definite intervals. A num- 
ber of slots are cut around the spindle cylinder, 
corresponding with the number of spindles, and 
engaged successively with a locking bolt. When 
the moment comes for indexing, the locking bolt is 
withdrawn from its slot by a lever seen to the 
left of the elliptical gear H in Fig. 37, and which is 
controlled by a cam on the shaft that carries H. 
Springs above push the locking bolt into place 
when the succeeding slot is indexed to it, and hold 
it there until the moment arrives for the next 
indexing. 

The strips on the cam drum D feed and return 
the main tool slide E. A shoe that makes the 
connection may be attached to the slide in either 
of two positions to provide an adjustment of the 
maximum forward and return positions of the slide, 
in addition te the positions obtained from the 
location of the cam strips on the drum. 

The movements of the cross-slides are derived 
from a disc located on the camshaft F, with cams 
mounted on both sides. Motion is imparted to 
the front slide through the arm J, Figs. 35 and 36, 
and to the rear cross-slide through the arm K, 
Fig. 37. The drive to the cam drum D is used 
during the feeding movement of the slides; but 





while they are being advanced to the point of cut- 
ting, and are returned, their speeds are accelerated 
in order to reduce the time occupied in a cycle. 
The fast speed is obtained by means of gearing on 
a shaft that revolves at a uniform rate of speed in 
the rear of the gear-box A. This gear is meshed to 
drive the cam drum D as the tool slides begin to 
recede from the work, the slow drive to the cam 
being disconnected at the same time. The change 
is effected automatically with a clutch, through a 
lever L and rod M, Fig. 37, the lever being actuated 
by a second disc cam on the shaft F. While this 
accelerates the indexing of the spindles, it has no 
influence on their rotation. 

To accomplish the movements of the slides, and 
the indexing of the spindles by hand during the 
work of setting up, the regular drive is disconnected 
by shifting the handle C, Fig. 36, and inserting a 
crank handle in the socket N close to the lever C. 
By revolving the crank handle the cam drum D 
can be rotated as desired. The handle C cannot 
be engaged when the crank handle is in position. 

The air valve for controlling the spindle in the 
leading position is located at O, Fig. 36. As a 
finished part approaches the loading position, the 
valve admits air into the upper portion of the 
cylinder P to push down the piston and the slide Q. 
There are two cam paths near the top of this slide. 
These move longitudinally and operate in succession 
the bars that control the spindle driving clutch 
and brake, and the chuck jaw operating rod and 
release. A third cam path on the slide Q operates 
in a lengthwise direction, a bar that extends towards 
the driving end of the machine, and is connected 
through a gear segment under the cover R, Fig. 36, 
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to a bar S on which a dog is mounted. This 
mechanism disconnects the drive to the tool slides 
and the spindle-indexing mechanism, in case the 
operator has not been able to chuck a new piece by 
the time that the main tool slide has completed its 
return movement. 

Attached to this tool slide is a bracket to which 
is fastened a rod T, Fig. 36. When the spindle 
has been reloaded, and the air valve is operated 
to chuck the work, release the brake, and start the 
rotation of the spindle, the rod S and its dog is 
moved forward, so that the dog pushes the part 
carrying the rod T sideways, thus permitting the 
rod to clear the handle C. But if the air valve is 
not operated, the dog on the bar S will be too far 
to the rear to move the rod T sideways, and so 
the rod will strike the handle C and stop the 
machine, except for the rotation of the spindles. 
When the air-valve handle is operated to chuck a 
new piece, release the brake and start the spindle, 
air is admitted into the lower part of the cylinder 
to push the piston and slide Q up. When the work 
is released in unchucking, a slight knock is given to 
the chuck-operating rod to loosen the work. 

While the tool slides are being returned and the 
spindle-carrying cylinder indexed, it is impossible 
to operate the air control to open the chucks. This 
is prevented by means of a lever below the air 
valve O, which comes into contact with the front 
tool slide when withdrawn, and brings the air-control 
handle to a neutral position, preventing air from 
being applied to release the chuck. This feature 
is of value when an operator is dividing his attention 
between two machines. 





Chucks are made either for gripping the work 
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Fig 43. GEAR BLANK. 
CHROME STEEL FORGING. 
69 R.P.M 
















Fig44. HYORAULIC BRAKE FITTING. 
873 R.P.M. 









STEEL FORGING. 
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Fig45.BALL BEARING CUP. 
HIGH CARBON 


Fg.46.BALL BEARING CONE. 
HIGH CARBON 
CHROME STEEL FORGING. 
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externally or expanding to hold it internally. There 
is a constant-speed drive to a pump, which delivers 
cutting lubricant to the tools. 

Examples of Tooling.—As illustrating the work 
done on the chucking machine, the tool lay-out 
for the drive pulley, Fig. 38, is shown in Figs. 39 
to 42 in four successive stages. In the first 
position, Fig. 39, a core drill roughs out the hole, 
In the second, Fig. 40, taree tools are mounted in a 
head clamped to the spindle. One rough-turns the 
shouldered portion, a second faces, a third cuts the 
chamfer. The groove is roughed with another tool 
from the cross-slide. In the third position, Fig. 41, 
the hole is being reamed, and a set of three tools 
finishes the portions roughed in the second position. 
One side of the groove is finished and the bottom. 
In the last position, Fig. 42, a chucking reamer 
completes the bore, and the opposite half of the 
groove is completed. These drawings illustrate the 
general lay-out of tools, modified for the number- 
less shapes that may occur. Some of these are 
shown in Figs. 43 to 54, which give particulars of 
detailed operations and outputs. Some are single 
operations, others first and second, and the 
materials are varied. One leading dimension is 
given on each sample of work, from which the 
extent of surfaces tooled can be judged. Figs. 43 
to 48 show pieces made from steel forgings, Figs. 49 








castings. The output of these is very large, con- 
sequent on the high rates of revolution. An 
example not illustrated is a bath-cock valve stem, 
6 in. long, in brass, produced at the rate of 480 
pieces per hour, at 1,470 r.p.m. The tool set-up is 
elaborate, including rough- and __finish-turning, 
knurling and threading. The work of the common 
lathes and of the single-spindle turret lathes is 
entirely outrivalled by the multiple-spindle ma- 
chines ; and the turning machines cannot compete 
because they do not bore. 


(T'o be continued.) 





THE ELEMENTS OF THE KINETIC 
THEORY OF GASES. 
(Continued from page 127.) 

THE kinetic theory affords a simple explanation 
of the fact that the specific heat at constant pressure 
is, in the case of certain gases, 1-67 times the 
specific heat at constant volume, and that in many 
other cases the ratio of the two is about 1-4 or 1-33. 

If a gas consists of spherical molecules, which, 
from the laws governing the collision of perfectly 
elastic bodies, can never be set in rotation, the 
whole of any heat energy supplied to such a gas 
must (if the supply is added at constant volume) 





to 51 from cast-iron; Fig. 52 is a piece from an 
alloy of aluminium, and Figs. 53 and 54 are brass | 


go to increase the translational energy of the 
molecules. Thus, if at the absolute temperature T, 
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|the average kinetic energy of a molecule is 


5 and at T, is ¢,* the specific heat per 


molecule will be 
m — — 
2 (T2—T}) (co? — 2) 

If the heat be added at constant pressure, then 
the energy absorbed in increasing the velocity of 
the molecule will be the same as before ; but, in 
addition, the gas will do external work. 

At the temperature T, the gas contained, say, 
nm, molecules per cubic centimetre, and having 
expanded at constant pressure it will at T, contain, 
say, mn, molecules per cubic centimetre. 

The average volume occupied by one molecule 
was, therefore, + c.c. at T, and & ‘tt ob By 

ny, nm 


Hence the external work done per molecule is 


ee . . (10 
p(~-=) 


But from equation (3) ante the pressure is 

nm cy 
3 —_— 

at both temperatures, we must have n,m ¢,° = 

n,m C2. 

Whence 


equal to , and since this pressure is the same 





1_ lee 


m2 m ce 
Substituting in (10) the work done per molecule 
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is seen to be 
_. nm (o2 — c2) 


ny m c2 “Co? > 
7 Su Lz 3 


3 ny 

Adding this to the energy simultaneously 
expended in increasing the molecular velocity, 
the specific heat per molecule at constant pressure 


becomes 
ONG ei a 
( + ext — 1?) 
Te — Ti 


The value of the specific beat at constant volume 
has been found above, and from this it will be 
seen that the ratio of the two specific heats is 

5 1 


cy? 


™m 


2 (co — e12) 


5 
=>=m 
6 T2—T, 





This ratio has been measured for argon, mercury 
vapour and a number of other monatomic gases, 
and the results closely approach the calculated value. 
There are thus strong grounds for believing that 
the molecules of these gases really do behave 
pretty much as if they were elastic spheres. 

Most gases are, however, not monatomic, but 
diatomic or polyatomic. Do these also behave as if 
their molecules were elastic particles ? The answer 
is that at ordinary temperatures and pressures they 
very commonly do, and in particular the ratio 
of the specific heats of nitrogen, oxygen and 
hydrogen is fully accounted for on this hypothesis. 
It was such observations that led Clerk Maxwell 
to formulate the very far-reaching principle known 
as that of the ‘“‘ equipartition of energy.” 

When the molecules are spherical they cannot, 
as already pointed out, acquire spin as the result 
of their mutual collisions. They can merely move 
backwards or forwards, up or down, and to right 
or to left. The velocity of a molecule at any 
instant is fully specified by its components along 
the three axes of reference, and such a molecule is 
said to have accordingly 3 degrees of freedom. 
According to the principal of “ equipartition ”’ 
the energy of such a molecule must, on the average, 
be equally divided between these 3 degrees of 
freedom. Thus if c be the absolute velocity of 
the molecule, and u, v and w its components, we 


have 
we t 4 


m c2 
2 S| 


— er . +m : +m 
Then the principle in question asserts that if mean 
values are taken we shall have 


mu2 = m v2 = m we 


which, in this case, is obviously true from con- |; 


siderations of symmetry. 

A diatomic molecule can, however, acquire spin. 
If it be regarded as two spheres touching at one 
point, then the collisions can never cause rotation 
about the line joining the centres of the two spheres, 
but may and will cause the molecule to spin about 
some axis at right angles to this. This spin will be 
completely specified if we know its components about 
two axes at right angles to each other, and also 
perpendicular to the line joining the centres of the 
spheres. Such a diatomic molecule is said to have 
5 degrees of freedom, three being the same as those 
of a monatomic molecule, but it has in addition 
the 2 degrees of freedom attributable to its spin. 
If 1 be the moment of inertia of the diatomic 
molecule about an axis at right angles to the line 
joining the atom centres, and if # and @ represent 
the component angular velocities of spin, the 
energy represented by each of these components 


2 
will be I 3 and I 5 respectively. Then, accord- 


ing to the doctrine of the equipartition of energy 
we shall have, on taking mean values, 
Ie@®=1R=me=me=mar 

Hence to raise the temperature of a diatomic gas 
from T, to T, (keeping the volume constant) we 
shall have to expend § as much energy as if 
the gas were monatomic. 

The specific heat per molecule at constant volume 


5 m (of — a) 


becomes accordingly — — hat 
e— Ti 


ae and the spe- 


Cific heat at constant pressure is found by adding 
to this the energy representing the external 


work done, which, as proved above, is equal to 
5 (ee —c,?). Hence for a diatomic gas the ratio 


of the two specific heats is 


5 1 5 7 
—+ —)+—_=—_=]%4 
( 6 > 3 ) 6 5 
In general, if there are A degrees of freedom the 
A+ 2 


, Which with 





ratio of the specific heats will be x 


6 degrees of freedom gives 1-33 as the ratio in 
question. Many polyatomic gases have approxi- 
mately this value. 

In the case of solids, we are concerned only with 
specific heats at constant volume. An atom in 
such a solid may vibrate to and fro and this 
vibration can be resolved along three rectangular 
axes. The “component” energy along each of 
these axes will at any instant be partly kinetic 
and partly potential, the average value of the two 
being equal. To specify completely the energy of 
the atom at any stated instant, six terms are 
required, three representing kinetic and three 
potential energy. The atom is therefore said to 
have 6 degrees of freedom. Such an atom will, 
therefore, require twice as much heat to raise its 
temperature 1 deg. as does the atom of a mona- 
tomic gas. The atoms of all solid elements should 
therefore have the same specific heat. This is 
Dulong and Petit’s law, which was discovered 
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empirically. At ordinary temperatures it is found 
to hold good for the majority of the chemical 
elements. 

The energy required to raise by 1 deg. C. the tem- 
perature of any molecule is A x 6°86 x 10-!’ ergs. 
where A denotes the degrees of freedom and the 
heating is effected at constant volume. A gramme 
of oxygen contains 1-°893 x 10° molecules, and 
the oxygen molecule has 5 degrees of freedom. 
Its specific heat at constant volume is therefore 
5 x 6-86 x 1-893 x 108 ergs. =0-1550 calories per 
gramme. Argon, a monatomic gas, has 3 degrees of 
freedom. Its density as compared with oxygen, 
“; 8 Hence a gramme contains 1-519 x 1022 
molecules and its specific heat at constant volume 
is 3-125 x 10° ergs. = 0-0746 calories. 

The law of Dulong and Petit, and the measure- 
ments which have been made for many gases of the 
ratio of the specific heat at constant pressure to the 
specific heat of constant volume, provide an em- 
pirical proof of Maxwell’s law concerning the 
“equipartition of energy.” It is, however, easy to 
show that this law is a necessary consequence of 
the laws governing the collision of perfectly elastic 
particles. 

Let us consider, in the first instance, the case 
of a diatomic gas, and let this gas be mixed with 
a monatomic gas. Then we shall prove from the 
laws relating to elastic collision that when the 
steady state is attained the energy in each degree 
of freedom of the diatomic gas must be the same 
as the energy in each degree of freedom of the 
monatomic gas with which it is mixed. 

Consider a collision between a monatomic 
molecule of mass m and a diatomic molecule of 
mass M., such as is represented in Fig. 4, where the 
principal axis of the diatomic molecule is repre- 
sented by AB, whilst CD represents the common 
normal at the point of impact. 

Just before the collision let the monatomic mole- 
cule have a component velocity along C D = u, 
and let the component velocity of the diatomic 
molecule along the same line be U. Let 2 and y 
be the corresponding component velocities, along 
the same line, of the two particles immediately 
after the collision. 

In Fig. 4 take an axis through the centre of gravity 


1S 





of the paper. Let the component angular velocity 
of the spin round this axis be # immediately before 
the collision and 6 immediately afterwards. Then 


the ‘‘ component energy ”’ of the spin will be i 
I 62 

: The 
corresponding moments of momenta about the 
same axis will be I » and I 6 respectively. The 
monatomic molecule will also have a moment of 
momentum about this axis, but the only part of 
this affected by the collision will be the moment 
of momentum due to the component velocity 
along the line CD. Let a be the length of the 
perpendicular from Q to CD. Then before the 
collision the moment of momentum was mu.a. 
and immediately afterwards it is m2. a. 

Now since in the collision energy is conserved, 
we must have the relation 

mu2 + MU2 + Lw2 = ma? + My2 +102 . (A) 

Since linear momentum is conserved we must 

have : 





before the collision and immediately after. 


mx+My=mu+MU (B) 
and since angular momentum is conserved we get 
mz.a+1@0=mu.a+Iw (C) 
‘ These three equations may be written in the 
‘orm :— 


m (a2 — u2) + M (y2 — U2) +1 (62 — w2) = 0 (D) 
m (xe —u) = M(U — y) (E) 
am (x —u) = I(w — @) (F) 


Substituting from (E) and (F) in (D) gives us 
m(u—x)[*+u-—-yU —-aw—aé]=0 
Combining this with (B) and (C) and solving for 
x we get 
_ MI(U+aw—u) + Ma(amu+Iw)+1(mu+ MU) 
ML+mMa2?+Im 





whence 
MI(U +aw —u) + Ma (amu + Iw) >? 
ak +I(mu+MUj (G) 
Mil+mMat+Im 





Now in the steady state there will, on the average, 

be no transfer of energy from the one gas to the 
other. This implies that the mean value of 2 
must be the same as the mean value of u*. But 
x® = mean value of the above expression. 
Now, in determining the average value of the 
numerator on the right-hand side of (G), we can 
neglect all terms which contain products of U and 
o, U and wu, and w and ao, since each of the 
factors is as often positive as negative, so that 
the average value of each product is zero. We thus 
get 


fa 


x2 


+ 12 (m2 u2 + M202) + 2M@1a(al wt — amu) 
+ 2MI2(M U2— mu2) +2Malamut 
[MI +mMaz+mIP 


M212 (U2 + a2 w2 + u2) + M2a2(a2m2u2 + 12 2)] 





If the doctrine of equipartition of energy be true, 
we must have M U? = Io? =mu?. Substituting 
these values in the above expression, we get 

— [M2 I2 + m2 M2 at + [2 m2 + 2 M2 mI a2 

ue +2MmI2 + 2M m2a2I2 


2? = 
(MI + mMa?+mI 





= 42. 

The proof may be completed by solving the 
given equations also for y and @. Then in the 
steady state we must have y? = U? and @ = o?, 
Then following the argument already given it will 
be found that both requirements are satisfied if 
M U2=I w?=m u?. Hence by the theory of 
equations this is the only relationship between 
these three quantities which will satisfy all the 
conditions. 

This proves the proposition for the case of a 
diatomic molecule. The same proof applies also to 
a polyatomic molecule, having unequal moments of 
inertia about its principal axes. Let these moments 
of inertia be A, B and C, respectively, and let @,, w», 
and , be the component angular velocities about 
the principal axes. Then, according to the doctrine 
of equipartition of energy, we must have A @,? 
Bo?=CoZ=mu*?, Let 6, 6, and 9; repre- 
sent the component velocities of spin after the 
collision, and let a, 8, and y be the shortest lines 











Q of the diatomic molecule perpendicular to the plane 


that can be drawn from the three principal axes 
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to the common normal] at the point of impact. 
The equations for conservation of energy and of 
linear and angular momentum then become : 


m w+ M U2+ A w)? + Bop? + C ws? = m 22 + My? 
+ A 6:2 + B 622 + C 625 
mu+MU=m2+My 
amu+Aw=-amz+Aé 
Bmu+Boo=Bmz+Bé 
ymu+Cw3=ym2z+C 3 


1 
2 


Solving for x we get 
(MABC(U + au + Bwe+ y ws \ 

—u)+ABC(mu+M OU) | 

+aMBC famu+A wJ 

+B M AC (8 m u +B w) | 

+y7y MAB (ymu+ Cas) ) 
== MAB C+mA BC+a2Mm BC+B2MmBC + 

~~MmAB 

Then, as before, in the steady state the mean value 
of 2* must be equal to the mean value of u*, and 
following the same procedure as already outlined 
in the simpler case previously discussed, it will be 
found that we must have 





mu? = M U2 = Aw)? = Bw? = C wx? 

The law of equipartition is thus proved from 
purely dynamical considerations for the cases in 
which the molecules can have energies of transla- 
tion and of rotation. It therefore holds good also 
when an atom can only vibrate, as, for example, 
the atoms of the wall of the vessel containing 
the gas. Such an atom of a solid can only be 
set into linear vibration when it suffers a colli- 
sion. It will, however, in every collision begin 
to move exactly as if it were free, and hence the 
interchange of energy is exactly the same as it 
would be between two corresponding gaseous 
molecules. It follows accordingly that the law of 
equipartition holds good also for the various 
degrees of freedom of vibrational energy. 

It should be noted that the interchange of energy 
is extraordinarily rapid. A molecule of air at normal 
temperature and pressure suffers some 5,000 million 
collisions per second. It has sometimes been 
suggested that during the act of combustion the 
molecules concerned may temporarily acquire and 
retain a large excess of vibrational or rotational 
energy. From the foregoing, however, this is 
obviously impossible ; any such temporary surplus 
of energy cannot be mechanical in character, or it 
would be almost instantly dissipated. 

If, however, the surplus of energy be electrical, 
it will not be dissipated in the same way, and tem- 
porary surpluses of such energy are probably an 
accompaniment of all cases of chemical combina- 
tion. That electrons are shifted from their ordinary 
stable orbits in such reactions, seems evident from 
the conductivity of flames, which is due to the shift 
of the electrons being so great that molecules are 
completely ionised. 

At high temperatures, there must be frequent 
cases of electrons being temporarily raised from 
lower to higher energy levels, a phenomenon which 
is equivalent to a partial or incipient ionisation. 
Each such displacement, whilst it lasts, represents 
energy stored in the molecule, the specific heat of 
which is thereby increased by a term which is not 
subject to the law of equipartition, and here is to 
be found the most probable cause of the increase 
in the specific heat ef gases which is commonly 
found to occur at high temperatures. 

This rise is sometimes attributed to a loosening, 
at high temperatures, of the bond between the 
component atoms of a gaseous molecule. 

It is suggested that in this way a freedom of 
vibration is developed which does not exist at low 
temperatures. There is, however, no proof that 
this occurs, whilst it is known that the radiation 
absorbed by a molecule dves involve a shifting of 
electrons and a consequent storage of energy 
within the molecule. In solid bodies, atoms, no 
doubt, do vibrate, but X-ray analysis has shown 
that in a crystal of common salt, for example, 
molecules can hardly be said to exist. Each atom 
of sodium is surrounded by 6 atoms of ‘chlorine 
symmetrically placed and each atom of chlorine by 
6 atoms of sodium. It is impossible to attri- 
bute any one atom of chlorine to any specified 
atom of sodium. Each atom is embedded in a sym- 
metrical field of force, a condition which is favour- 
able to vibration, but in a gaseous molecule of 


NaCl, the two components are firmly bound together. 
The bond may be dissolved by the absorption of a 
sufficiently large quantum of radiation, but, so far 
as the writer is aware, there is no evidence that 
vibration ever occurs. 


(To be continued.) 





MESSRS. BROWN BAYLEY’S STEEL 
WORKS. 


AmonG the most difficult questions for works in 
any industry is to decide when old plant should 
be replaced by new. Such questions may arise 
through the invention of new processes, which show 
advantages over old in economy of working, quality 
of product, or both. They may be the mere result of 
increased demand, which enables material to be pro- 
duced more cheaply if it is made with larger manu- 
facturing units. The necessity and indeed the desira- 
bility of facing such questions is recognised less 
generally in this country than in the United States, 
where machines are often built expressly for a much 
shorter life than that for which corresponding British 
machines are designed. Much can doubtless be said 
for the policy of scrapping existing machines or pro- 
cesses when newer and apparently better can be had. 
At the first stage of a manufacturing innovation it 
is doubtless on its probation. It may have been 
conceived in the laboratory, or the experimental 
shop, and most works would proceed cautiously in 
introducing it into their general manufacture. But 
when it has been put to work in some enterprising 
factories, and its merits have been borne out ona 
manufacturing scale, any firm that has the available 
capital may well be tempted by its advantages, and 
it may become for the time being a fashion in the 
industry, which will benefit the works where it is 
adopted if further experience confirms the belief 
on which it was taken up. 

This has naturally been the history of the great 
revolutions in manufacturing processes, when they 
have been recognised as such, but it has also been 
the history of others with less merit. Part of the 
skilled judgment that is required in deciding whether 
a particular innovation is worth adopting must 
be spent on considering how the results of the new 
plant compare with those that could be obtained 
from the plant proposed to be superseded, if it was 
worked to the best effect. It may indeed easily 
happen that an established and familiar plant, 
which has done what has been asked of it for a long 
time at a cost of money and convenience that has 
come to be accepted as normal, may really be doing 
much less than it could if it were not being worked 
according to a time-honoured standard. Thus before 
incurring the expense of superseding it, a prudent 
firm may consult its interest best if it considers 
how far the most is being got out of the plant it has, 
and whether some change in its construction or 
method of operation might produce results as 
good as those offered by the new plant. A first 
obvious advantage of this course is that it saves 
capital expenditure, which has, and for some time 
to come is likely to have, a greater importance than 
it had before the war. But the introduction of a 
new plant may involve more considerations than 
its prime cost. ‘The skill of the staff may for the 
time being be less effective on a new plant than it 
had been on that with which they were familiar. 
Against its advantages the new plant may on 
fuller manufacturing acquaintance have incon- 
veniences not apparent in its earlier working. 
These chances indeed are proper to be taken at the 
right moment, and the works that does not then 
take them may be incurring a more serious risk 
in giving competitors a valuable start. To use 
plant, however, at less than its best efficiency is a 
disadvantage to any works, quite apart from direct 
loss of production. It tends to reduce the standard 
of intelligence of the workers, which may be an aid 
to efficient production even more important than 
the design of plant. From every point of view, the 
consideration of a new process is an opportune time 
for secing whether the best is being done with old 
ones. If it turns out that better use could be made 
of the existing plant the works will gain not only 
by improving its output, or quality, or by reducing 





its costs and avoiding capital expense. It will 





improve the standard of intelligence and efficiency 
of the workers engaged on the plant. 

Considerations such as these are the more apt to 
escape notice because they have not the attraction 
and enlarged prospects associated with new inven- 
tions. Nevertheless at the present time they are 
among the most important to which the attention 
of British manufacturers can be addressed. The 
present critical position of industry has doubtless 
been reached through a variety of causes, but there 
are few trades in which these causes do not include 
the failure to make the best use of its resources. 
Everything, including capital, is dearer than it was. 
Resources that formerly might have been worth less 
than the cost or trouble of economising them, are 
to-day worth more. Capital is scarcer and dearer, 
profits smaller and competition keener than they 
were, and the need for economising both in first 
costs and production is proportionately greater. 
Without disparaging any measures that may assist 
to remedy other evil influences it must be recognised 
that the reduction of weste in industry is the most 
obvious as it is the most fundamental step to be 
taken, and the failure to make the best use of 
materials, labour, or brains is the worst form of waste. 
General maxims of this kind are not impressive 
unless they are embodied in some concrete example. 
Such examples could be found in most engineering 
trades, but the usual occasions of reference to indi- 
vidual works are rather when they have introduced 
or include the most modern plant than when 
they are working ordinary plant to conspicuous 
advantage. It is, indeed, a delicate matter for a 
firm to profess that for the the most part it is 
working with much the same plant as any one else, 
nor would ar account of its works be of special 
interest unless the description not only showed 
by what devices they produced their results, but 
also the works were known to have attained a 
high standard of quality and to be maintaining 
it in competition. 

We have been indebted to the directors of 
Messrs. Brown Bayley’s Steel Works, Limited, of 
Sheffield, for the opportunity of making an intimate 
study of their works, and for their leave to publish 
the results. It is common knowledge that for the 
last fifty years these works have been producing 
high class steel, and at no time in their history 
has the reputation of their products stood higher 
among users. As far back as 1880 Dr. J. O. Arnold 
was engaged with them as works chemist ; about 
the same date they put in the first beam tensile test- 
ing machine ever made for steel, and at the present 
time the works are under the technical direction of 
Mr. Harry Brearley, whose distinction as a metal- 
lurgist is well known both in this country and 
abroad. The capacity of the works is about 1,500 
tons of ingots per week, a quantity that, while a 
good deal less than that of the largest Sheffield 
firms, is amply large enough to give scope for such 
modern methods of manufacture as might seem 
advisable. In one year of the war the turnover 
of all departments exceeded 3,000 tons per week. 
In spite of the state of trade and of the final abandon- 
ment in 1918 of the last of the Bessemer furnaces in 
which most of their steel used to be made, the make 
of ingots in 1924 was some 5 per cent. higher than 
in 1923, which had been the largest in the history 
of the works. The firm accordingly may be taken 
as among the active producers of steel in this 
country. As will be seen, they have designed and 
use a variety of devices for facilitating production 
and assuring the uniformity of their products ; but 
what appears most to distinguish their methods is 
that they obtain first-class results with the least 
possible deviation from old-established practice. 
Apart from other considerations, the account we 
are able to give of its plant and manufacturing 
processes should be of interest as disclosing a range 
of methods actually employed in producing 1m- 
portant classes of material and products. What, 
however, will be found most notable in these 
methods is the care that has been, and is being, 
taken to obtain results that admittedly are as good 
as the test, by the use of plant of which many 
parts are of an older type than is normally 
employed. 

The works, which at present cover an area of 
21 acres, and include further space for extension, 
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MESSRS. BROWN BAYLEY’S STEEL WORKS, 
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are situated in Sheffield off the Leeds road on the 
L. and N.E.R. (G.C.) main line and close to the 
Sheffield canal. A general plan of their arrangement 
is given in Fig. l1cn page 193, from which it will be 
obvious that they have been extended considerably 
from their original size. They make the whole of 
the steel used in their various products, and have at 
present six acid and basic open-hearth furnaces 
and an electric furnace, to which a new crucible 
furnace is now being added. These produce steels 
of a very wide variety for the services of most 
manufacturing trades, and in addition to the carbon 
steels required for railway and general engineering 
purposes have been making steadily increasing 
quantities of alloy steel of all kinds, including 
stainless steel and stainless iron. A portion of the 
output is sent out as blooms, slabs, billets and bars 
for use in manufacture elsewhere. The remainder 
is employed on the firm’s own production of tyres, 
axles, springs and forgings for railway, tramway 
and engineering work, and for what may be called 
side lines. In addition to the equipment for these 
purposes considerable attention has been given to 
heat treatment furnaces, not only for producing 
tool steel in a condition ready for use in engineering 
shops and mines, but also for responding accurately 
and uniformly to the many and various requirements 
of modern engineering, automobile and aeroplane 
work, 

It will be seen that the mills are arranged some- 
where near the centre of the works, and are supplied 
from furnaces at each end. The tyres, springs and 
axles are made in shops arranged along the southern 
boundary of the works up to its narrower end, on 
the opposite side of which are the furnaces and other 
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arrangements for heat treating tyres and axles. 
A great deal of the heat treatment is done in the 
special shops in which the articles to be treated 
are made ; the arrangement of the furnaces used for 
these purposes will be dealt with in the descriptions 
of these shops. A number of auxiliary shops are 
arranged near the several boundaries of the works. 
Electric, hydraulic, and pneumatic power plants are 
provided and, together with the steam and producer 
plants, will be described later, in connection with 
the services for which they are principally used. 
It will be seen that the communications between 
the furnaces and the mills, and between the mills 
and the shops they serve, are as direct as possible. 
These and other communications are facilitated 
by an ample railwaysystem, which runs within the 
works over some 2} miles of track, and is connected 
with the railway main line. 

The sequence in which the works can most natu- 
rally be viewed begins with the melting plant, and 
it will be convenient to deal first with the two types 
of furnace of which the output is small relatively 
to that of the open-hearth furnaces, and the methods 
of charging and pouring are therefore not of the 
same interest. These furnaces are of recent date, 
and embody wholly modern practice. Figs. 11 to 15 
on this page show the lay-out of a crucible steel 
plant designed for producing high-grade crucible steel 
economically, which is now nearing completion. As 
will be seen from the figures, it includes a gas pro- 
ducer, a regenerative two-hole melting furnace, a 
crucible pot-baking furnace, a pot-making machine, 
and the necessary clay storage bins, clay treading 
pan, balling bench, and pot-stiffening shelves. The 
gas producer is 8 ft, diameter inside the brickwork 
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lining, and works with a central blast and a water 
trough bottom. It can gasify 10 cwt. of bituminous 
coal per hour when generating hot raw gas, and sup- 
plies the plant with gas through a main of 18-in. 
bore from the valve-box on the producer. A dust 
pocket is constructed directly underneath the valve, 
and a 2l-in. bore branch is provided for future 
extensions. 

Figs. 2 to 10, on Plate XIV, show various views of 
the melting furnace, from which the details of its 
design can be readily followed. Its two hearths or 
melting holes, each of six pots capacity, are connected 
by means of inlet and outlet ports to two regenerator 
chambers for gas and two for air,-and by means of 
gas mains to the producer and flues to the chimney. 
The gas and air supplies are controlled by indepen- 
dent screw-operated regulating valves, and the 
regenerative process is controlled by- two reversing 
valves of the butterfly type, which deal in the usual 
way with the passage of the products of combustion 
and the gas and air supplies respectively. ‘The 
regenerator chambers, rectangular in cross section 
and measuring 2 ft. 1} in. wide by 6 ft. 6 in. deep by 
9 ft. 6 in. long, are built adjacent to each other, 
the outer pair being for air and the inner for gas; 
ports from the arched roof connect the hearths and 
the flues from the reversing valves to the base of 
the chambers. The melting holes extend about 
2 ft. 8 in. from the floor level to the ganister-lined 
bottoms, which are carried by cast-iron plates 
on rolled steel joints, and means are provided in 
the form of a tap hole for cleaning the bottom into 
the cellar under the hearth. The hearth block 
and the regenerator chambers block are thoroughly 
tied together and supported with rolled steel 
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Fig. 18. Tinting Evectrric Furnace. 
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buck stays, beams and tie bolts. The crucibles hold 
about $ cwt. each, and the furnace will permit not 
less than six heats per 24 hours. 

In the pot-making shop the clay is prepared by 
treading or puddling in the clay pan 11 ft. 9 in. 
by 8 ft. 9 in., after which the clay is made into balls. 
The pot is then formed in a hand fly-press, made by 
Messrs. J. Crowley and Co., Limited, of Sheffield. 
The table of this press carries the cast-iron mould 
with a loose bottom, and the plunger by which 
the internal form is given to the crucible is carried 
on the framework and operated bya fly handle. The 
table has a longitudinal motion, by which the mould 
can be drawn clear of the plunger, charged with ball 
clay, and returned into position for pressing. 
After the crucible has been formed, the plunger is 
withdrawn, the table again drawn clear of the 
frame, and the loose bottom of the mould raised bya 
plunger beneath it, operated by a rack and pinion. 
The crucible thus raised is trimmed, inspected and 
allowed to stiffen before being baked. The baking 
furnace, which is also gas-fired, can take 35 pots at 
a charge. Its construction is shown clearly in the 
longitudinal and cross-sections Figs. 16 and 17. 

The electric furnace was made by Electro-Metals, 
Limited, and is shown in Fig. 18. It is of the arc- 
resistance type, consuming 900 kv.-a. and taking a 
charge of 7$ tons. The current used is two-phase, 
at a pressure of 65 to 90 volts, delivered through 
Scott-connected transformers served by the cor- 
poration mains with 3-phase current at 11,000 volts 
pressure. The current in each phase is led to an 
electrode, which passes through the roof of the 
furnace, by copper bars and l}{-in. diameter 
stranded copper flexible cables, each electrode con- 
nection being rated to carry 12,000 to 14,000 
amperes. The return is carried by similar cables 
and copper bars back to the transformers, the cables 
being attached to a metal plate embedded in the 
bottom of the furnace, and the bath thus acting as a 
resistance. After some experience with 18-in. dia- 
meter amorphous carbon electrodes, 12-in. diameter 
graphite electrodes are now used, and are found no 
dearer in first cost and more economical and satis- 
factory in use. Their weight is only about three- 
eights of that of the 18-in. amorphous carbons, and 
as they can take and receive a machined finish 
they break in use very rarely, and owing to their 
close fit in the roof do not burn and “neck” within 
it. Their smaller diameter, moreover, cuts out 
less of the roof, and their conductivity is so much 
higher that in spite of their smaller size the furnace 
takes appreciably less current than with the amor- 





phous carbon electrodes. 
As will be seen in Fig. 18, the furnace is arranged 
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to tilt, being a structure of steel plate well 
strengthened by rolled steel section bars and carried 
by two substantial rockers, which roll forward on 
heavy cast iron tracks, and tilt through an angle 
of 30 deg. when the furnace is tapped. The tilting 
is effected from below through worm reduction gear, 
bevel wheels, and a revolving nut working on a 
screwed plunger, and is operated by a 21 h.p. 
motor. Attached to the rear of the furnace are 
swivelling masts carrying the electrode carriage 
and clamps, the carriages being attached to a screw 
pillar and nut, which with a worm reduction gear, 
serves to raise and lower the electrodes under the 
operation of two 7} h.p. motors. An automatic 
feed is also provided for the electrodes. 

The furnace body is internally octagonal in shape, 
and is lined with firebrick, magnesite, and dolomite. 
Charging doors are provided at each side and a 
slagging and tapping door in front. The arched 
roof, which is provided with bull’s eye openings for 
the electrodes fitted with water-cooled collars, is 
independent of the framework of the body. It is 
contained in a strong steel framing provided with 
lugs, so that, as shown in Fig. 19, it can be lifted 
on and off as a unit. A spare roof is always kept 
in stock ready for immediate use. The electrode 
carriages run on roller bearings on their masts, 
which are supported in swivel bearings of ball 
thrust and roller journal type, so that the elec- 
trodes and their supports may be swung outwards 
horizontally and clear the crane slings when the 
roof is lifted. 

The metal is teemed from the furnace into a 10-ton 
bottom pouring ladle and is generally used for 
bottom-poured cluster-cast ingots, made in a cast- 
ing pit near the furnace. The ladle is carried by a 
15-ton overhead electric crane of 47 ft. span, and 
in addition to its bottom-pouring plug, has a worm- 
geared turnover gear. 


(T'o be continued.) 





NOTES ON NEW BOOKS. 


CONSIDERING the size of the ‘‘ T'echnisches Warter- 
buch enthaltend die wichtigsten Ausdriicke des Maschi- 
nen-und Schiffsbaues, I, Deutsch-Englisch,” by Erich 
Krebs (Berlin and Leipzig: Walter de Gruyter 
and Co.; price 1-25 marks), this pocket dictionary 
seems entitled to a favourable mention. But technical 
dictionaries of the concise type, giving mere equivalents 
without definitions or illustrations, are full of pitfalls 
for the user. Mr. Krebs, who is an engineer of Elbing, 
has, as the long title says, dealt in his little dictionary 
with the chief terms of machinery and ship construction. 
That means, in this case, boilers, steam engines, 
turbines, motors, automobiles, pumps, tools, ship- 
building and dredgers ; the sports of rowing and sailing 
are also covered. Properly to judge the dictionary, which 
is now in its second edition, we should have access to the 
English-German parts as well as the German-English. 
As implied above, brevity in such a work is a danger, 
but while criticism might be levelled at some of the 
renderings and omissions, on the whole this little work 
appears to be fairly reliable. 

The American Illuminating Engineering Society, the 
first body of its kind, founded in 1906, will come of age 
in 1927; our kindred London Society dates from 1910. 
At the Case School of Applied Science, a course in 
illuminating engineering has been given since 1918, 
with the co-operation of the management of the 
National Lamp Works of the General Electric Company. 
The course covers a period of one year, and comprises 
three hours’ lectures per week and laboratory practice ; 
the instructors are specialists. The volume on 
** Illuminating Engineering,” edited by Francis E. 
Cady, of the works mentioned, and Henry B. 
Dates, professor of electrical engineering at the Case 
School [New York: John Wiley and Sons, Inc.; 
London: Chapman and Hall, Limited; price 25s. 
net], is prepared for students and engineers, and based 
upon the lectures by the staff, but is not merely a 
collection of contributions by the specialists. There 
has fortunately been some editing (expansion and 
excision) and several of the fourteen chapters are 
credited to more than one contributor. The editors 
might perhaps have done more. They might have 
cut out the problems set—but not worked out or 
solved—on four pages of the volume, and have made 
the definitions—rather intricate in illuminating engin- 
eering—more precise and prominent, and if space had 
to be economised (there are nearly 500 pages), possibly 
sacrificed some of the notes on glow-lamp manufac- 
ture, against which we have nothing to say otherwise, 


The subject is very large and still of rather inde- 
finite scope. The main chapters are on the physics of 
light production ; light sources; photometry; physio- 
logical optics ; fundamental principles of illumination ; 
light, shade and colour; and daylight. These seven 
chapters make up the first part on Principles. The 
second part, Applications, deals with the lighting of 
residences and of public buildings, commercial lighting 
(offices, libraries, and stores), sign and display lighting, 
street lighting, and light projection (also by automobile 
lamps). The eleventh chapter, on industrial lighting, 
is rather misnamed ; it discusses illumination values, 
diffusion of light, glare and design, &c. ‘‘ Reflection 
factors” of colours are illustrated by strips of white 
and coloured papers, dull or glazed; dark blue is 
absent and the sky-blue looks a dull greenish blue. 
Considering that Mr. Edward Hyde has written an 
introduction to the volume, and that several of the 
authors are well-known investigators, one would expect 
a rather more thorough treatment and more attention 
to recent research. The international candle, photo- 
electric cells and colour matching are very briefly dis- 
cussed, and non-American work might have received 
more consideration. 





Since the passing of the Mines (Working Facilities 
and Support) Act, 1923, a considerable number of 
applications have already been made to the Railway 
and Canal Commissioners, in terms of the Act, for 

wers to work minerals or for facilities to that end. 
The Colliery Guardian Company, Limited, are issuing a 
series of reports of these cases and have published 
Volume 1 (‘‘ Mines—Working Facilities and Support- 
Cases”; price 26s. net), which deals with the cases 
down to the end of the year 1924. They are reported 
by Mr. P. Gordon Bamber, Assoc.M.I.Min.E., 
Barrister-at-Law, who was engaged as Counsel in all the 
cases. It is interesting to see from the reports, not 
only how the Court is gradually settling its practice, 
but also the Court’s anxiety to keep the procedure as 
simple and inexpensive as possible. The reports show 
also that the Act has already justified itself, for in 
several cases power has been given to work minerals 
where the owners of the minerals are so numerous or so 
difficult to trace that it would have been impracticable 
for the colliery companies to get power in the ordinary 
way. The cases are extremely well reported, but from 
pages 88 to 95 inclusive there are some passages which 
suggest either printer’s errors or insufficient revision. 
Another small point is that although the name of the 
President of the Court is printed in heavy type opposite 
his judgments, the other commissioners are not simi- 
larly favoured. No doubt this will be put right in 
Volume II, 





‘Examples in Machine Design,” by G. W. Bird, 
Whit. Ex., published by Messrs. Sir Isaac Pitman and 
Sons, Limited, London, at the price of 6s. net, has 14 
chapters which show in a very practical manner the 
method of calculating, for stated conditions, the dimen- 
sions and scantlings of a Lancashire boiler, various 
kinds of valve gear and other machine details, and the 
subjects are clearly illustrated on 35 plates. The 
work should be of considerable assistance to students 
studying for degree examinations in engineering, and 
the concise and clear method of stating each subject 
might well be taken as a standard for their work. 





In the ‘‘ Theoretical and Applied Electrochemistry ’’of 
Professor Maurice de Kay Thompson, of the Massa- 
chusetts Institute of Technology (New York: The 
Macmillan Company; London: Macmillan and Co., 
Limited; price 20s. net) applied electrochemistry 
predominates. The three main divisions of the book 
are: Theoretical Chemistry, Applied Chemistry of 
Aqueous Solutions, and Electric Furnaces and their 
Products ; the first division is the shortest of the 
three. More theory is given in the subsequent chap- 
ters. The book is an expansion of the author’s 
lectures on applied electrochemistry. Professor 
Thompson claims to have made complete references 
to origina] sources and the claim is made with some 
justification ; sometimes, however, we should prefer 
to have had a little more than the literature reference. 
The third division on are furnaces, for instance, quotes 
Ostwald and Partington, but merely as authors of 
certain books. The ammonia oxidation converter 
associated with these two names is not even men- 
tioned, though it is certainly not less important, 
than the Pauling and Serpek furnaces, of which 
familiar illustrations are given. Similarly, the pages 
on the electrolysis and metallurgy of zinc, instructive 
as far as they go, might have noticed the recent work 
done in Australia. Primary cells, which are discussed 
at the end of the second division, may no longer 
require lengthy discussion now-a-days; but the 
storage cells, and especially the alkali storage cells, 
which are treated much more generously, have not 
undergone much development. recently either. The 





solutions of alkali-metals in ammonia are not the 
only instances of combined metallic and electrolytic 
conduction, as Professor Thompson states; some 
sulphides afford other examples, and we do not think 
that chemical changes can be said absolutely to occur 
only when the current crosses the boundary between 
a first-class and a second-class conductor. That 
water coulometers are widely known as voltameters 
might have been stated. The bibliographic notes 
are good; but we see little object in putting problems 
at the ends of several chapters, mostly without any 
hint as to the method of solution. 





There can be little doubt about the popularity of 
‘A System of Physical Chemistry,’ by Professor 
William McC. Lewis, of Liverpool, published separately 
in three volumes, the second volume of which “‘ Thermo- 
dynamics”’ [London: Longmans, Green and Co.; 
price 15s. net] is now before us in the fourth edition. 
The previous editions of this volume have appeared in 
1916, 1919 and 1920, and were noticed in our columns 
as they appeared. The revised fourth edition contains 
corrections and comments on recent investigations, and 
among additions refers to Loeb’s application of Donnan’s 
theory of membrane equilibrium to protein solutions, and 
McBain’s views on the theory of colloidal electrolysis. 
It also introduces the thermodynamic concept of activity 
especially in relation to solutions and Milner’s theory 
of interionic attractions in dilute solutions of strong 
electrolytes, developed by Debye and Hiickel. As 
regards this last section, Professor Lewis acknowledges 
his indebtedness to Professor A. A. Noyes. The 
volumes belong to the series of Text-Books of Physical 
Chemistry edited, after Sir William Ramsay’s death, 
by Professor F. G. Donnan. 





Sir Oliver Lodge has always combatted the claim 
of certain of its exponents that Einstein’s doctrine of 
relativity dispensed with the need of an ether, pointing 
out that the constant c (the velocity of light) which is 
fundamental in the theory must refer to some entity 
and not to empty space. His own ideas, not only of 
the ether but also on certain highly interesting philo- 
sophical questions, are set forth in a delightfully written 
and most suggestive little book entitled “‘ Hither and 
Reality,” which is published by Messrs. Hodder and 
Stoughton, Limited, at 3s. 6d. net. Sir Oliver Lodge 
has few equals in lucidity of expression, and his dis- 
cussion of the problems involved will interest and be 
appreciated by a wide circle of readers. It is the 
fashion amongst the budding poets of the present day 
to depreciate Tennyson, and it is therefore incidentally 
of interest to note that Sir Oliver, like the late Professor 
James Ward, values this great Victorian highly as a 
thinker, many quotations from him being scattered 
through the volume. This opens with a prologue on 
Science and Philosophy, in which a protest is entered 
against the unwarrantable but widespread assumption 
that mind cannot exist apart from matter. In a later 
chapter, however, Sir Oliver seems to accept as demon- 
strated the equally unprovable assumption that the 
energy content of the cosmos is constant, being neither 
in process of creation nor destruction. A notable 
addition has of late been made to the Protean forms 
which energy may assume, since according to modern 
views, matter is itself a form of energy, and the 
sun, in emitting its radiation, is losing mass at the 
rate of four million tons per second. Again, if, as is 
now considered possible, an electron can actually 
combine with a proton, the two charges would vanish 
from the universe and be replaced by an intense pulse 
of radiation. Nevertheless, it has not been demon- 
strated that the conservation of energy is an absolute 
principle, and in the nature of things it never can be. 
We know that it holds within the limits of experimental 
error and can never know more than this. In fact, 
if volition be real, as experience warrants us In 
believing, it seems certain that either the doctrine 
of conservation of energy or of the conservation of 
momentum must be regarded simply as a statistical 
law applying only to aggregates and not to the ultimate 
individual nomads, whatever these may be. In discus- 
sing the properties of the ether, Sir Oliver deals with 
the age-old puzzle of continuity and discontinuity, 
with which is bound up the other problem as to whether 
or no matter can act where it is not. He seems himself 
to find no difficulty in picturing motion in a con- 
tinuum. With respect to the second question, Sir 
Oliver points out the difficulty of defining where 
matter is not. Professor Pupin, in some recently pub- 
lished reminiscences, describes how Helmholtz explained 
to him that, according to Maxwell’s theory, every 
electric charge extended throughout all space, in the 
sense that its lines of force did. If matter be elec- 
trical in constitution, as is now believed, the same 
theorem must hold good concerning it. In the ordinary 
sense of the word, however, atoms, as Sir Oliver points 
out, never do come into actual contact. When two 
collide” the real phenomenon is analogous to the 





motion of a comet round the sun, a view with which 
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the experiments of Sir Ernest Rutherford with «a 
particles has done much to familiarise us. How mind 
acts on mind is another question discussed by Sir 
Oliver, who points out that even the minds of the 
dead undoubtedly do affect the living, Shakespeare 
and Beethoven being still active forces to-day. A 
slight reference is made to telepathy, for the reality of 
which it may perhaps be said that there is much evi- 
dence, but none of it conclusive. An interesting 
analogy is drawn between magnetism and life. Both 
can increase prodigiously without impairment of the 
original source, but to this end both require a supply of 
energy. 





Hydro-electric schemes very frequently offer points 
of interest with regard to the solution of problems 
peculiar to the sites. A description of one of the 
Norway’s latest power plants, recently received, is no 
exception. We refer to the Raanaasfoss scheme. A 
detailed description of this work, commenced in 1917 
and completed in 1922, has been compiled by the Chief 
Engineer, Aug. Paus, and published by Grondahl and 
Sons, Forlag, Oslo. It is exceptionally well illustrated, 
and adequate plans and diagrams are included as 
an appendix. It would have appealed to a wider 
circle if the text had been in English instead of 
Norwegian. The account of the undertaking is written 
by Mr. Paus; details of the Brown Boveri gene- 
rators and the hydraulic turbines have been previously 
published. When the project was first mooted, 
there was some question as to whether the 
scheme was too ambitious, in that the supply of 
power might exceed the demand; but firms quickly 
seized on this extra source of power, and on the 
completion of the work, the entire output had been 
disposed of. After careful surveys had been carried 
out, the site of the power station was decided 
on at Raanaasfoss on the Glommen, which is 
Norway’s largest river. On completion of the dam 
the available head of water became approximately 
12 metres, while the average water supply during the 
time of minimum flow is 220 cub. m. per second, but 
by bringing the lake supplies into better use, it is 
hoped to increase this to 440 cub. m. per second. 
In harnessing this natural resource the Electrical 
Company had to take care not to interfere with another 
important Norwegian industry, namely, the lumber 
industry, the supplies being floated down the rivers 
for export, &c. In making provision by which the 
lumber industry should not be hampered, even at 
times of very low water, a low-level timber canal 
or sluice way became necessary, and as a railway ran 
along one bank there was no option but to construct 
this sluice on the other. This necessitated the blasting 
of a tunnel through the solid rock, making arrangements 
for the emptying conduit to be utilised for this purpose. 
This timber run, 800 m. long is constructed to such 
large dimensions, that in periods of low water, it will 
convey 15,000 tylfts in 24 hours (a tylft is equal 
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to 12 pieces 18 ft. long, or 216 lin. ft.), with a water 
consumption of 15 to 30 cub. m. per second. The 
part of the sluice-way situated above the dam is 
built of reinforced concrete and uncovered. This length 
is followed by a tunnel, also lined with concrete, 
beyond which is another open concrete runway con- 
veying the timber to the lower level. Arrangements 
are made to collect the timber in front of the run, and 
the logs are then floated into a lock before being des- 
patched down the sluice. Although this runway was 
provided at a great cost, the low-water conditions in the 
two years following its completion have not yet 
necessitated its actual use. Many other features of this 








plant are of interest. The cost of the whole under- 
taking exceeded 2,000,0001., and it is pleasing to note 
that the venture has proved a profitable one. The 
Raanaasfoss station is situated in the province of 
Akershus, Norway. Six turbo-electric units are 
installed, the total output being 72,000 kv.-a. at 
7,500 volts pressure, transformed up to 50,000 volts 
for transmission. 





Owing to the very chaotic conditions now prevailing 
in China, the task of compiling ‘* The China Year Book, 
1925” must have been one of exceptional difficulty, 
but the editor, Mr. H. G. Woodhead, has attained a 
measure of success which is, indeed, remarkable in 
the circumstances. It is true that a logical sequence 
of the chapters in the book has not been possible of 
attainment, owing to the way in which the matter 
had to be dealt with, but the book has lost nothing 
in value through this. The editor had the single aim of 
giving a faithful representation of present-day condi- 
tions of life, industry, politics and finance in a country 
where changes have occurred with great rapidity. 
To everyone concerned with Chinese trade, this desk 
volume, which is published in China by The Tientsin 
Press, for whom Messrs. Simpkin, Marshall, Hamilton 
Kent and Co., Limited, London, are the sole agents for 
Great Britain and Europe, will prove very valuable. 
It is sold at 42s. net. To the engineering profession 
the chapters on manufactures, river improvement 
and harbour works, railways, trade-marks, commerce 
and shipping are of great importance. In the chapter 
on manufactures, list of producers, classified in dis- 
tricts, are provided, and information is afforded of the 
growth of the number of factories established for the 
purpose of obtaining a footing in other than local 
markets. The history of every river-improvement and 
harbour-works scheme throughout China is referred 
to and statements are made of the proposals at present 
under consideration. Imports from Great Britain 
rose from 64 million taels in 1919 to 132 million taels 
in 1920, and 150 million taels in 1921. Since then there 
has been a fall to 145 million taels in 1922 and to 120 
million taels in 1923. Much of the trade through 
Hong-Kong is, of course, in goods produced in Great 
Britain, and since these total imports amount to twice 
what is credited directly to the Home Country, the 


value of the market to our traders must be consider- 
able. Another feature which makes the Chinese market 
attractive to the British people is the fact that our 
importation, as an Empire, from China amounts to 
only one-half of their imports from the whole British 
Empire and in direct trade with the British Isles the 
proportion is about one-third. 
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For the sawing of timber in works where the product 
is wanted in quantity it is essential to have machines 
which work at high speeds and thus enable the output 
to be obtained with economy. A saw bench of a type 
suitable for such work is illustrated on this page. This 
is a product of Messrs. Thomas Robinson and Son, 
Limited, of Railway Works, Rochdale. 

This machine was specially designed for the use 
of swage or fine grade saws. It has a substantial bed 
and a table of considerable rigidity, which is provided 
with many rolls to facilitate the movement of the stock 
that is being dealt with. The spindle on which the 
saw is mounted is accommodated in ball bearings so 
that the frictional resistance to its motion is reduced 
to a minimum, and it is free from the troubles due to 
wear which are common when the simple bushed 
types of bearings are used. To the spindle of the saw 
the drive is taken by means of a belt, or motion is 
obtained by direct coupling to an electric motor for 
which a suitable stand is provided on the back of the 
machine. The timber is fed to the saw by the use of 
feed rollers which press the stock against a series of 
small rollers mounted on vertical spindles on the fence. 
The location of these rolls will be understood from the 
illustration. Motion is taken through suitable gearing 
from the main drive to an adjustable chain under the 
table, this chain serving to drive the feed rolls. In 
order that a great variety of work may be undertaken 
with this saw bench, it is arranged that the feed rollers 
may be canted, or removed when it is necessary to 
undertake the flat cutting of wide boards. Provision 
is made in the mounting of the feed rollers to obtain 
the adjustment necessary to deal with any width of 
flitch, and the necessary changes in position are effected 
by a foot lever. In addition, the fence is adjustable 
and is provided with an index plate in order that the 
setting for any class of work may be rapidly made. 
Safety requirements are met by the introduction of a 
turn-over type of guard, and the riving knives provided 
for the separation of the sawn timber in line with the 
circular saw, are adjustable. It will be appreciated that 
this saw bench is of a typesuitable to meet the conditions 
of a great variety of work ina general shop, and that it is 
designed for easy working to obtain a large output 
without the expenditure of much time and labour. 





THE Gotp Coast Rartway.—Last year a_ well- 
illustrated volume entitled ‘‘The Gold Coast Railway ”’ 
was prepared and circulated on behalf of the Govern- 
ment of the Gold Coast, West Africa. Intended 
to provide a handy compendium of information on the 
Gold Coast, the work was issued to coincide with the 
opening of the Colony’s exhibit at the British Em- 
pire Exhibition, Wembley. Recently, a new edition 
of the book has appeared, dated 1925, and in it are con- 
tained a history of the development of the country since 
British Administration commenced ; a detailed account, 
with diagrams and maps, of the railway system; and a 
description of the natural resources, harbour facilities 
and produce of the land. Locomotive manufacturing 
and repair shops are dealt with, and many pictures show 
the work of improvement carried out during the last 25 
years. Copies of the booklet may be obtained from the 
Crown Agents for the Colonies, 4, Millbank, Westminster, 
London, S.W.1. 





Launcu oF British Inp1a Liner “ SHIRALA.”’— 
Messrs. R. and W. Hawthorn, Leslie, and Co., Limited, 
recently launched from their Hebburn Shipbuilding 
Yard the twin-screw steamer Shirala, which is being 
built to the order of the British India Steam Navigation 
Company, Limited. The vessel, which has an overall 
length of 451 ft., a breadth of 57 ft. 6 in., and a depth 


of 36 ft. 6 in. possesses a straight stem and elliptical 
stern. Upper, bridge, forecastle, promenade, and boat 
decks will be fitted. Refrigerated chambers will be 


placed between the main and upper decks, while mails 
and specie will be carried in special rooms. Derricks 
are being installed which will permit of the rapid 
handling of cargo. First and second-class travellers 
will be comfortably accommodated and two hospitals 
will be available for the treatment of passengers. The 
propelling machinery consists of twin-screw engines 
of the triple-expansion surface-condensing type, con- 
structed at the St. Peter’s works of the shipbuilders. A 
very complete range of auxiliary machinery will be fitted, 
including main and harbour feed pumps, and indepen- 
dent circulating pumps. The thrust block is of the 
Michell type with enclosed lubrication. Steam will be 
supplied by five single-ended cylindrical boilers working 
at a pressure of 215 lb. per square inch, and under 
Howden’s system of forced draught. The Shirala is 
being built to the requirements of Lloyd’s 100 A.1 class. 
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LETTER TO THE EDITOR. 


THE THEORY OF THE MICHELL 
BEARING. 


To THE Eprror oF ENGINEERING. 

Smr,—The theory of Michell bearings, taking account 
of the relative rotation as well as translation of the 
working surfaces, which is given by Mr. R. O. Boswall 
in your issue of August 7, is applicable not only to the 
Michell thrust bearing but still more appropriately 
and accurately to some more recently developed con- 
structions. As pointed out by Mr. Boswall, the 
expression by which he represents the thickness of the 
oil film implies that the surface of the pad of the bear- 
ing has a slight twist, or in other words is helical, not 
plane. It would be equally correct, however, to regard 
the pad as being a true plane, and to ascribe the twist 
to the collar. With this interpretation Mr. Boswall’s 
formule and numerical calculations are accurately 
applicable to the case of a slow-pitched screw co- 
acting with a nut furnished with Michell pads—a 
construction which has been more than once proposed 
though Mr. Michell himself apparently prefers a different 
method of securing film lubrication for screws, which 
he indicated in his British Patent No. 172955. 

Mr. Boswall’s theory has, however,-another applica- 
tion of still more practical interest, namely, to the 
slippers of the Michell crankless engine. The approxi- 
mation in this case, while not exact, is closer than in 
the case of a Michell thrust bearing of usual pro- 
portions. 

The accuracy of the approximation is greater the 
smaller the angle subtended by the pad at the axis, 
and the smaller the ratio of the radial width of the 
pad to its mean radial distance from the axis. Both 
of these quantities are much smaller in the case of the 
piston-slipper of the Michell engine than in that of the 
thrust-pad and, in fact, it may be remarked that in a 
number of high speed gas engines of this type of 50, 
70 and 100 brake horse-power which are now at work, 
the piston-slipper pads on each side of the ‘slant ” 
number but four, while each subtends (as it happens) 
an angle of only about 20 deg. instead of the 40 deg. 
usual in marine thrust blocks. In these cases the 
ratio of radial width of pad to inner radius of pad is 
only 0-3, or roughly half that found in average marine 
thrust block practice. This ratio becomes even less 
in the case of designs for larger slow running engines 
where the cylinder spacing is necessarily more extended. 
Mr. Boswall’s interesting analysis of the ameliorating 
influence of lower segment angles and lower relative 
pad radius ratio also tends to prove that when using 
similar pressures on the crankless-engine slippers to 
those employed in marine thrust blocks there is an 
additional factor of safety available in the actual 
operation of the former as compared with the latter. 

It must, however, be observed that, in practice the 
loading of the piston slipper is not constant but 
fluctuating, so that the theory would only directly 
represent the condition ruling at the phases of each 
fluctuation when the film thickness is a maximum or 
minimum. It would be interesting to pursue the theory 
still further, and to attempt the problem of following out 
the action in the case of a load fluctuating, for example, 
according to a sine law. Perhaps Mr. Boswall would 
indicate whether he considers this practicable. 

Yours faithfully. 
EK. M. SPEAKMAN. 

20, Grosvenor-gardens, S.W.1. 

August 10, 1925. 





THE LATE SIR ROBERT BARTRAM. 


THE announcement is made of the death at Harro- 
gate of one of the oldest cf our shipbuilders, Sir 
Robert Appleby Bartram, who died as the result of 
a chill on Saturday, the 8th inst. Sir Robert was the 
head of the shipbuilding firm of Messrs. Bartram and 
Sons, Limited, of South Dock. Sunderland, and at the 
time of his death was in his 91st year. 

He was the son of Mr. George Bartram, a builder of 
wooden vessels, and, after receiving his education, 
served an apprenticeship in his father’s shipyard. 
When 26 years old he entered into partnership with 
Mr. Robert Haswell, and founded the shipbuilding 
firm of Messrs. Bartram and Haswell at Sunderland, 
which became twenty years later, on the death of 
Mr. Haswell, Messrs. Bartram and Sons, Limited. 
The firm was engaged on the construction of steamships 
of up to 5,000 tons. Throughout the whole of his 
long life Sir Robert took a large part in the public 
affairs of Sunderland, which town owes him gratitude 
for many generous benefactions. He was Chairman 
for many years of the Sunderland Chamber of Com- 
merce, and at one time was the Chairman of the Wear 
Shipbuilders’ Association and also of the Wear Work- 
men’s Conciliation Board. Deeply impressed with the 
value of education to young engineers and _ ship- 





builders, Sir Robert gave 10,000 guineas in 1921 to 
found four scholarships for shipbuilding trade 
apprentices, and for the building and equipment of 
a new drawing office for the department of naval 
architecture at the Sunderland Technical College. An 
earlier donation of 1,000 guineas, which he gave to 
found a scholarship in memory of his son, Mr. George 
Bartram, should also be recorded. In acknowledg- 
ment of these and many other benefactions to the loca] 
infirmary and various philanthropic institutions, Sir 
Robert was made a freeman of Sunderland in 1921. 
He was knighted during the following year. 

In addition to the public work already referred to, 
Sir Robert devoted much time to other phases of 
philanthropic, educational and industrial welfare work, 
and gave freely of his best to every movement which 
had for its purpose the improvement of the industrial 
and social prosperity of Sunderland. He was elected 
a Member of the Institution of Naval Architects in 
1877. 





BOOKS RECEIVED. 


Fuel Economy and Smoke Prevention. By Joun B. C. 
KERSHAW. Third edition, revised. London: Con- 
stable and Co., Limited. [Price 16s, net.] 

The Journal of the Institute of Metals. Vol. XXXIII. 
1925. Edited by G. SHaw Scott, M.Se. London : 
Offices of the Institute. [Price 31s. 6d. net.] 


Geschichte des KHisens. By Dr. OTTo JOHANNSEN. 
Second edition. Dusseldorf: Verlag Stahleisen, 
M.B.H. [Price 20 marks.] 


English, Portuguese and French Technical Vocabulary. 
By F. pe CarvaLtHo Henriques. Lisbon: F. de 
Carvalho Henriques. [Price 6s. net.] 

Greuzzustinde des Erddruckes auf Stiitzmauern. By 
RICHARD PETERSEN. Berlin: Julius Springer. [Price 
0-90 marks. ] 

Electrical Precipitation: A Lecture Delivered before the 
Institute of Physics. By Str Outver Lopesr, D.Sc., 


-R.S. Oxford: University Press. London: Hum- 
hrey Milford. [Price 2s. 6d. net.] 

Ab the World’s Aircraft, 1925. Compiled and edited by 
C. G. Grey. London: Sampson Low, Marston and 
Co., Limited. [Price 42s. net.] 

The China Year Book, 1925. Edited by H. G. W. 
WoopHEAD. Tiensten: The Tiensten Press, Limited. 


London: Simpkin, Marshall, Hamilton, Kent and Co., 
Limited. [Price 42s. net.] 

Transactions of the Institution of Gas Engineers, 1923-24. 
Edited by WatTEeR T. Dunn, M.I.Mech.E. London : 
Offices of the Institution and E. and F. N. Spon, 
Limited. 

Alternating Currents and Transients: Treated by the 
Rotating Vector Method. By F. M. CoLteBrook, B.Sc. 
London: McGraw-Hill Publishing Company, Limited. 
[Price 15s. net. ] 

Summation of Series. 
London: Chapman and Hall, Limited. 


Collected by B. W. Jotiry, M.A. 
[Price 13s. 6d. 


net. ] 
Society of Chemical Industry. Chemical Engineering 
Group. Proceedings. Vols. V and VIa. 1923-24. 


London: Offices of the Chemical Engineering Group. 
[Price 10s. 6d.] 

Right Making : being a Lecture on the Principles of Design. 
By B. J. Fretcner. London: Design and Industries 
Association. [Price 6d. net. | 

Unemployment Insurance in Great Britain: a Critical 
Examination. London: Macmillan and Co., Limited. 
[Price ls. net. ] 

National Association of Merchants and Manufacturers. 
The Case Against Nationalising the Banks. By O. R. 
Hopson. London: Offices of the Association. 

I. Collettori Bassi delle Fogue di Romi. By GIAMPELINO 
Corsetti. Romi: Giornale del Genio Civile. 





ConTRACTS.—Messrs. Howden-Ljungstrom Preheaters 
(Land) Limited, of 133, Helen-street, Govan, Glasgow, 
have received an order from the North British Rubber 
Company, Limited, of Castle Mills, Edinburgh, for the 
supply of two large air preheaters.—The Automatic 
Telephone Manufacturing Company, Limited, of Liver- 
pool, have secured a contract from the Post Office 
authorities for the supply of Strowger automatic telephone 
equipment required at Southport, Birkdale, Churchtown 
and Ainsdale, for erecting 7,100 lines. 

MeRCHANT VESSELS Lost, CONDEMNED, &c.—The 
total tonnage of merchant shipping lost, condemned 
as the result of damage, or snares tae Lloyd’s Register 
Book from other accidental causes, during the quarter 
ended December 29, 1924, amounted to 151,639 tons, 
and included 124 steamers, motor ships and sailing 
vessels. The highest individual tonnage lost was sus- 
tained by the United States of America ; the figures for 
this country including 21 ships making 34,533 tons in 
the aggregate ; this tonnage lost was 0-25 per cent. of 
the total owned by the United states. The figures 
for Great Britain and Ireland, namely 22 vessels with a 
total tonnage of 22,195 represents only 0°12 per cent. 
of the tonnage owned by these countries. Japanese 
losses during the quarter were proportionately the heaviest 
sustained by any country, amounting to 20,764 tons, 
comprised in 8 ships, the tonnage representing 0-54 per 
cent. of the Japanese total. For Italy, Norway, and 
the British Dominions, the tonnage losses were 14,980, 
11,780, and 9,923, respectively, the numbers of ships 
lost being, in order, 5, 10, and 15. The tonnages given 
are in all cases ‘‘ gross’ and the returns do not include 
vessels of less than 100 tons gross. 





THE SOUTHAMPTON MEETING OF 
THE BRITISH ASSOCIATION. 


MemBeERs of the British Association will assemble at 
Southampton on Wednesday, August 26, on which day 
the inaugural general meeting will be held in the Central 
Hall at 8.30 p.m. The President-Elect for the meeting, 
Professor Horace Lamb, will then deliver his address 
which, we understand will deal with geophysical mat- 
ters from the physical and mathematical standpoints, 
with special reference to the constitution of the earth. 
A full and interesting programme has been arranged 
for Section G (Engineering), with which, at the moment, 
we are alone concerned. The first session of this 
section will be held at 10 a.m. on Thursday, August 27, 
in the Central Hall, when the President of the Section, 
Sir Archibald Denny, will deliver his address entitled 
‘“* Fifty Years’ Evolution in Naval Architecture and 
Marine Engineering.” This will be followed by a paper 
on the Value of the Experiment Tank in Relation to 
Ship and Propeller Design, by Mr. E. R. Mumford, 
and one by Mr. Foster King on Scantling Develop- 
ments in Iron and Steel Merchant Ships. The 
Presidential Address and the two papers will then be 
discussed together, and in the afternoon a visit will be 
paid to Southampton Docks. 

On Friday, August 28, a paper by Mr. F. E. Went- 
worth-Sheilds on the Quay Walls of Southampton, 
will form the first item on the programme for the morn- 
ing session, at which a paper by Mr. W. G. Turner on 
the Electric Power Station at Southampton, and one by 
Mr. H. Wauchope on the Electric Supply and Plant 
of Southampton Docks, will also be read and dis- 
cussed. Simultaneously there will be a discussion 
with Section B (Chemistry) on the subject of the igni- 
tion of gases, to which contributions will be made by 
Professor W. T. David, Dr. O. C. de C. Ellis, and Pro- 
fessor Wheeler. For the afternoon of this day excur- 
sions to the R.M.S. Aquitania lying in the docks, and to 
the Southampton Waterworks, have been arranged. 

No special arrangements have been made for the 
section for Saturday, August 29, so that engineering 
members will be free to join the general excursions if 
they so desire. On both Monday, August 31 and Tues- 
day, September 1, separate meetings of Section G 
will be held concurrently with joint meetings with 
Section F (Economics). At these joint meetings, 
various transport problems will be dealt with, the morn- 
ing session of Monday including papers by Lieut.- 
Col. H. T. Tudsbery on the Economics of Highway 
Engineering, by Lieut.-Col. Philip Johnson on the 
Roadless Transport Problem, and by Mr. Maughan 
on the Classification of Roads. At the joint meet- 
ing on Tuesday, September 1, papers by Mr. W. Tetley 
Stephenson, Mr. Alfred Schofield and Mr. K. G. Fenelon 
will be read and discussed, the two last-mentioned 
authors dealing, respectively, with the Economics of 
the Modern Port and the Development of Road 
Transport. 

The programme for the separate session of the Engi- 
neering Section on Monday, August 31, includes a 
paper by Mr. Stanley 8S. Cook on High Efficiency 
Steam Installations for Ship Propulsion with Special 
Reference to Auxiliary Machinery, one by Mr. H. 
Western Hutchinson on the Scientific Aspects of the 
Design of Sailing and Motor Craft, and one by Mr. C. le 
Maistre on Engineering Standardisation. On the after- 
noon of this day, there will be excursions to the Calshot 
Seaplane Depot and to the Agwi Oil Works. The 
Tuesday morning session of the Section will be devoted 
to the reading and discussion of papers by Engineer 
Vice-Admiral Sir R. B. Dixon and Mr. J. Berry on 
the Admiralty System of Higher Education and 
Technical Training for Naval Constructors and Engi- 
neer Officers, by Professor David Ellis on Iron 
Bacteria as Causative Agents in the Formation of 
Incrustations in Water Pipes, and by Professor J. ie 
Guest on the Dynamics of the Motor Car. Profes- 
sor J. Eustice will also give an Experimental Demon- 
stration of the Flow of Water in Pipes, while in the 
afternoon members may visit either the Supermarine 
and Avro Aeroplane Works or the Eastleigh Shops 
of the Southern Railway Company. 

At the morning session of Wednesday, September 2. 
the last day of the meeting, papers by Mr. E. Morton 
on Landslides, and by Mr. O. E. Simmonds on 
Flying Boat Design and Construction, will be read 
and discussed, and the proceedings will conclude 
with a demonstration by Professor J. G. Gray, of 
gyroscopic apparatus for illustrating the properties 
ot the gyroscope and for use by students. 

The President of the Section, as already indicated, 
is Sir Archibald Denny, while Professor G. W. 0: 
Howe, Mr. F. E. Wentworth-Sheilds, Mr. A. W- 
Szlumper and Sir J. I. Thornycroft are acting as 
Vice-Presidents. The other officers are as follows: 
Recorder, Professor F. C. Lea; Secretaries, Professor 
G. Cook and Mr. J. S. Wilson; and Local Secretary, 
Professor J. Eustice. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Conditions in the steel and engineering 
trades of South Yorkshire generally continue on the quiet 
side. Potential buyers are displaying little inclination 
to commit themselves to actual business, but are satisfied 
to adopt a wait-and-see policy until the holiday period 
is over, and more settled conditions prevail in the labour 
world. The output of steel from this area in June was 
68,100 tons (27,900 tons of acid and 32,800 tons of basic), 
showing a falling off of over 6,000 tons as compared with 
the same period last year, and a reduction of about 
20,000 tons in comparison with the figures for May last 
year. A big contraction in the output of forge iron is 
shown in the following figures: In May, 37,400 tons were 
produced, as compared with an output of 81,300 tons 
in 1920. Finished mills for the same month show an 
output of nearly 29,000 tons, whereas in 1920 it was 
63,000 tons. Bars, rods, rounds, sections, ete., display 
a falling off of 25,000 tons. In the heavy trades business 
is maintained. Rolling mills have enough work in hand 
to operate plants at fair capacity for some time ahead. 
Railway departments are still working on contracts 
recently placed by home railways, while automobile 
engineers report a slight improvement in the demand 
for motor-car fittings, cranks, etc. The demand for 
ship steel shows signs of increasing, but taken as a whole, 
this branch of local industry is well below normal. The 
call for tools of all descriptions is improving. Russia 
is taking supplies of files, edge tools, saws and steel. 
The Colonies are good customers of makers of agricultural 
and garden tools. Builders are taking increased supplies 
of light iron work, stoves, grates, and other domestic 
ironwork. 


South Yorkshire Coal Trade.—There is little movement 
in the coal trade of this district, business continuing to 
be on the quiet side. Best steams are not finding such 
a ready market on home account, and export position 
remains far below normal. Cobbles and nuts are in 
moderate demand, while slacks display little improve- 
ment. House coal has failed to maintain recent strength. 
Foundry and furnace coke are only a fair market, while 
gas coke remains unchanged. Quotations :—Best branch 
hand-picked, 3ls. to 34s.; Barnsley best Silkstone, 27s. 
to 29s.; Derbyshire best brights, 22s. 6d. to 25s. 6d. ; 
Derbyshire best house, 22s. to 24s.; Derbyshire best large 
nuts, 18s. to 20s. ; Derbyshire best small nuts, 12s. 6d. 
to 14s.; Yorkshire hards, 18s. to 22s. ; Derbyshire hards, 
18s. to 22s.; Rough slacks, 10s. 6d. to 13s.; Nutty slacks, 
8s. 6d. to 9s. 6d. ; Smalls 3s. 6d. to 5s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


_ The Cleveland Iron Trade.—Stocks of Cleveland pig- 
iron are low and output is on a very limited scale, but 
supply is fully ample for current needs, and sellers are 
making price concessions to secure orders. A drop of 
6d. in recognised market rates has failed to induce buyers 
to operate to any extent. Local and other home demand 
is very moderate, and export trade is little heard of. 
No. 1 is now on sale at 748. ; No. 3, g.m.b., has become 
70s. ; No. 4 foundry is quoted 69s. 6d. ; and No. 4 forge 
is put at 69s, 


Hematite.—Whilst East Coast hematite iron is not 
readily disposed of, and there is prospect of more furnaces 
going out owing to continued unremunerative quotations, 
the statistical situation is slowly improving, stocks being 
drawn upon, and in addition to a few local and other 
home sales, a little business in special iron has been done 
with Continental customers. Nos. 1, 2, and 3 stand at 
75s. 6d., and No. 1 is quoted 6d. above mixed numbers. 


_Foreign Ore.—Importers of ore experience as much 
difficulty as ever in inducing consumers to negotiate, 
and market rates remain nominal on the basis of best 
rubio at 208. c.i.f. Tees. 


Blastfurnace Coke.—Local demand for Durham blast- 
furnace coke is light. Good average qualities are on sale 
at. 20s. 6d., delivered to consumers in this district. 


Manufactured Iron and Steel—No improvement in 
manufactured iron and steel can be reported. Quotations 
are irregular and contracts are difficult to arrange. 
Producers of constructional steel, rails, and galvanised 
sheets continue busy, but in most other departments 
orders are greatly needed. Common iron bars are 
quoted 111. 10s. ; iron rivets, 131. 10s. ; packing (parallel), 
81. ; packing (tapered), 112. ; steel billets (soft), 7. 10s. ; 
steel billets (medium), 81. ; steel billets (hard), 91. ; steel 
boiler plates, 12/. 10s. ; steel ship, bridge and tank plates, 
81. 10s.; steel angles, 8/. 5s.; steel rivets, 131. ; steel 
joists, 81. 5s. ; heavy sections of steel rails, 82. 10s.; and 
piggy corrugated sheets (No. 24 gauge, in bundles), 

W. to 161. 5s, 





PERSONAL.—Mr. Frederick J. Rigg, M.Inst.C.E., has 
resigned his position as Chief Engineer of the British 
Petroleum Company, Limited. 





INsTITUTION OF ELECTRICAL ENGINEERS.—The Council 
of the Institution of Electrical Engineers have awarded 
pe 1925-26 Salomons scholarships value 50/. each to 
Mr. R. O. Carter, of the City and Guilds (Engineering) 
College, and Mr. H. S. Leman, of East London College. 
*e David Hughes scholarship of the value of 50/. has 
een secured by Mr. G. N. Peel, B.Sc., of Armstrong 
College, Newcastle-on-Tyne. These awards may be 
held only by Students of the Institution. 





NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish Steel Trade.—The steel trade of Scotland has 
been featureless during the past week. Buyers are few 
and far between but sellers are very numerous, and 
included in the latter are many offering Continental 
material, much of which has already found its way into 
consumers’ hands here in recent months. Price has 
nearly everything to do with this state of affairs, and as 
local makers have cut their quotations until there is 
little or nothing left, it is difficult to know what can now 
be done to help the industry. Overall, a very poor 
start, from the order-book point of view, was made at 
most of the works, and, indeed, some have scarcely yet 
started since the holidays. The mills have little to do and 
what has been booked lately will soon be overtaken. 
The current inquiry, while better, is not heavy and does 
not represent much tonnage. pert om. business is almost 
dead in the meantime. The brightest part of the steel 
trade is still black and galvanised sheets, particularly the 
latter, as makers are well covered for a number of months 
ahead and prices are firm. For the lighter sheets there 
is an improving demand and also a good outlet. Order 
books are quite well filled, and the prospects are fairly 
satisfactory, as overseas inquiries are better. The general 
prices for steel material show little change over the week 
and the following are the market quotations: Boiler 
plates, 127. 10s. per ton; ship plates, 8/. 10s. per ton ; 
sections, 8/, per ton; and sheets, 7 in. to } in., 101. per 
ton, all delivered Glasgow stations. The export price 
for sheets (gal. cor., 24 B.G.) is 71. 10s. per ton, f.o.b. 
Glasgow. 

Malleable-Iron Trade.—In the -West of Scotland 
malleable-iron trade there has been no change. The 
conditions prevailing now are very similar to those which 
existed before the holiday period and are of the old hand- 
to-mouth character. No distance forward can be seen, 
and even the day-to-day demand is far from satisfactory. 
In the steel re-rolling branches a better feeling prevails, 
but keen cutting has still to be resorted to when any 
fresh business is on offer. The price of ‘‘ Crown ”’ bars is 
11/. 12s. 6d. per ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
is suffering very much from want of demand, as neither 
home nor foreign buyers seem inclined to place fresh 
business. Requirements are easily overtaken from stocks 
on hand and there is a want of confidence in trade all 
round, with the result that buyers will not book forward. 
Prices are easier and are as follows : Hematite, 4/. 2s. 6d. 
per ton, delivered at the steel works ; foundry iron, 
No. 1, 41. 48. 6d. to 41. 7s. 6d. per ton, and No. 3, 41. 2s. 
to 4/. 5s. per ton, both on trucks at makers’ yards. 


Shipments of Scottish Pig-Iron.—The Scottish pig-iron 
shipments from Glasgow Harbour for the week ending 
last Saturday, August 8, amounted to 1,111 tons. Of 
the total 1,037 tons went to foreign destinations and 
74 tons coastwise. For the corresponding week of last 
year the figures were 944 tons overseas and 118 tons 
coastwise, making a total shipment of 1,062 tons. 


Contract.—Messrs. R.+* Pert and Son, builders and 
contractors, Montrose, haye secured from H.M. Office of 
Works the complete contract for a new coastguard 
station at Bridge-of-Don, Aberdeen. 





THE Crosspy BorLeR Freep REGULATOR : ERRATUM.— 
From the article on the ‘‘ Crosby Boiler Feed Regulator,” 
which appeared in our last week’s issue, on page 164, the 
impression, we regret, will be obtained that the regulator 
controls the amount of steam passing to the feed pumps. 
This, however, is not actually the case for the valve control 
is a part of the feed-water system and any alteration in 
conditions is met by changing directly the amount of 
water passed into the boiler, and not through the inter- 
mediate action of changing the steam supply to the pumps. 





Tue Hypro-Extectric Power or TASMANIA.—In a 
book entitled The Hydro-Electric Power of Tasmania, 
recently published by the Government of Tasmania, 
at a price of 2s. 6d. net, a description is given of the 
Great Lake Hydro-electric Development Scheme and 
the Tasmanian Electricity Supply System. The work 
contains, amongst other matter, illustrated articles on the 
conservation works, pipe lines, &c., of the Waddamana 
Power Station, transmission lines, four sub-stations, and 
the method of supplying electricity to the Hobart District. 
Five two-page drawings and many diagrams are inter- 
spersed throughout the volume. A fully illustrated 
account of the complete undertaking was published in 
a series of articles in ENGINEERING, vol. cxvi, in 1924. 





British Cast Iron Researcu Assocration.—In the 
latest number of the Bulletin of the British Cast Iron 
Research Association, an organ published quarterly 
from the offices of the Association, Central House, 75, 
New-street, Birmingham, the attention of members is 
drawn to the opportunities they have of utilising the 
Association for obtaining information of any description 
relating to cast iron or foundry practice. Inquiries 
are received by post, telephone or by personal calls. 
The offices of the Association are open from 9 a.m. to 5.30 

.m. Amongst contributions this issue contains articles 
on Education and Training for Ironfounding, on Recent 
Developments in Cast Iron and Foundry Practice, and 
on Industrial Research and the Government. Under the 
heading of Abstracts from Foundry Literature, notes on 
the production of iron, foundry practice, physical and 
chemical properties of iron, testing, the treatment of iron, 
refractories and sands, are given. All inquiries re- 
garding the Bulletin should be sent to the above address. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—The decision of the owners of the 
Ammanford No. | Colliery to close and dismantle the 
colliery came as a surprise to the 300 workmen who 
have been out on strike for some weeks in regard to 
the working of the seniority rule and the dismissal of 
one of the workmen. Other anthracite miners came 
out in sympathy, and at present some 20,000 colliery 
workers are on strike. The decision of the owners was 
quite unexpected, for negotiations for a settlement of 
the trouble were reported to have taken a favourable 
course. The company, however, were influenced in 
their decision by the fact that the colliery has been so 
much damaged by the withdrawal of the safety men 
that it was regarded as unremunerative to work. The 
anthracite miners are considering the matter, and 
developments will be keenly awaited. There is a 
strong force of police in the district. Meanwhile orders 
for steam coal are coming in very slowly, and buyers 
wherever practicable are holding off, anticipating a fall 
in prices. Sellers, in fact, are finding it impossible to 
secure sufficient business to keep the pits working 
anything like regularly, although prices have dropped 
ls. 6d. to 2s. per ton on those ruling prior to the holidays. 
Best Admiralty large coal is now round 25s., with best 
steam smalls round 14s., while Monmouthshire large 
ranges from 22s. 6d. to 23s. 6d., and dry large from 
23s. to 25s. with the tendency weak. In the past week 
163,360 tons of coal were shipped foreign as cargo 
from South Wales, 15,260 tons going to Egypt, 41,100 
tons to France, and 25,050 tons to Italy. Exports 
from Cardiff totalled 90,850 tons, from Newport 48,090 
tons, from Swansea 14,210 tons, and from Port Talbot 
10,210 tons. In July 1,983,846 tons of coal were 
despatched from South Wales compared with 1,672,746 
tons in June. The July total was, however, 139,204 
tons less than the average monthly shipments made in 
1924. Shipments to France totalled 508,568 tons, 
to Italy 218,732 tons, to South America 334,190 tons, 
to Spain 193,406 tons, to British coaling depots 319,104 
tons, and to unclassified destinations 113,906 tons. 
A sharp reaction has occurred in the selling price of 
pitwood during the past week. During the last few 
weeks supplies, which are mainly drawn from France, 
were considerably curtailed, and prices jumped to 
42s. 6d. per ton, the highest figure reached for over 
twelve months, but to-day wood was sold at 30s., 
compared with 40s. on Saturday last, a fall of 10s. in 
four days, demand having fallen away in consequence 
of the depressed state of the coal trade. 


Iron and Steel.—Exports of iron and steel goods in 
the past week totalled only 4,482 tons compared with 
6,591 tons a week earlier. Shipments of tinplates and 
terneplates amounted to 3,975 tons, against 2,768 tons, 
blackplates and sheets to 98 tons against 1,167 tons, 
galvanised sheets to 373 tons against 1,167 tons, and 
other iron and steel goods to 36 tons against 1,489 
tons. 





LAUNCH OF THE §8.S. “CaraBoso.”’—The Revenue 
cruiser, Carabobo, the second of three vessels being built 
to the order of the Colombian Government by Messrs. 
Chantiers and Ateliers de St. Nazaire, Penhoet, was 
successfully launched on August 8 from the builders’ 
yard, Chantiers de Normandie, Rouen. The vessel has 
a length between perpendiculars of 100 ft., a moulded 
breadth of 20 ft., and a moulded depth of 8 ft. 6 in. 
She will be supplied with triple expansion engines capable 
of giving her a speed of 13knots. Steam will be generated 
in a water-tube boiler operating at a pressure of 180 lb. 
per square inch and burning oil fuel. A quick-firing 
gun and searchlight will be fitted. The Carabobo is 
being built to the specification and under the super- 
vision of Messrs. Flannery, Baggallay and Johnson, 
Limited, of London. 





TENDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, 8.W.1, has announced 
that the Egyptian Ministry of Education invites tenders, 
to be presented not later than September 17, 1925, 
for the supply of a 100-h.p. vertical Diesel engine, 
coupled to a 65-kw. generator, and also for a locomotive 
multitubular boiler.—The South African Railways and 
Harbours authorities invite tenders, to be submitted 
not later than September 17, 1925, for the supply of 
carriage trimmings.—The Ministry of Public Works, 
Egypt, invites tenders for the supply and erection of a 
sewage pumping installation at Amiria, near Cairo. 
Four Diesel engines are required, together with centri- 
fugal pumps and auxiliary machinery. The Post- 
master - General’s Department, Melbourne, Australia, 
invites tenders to be presented by September 29 
for the supply of telephone protective apparatus. 
Telegraph equipment and switchboard cabling are 
also required, tenders for which will be received until 
September 15 and October 20 respectively—The Vic- 
torian Government Railways authorities invite tenders 
to be presented by September 23, 1925, for the supply 
and delivery of a vertical-spindle surface-grinding 
machine, with table working surface having a length 
of 72 in. and a breadth of 16 in. An elliptical spring 
plate forming machine is also required, tenders for which 
must be submitted by September 30. Two electric 
transporters are also wanted, complete with electric 
motors, controllers, collector gear, operator’s trailer 
contact wire, insulators, &c., as well as four freight 
trucks fitted with ball or roller bearings. Tenders for 
these transporters should be presented at Melbourne 
not later than October 7, 1925. All inquiries regarding 
these tenders should be addressed to the Department of 
Overseas Trade. 
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UNIVERSAL STEAM ROAD ROLLER. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS AND COMPANY, LIMITED, ENGINEERS, GAiNSBOROUGH. 
(For Description, see Page 208.) 
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NATURAL PHILOSOPHY. 


THERE would seem to be an ever-recurrent conflict 
between those who hold that nature must be 
intelligible and those who are content if they can 
render natural phenomena amenable to calculation. 
As an ultimate philosophy it is, of course, impossi- 
ble to consider nature either in terms of mere 
mechanism or in terms of geometry, even if the 
latter be extended to more than three dimensions. 
We are long past the belief of Laplace that a 
being gifted with adequate mathematical powers 
could deduce the whole past and future of the 
cosmos, were he but possessed with complete data 
as to its constitution at one particular instant. 

For most practical ends, however, ultimate 
philosophies are neither useful nor desirable, and the 
scientific investigator inevitably and _ properly 
makes every effort to interpret his observations in 
terms of mechanism and geometry. Those with a 
marked mathematical bent are inclined to the 
geometrical bias, and in the past have not infre- 
quently protested against the representation of 
natural phenomena by mechanical models, and, 
moreover, have on repeated occasions convinced 
themselves that the path of progress had definitely 
entered into regions where all phenomena could 
be deduced from certain general equations. It 
was in protest against this standpoint that 
Faraday published his experimental researches. 
Nevertheless, the old heresy was revived, and 
a generation ago there was an “energetic.” 
school of chemists which had as little use for 
the atomic theory as the relativist of to-day 
has for the ether of Faraday and Maxwell. As 
matters stand, however, the atomic theory is more 
strongly based than ever and is apparently im- 
pregnable, though the history of the ether indicates 
the danger of over positiveness in such matters. 
In the nineties of last century we were assured that 
the ether was the one and only entity of which the 
existence was definitely established. It is, accord- 
ingly, not a little remarkable that within some ten 
or fifteen years of positive assertions of this kind 
Einstein should have conceived a way of regarding 





phenomena in which the conception of an ether is 
declared to be unnecessary. 

It is at least conceivable, however, that history 
may repeat itself, and that an ether will ultimately 
be proved to be as essential to an interpretation of 
nature as the atomic theory has been to the inter- 
pretation of the facts of radio-activity. As a 
logical system the doctrine of relativity will, no 
doubt, win fresh triumphs, but it may well be ques- 
tioned whether it will prove of any great assistance 
in research. The student of physical phenomena 
will probably find it much more illuminative and 
convenient to think in terms of forces and masses, 
even if he has to consider the latter as variable 
with the speed of motion, than in “ crumplings ” of 
a four-dimensional space. The latter may be 
calculable, but can hardly be said to be intelligible, 
since we can only understand or realise the complex 
in terms of that with which our experience has made 
us familiar. 

Of course, mere mathematical formula are often 
useful even though they may not be understood. 
The old-time draughtsman reposed an almost 
touching confidence in the formulas found in his 
Molesworth, though it would be flattering him 
to assume that he really understood them. He used 
them or at times abused them, just as many learn 
to use a slide rule without having any acquaintance- 
ship with logarithms. Even where phenomena 
are more or less understood in terms of mechanism 
it is often convenient to discuss them by mathe- 
matical conventions which lead simply enough to 
correct results, though demonstrably inaccurate 
representations of the actual facts. We have 
heard, for instance, the spreading of oil on water 
attributed to the dragging out of the oil by surface 
tension, which would imply that the forces 
involved were tangential to the water surface. 
Leslie, however, as far back as 1802, showed that the 
forces between the fluids must be perpendicular to 
the surfaces, so that the oil is really squeezed out 
rather than dragged out. Nevertheless, the alter- 
native hypothesis may, within limits, lead to 
perfect correct predictions about the mutual be- 
haviour of the two fluids. 

Again, it is not uncommon to hear mention made 
of shearing stresses in a gas moving in viscous flow, 
and many quite accurate conclusions may be 
arrived by a mathematical development of this 
hypothesis. If, however, the kinetic theory is well 
based no gas can experience either a shearing stress 
or a shearing strain. A shear stress can, in fact, 
always be resolved into a pressure and a tension at 
right angles to each other, and no such tension can 
be developed in the mutual collision of perfectly 
elastic particles. Again, a shear strain is what is 
known as “rotational.” The characteristic of a 
fluid in rotational flow is that if any little elementary 
sphere be suddenly solidified, this sphere will be 
found rotating about some axis. On the other 
hand, it is well known that a molecule of argon 
cannot be set in rotation, yet argon has a coefficient 
of viscosity just the same as a diatomic gas has. 
The actual facts are that the shear stresses and shear 
strains associated with the viscous flow of a gas are 
developed solely in the solid boundaries between 
which the gas is confined. Nevertheless, it may at 
times be quite convenient to assume shear stresses 
in a gas since, within limits, the actual phenomena 
are mathematically equivalent to the existence of 
such stresses and strains. 

The abolition of the concept of force is another 
proposition of the relativist against which the 
mind, which wishes to “ understand ’’ phenomena 
rather than merely to calculate them, revolts. 

It is true that long before the formulation of the 
doctrine of relativity, forces were in many text 
books regarded simply as one side of certain dyna- 
mical equations; but this was a mathematical 
convenience rather than an attempt at an ultimate 
philosophy of the universe. In the same text 
books mass was considered not merely invariable 
but to be permanently conserved, and the late 
Prof. Tait considered the latter hypothesis as 
axiomatic. To-day the physicist does not hesitate 
to postulate the annihilation of mass, though for the 
ends they have immediately in view they still 
cling to the hypothesis of the conservation of 


energy and of the conservation of momentum, at - 
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least as modified into consistency with the doctrine 
of relativity. 

Both hypotheses have certainly proved true 
within our limits of measurement, but great as has 
been the increase in the delicacy of our instruments, 
it is, and ever will be, impossible to prove that 
either holds good to the bitter end. It is quite 
conceivable that both principles may be merely 
statistical laws somewhat analogous to the second 
law of thermodynamics. The latter is now known 
to hold good only for large aggregates. The 
statistical unit with which the second law of 
thermodynamics is concerned, is the atom or 
molecule, but if the laws as to the conservation of 
energy and of momentum are also statistical, the 
unit concerned must be very much smaller than the 
atom. 

That living plants do dodge the second law of 
thermodynamics and check the inherent tendency 
to dissipation of the solar radiation, seems un- 
intelligible unless mind can act on matter, which 
would imply that on some indefinitely minute scale, 
momentum is generated without a simultaneous 
development of an equal momentum in the opposite 
direction. Maxwell, of course, pointed out, in the 
very early days of thermodynamics, that the second 
law could be evaded by intelligences capable of 
dealing with individual atoms, and Helmholtz 
commended Kelvin’s caution in limiting the 
applicability of the law to inanimate nature. 

Maxwell’s hypothetical demons were supposed to 
operate a minute trap door in a partition separating 
two masses of gas. This trap door was opened 
to allow a swift-moving molecule to pass from the 
first into the second compartment, and to let a 
slowly-moving one pass from the second into the 
first, with the ultimate result that, without any net 
expenditure of energy, the gas would be divided 
into two portions of which one was much hotter 
than the other, thus rendering possible a perpetual 
motion machine. The operation described involves 
spontaneity and choice, just as does the action of 
a signalman who diverts a heavy train at a junction. 
There would be no difticulty, in theory at least, 
in making the operations of a signalman conserva- 
tive, as much energy being regained in restoring 
the points as was originally expended in displacing 
them. So long, however, as he is left with the 
power of selecting the route, he must by muscular 
effort effect some change of momentum. The 
actual amount may, in theory at least, be reduced to 
less than any assigned value, but so long as he 
retains the ability to choose the route of the train, 
this muscular efiort can never be diminished to 
zero. It is no doubt conceivable that Maxwell’s 
demons might construct automatic trap doors 
opening one way to swift particles and in the oppo. 
site direction to slow ones, but this only implies 
that the work of selection and choice would be 
shifted back one stage. 

The living plant in some way or other does dodge 
the second law of thermodynamics and this does 
seem to involve the conclusion, that like Maxwell’s 
demons, it has certain powers of selection, which, 
as already observed, involves the implication that 
on some perhaps inconceivably minute scale 
momentum. is generated in one direction only, and 
that in the ultimate, force is therefore not merely 
a name for one side of a mathematical equation. 

Certain philosophers indeed do not confine mind to 
living matter, but have suggested that in the ulti- 
mate, spirit and spontaneity reign everywhere, and 
that natural laws as we know them are merely 
statistical averages. The Registrar General has been 
credited with the power of predicting with sub- 
stantial accuracy the number of deaths which will 
occur in a decade from some particular form of mis- 
adventure. He has to base his deductions merely 
from, at most, a few million units. A cubic centi- 
meter of a gas at normal pressure and temperature 
on the other hand contains trillions of units and any 
merely statistical law relating to numbers of this 
magnitude must necessarily be extremely uniform 
even if it actually did denote habits, formed by 
monads possessed of mind and volition. For 
ordinary purposes chemical and mechanical laws 
would still hold good, but they would cease to be 
regarded as ultimate truths and become merely con- 

venient rules for guiding our dealings with matter, 


ACCELERATED WEAR TESTS OF 
CONCRETE ROADS. 


THE question of road foundation and surfacing 
has of late years been rendered increasingly difficult 
on account of the greater weight and speed of motor 
vehicles. Moreover, the institution and rapid 
extension of regular automobile passenger and goods 
services have greatly augmented the volume of 
traffic over main highways. With a view to deter- 
mining the wearing properties of various road sur- 
faces, experiments have, from time to time, been 
conducted in this country. Materials have been 
tested in selected sections of road, and the condition 
of the surface examined at intervals. Trials in 
situ such as these, are no doubt sound and serve a 
dual purpose, since the weathering as well as the 
wearing properties of the surface can be watched. 
These experiments are naturally of lengthy duration, 
however, and for this reason the results obtained 
from a series of accelerated wear tests have their 
value. Numerous tests of this type have been 
conducted in the United States. Among the more 
recent, tests of concrete pavements conducted 
at Arlington, Va., by means of specially constructed 
apparatus and test-track are of some interest. 
These trials, carried out by the United States Bureau 
of Public Roads, are recorded in Part II of the 1924 
volume of the Proceedings of the American Society 
for Testing Materials. 

A circular track, 625 ft. in circumference, was 
built and divided up into 62 sections, each of which 
was approximately 10 ft. long and 4 ft. wide. Each 
of these test-sections was made of concrete contain- 
ing aggregates of a widely differing nature and, in 
some cases, the consistency, the time of mixing, 
and the cement content of the concrete was varied. 
The circular track formed, nevertheless, one smooth 
and continuous road. High-grade Portland cement 
was used throughout, and the road surface, as repre- 
sented by the test-sections, was 4 in. thick and was 
built on a firm and solid concrete foundation 8 in. 
thick. 

The testing machine used consisted of an outer 
and an inner frame. The former acted as a guide, 
and was mounted on four flanged wheels running on 
rails placed along each side of the 4-ft. track. 
The inner frame carried the testing machine proper 
and comprised one front, and one rear wheel, fitted 
with solid indiarubber tyres. The latter rested on 
the concrete track and were so aligned that they both 
followed the same path, which was approximately 
6 in. in width. The load carried by each tyred- 
wheel amounted to 3,000 1b.—equivalent to 600 Ib. 
per inch of tyre width, The outer frame merely 
acted as a guide and steered the rubber-tyred wheels 
over their appointed path. The whole machine 
was propelled by means of an electric motor, ope- 
rated and controlled by means of a third rail. The 
motor drove the rear rubber-tyred wheel. 

Two complete machines were built and coupled 
together for the purpose of the test, they were run 
at a speed of from 20 to 22 miles per hour, The 
concentration, into one narrow strip of road, of the 
abrasive action of four wheels, each carrying a 
definite load, constituted an accelerated wear 
test upon the concrete surface. Experiments were 
begun about six months after the completion of the 
test sections and were spread over a period of 12 
months. Circular trips to the number of 55,000 
were first made with the machine as described above, 
and it was found that the rubber tyres, which were 
new, had little or no abrasive action on the concrete, 
a slight discoloration of the surface constituting 
the only evidence that traffic had passed over the 
road. It was then recognised that a test of greater 
severity was required, since a fair percentage of road 
vehicles are fitted with steel tyres. Moreover, 
many of the rubber tyres in use are worn and, in 
some cases, have very uneven surfaces. The 
fitting of ordinary pneumatic-tyre non-skid chains 
on the front wheel of each machine was decided 
upon and a further 25,000 trips were made, using 
a fresh path. This second stage of the experiment 
gave valuable data and could more rightly be 
termed an accelerated test. The wear was found 
to be rapid and progressive, and marked differences 
were noted in the resistance, offered by the test 





sections, to the abrasive action of the non-skid 
chains. 

From a consideration of the results obtained it is 
seen that concrete sections made up of stone aggre- 
gates, consisting essentially of hard siliceous 
materials, are far superior, from a wear-resisting 
point of view, to those containing soft lime- 
stone, dolomite, or other calcareous mineral, 
Sandstone aggregates, also, are not very satis- 
factory. Generally speaking, concrete containing 
gravel aggregates was found to be at least as 
satisfactory in resisting abrasion as was that 
containing stone aggregates. Another somewhat 
surprising fact gleaned, was that the form and 
shape of the gravel aggregate seemed to have little 
influence upon the wearing properties of the concrete. 
Results obtained from gravels consisting of rounded 
particles were as good as those from material 
containing angular fragments. In the case of one 
test section, the gravel aggregate was composed of 
rounded pieces of granite, sandstone, limestone, 
and shale ; it was submitted as material of doubtful 
quality. As expected, the section was badly 
furrowed at the end of the experiment, and although 
the gravel only contained 5 per cent. of shale 
particles, the latter were held chiefly responsible for 
the poor resistance offered, by the concrete section, 
to traffic abrasion. Blast-furnace slag, if freed 
from light and porous fragments, which cause 
excessive wear when present in large proportions, 
appeared to be a satisfactory material for use in 
concrete-road construction. 

The data show that natural sand is still the best 
fine aggregate for concrete; screened limestone, 
blast-furnace slag, and other fine materials proving 
unsatisfactory. In all but 9 of the test sections, 
the proportions of cement to sand and to coarse 
aggregate were as 1: 14:3, by volume, and the 
method of mixing, and the consistency were, as 
nearly as possible, identical in each case. Several 
test sections were, however reserved in order to 
ascertain the effect of altering the cement content, 
the time taken in mixing, and the consistency of the 
concrete. Increasing the cement content was 
found to have little effect on the wear-resisting 
properties of the concrete. On the other hand, 
decreasing the cement content, as might be expected. 
lessens the cohesion of the material and destruction 
becomes more rapid and uneven. With regard 
to the time taken in making the concrete mix, 
experiments demonstrated that the minimum 
allowable was one minute and that little was gained, 
from the standpoint of abrasion resistance, by 
prolonging the process, The consistency of concrete 
is another important point, both very “dry” 
and very “wet” mixings giving results inferior to 
those obtained from normally mixed material. 

Perhaps the most remarkable conclusion, which 
may be drawn from the experiments, is that there 
appears to be little relationship between the results 
of mechanical tests as carried out beforehand upov 
samples of concrete, and the degree of resistance to 
abrasion shown by the material under actual road- 
service conditions. When the concrete mixings 
were made, a sample was taken from each of the 
62 sections, for the purpose of conducting com- 
pression, transverse, and wear tests ; in the latter 
case, the Talbot-Jones apparatus was used. In 
addition, the sands were subjected to the “ tensile- 
strength-ratio ” test, and wear tests were carried 
out on the coarse aggregates employed. Computa- 
tions made from these tests about the probable 
extent to which the concrete would withstand 
traffic abrasion proved of little utility ; indeed, in 
some cases, results obtained under service con- 
ditions were altogether different from the indications 
furnished by the mechanical tests. 





THE DETERIORATION OF STRUC- 
TURES IN SEA WATER. 
(Concluded from page 171.) 

In the last report an account was given of a 
number of American investigations into marine 
piling, made by the National Research Council and 
the American Railway Engineering Association. In 
particular a system of test-boards was described, 
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were exposed in waters along the American coast, 
and a block unscrewed twice a month and sent for 
examination. In this way it was hoped to learn both 
the different species of borers extant, the date of 
settlement, and the rapidity with which they grew 
in the waters of various harbours. From an 
abstract published in the present report it appears 
that upwards of 300 such test-boards have been 
exposed, and although they did not always indicate 
light attacks by borers, they appeared always to 
show their presence when the attack was heavy. 
The work of detecting organisms and devising 
protection against them is said to have been making 
satisfactory progress, and reports of the results are 
being prepared for publication, but up to now it 
has not gone far enough to justify recommendations 
of change in methods, although the present situation 
is not satisfactory. As a general observation it is 
remarked that the animals balanus, hydroids or 
bryozoa, and mytilus live under the same conditions 
as shipworm, and engineers who find them—and, 
it must be remarked, are able to recognise them— 
on shipboard are recommended to watch carefully 
for shipworm. 

Several American sets of observations appeared 
to show that salinity of water reduced below a certain 
point, varying from 13 to 14 parts per 1,000 (pure 
sea water contains 29 parts per 1,000) to something 
under 9 parts reduced the ability of the teredo to 
penetrate timber. Mr. L. H. Savile, Engineer-in- 
Chief to the Admiralty, adopting the view that the 
degree of salinity of a water is an important factor, 
and taking 13 to 14 parts per 1,000 as the critical 
point, contributes a report containing a long series 
of observations that he made on the water in the 
Hamoaze at points in the North and South Yards 
of Devonport Dockyard, together with the rain 
records of eleven gauges in the watershed of the 
Tamar and Tavy. The observations included the 
specific gravity and temperature of the water at 
the surface and the bottom, from which the salinity 
could be calculated by empirical formule worked 
out by Thorpe and Rucker, Dittmar and others. 
These showed that the specific gravity of the 
Hamoaze water responds quickly to increased 
rainfall, especially at the surface, the difference 
between the top and bottom sometimes affecting 
the second decimal place. 

Mr. Savile also contributes a report on certain 
defects noted in Admiralty reinforced concrete 
structures, which summarises the results of an 
examination of the various Admiralty jetties and 
similar structures both at home and at Gibraltar, 
Malta, the Cape of Good Hope and Hong Kong. It 
appears that in many cases the concrete has cracked 
or burst away, thus exposing the steel, which— 
usually before the breakage of the concrete—had 
corroded, The defects are attributed to a dozen dif- 
ferent causes, and in a tabular appendix particulars 
are given in regard to 34 structures, showing the 
range of tide, the composition of the concrete, 
various details of construction, the nature of any 
incrustations, the dates of construction and of the 
examination under notice, and the defects found, 
with the remedies applied. Whether these are all 
the structures that were examined is not stated, 
and in particular it is not clear whether they include 
two jetties to which reference is made in the body of 
the report. The labour involved in the Admiralty’s 
very careful and comprehensive examination must 
have been out of all proportion large compared with 
that of writing the report, and the results recorded 
are likely to form a basis for ferro-concrete practice, 
especially in marine conditions, for some time to 
come. It is therefore the more to be regretted that 
omissions such as that here noted should have been 
allowed to impair the value of an important docu- 
ment. At the best—that is, if it has really no signi- 
ficance—such an omission causes needless loss of 
time to the reader, when he tries to collate the body 
of the report with the appendix. The absence of 
editorial co-ordination of the different parts of a 
Teport is too common in recording the results of 
investigations that deserve better treatment. It is 
a defect that ought not to be expected in the publi- 
cations of bodies such as the Institution of Civil 
Engineers and the Research Department. 

The information given in the report is, however, 





of considerable practical value. Ferro-concrete 





constructions, it states, began to be substituted 
tentatively for timber in 1901, in order to avoid 
injury from ¢eredo and other marine borers. Up to 
now the expectation that ferro-concrete would be 
permanent has been borne out completely from 
about half-tide level downwards, but above this 
level the results have generally been less satisfactory. 
The defects in the upper parts of the jetties have 
usually been found on the undersides of deck beams 
and at the junctions of diagonals and deck beams. 
Some, of course, were caused by collisions, and 
damage would have occurred whatever the material 
had been. The causes of the others and the remedies 
were for the most part sufficiently evident. One 
source of trouble—the presence of stray electrical 
currents—was, more or less, inferred, but an instance 
is quoted in which the inference is fairly conclusive, 
and the precautions to be taken in similar circum- 
stances can be prescribed without much doubt. 
Two jetties of the same type of design were built 
by the same contractor at different dates with 
apparently the same care. Each carries standard 
gauge lines, jetty A taking ordinary main line 
locomotives, and jetty B, which was built two years 
later, only main line trucks. The chief other 
differences between them are that A has its deck 
considerably higher than that of B, that its piles and 
braces have become coated with oil slime, and that it 
has no electric cranes, though there is an electrically- 
driven coal-tipping plant at its head, while B has a 
number of electric cranes, which have been much 
used. Though A is two years older than B, and has 
been subject to impact from vessels of all sizes 
up to 12,000 tons, it is for all practical purposes as 
good as new, while B is extensively corroded. 
Accordingly, the corrosion of B is largely attributed 
to electrolysis, and the remedy suggested is very 
careful insulation and complete earthing of the 
whole of the reinforcement. 

Another precaution, which is always desirable 
and appears now to be embodied in standard 
Admiralty practice, is not only to avoid using salt 
water for mixing concrete, but to wash in fresh 
water any sea sand that is used. This is believed 
to be of the greatest importance where electrolysis 
is possible, and for reinforced concrete the use of 
sands containing iron or iron oxide (particularly 
FeO) is to be avoided. Special care must also be 
given to ensuring that the aggregate shall be dense 
and as free as possible from porosity. Its maximum 
size, especially in reinforced beams, should be less 
than half the minimum cover or the distance 
between the bars. To obtain a dense concrete 
care must be given to properly proportioning its 
constituents, after having ascertained the _per- 
centage of voids by experiment, and all stones 
should pass a 3-in. ring. The surface of the last 
day’s concrete must be properly cleaned and 
roughened before the next is applied, or the junction 
between the two may be imperfect, and the casings 
must be cleaned out properly from rails, bars, 
shavings, wood blocks and other extraneous 
materials. 

Another source of corrosion appears to be in- 
sufficient cover, arising either from inadequate 
allowance in the original design, or from the steel 
bars having been displaced when the concrete was 
deposited, or its construction or arrangement being 
such as to prevent properramming. It is considered 
that, at least for the principal members, not less 
than 23 in. cover should be allowed. A construction, 
formerly in general use, which has been shown to be 
a very definite cause of failure, is the flat stirrup, 
which not only exposes a large surface to corrosion 
but in common with flat surfaces generally makes 
efficient ramming difficult. Whatever may be the 
causes, no doubt is entertained of the fact that flat 
stirrups are unsuitable for reinforcement in concrete. 
Reinforcing bars, again, cannot always be easily 
placed accurately in position, and are liable to be 
displaced by ramming when they are crowded, 
especially when they have to be joggled. The 
design of beams should therefore dispense with 
joggled bar reinforcement, and allow sufficient space 
between the bars for efficient ramming, taking 
special care that all bar reinforcement is accurately 
straight from end to end, or between tangents of 
bends if these are necessary. The use of unsuitable 
sections of steel, ¢.g., 1 m. by 4 in. bars, may cause 





difficulty in placing the links. Finally, it is thought 
desirable to coat the surface of the concrete with 
paint or composition to prevent percolation. In 
this connection it is remarked, and a number of 
instances illustrating the fact appear in the tables 
of the appendix, that in harbours where oil fuelling 
is carried out and occasional leakage occurs, the 
“oil fuel slime” seems to have a preservative 
effect on the concrete. Mr. Savile’s report concludes 
with the caveat that its criticisms of the reinforced 
concrete structures with which it deals do not 
touch the merits of the construction for marine 
purposes, which experience has shown to be very 
real. The results published in this report should 
enable its use in proper conditions to be continued 
with confidence. 

An abstract is given of a paper by Dr. W. Ternent 
Cooke on an instance of deterioration of the con- 
crete substance itself. This occurred in reinforced 
concrete beams prepared in 1915 with 1:2}:4 
concrete for use in the construction of a breakwater, 
which had been lying for about 4} years on a 
South Australian beach, partly buried below water 
level. The sea botton was composed largely of 
sea weed, large quantities of which collect, rot, and 
at times evolve sulphuretted hydrogen freely in the 
neighbourhood of the beams. The concrete was 
found to be decomposed to a fairly uniform depth 
of half an inch, this layer being blackened, and the 
chemical evidence seemed to show that it had been 
decomposed by organic matter of an acid character 
and containing sulphur; the sulphide possibly 
first disintegrating the concrete, and the lime then 
being leached out. The disintegration had extended 
beyond the blackened exterior. It was attributed 
mainly to sulphur compounds from the seaweed, 
perhaps assisted by sewage effluent. A short ab- 
stract is also given of a complete study by Messrs. 
W. G. Atwood and A. A. Johnson, reprinted from 
the Proceedings of the American Society of Civil 
Engineers, of the work done on the disintegration 
of cement in sea water from the time of Vitruvius 
onwards, with a series of conclusions about the causes 
that determined the disintegration, and an account 
of certain remedial measures that have been pro- 
posed. The paper includes a bibliography of the 
literature completed. 

An abstract is given of a description by Mr. 
C. E. W. Dodwell, the Supervising District Engineer 
for the Maritime Province of Nova Scotia, of a 
specimen of limestone rock pierced through its 
entire thickness by a bivalve mollusc. A photo- 
graph of the specimen has been sent, showing 
circular perforations tapering very slightly and 
increasing in diameter as they extend inwards. 
Similar molluscs were found by Mr. W. S. 
Archibald in other waters of the Atlantic seaboard 
of Canada. It is said to be found in hard clay, 
soft stone, and even in submerged wood, and to 
be eaten freely in California. 








THE ECONOMIC SITUATION IN 


ITALY. 


THE two economic factors chiefly responsible 
for Italy’s increasing commercial and industrial 
prosperity are, firstly, the country’s wealth in 
water power, which, in all probability, will 
eventually render her industries largely independent 
of coal supplies; and, secondly, the satisfactory 
way in which she has managed to settle, temporarily, 
if not finally, her labour troubles. These two 
questions are among those alluded to in a report 
recently issued by the Department of Overseas 
Trade. This report shows that down to December 
31, 1923, as many as 4,129 concessions for the 
exploitation of water power had been granted by 
the authorities ; the estimated horse-power available 
reaching the total of 3,430,209. Furthermore, quite 
60 per cent. of the equipment was completed and 
in full working order by the date above mentioned. 
The progress being made in the development of 
the country’s hydro-electric resources is illustrated 
by the fact that 24 of the generating stations now in 
the course of construction will generate 2,209 million 
kilowatt-hours per year, whilst a further number 
of 56 stations, capable of generating 3,908 million 
kilowatt-hours, is being planned, One of the most 





recent of these hydro-electric installations, the 





204 


ENGINEERING. 


[AuG. 14, 1925. 








Tirso plant in Sardinia, which was described in 
ENGINEERING, vol. cxviii, page 632, was completed 
in 1923, and was formally opened by the King 
in April, 1924. 

The linking-up of power stations situated in 
different parts of the country forms a noteworthy 
feature of Italian hydro-electric installations. In 
mid-winter, when the water derived from the 
melting of snows in the Alpine regions is at a 
minimum, the rainfall on the slopes of the 
Appenine Range is at a maximum; at other 
seasons conditions are reversed. Several of the 
Alpine stations have, therefore, been  inter- 
connected with plants located in the Appenines, 
the two sources of power thus complementing 
one another whenever necessary. By this means 
a continuous supply of electrical energy is 
assured in industrial districts at all seasons. This 
co-ordination scheme is gradually being made more 
complete, and the connecting up of many of the 
remaining stations is being pushed forward. 

The coal and coke imported into Italy amounted 
to over 11 million metric tons in 1924, as compared 
with 9 million tons in 1923, and 10 million tons 
in 1912. In view of the increasing utilisation of 
the water-power resources of the country, it is 
somewhat surprising to find that the consumption 
of coal in 1924 is greater than was the case in 
pre-war days. This indicates that, not only is an 
important revival taking place in Italian industry, 
but also that developments have arisen in maay 
new directions. Increased hydro-electric power 
facilities have created new industries for which 
coal is a necessity. On the other hand, the opinion 
has been expressed that although the quantity of 
coal imported is likely to be maintained at the 
present level for a number of years to come, and 
may indeed increase still further, the time will 
eventually come when the available water power 
has been harnessed to the fullest extent, and the 
need for solid fuel will diminish. In 1912 the 
percentage of British coal imported amounted to 
86 per cent. of the total; in 1923 this figure had 
fallen to 71 per cent.; and in 1924 a further fall 
to 52 per cent. was registered. This state of affairs 
is chiefly due to the importation of German coal 
on reparation account (amounting, in 1924, to over 
3} million tons), On the other hand, quantities 
received from Germany, other than reparation coal, 
and from the United States are steadily increasing. 

As has already been indicated above, one of the 
most potent of the factors contributing to the im- 
proved economic situation of Italy, is the lack of 
strikes. In 1919, nearly 19 million working days 
were lost to the nation owing to labour troubles ; 
in 1923, the number of days so lost amounted to 
only 295,929. Again, unemployment, although 
subject to seasonal influences, has steadily fallen 
since February, 1922, when there were 600,000 
unemployed persons, the maximum for the post- 
war period. The number of unemployed workers 
on November 1, 1924, totalled only 117,059. A 
piece-work rate agreement, introduced in 1920 by a 
large engineering firm in Northern Italy, as a 
result of negotiations between employers and work- 
men, has been very successful. Each employee 
is paid a fixed waye according to his rating and 
trade ; over and above this, a collective piece-work 
bonus is granted. The latter is a premium on 
collective efficiency in the various shops, and is 
calculated on the rapidity of output over a certain 
accepted standard. Taken as a whole, the system 
has much to recommend it; it undoubtedly has 
the effect of promoting the esprit de corps as well 
as the efficiency of the workers. 

The artificial silk industry has made very rapid 
strides in recent years, and it is now claimed that 
Italy takes second place in the world production 
of this commodity. It is one of the country’s most 
important industries. The textile industry gene- 
rally, is also in a prosperous condition. The Italian 
rubber industry is steadily growing in importance 
and exports, which consist chiefly of motor tyres, 
are steadily increasing. Metallurgical centres lo- 
cated chiefly in Northern and Central Italy produce 
a fair proportion of the country’s requirements in 
pig-iron and steel. Large quantities of the materials 
are, however, imported annually, and the United 
Kingdom has ‘a good share of the trade in cast iron. 





Imports from France have nevertheless increased 
rapidly and, in 1923 and 1924, they succeeded in 
surpassing the British figures. In semi-manufac- 
tured products such as iron and steel bars, rods and 
sheets, Great Britain has lost ground in recent years. 
In 1924, France practically monopolised the trade 
in bars and rods, and the United States and Czecho- 
Slovakia, that in sheets. It is satisfactory to note, 
however, that imports of British tin-plate are in- 
creasing and are far above those from all other 
countries. Large consignments of iron and steel 
scrap enter Italy annually and, here again, imports 
from Britain are very small compared with those 
from France. The demand for British machine 
tools is very limited and is confined to special articles, 
the bulk of this trade goes to Germany, who has 
dominated this section of the market for some years 
past. Most of the requirements in agricultural 
machinery are supplied by Germany, although 
competition from the United States and from France 
is growing keen. In the matter of spinning machi- 
nery, however, British manufacturers, who only 
held a small share of the trade in 1922, now head 
the list of importers by a substantial margin, Sup- 
plies of electric apparatus generally are chiefly 
obtained from Germany. With regard to imports 
of machinery, it is pointed out in the report that the 
high price demanded for British goods is, in some 
measure, due to the elaborate packing rendered 
necessary by the long journey by sea. This diffi- 
culty would, it is suggested, be to some extent 
overcome by a more extended use of the Harwich- 
Zeebrugge train ferry. 

During the year 1924, 11 vessels representing a 
gross tonnage of 79,200, a considerable increase over 
the previous year, were launched from Italian 
shipbuilding yards. These comprised seven steam- 
ships, the gross tonnage of which was 47,900, and 
four motorships, fitted with Diesel engines, having a 
gross tonnage of 31,300. At the end of 1924, 
17 steamers and eight Diesel-engined motorships 
were in the course of construction. Although both 
the number and the tonnage of ships, launched or 
begun, in 1924 were greater than in 1923, the 
improvement was not so great as had been expected. 

The administration of the State Railways was 
recently taken over by the newly-formed Ministry of 
Communications, which has pursued a policy of 
rigid economy in order to diminish the working 
deficit. In the financial year ending June 30, 1924, 
the expenditure exceeded the revenue by 298-1 
million lire, and it is the aim of the new ministry to 
make accounts balance as soon as possible. There 
has been a substantial increase in traffic receipts 
during the past year, and appreciable reductions in 
expenditure have been effected in various directions. 
The total length of normal gauge track administered 
by the State measures 15,745 km., a further length of 
670 km. is under construction. Some 780 km. of 
line have been electrified and are in operation, 
and another stretch of 810 km. is in course of 
electrification. 

Taken altogether, the economic position of Italy 
is considered to be stronger at present, than at any 
other time since the war. The internal national 
debt is less and the revenue from taxation has not 
only increased, but has been placed on a more 
stable footing. The increase in the importation 
of raw materials and the decrease in imports of 
manufactured goods denote a revival of industrial 
activity. Furthermore, this renewed activity, 
which is taking place in almost every line of pro- 
duction, is certain to add to the national wealth and 
may, at some future date, become a factor in 
creating an increased demand for the finer and 
more finished goods produced in British factories. 





AtLas or Lonpon.—The fifth edition of Bartholomew’s 
Handy Reference Atlas of London is a well-bound and 
handsomely executed work of 154 pages, just published 
by Messrs. John Bartholomew and Son, Limited, of the 
teological Institute, Edinburgh, at a price of 6s. net. 
In the first few pages of the book uncoloured maps show 
the location of clubs and theatres, electric railway routes 
and the boundaries of metropolitan boroughs. Eighty 
pages of coloured maps drawn to a scale of approximately 
0-3 mile to an inch show in detail London and the 
surrounding district. Postal districts and railway and 
tramway tracks are given in all cases, while a 74-page 
index, of streets and buildings, containing some 22,000 
references, greatly adds to the convenience and value of 
the work, 





NOTES. 
Frenco Minze-Layina SuBMARINE Boats. 


THE mine-laying submarine boat Pierre-Chailley, 
of the French navy, has cost slightly over 7,000,000 
francs. Her length is 70 m. (229 ft. 8 in.); her 
surface displacement is 900 tons, and her dis- 
placement immersed 1,200 tons. For laying when 
immersed the boat carries 64 mines, weighing 
508 kg. (10 cwt.) each, placed in 32 cells amidships 
between the two hulls, 16 on each side. The 
armament consists of two torpedo-launching tubes 
and one 10-cm. (3-937-in.) gun. The boat is pro- 
pelled by two engines of 900 h.p. each. The 
surface speed is 14 knots, and the radius of action 
close upon 3,000 miles. The Moniteur de la Flotte, 
which gives these figures refers also to the Maurice- 
Caillot, another French mine-laying submarine 
boat, which has recently completed in the Mediter- 
ranean an endurance test of 50 days’ duration. 
Her surface speed is 16-2 knots, the speed immersed 
being 10-4 knots. The Maurice-Caillot has a dis- 
placement of 932 tons on the surface, a radius of 
action of 3,150 miles at 11 knots, and when immersed 
the boat can cover 112 miles at 5 knots. The 
armament consists of six torpedo-launching tubes 
and one 75-mm. (2:953 in.) gun. The boat carries 
for laying when immersed 27 mines, arranged at 
the upper part, above the inner hull and ballast, 
disposed in three lines of 9 mines each. The mines 
are so placed that the axis of the anchoring weight 
is horizontal, the float being towards the bow of the 
submarine ; the mines rest on six friction rollers on 
their frame, on two rails made of angle bars fixed 
to the hull. An endless chain passes under each 
line of mines and serves to move the mines aft 
for laying. In travelling aft on the guide rails 
the mines are ultimately inclined 60 deg. to the 
horizontal previous to their release, the required 
motion being given by two electric motors which 
act by gearing on the three lines. The motors 
are designed to lay the mines of one line at the rate 
of one every 12 seconds, and at a speed of 5 knots 
for the boat; this corresponds to an interval of 
30 m. (98 ft.) between each two mines laid. The 
three sets of mines, or any.two of them, can be laid 
simultaneously, when the mines are suitably 
spaced apart, or any single line can be laid separ- 
ately. The movement of the mines to the stern 
and the action of laying have no appreciable effect 
upon the trim of the boat. 


THE MINERAL RESOURCES OF WESTERN AUSTRALIA. 


The gold mines of Western Australia are still the 
principal source of the mineral wealth of that State, 
in spite of the fact that outputs have steadily 
declined since 1903, when a maximum, amounting 
to over 2,000,000 fine ounces of the precious metal, 
was reached. The yield for the year 1923, according 
to the Report of the Department of Mines of Western 
Australia, was just over 500,000 fine ounces, equiva- 
lent to 58-05 per cent. of the total for Australasia, 
and valued at 2,143,000]. This amount represented 
80-63 per cent. of the total wealth derived from 
all minerals in the State of Western Australia. 
Other mineral assets include coal, copper, silver, 
tin and lead, while small quantities of manganese, 
magnesite, molybdenite, and other ores are also 
exploited. The output of coal in 1923 amounted 
to some 421,000 tons, valued at 369,000/. ; it was 
produced in five collieries, all situated in the Collie 
coalfield. The number of men employed, under 
and above ground, totalled 715, and the calculated 
yearly output per man was 590 tons. The Collie 
coalfield is in the Wellington district of the South 
Western Division and is some 150 miles south of 
Perth. The Government Railways are the chief 
customers, and in 1923 well over 50 per cent. of the 
coal mined was purchased by them. A fair propor- 
tion of the coal output is sold for bunkers, The only 
strike which occurred involved the stoppage of 
one colliery for the space of three days. All other 
disputes were settled by local arbitration without 
the men ceasing work. In 1923 these disputes 
numbered nearly fifty, and it is to the credit of 
both parties that decisions were abided by in every 
instance. At Wilga, situated 20 miles south of 
Collie, good coal seams have been located. At the 
time the Report was written, however, no collieries 
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had been established. Exports of copper ore, matte, 
and ingot for 1923 show an increase of nearly 3,500 
tons over the 1922 figure. Exports of tin also show 
an increase; those of lead, however, appear to 
fluctuate considerably, The two factors which, 
more than any others, affect mining generally are, 
undoubtedly, taxation and the tariff on many 
mining requisites. Relief in both of these directions 
was recommended, by representatives from all the 
States, at a conference convened by the Federal 
Government and held some time ago in Melbourne. 
If these recommendations are conceded, it is claimed 
that a great improvement will result. 





LITERATURE. 


The Modern Soap and Detergent Industry, including 
Glycerol Manufacture. A complete practical treatise 
in three volumes on the Manufacture of Laundry, 
Toilet, Pharmaceutical, Textile, Abrasive, Scouring 
and Powdered Soaps. By Geoffrey Martin, D.Sc., 
Ph.D., F.I.C., &e. Vol. II. Crosby, Lockwood and 
Son. [Price 36s.] 

Tue need of detergents at all periods of man’s history 
has made the manufacture of soap a very ancient 
practice; and it might be thought that the world 
was so well informed of its processes and procedure 
that the subject was completely exhausted. A very 
superficial glance at the two volumes of Dr. Martin’s 
treatise that have now appeared, will show 
that such ideas must be dismissed. The changes 
that time and experience have wrought may 
be confined to details, but they are legion, and 
when a conscientious writer undertakes to examine 
seriously the vast accumulations of patent litera- 
ture in many languages his task is Herculean. The 
author, we think, has erred somewhat in giving too 
wide a scope to a nimble pen. There is a danger 
that a false perspective is created ; main principles 
are apt to be hidden under a crowd of detail, and 
the cardinal point overlooked. The treatment that 
appeals to the social or scientific historian is not 
that which interests the technologist or manufac- 
turer, the class to whom this work is mainly 
addressed. The latter is concerned in learning what 
economies have been effected, what type of plant 
or process is most favoured in up-to-date factories, 
and wherein lies the superiority of some particular 
method. 

The author justifies the wide outlook he has 
taken by remarking that the practice of soap- 
making rests on an empirical basis, and that no 
book exists in which the whole field of the soap 
industry is systematically surveyed and attention 
directed to the continually progressive improvement 
that has led to the present process of manufacture. 
He seems to fear that the busy chemist, or works 
manager, having little opportunity of approaching 
those sources of information where obsolete artifices 
are described and ingenuity has stored its forgotten 
counsels, is deprived of material assistance. With 
great respect, we submit, that improvements are 
not made, nor economics effected, by poring over 
the ill-considered suggestions of the past, or in 
testing the hints and conjectures of an imperfect 
technique. Only by the study of the strenuous 
present, aided by a knowledge of what has been 
effected by modern theory and practice will material 
progress be achieved. 

The essential processes involved in the manufac- 
ture of soap, as usually understood, are simple, 
both chemically and mechanically. These, whether 
necessitating boiling, solidifying, drying, milling, 
plodding, &c., are all well described, and by com- 
paring the older methods with those followed to- 
day, the modern tendency of eliminating the human 
element as much as possible, and substituting 
automatic machinery to perform all the operations 
with the minimum of oversight, is well illustrated. 
One system is described very fully, and its success 
is shown by the fact that a plant turning out 600 to 
700 Ib. of soap per hour, can be worked by one 
man for supervising, drying and weighing, another 
to watch the mixing and milling, and one woman to 
take charge of the plodding and stamping. 

The demands of fashion and the requirements of 
trade introduce infinite variations into the simple 
generic process, and the author’s description of the 
many details involved is exhaustive and illumi- 








nating. A particular feature is the continual 
reference to recent patents, designed sometimes to 
effect what appear to be very slight improvements. 
These, indicating as they do attention to minute 
detail, will be carefully scanned by those engaged 
in the industry, since they apply to the mechanical 
rather than to the chemical side of the manufacture. 
One feature we regard as particularly valuable : 
the insistence on, or the approval given to, those 
processes in which the waste products are utilised. 
The chemist is fulfilling his proper function when he 
urges the economic importance of obtaining a high 
yield of the refined product, and the utilisation of 
those residues, which by their subsequent treatment 
enrich commerce and add materially to the profit 
of the undertaking. 

Dr. Martin takes a wide view of his subject, and 
supplies much information on related topics. After 
dealing with compositions that appear in the 
decorated windows of the pharmaceutical chemist, 
he passes not unnaturally to the soap preparations 
required in pharmacy and in the process of disinfec- 
tion, and to forms of soaprequired in the textile indus- 
tries for cleaning wool and silk ; abrasive soaps, metal 
polishing soaps and pastes, as well as many other 
technical preparations, the bare mention of which 
would extend the catalogue to inconvenient length. 
Finally, the subject of fish oil soaps is introduced 
and dismissed in a very few words. This brief 
treatment is regrettable, for we have here a subject 
of great public interest owing to the competition 
for the raw material between soap producers and 
the purveyors of edible fats. Hardened fats, it is 
believed, still find a market in the soap trade in this 
country, but on the Continent whale oil is too 
expensive. Several interesting questions of chemi- 
cal technology suggest themselves also in con- 
nection with hydrogenated phenols, but probably 
such questions not considered here will find ade- 
quate discussion in the next volume. With an 
uncompleted work, and in the absence of any index, 
one is naturally reluctant to comment on any 
apparent lacune. This index is promised for the 
next volume, when, apparently, the author and 
reader alike will encounter fresh difficulties in the 
absence of any continuous pagination. 





Practical Water-Power Engineering. By W.T. Taytor, 
London: Crosby Lockwood and Son. [Price 36s. net.] 
THE author’s aim in writing this book has appa- 
rently been to provide a treatise which would be 
useful rather to the engineer engaged in the primary 
investigation of water power plants, than to the 
technical designer. Judged from this point of view, 
it should serve a useful purpose ; but the designer 
will find little material which has not been dealt 
with more fully and adequately in many of the 

treatises now available on the same subject. 

The first chapter deals rather sketchily with the 
hydraulics of water power development. It is 
surprising to find in a book which claims to be 
essentially practical that the author, in a formula 
for the available water horse-power, should give 
the numerical constant to the seventh significant 
figure. 

Chapter IT deals in an interesting manner with 
the questions of rainfall and run-off, and is followed 
by chapters dealing in turn with the selection of 
water power sites and with storage and pondage. 

The measurement of stream flow is considered 
mainly in Chapter V. This important subject is 
treated very inadequately, especially in view of the 
type of reader to whom the book is intended to ap- 
peal. In Chapters VI and VII, which deal with open 
conduits and pressure pipe lines, again the treat- 
ment is sketchy. The riveted steel pipe is the only 
type considered, and no mention is made of the func- 
tion or operation of the surge tank. On the other 
hand, Chapter IX contains an excellent discussion of 
automatically controlled water-power plants. 

Chapter X, which is probably the most interesting 
and valuable section in the book, deals with the 
question of the preparation of the report on a water 
power project. Here the author has obviously 
drawn widely on his own experience with happy 
results. A brief account of legislation relative to 
water power development in various countries is 
given in Chapter XI, while the remainder of the 
book deals with high voltage transmission of power 











and with transmission line calculations. This latter 
section is indeed the only part of the book likely to 
appeal to the designer. 

On the whole, in spite of many good points, the 
book is disappointing. Too many obvious mistakes 
have been allowed to appear. There are very 
few illustrations, and no attempt has been made to 
discuss such important points as the lay-out of 
power plants or stations, or the choice and charac- 
teristics of hydraulic prime movers. The pub- 
lishers have done their share of the work excellently. 
The general get-up and presentation is good. The 
price, however, appears to be somewhat high for a 
book of this size and type. 





Profitable Science in Industry. By Dwicut T. FarRNHAM, 
James A. Hatt, Associate Professor of Mechanical 
Engineering, Brown University, R. W. Kine and H. E. 
Howe. New York: The Macmillan Company, 1925. 
[Price 15s. net.] 

RESEARCH is a word that is now much used, and 
perhaps occasionally, abused. Research, as the 
term is generally understood, implies a process of 
physical investigation, involving experiment, con- 
ducted with a view to enlarging human know- 
ledge. The student of technology may be able to 
apply such fresh information to mechanical science, 
thus improving some old operation or opening up 
new industries. But the student of research, pro- 
perly so called, has nothing to do with such applica- 
tions, though of recent years, when the Government 
has voted national funds to subsidise industrial 
associations occupied in the solution of particular 
problems, the spirit of inquiry has had to yield to 
more commercial views and the return for the money 
expended is subject to criticism. Realising very 
keenly that the activities and rate of progress of 
to-day are the consequence of discovery in the past, 
and that the easiest and most certain way of adding 
to our riches and removing our disabilities is to 
foster an enthusiasm for research, we are inclined 
to set greater store on practical results. 

A distinction may, however, be conveniently 
drawn between pure research and applied scientific 
research, and this distinction is fully recognised by 
the four authors of this volume. They have been 
profoundly impressed by the material and pecuniary 
results that have followed the application of true 
science and sound principles to manufacture and 
production, and, by illustrations, seek to enforce the 
advantages. Lower costs and the possibilities of 
higher wages is the slogan which rings throughout 
every page. Far be it from us to undervalue any 
effort which has such laudable motives, but it is 
almost impossible to apportion fairly the merit 
and value that belong to the theoretical and prac- 
tical sides respectively. The aim of the authors is to 
insist on and magnify the material results: they 
rarely assert or commend the disinterestedness and 
devotion that animates the true research student. 
Of course, there are occasional references to the 
labours of others, the fruits of which we are enjoying, 
but their keenest appreciation is reserved for those 
whose work is most plainly exhibited in the balance- 
sheet. Those, and fortunately there are many, who 
have been urged by the consciousness that the world 
possesses possibilities which it was their duty to 
explore, are relegated to an inferior position. 

It must be remembered, in explanation, that the 
American has ever exhibited an intense dislike to 
manual labour and an unwillingness to undertake 
work involving the mechanical repetition of the 
same operation. By education and temperament, he 
is inclined to set an undue value on labour-saving 
devices, and his ingenuity has been stimulated in 
the direction of reducing this monotony to a mini- 
mum. As one of the authors reminds us, the 
American has permitted the unrestricted immigra- 
tion of undesirable races only so long as there was 
work which the average citizen was unwilling to 
perform. The desire to prohibit the introduction 
of unskilled labour has encouraged the employment 
of mechanical handling devices in various ways, 
and economic and political pressure has given direc- 
tion to and influenced the development of this form 
of ingenuity. A remedy had to be found for the 
inadequate supply of skilled artizans. 

Of the four authors contributing, Mr. King draws 
his examples of the fertility and power of science 









206 


ENGINEERING. 





[AuG. 14, 1925. 





from the field of electrical research, and his task is 
easy, for he can refer to the scientific use of the 
imagination, the foundation of true research. On 
the one hand, he can recall the development of the 
discoveries of Faraday and of Oersted, the value of 
which is patent to all, and on the other, can point 
to the modern researches on the constitution of the 
atom, which have not yet found full fruition. He per- 
ceives that the proper function of the Universities 
is two-fold: theirs is the responsibility of carrying 
on pioneer investigation and of increasing scientific 
knowledge, and also of providing a trained personnel 
for the industrial laboratories. 

Mr. H. E. Home writes on the earning power of 
chemical knowledge, and his treatment is frankly 
utilitarian. His object is to indicate by illustration 
that research is not only practical, but a necessity in 
any constructive work involving the use of materials. 
Some of his illustrations show the wide extent to 
which he applies the term “research.” He quotes 
the case in which an accidentally broken thermo- 
meter supplied the mercury necessary for the 
successful conduct of an experiment on the prepara- 
tion of synthetic indigo; and another instance, in 
which a research worker by sneezing twice during a 
certain experiment delayed the operation, thus 
aliowing the additional time necessary for com- 
plete success. There is, or should be, a wide gap 
between lucky coincidence and patient research. 

The history of mechanical engineering as affected 
by scientific research is entrusted to the com- 
petent hands of Mr. J. A. Hall, who wins our 
sympathy and secures our attention by urging the 
necessity for enlarging the production per worker, 
as the means of increasing the average wealth and 
physical well-being of the people. He takes a 
correct view of what is required for successful 
research and the manner of conducting it. He sees 
that, in some directions, power development has so 
nearly reached its maximum that further progress 
is conditioned by the acquisition of some new 
thought—some entirely new application extending 
beyond the improvement and enlargement of exist- 
ing designs. Finally, Mr. D. T. Farnham gives some 
chapters on the results of introducing methodical 
and systematic management into the conduct of 
business. These seem somewhat out of place here, 
for it is difficult to see any connection between 
them and the operations of experimental science. 
They are written apparently to recommend the 
advantages that may be expected to follow the use 
of an elaborate system of book-keeping, designed to 
make fraud more difficult to perpetrate, to facilitate 
the examination of the avenues of expenditure, and 
to prevent undue waste in the many departments 
of large undertakings. 


Alternating Current Rectification. A Mathematical and 
Practical Treatment from the Engineering View-Point. 
By L. B. W. Jouiey, M.A., Cantab. London: Chap- 
man and Hall, Limited, 1924. [Price 25s.] 

Tus book was written in the laboratory for the 

laboratory. Without going into much detail, it 

contains just what the student or laboratory worker 
requires to know about the theory and the practical 
part of alternating-current rectification and the 
various devices used for this purpose. The subject 
is so large and has so many ramifications that it is 
very difficult to treat it comprehensively, and the 
author is to be congratulated on having conceived 
the idea of giving a complete survey of the various 
methods of conversion in one volume and for 
having carried out the conception so successfully. 
Rectifiers are divided in the book into three classes: 

(1) apparatus working with mechanical means ; 

(2) gaseous rectifiers ; (3) liquid rectifiers. Under 

the heading of ‘‘ Mechanical Rectification” the 

theory of rotary converters, commutator rectifiers, 
reed and spark-gap devices, and the general 
principles of construction of such apparatus, are 
dealt with. The rectification through gaseous con- 
duction comprises principally mercury-are rectifiers 
and thermionic rectifiers, followed by short descrip- 
tions of neon, Tungar, magneton, and flame rectifiers. 

Chapters on electrolytic rectifiers and on apparatus 

used for wireless work, such as three-electrode valve 

and crystal rectification, conclude the volume. 
Although there may be differences of opinion 
about the author’s treatment of a number of points 


in the theory of rotary converters and commutator 
rectifiers, the chapters on mercury-vapour rectifiers 
are, so far as we are aware, the first comprehensive 
publication on this apparatus, which has, up to now, 
only been described in disjointed articles in the tech- 
nical papers and in patent specifications, of which a 
full list is given. This part of the book is therefore 
of special interest to all engineers engaged in the 
working and development of conversion schemes, 
as the importance of this class of apparatus is more 
and more recognised, especially for pressures above 
500 volts. 

The author has had unique opportunities to gain 
practical experience in all problems connected with 
thermionic rectification and valve manufacture. 
We are given in the book a résumé of his extensive 
knowledge of this subject, based on many years of 
development work. Although much more has 
been published about this subject than about 
mercury rectifiers, the short, and still sufficiently 
complete, treatment makes this part of the book 
also a very valuable addition to the respective 
literature, and its perusal can be recommended to 
everybody who wishes to make himself conversant 
with these most interesting devices, which have 
opened a new sphere in our modern life and have 
some vast and still unexplored possibilities. 





EXPLOSION OF A STEAM RADIATOR. 


A SOMEWHAT unusual accident occurred at the 
Woodhouse Works of Messrs. J. Blakeborough and 
Sons, Limited, Brighouse, on January 17, this year, as 
a result of which a Preliminary Inquiry has been held 
under the Boiler Explosions Acts. On the morning of 
that date, a steam-operated cast-iron radiator, supplied 
by the makers, the National Radiator Company, 
Limited, of Hull, exploded, and badly scalded a nearby 
workman about the arms and legs. The radiator was 
of a type designated the Ideal Narrow by the manufac- 
turers, and was composed of four sections. Each of 
these parts consisted of four hollow legs elliptical in 
cross-section connected at the top and bottom, and cast 
in one piece. The leg that burst had a thickness of 
metal varying from # in. to §} in. The total length 
of the radiator was 40 in., and the height between 
the top and bottom openings, 30} in. One-inch pipes 
were fitted to the bottom openings at each end and 
connected to a 2-in. steam pipe running beneath the 
heater. An air escape valve was fitted to the top 
opening atone end. The radiator, which was 12 years 
old, was fitted in the company’s store on January 7, 
1925, when the installation was tested under the usual 
conditions of working. Everything appeared satis- 
factory. When the failure took place, a piece about 
16 in. long and 4 in. broad was blown out of the side 
of one leg. Water hammer was concluded to be the 
cause of the mishap. 

At the works, the steam for the radiators heating 
the various shops is supplied by two boilers used for 
driving the machinery. A 2-in. wrought-iron branch 
pipe was connected to the main steam pipe on the top of 
the boilers, the boiler pressure of 160 Ib. per square inch 
being reduced to 50 1b. per square inch by means of a 
reducing valve fitted on the branch pipe. A stop valve 
controlled the supply of steam at this point, and two 
others were fitted in the erecting shop, one for the 
radiators in that shop and the other for those in 
the brass shops and stores. On the pipe line serving 
the latter, a }-in. valve was fitted, and pipes were led 
to the radiator that burst, in the bar store, and to 
another in adjoining accommodation, while a steam 
trap was fitted at the exhaust end to drain off any 
water of condensation. No relief valves or permanent 
pressure gauges were fitted to any part of the heating 
pipes. Adjacent to the reducing valve, however, there 
was a connection to which a gauge could be attached, 
and the working of the valve tested periodically. In 
the course of the inquiry, the pressure at the radiator in 
in question was found to have been considerably below 
that at the reducing valve, being about 25 lb. per square 
inch. The pressures in both cases were tested with a 
standard pressure gauge. This reduction in pressure 
was considered to be due to the radiator being at the 
extreme end of a long range of piping from which 
numerous other radiators were supplied with steam. 
All radiators of this type are hydraulicaliy tested by 
the makers at the time of manufacture to a pressure 
of about 100 Ib. per square inch. The remainder of 
the fractured section when tested to destruction, failed 
at a pressure of 215 lh. per square inch. The fitting 
ef the radiator in the har store was completed on 
January 7, 1925, when it was tested with steam, 
and the steam trap adjusted. It was later reported 





that noises had been heard in the radiator, and 


the steam trap was again adjusted to stop them, 
The noises, however, again occurred on January 15, 
but, up to the time of the explosion, no further adjust- 
ment of the steam trap had been made. 

On January 16, the steam to the heating pipes was 
shut off by means of the valve on top of the boilers 
and remained shut off until 5.45 a.m. on the 17th, 
when the valve was opened by the boiler attendant 
when he came on duty. The explosion was heard 
by another attendant, who ran to the brass testing 
shop and had the steam shut off. After the explo- 
sion it was noted that there was water present in 
the pipe running beneath the radiator to the steam 
trap, and that water had been blown from the 
radiator when it burst. It was also noted that the 
adjustment of the steam trap allowed for a very small 
lift of the valve, and that small pieces of scale were 
present round this valve. This would prevent the 
water of condensation draining off during the night, but 
under pressure the water would be forced through. The 
water would gradually drain away until it reached the 
level of the pipe running beneath the radiator, when, 
a surface would be presented to the action of the steam 
and water hammer action sufficient to fracture the 
radiator would occur. As a result of these conclusions, 
published in the report of the Primary Inquiry com- 
piled by Mr. W. Ridley, the owners of the factory are 
carrying out alterations to their steam and power 
plant. 





LAUNCH OF THE P. AND O. LINER 
‘““RAJPUTANA.”’ 


THE twin-screw mail and passenger liner Rajputana, 
which is being built to the order of the Peninsular 
and Oriental Steam Navigation Company by Messrs. 
Harland and Wolff, Limited, of Greenock, was success- 
fully launched on August 6. Of 16,000 tons gross, the 
vessel has a straight stem and cruiser stern, while the 
length is 570 ft., the breadth 71 ft., and the depth 
47 ft.6in. Twelve watertight bulkheads extend to the 
shelter deck and divide the hull into seven cargo spaces, 
cross bunker, two boiler rooms, engine room, and fore 
and after peaks. A double bottom extends through- 
out the length of the ship, and is divided into compart- 
ments for the carriage of oil fuel, fresh water and water 
ballast. Closely sub-divided oil bunkers are also pro- 
vided along the side of the boat in way of the boiler 
rooms. Hydraulic cargo gear is being fitted. The 
propelling machinery, which has been constructed 
by the shipbuilders at Belfast, consists of two sets of 
balanced quadruple expansion engines of approxi- 
mately 15,000 i.h.p. Steam will be supplied by six 
double-ended cylindrical boilers burning oil fuel and 
operating under forced draught. First-class accom- 
modation will be available on the promenade, bridge, 
shelter, and upper decks for 307 passengers, while 288 
second-class passengers will be carried. The Rajputana 
is intended for service on the London and Bombay 
route, and will fulfil the requirements of Lloyds 100 
A.I. class. 





TriaL Trip oF THE “ Princesse Maris José.” 
Recently the Princesse Marie José, the last of four sister 
ships built for Messrs. L. Dens and Co., Limited, of 
Antwerp, by Messrs. Swan, Hunter and Wigham Richard- 
son, Limited, of Wallsend-on-Tyne, ran successful trials 
previous to being handed over to her owners. Some 
details of the sister ship, the Koningin Elisabeth, were 
given in a paragraph on page 751 of our issue of June 12 
of this year. 

CATALOGUE PRINTING.—As an aid to those who need 
printing for advertising or other business purposes 
Messrs. Cross-Courtenay, Limited, 7, Brazenose-street, 
Manchester, have issued a book of specimens of rough 
and smooth British papers, with a variety of mono- 
chrome and colour illustrations printed by the off-set 
process. Such a well-designed pamphlet greatly hel ps 
the user to select what might be necessary for a catalogue 
of character and distinction covering his own needs and 
requirements. 


AvEN Port Trust.—The Administration Report of the 
Aden Port Trust for the year 1924-25, has now been issued 
by the Harbour Board of Trustees, and in it are contained 
tables and graphs giving statistics on the shipping using 
the port, coal and fuel oil supplied to vessels, the revenue 
and expenditure of the Board, and on trade. During the 

ear ended March 31, 1925, the total number of ships 

erthed was 2,583, and these had a total tonnage of 
4,486,676, which isa record. In the preceding year, 2,492 
ships called, and these had a total tonnage of 4,297,240. 
The total receipts for the year reviewed amounted to 
Rs. 10,54,352, and the expenditure to Rs. 9,71,187, com- 
pared with Rs. 9,80,290, and Rs. 10,92,763, respectively, 
in the year ended March 31, 1924. Trading to the value 
of Rs. 16,73,85,623 was transacted during the. year 
ended, compared with a value of Rs. 14,78,28,541 in po 
preceding twelve months. Coal to the amount of 119, si 
tons was taken by ships in the year reported on, whi : 
some 317 ships using oil fuel were berthed. K a 
imported into Aden amounted to 172,000 tons. e 





last two figures givert constitute a record in each case. 
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LABOUR NOTES. 


Tue repeated bellicose utterances of Mr. Cook and 
certain other Labour extremists are undoubtedly rather 
provocative ; but, in the opinion of most reasonable 
men, it will be a misfortune if one of their effects 
is a campaign against Communism and the National 
Minority Movement as threatened by the Mining Asso- 
ciation. The general public, for whose education such 
a campaign would primarily be intended, is not 
without adequate knowledge of the activities of 
Lenin’s “‘ humble followers” in this country, for the 
policy of British Labour’s “left wing ”—as they like 
to call themselves—is expounded weekly in the 
Workers’ Weekly, the Worker, the Sunday Worker and 
other similar periodicals. But the British public 
does not yet regard that policy—even the part 
of it which has nationalisation of the mines for 
its objective—as practical politics. When any of the 
nationalisation projects becomes a definite political 
issue it will be able, it believes, satisfactorily to deal 
with it; but at the moment it unmistakably inclines 
to the view that “‘the Reds” and their propaganda 
are less of a menace to the existence of the Empire 
on its present basis than they are to Trade Unionism 
as the British worker understands it. The intended 
propaganda would, it may be argued, serve the useful 
purpose of awakening the British worker to the danger 
of his position. The probability is, of course, that 
he would resent propaganda for which Capitalism 
was, in any degree, responsible. But, apart from 
that, his opinion may be, and that of the ordinary man 
in the street certainly is, that if the ‘‘ Red menace” 
has to be removed, the obligation to remove it rests 
on Trade Unionism itself, for Trade Unionism is the 
thing that will suffer most if it succeeds. 





The view that the duty lies on orthodox Trade 
Unionism to destroy Communism lest it should be 
itself destroyed, is largely held in Continental labour 
circles, where Moscow has far fewer adherents than it 
unhappily has here. There are no illusions on the 
other side of the North Sea as to what will happen if 
the Russo-British “unity”? movement goes through. 
Unity will not be found in most Continental countries, 
and there may be—it is folly to ignore the possibility— 
serious cleavage here. As a matter of fact the General 
Council has only to take on a slightly redder hue than 
it has at present to find itself high up in the air without 
the support of the Trade Union Congress from which 
it derives its only authority. As matters stand, it is 
at any rate, in inclination, far ahead of many of the 
important unions affiliated to Congress, and the 
probability is that next month it will be reminded 
sharply of the fact. The rank and file of British 
organised Labour realises clearly enough that if the 
traditions of real Trade Unionism are to be maintained 
throughout the world ‘* Moscowism ” will have to be 
brought into line or isolated, and if this General 
Council does not care to handle the task of maintain- 
ing them, another will be elected to do so. 





The White Paper issued by the Treasury after the 
Prime Minister’s successful intervention in the coal- 
mining trouble states that the cost of the settlement to 
the Exchequer obviously depends upon the question of 
what the level of wages in each district under the 87 : 13 
formula will prove to be, ‘‘' That will necessarily depend,” 
the statement proceeds, ‘‘upon the course of trade ; 
and calculations based on past results cannot afford 
any sure guidance. They provide, however, the only 
data available. It may be estimated that, if the pro- 
posed arrangement had been operative during the com- 
parable period August 1, 1924—May 1, 1925, the cost 
would have been about 7,500,000/. If the conditions 
during its operation were the same as in the first 
quarter of 1925, the cost would be approximately the 
same. Ifthe month of June, 1924 (the latest and worst 
figures available) were taken as the basis for the whole 
nine months, the cost would amount to about 
24,000,000. 

“It is obvious, however,” the Treasury goes on to 
say,” that the first figure relates to a period when 
the export market was less depressed than it is now 
or is likely to be in the near future, while the second 
figure reflects the seasonal depression in the compara- 
tively prosperous Eastern Division, which supplies 
more than a third of the coal produced in Great Britain 
and depends chiefly on the home market. On the June 
basis, payments to this district would amount to nearly 
700,000. a month, but it may reasonably be anticipated 
that, with seasonal recovery, especially in the demand 
for household coal, it will need no subvention at all 
during part at any rate of the next nine months. On 
the other hand, lower proceeds may be expected in 
the exporting districts.” 

After surveying the whole. position and making 
all reserves for incalculable factors, the Government 
decided, it is stated, to ask Parliament to authorise 


the expenditure of 10,000,000/. at the present time. 
If- that amount proved insufficient; further authority 
would be sought from Parliament. 





All the trade unions having members in the employ- 
ment of the railway companies were represented at 
the conference which rejected the proposed general 
reduction of wages. From the point of view of, at 
any rate, the National Union of Railwaymen, that was 
an improvement on the practice hitherto obtaining, 
for up till now the craft unions have declined to act 
with the railwaymen’s organisations in the adjustment 
of labour differences. Commenting on the change— 
or, rather, the supposed change, for there is reason to 
fear that the attitude of the craft unions is practically 
what it was—the Railway Review, the organ of the 
National Union of Railwaymen, says :— 

‘** Economic pressure has at least shown 
that a unanimous voice on the part of the employees 
is of value. It will compel that measure of unanimity 
if shopmen are to be saved from the determination of the 
companies to remove that 6s. 6d. off the shopmen’s 
wages. The whole of the forces of railway Trade 
Unionism will require to stand together, and what the 
companies have brought about in the first place should 
be the forerunner of closer working for the future. The 
conditions of shopmen throughout the country are 
already bad enough without any worsening of their 
conditions. To say that is not to suggest they are not 
better than they would have been but for the inter- 
vention of the N.U.R. Shopmen know only too well 
that the attitude of the N.U.R. was the means of 
retaining the 16s. 6d. war bonus. The companies’ 
previous attempts to secure the reduction to 10s., 
equal to outside trades, failed because of the determina- 
tion of the N.U.R. However, there is a programme 
for improvement before the companies, and the first 
charge on industry must be decent conditions of 
employment. The continuance of unanimity amongst 
the organisations catering for shopmen will materially 
help to secure this state of affairs.” 





Navvies and similar workers employed on public 
works contracts, such as the making of roads, the 
construction of waterworks, the carrying out of sewerage 
undertaking, the building of docks and the laying 
out of railways, were chiefly concerned in an award 
of the Industrial Court, issued last week. The issue 
was whether conditions in the civil engineering con- 
struction industry now warrant the restoration of the 
scale of rates of pay originally agreed between the 
parties in March, 1921, and since modified. The 
unions asked that the rate of wages should be restored 
to the point at which they would have stood under 
the agreements of March, 1921, had not the supercut 
agreed upon in May, 1923, been put into operation. 
The Court decided that at the present time the circum- 
stances in the industry have not so changed as to justify 
a restoration of the sliding scale agreement of March, 
1921. 





In the House of Commons last week, Mr. Basil Peto 
asked for a comparative statement of the unemployed 
workers this year and last year in the shipbuilding and 
other industries. ‘The Minister of Labour, replying, 
stated that the number of unemployment books of 
adults remaining lodged at employment exchanges in 
Great Britain was as follows :— 


June 22, June 23, 


1925. 1924. 
Coal Mining 301,202 57,275 
Shipbuilding 75,611 63,742 
Tron and Steel 55,889 43,095 
Engineering... Sia 92,595 105,849 
All trades _.... 1,294,883 1,009,641 


The engineering figures excluded, he added, the 
motor industry. 

Continental Socialists and Trade Unionists are, as 
we have suggested elsewhere, less optimistic about the 
future of Bolshevism than their fellows here. After 
pointing out that the increase in the organisation’s 
membership since the Hamburg conference has ex- 
ceeded all expectations, the Secretariat of the Labour 
and Socialist International—whose second congress 
takes place at Marseilles next week—says :—“ It is 
true that one part of the working classes still stands 
aloof. Considerable groups of workers, not only in 
Russia, but also in Germany and France and Czecho- 
Slovakia, Italy, Switzerland, Norway and the Balkan 
countries, still keep outside the ranks of the Labour 
and Socialist International. But whilst our ranks 
establish themselves more and more, the Bolshevik 
groups and parties, as the history of the last few years 
has unmistakably shown, are moving continually 
towards fresh division and disruption, and for the 
most part irrevocably toward ultimate dissolution.” 





The suggestion of the Parliamentary Labour Party’s 





Sweated Goods Committee that the products of 


British labour should in certain circumstances be 
protected against unfair competition seems to have 
surprised some people who imagined that all Trade 
Unionists were Free Traders. The truth is, of course, 
that a great many representative workers have not, of 
late, adhered to the Free Trade tradition of Liberal 
politics ; on the contrary, they have argued, logically 
enough, that if it is right to protect British labour, it 
cannot be wrong to protect the products of British 
labour. Goods produced under conditions less favour- 
able than those laid down in the Washington Hours’ 
Convention would be “sweated” goods within the 
meaning of the Committee’s recommendation, and as 
such should, in its opinion, be boycotted, provided 
an alternative supply of the commodity is available. 
The suggestion offers a much better way of bringing 
about general ratification of the Washington Con- 
vention than that which has up till now found favour 
in this country. The idea has been that if we set an 
example, that is to say, ratify the Convention uncon- 
ditionally, other countries would follow the example ; 
but, judging from the interim report of this Committee, 
we have now, probably, heard the last of this. Apart 
from political considerations, too, there is a precedent, 
mentioned, by the way, by the Committee, for indus- 
trial action on the lines indicated. The Amalgamated 
Society of Woodworkers has an agreement with 
the employers whereby its members are not to handle 
or use imported woodwork, except such as bears a 
mark signifying that it has been produced under 
“ fair” conditions. 





Considering the talk there is about trade-union 
unity in the class warfare against Capital, little, 
naturally, is being said about the lack of it in the ranks. 
Yet inter-union warfare is as common as ever it was 
and as bitter. At Hull, for example, the plumbers 
and the heating engineers have been at loggerheads 
on a demarcation question. The plumbers have 
won and the heating engineers have lost; but, as 
usual, the employers have suffered most. The tram- 
way trouble in Cheshire is also in the main a difference 
between two unions, and, if it comes to a head, the 
public, as well as the transport undertaking affected, 
will suffer. Affairs of this kind should have a par- 
ticular significance for the people who are clamouring 
for “unity of command” in the Labour movement. 
Effective unity connotes «a rank and file amenable to 
discipline, and discipline seems to be about the last 
thing the rank and file of Labour has any use for. 





The Ministry of Labour states that on August 4, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great. Britain 
was 1,260,400, or 960,000 men, 37,300 boys, 229,800 
women and 33,300 girls. On July 27, 1925, the num- 
ber was 1,197,631, namely, 912,566 men, 33,383 boys, 
220,414 women, and 31,268 girls. On August 4, 1924, 
it was 1,080,234, or 817,662 men, 37,084 boys, 194,307 
women and 31,181 girls. 





The Belgian metalworkers, who are on_ strike, 
have, by a substantial majority, rejected the terms of 
settlement approved by the employers. In the Liége 
and Charleroi areas half the strikers voted in favour 
of the terms, but at Ghent and Brabant there were 
large adverse majorities. The rejected proposals 
were as follows :—(1) A 24 per cent. reduction of wages, 
the new rate to remain in force until March 8, 1926; 
(2) a cost-of-living bonus as from October 8 to March 8, 
1926; this would be 10 c. per hour for adult workers 
and 8 c. per hour for young men under 21 and also 
for young women ; (3) if, during this period, the cost 
of living varies considerably, or if there is a material 
modification of the economic situation, the National 
Parital Commission will be invoked to advise on 
measures to be taken; and (4) no victimisation, but 
the return to work to be only in proportion to the 
requirements created by the organisation of labour in 
the factories, and this within eight days. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Owing to 
some misconception existing regarding the eligibility 
of wireless engineers for membership of the Institution 
of Electrical Engineers, a pronouncement on the matter 
has been made by the Institution. It is possible for 
an engineer, with qualifications of a purely wireless 
nature, to become a member of the Institution. The 
regulations for admission to the rank of Associate 
Membership stipulate that wireless engineers must 
have had adequate professional experience for two 
years and must be actively engaged in the study, design, 
manufacture, or operation of wireless or high-frequency 
engineering apparatus. In addition persons who have 
not passed one or other of certain exempting examinations 
must either pass a special examination set by the Insti- 
tution, or alternately present a satisfactory thesis on 
some aspect of wireless work. All inquiries regarding 
these conditions should be addressed to the Secretary, 
the Institution of Electrical Engineers, Victoria-embank~ 





ment, London, W.C.2. 
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UNIVERSAL STEAM ROAD 
ROLLER. 


In road-making, rollers are used for two distinctly 
different purposes. These are the consolidating of the 
road bottom and the finishing of the carpeting or top 
cover. For the first purpose it is usual to adopt three- 
wheel rollers of a heavy type. ‘These machines have 
many advantages for their work, due to the large 
diameter of the rear wheels, the comparatively short 
wheel base and the improved stability obtained from 
the greater width covered. It is, however, only for the 
heavier type of work that these considerations have 
much importance. For carpeting, a lighter machine is 
usually necessary and the use of two rolls of equal width | 
is desirable, in order to prevent the formation of ridges. 
One important feature in a roll for work on the more 
easily deformable material is the speed at which it can 
be reversed in order that hollows are not created. 
Where the road bottom is made of concrete the only 
requirements in a roller are met by those of the lighter 
two-roll type. However, there is still much work to 
be done where rolling is necessary to form both the 
foundation and the top cover and, consequently, there 
exists a demand for a type of roller in which the advan- 
tages of both of the standard types are combined, so 
that one machine can meet all the requirements. 
Such a road roller has been introduced by Messrs. 
Marshall, Sons and Company, Limited, of Gains- 
borough, and was shown as a part of the display of the 
firm at the recent Royal Agricultural Show at Chester. 
This machine is illustrated in Figs. 1 and 2 on page 
200, in Figs. 3 and 4 on this page, and in Fig. 5 
opposite, 

This road roller has a weight of 9 tons empty and 
has a front roll of 3 ft. 6 in. diameter made in two parts, 
each of 2 ft. width. The rear rolls are each 5 ft. 
diameter and 1 ft. 6 in. width and the wheel base is 
9 ft. 10} in. Ample laps on the track of the front roll 
are given to the hind rollers in order that the rolling 
effects produced with a tandem roll may be obtained. 
It can be used with equal success for consolidating road 
bottoms or for laying top surfacings without developing 
the defects of corrugations. The weights are so dis- 
tributed that they are nearly equalised between the 
hind and front rolls, but there is a slight preponderance 
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on those at the rear, to obtain a good finish to the road 
surfaces. Any predetermined camber can be worked to, 
as the result of using a divided or articulated back axle 
for which a positive control is provided. The trunnions 
or pivots for these axle units are placed horizontally, 
and each has its pivoting centre in the space between 
the inner edge of the roller rim and the hornplate under 
the boiler. Another interesting feature is an automatic 
lock, which prevents any rocking motion on the front 
fork without in any way interfering with the steering 
of the roller. In both Figs, 1 and 5 the shaft is seen 
which carries the motion from the steering wheel to the 
bevel gears at its end and causes the turning of the 
steering quadrant. Motion may also be given to this 
shaft by an auxiliary engine. This steering engine has 
automatic controls, which bring a reverse mechanism 
into action to prevent the over-running of the quadrant. 
It may be said that the same handwheel serves for the 
control of either the hand- or power-steering systems. 

For the propulsion of the roller, the motive power is 
supplied by a high-pressure two-cylinder engine, which 
is entirely enclosed in its cast-iron frame. This has all 
the characteristic features which are well-known in 
connection with the rollers made by the firm. The 
engine gives the instantaneous reverse, which is of 
vital importance in the rolling of plastic material. 
Provision is made for an oil bath in the crank chamber, 
in order that effective lubrication may be obtained by 
the splash method. Transmission gearing is used to 
give two speeds of travel for the roller, reverse as well 
as forward. When the engine is running at its normal 
speed of 250 revolutions per minute these gears make 
possible the attainment of speeds of 2 and 3} miles 
per hour on the road. The main gears used in the 
transmission system work on the double drive principle. 
A screw brake operates, through the gears, on the inner 
shaft, and the compensating motion is provided with an 
automatic lock, which is carried on the intermediate 
shaft. 

This roller is fitted with a locomotive-multitubular 
boiler generating steam at 150 lb. per square inch. 
It has a fire-box of the Marshall corrugated type. 
On the crown plate corrugations spring from opposite 
corners of the fire-box and cross diagonally over the 
rise at the top. By this means a strong truss is 
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ing pressure, but facilities for “breathing” freely 
are afforded because of the actual shape of the corru- 
gations, Whatever expansion or contraction takes 
place provides an action tending to break up scale and 
clean it off the crown plate. The use of this corrugated 
crown plate makes completely unnecessary the use of 
girders and suspending bolts, the presence of which 
always makes cleaning a matter of difficulty, and the 
bolts tend to promote the deposit of scale. The boiler 
has a corrugated smoke-box tube-plate and an angle- 
joint ring for attachment to the fore carriage. Allter- 
native feed systems are provided for the boiler, which 
make use of a geared-down reciprocating pump and a 
Penberthy auto-positive injector. 

The open-back driving platform, Fig. 4, has a 
bunker at each side and carries an Allen single tine 
scarifier at each of the sides. This is also shown in 
Fig. 5. With the scarifiers in this position it is possible 
to use them in very narrow places without turning 
round, The equipment of this roller includes a water 
lifter and water sprays to each of the rolls. All the 
controls are brought together for the convenience of the 
driver, and thus the roller is suitably arranged for 
operation by one man. In keeping with the general 
policy of Messrs. Marshall, Sons and Company, Limited, 
every component of this roller is made to standard 
gauges and templates and, consequently, complete 
interchangeability is ensured. This is of great import- 
ance, for it enables replacements to be made anywhere, 
even at the roadside when necessary, and without any 
use of skilled craftsmanship in chipping, drilling and 








fitting. 








CenTENARY Book oF THE L.M.S. Raitway.—An 
interesting and informative book, entitled “*' The Cen- 
tenary of Railways,” has recently been published by 
the London, Midland and Scottish Railway Company, 
at the modest price of 6d. net. The work contains an 
historical sketch, showing the development of the com- 
pany’s present system, with a length of track exceeding 
20,000 miles from the 31} miles long Liverpool and 
Manchester Railway. Many fine illustrations, depicting 
travel in the early days of the railway era, are included, 
while quotations from old correspondence indicate the 
many difficulties which faced the pioneer constructors 
of the first lines. The booklet may be obtained at any 





formed to support the plate against the boiler work- 


of the L.M.S. Company’s bookstalls. 
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THE REGULATION OF THE IMPORT 
AND EXPORT OF ELECTRICAL 
ENERGY. 

By A. BoucHAyYer (Managing Director of the Bouchayer 

et Viallet Works; President of the Association of 
the Producers of Electricity in the French Alps).* 


Export of Electrical Energy..—The laws and regulations 
governing the export of electrical energy produced 
in France are very few in number. They do not 
cover in any way that produced in steam-driven or 
gas-driven power stations; the current derived from 
such power stations can be exported free; it is 
simply necessary to obtain permission from the 
authorities concerned for the erection of posts, 
and the necessary mains for carrying the current. 
With regard, however, to electrical energy obtained 
from hydro-electric installations, this is covered by 
clause 2 of the Law of October 16, 1919. It may be 
remarked here that the attention of the French 
Parliament was called a long time ago to the export 
of current derived from hydraulic power; for, in 
June, 1905, a Bill was introduced dealing with the 
transmission abroad of electrical energy generated in 
France. Notwithstanding its title, this Bill was so 
worded that it could not be made to apply to any 
other current, apart from that generated in an 
hydraulic station, The same may be said in reference 
to a Bill which passed the French Chamber in 1909 
ind the Senate in 1913, a clause of which stated, 
“the transmission to foreign countries of electrical 
energy produced in France in hydraulic power stations 
built on watercourses belonging to the nation is 
prohibited unless this forms part of international 
treaties. In exceptional cases a decree delivered by 
the Council of State may authorise the transmission 
of electrical energy abroad for a maximum period of 
twenty years, the permission being renewable at the 
expiration of that period.” The Law of October 16, 
1919, extended this clause and made it applicable 
to every class of water-power generating stations put 
down in France. 

At the present time, therefore, the situation may 
be defined as follows: No electric current generated in 
in hydro-electric power station is allowed, on principle, 
to be transmitted to a foreign country; a decree 
however, may authorise the export of current for a 
period of twenty years, with the possibility of an 





_.* Translation, slightly abridged, of a paper read at the 
Third Water Power Congress held at Grenoble, from 
July 4 to 8, 1925. 
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extension for a further period. A clause which 
formed part of the Bill of 1905 dealing with the 
cancelling of an authorisation and with the granting 
of an indemnity to compensate for damage arising 
from such a cancellation, was not included in, the 
Law of 1919. The author thinks that they should 
demand the insertion in the law of 1919 a clause pro- 
viding for indemnity in such circumstance. 

With reference to the export from France of current 
generated in steam or gas-driven electric stations, the 
author does not think it advisable to ask that the 
provisions of the law of 1919 be extended to cover it 
for the simple reason that the current generated in the 
country is already insufficient to cover the nation’s 
own requirements. He does not believe that any hydro- 
electric power firm has availed itself of the law of 1919 
and asked to be allowed to export current from 
France. Current from steam or gas-driven stations 
is exported only to a very limited extent, and in this 
case the export is due generally to circumstances of 
an exceptional character. In the North of France, 
owing to the artificial character of the frontier, and to 
the involved nature of the townships, several French 
works supply current to Belgium. The Comines- 
France power station, for example, transmits current 
to the Belgium township of Comines, but in small 
amount only and solely for lighting. The Electrical 
Company of the Valenciennes-Anzin district exports 
to the Quiévrain region about 1,500 kw., the Jeument 
power station supplies 1,250 kw. to various small 
Belgian towns. There are also some local cases of 
exportation from the French Ardennes and Meuse 
departments in the East. In virtue of contracts arranged 
prior to the war, the Strasbourg electrical steam 
station, working in conjunction with a German 
hydraulic power station on the Rhine, supplies 
fourteen townships in Baden; the supply to these 
townships in 1923 amounted to 856,728 kw.-hour. 
The Société des Forces motrices du Haut-Rhin trans- 
mits to the Badische Kraftwerke, Freiburg -i- B., 
from 3,000 to 4,000 kw. Other current distributing 
companies in the East of France have contracted 
for current with hydraulic power stations in Switzer- 
land, the French companies agreeing to supply 
current generated in the French steam plants to 
help the Swiss stations over periods of heavy current 
demands. But the current supplied to Switzerland by 
these French stations has been very small; the Swiss 
stations did not appear to have taken any current 
under the contracts referred to, except perhaps to a 
limited extent during the last winter months. 

The export of French electric current appears, 
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therefore, to be very limited in extent, and there ‘is 
no likelihood of it being developed in the near future. 
In France the demand for current greatly exceeds 
the supply; the generating stations are constantly 
being called upon to meet the increasing requirements 
of the home consumers. It should be remarked also 
that France is surrounded by countries rich in coal, 
like Belgium, for example, which is able to generate 
current cheaply in thermal power stations, or -by 
countries well supplied with hydraulic power, such as 
Switzerland ; and these countries, far from being in the 
market for current are in a position to supply their 
own current outside the limits of their territory. 
Import of Electrical Hnergy.—-The problem for 
France has reference to the import of current from 
abroad. “ 
The transmission into France of electric current 
generated outside her own territory is no new 
event. Previous to the war three Swiss generating 
stations close to the frontier supplied French districts. 
A Spanish company whose station was located at no 
great distance from Biarritz extended its system into 
France. A scheme of some importance was promoted 
several months before the declaration of war, dealing 
with the supply to France from Lorraine of about 
28,000 kw., under certain conditions drawn up by the 
Reichsland Government, in which the German interests 
were to be safeguarded in the event of a war. The 
supply station was to be located near the frontier, in 
Reichsland territory, and no direct telephonic connec- 
tion was to be established between the French installa- 
tions and those put down on the German side. The 
French authorities sanctioned the scheme and did 
not draw up any special condition with reference to 
it. An interesting fact to note is that they agreed 
to pay a custom’s duty equivalent to that which would 
have been payable on the fuel that would have been 
required to produce in France an amount of electrical 
energy equal to that imported. Following the war 
and the return of Alsace-Lorraine to France, the 
scheme fell through, but during the war the import of 
current into France was considerably developed and 
the development, far from decreasing when peace was 
declared, has not ceased to grow. By far the 
greater part of the imported current is of Swiss 
origin. On the northern frontier there are a certain 
number of French companies whose current supply 
comes from Belgium ; thus, the Mortagne Electric Com- 
pany takes 250-kw. from a Belgian station, the Eastern 
Electric takes from various Belgian installations a total 
of 1,500 kw., and in the Longwy district, French 
distribution companies and works receive their 
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current supply from Belgium. There are but com- 
paratively few cases of transmission across the Italian 
and Spanish frontiers, and these may be neglected 
for all practical purposes. The importation of current 
from Switzerland is, therefore, the only case which 
we need concern ourselves with. 

From 1914 to 1918, with a view to meet the increasing 
needs of the French war industries and to compensate 
for the difficulties in the fuel supply, the French works 
located in proximity to the east frontier contracted 
with Swiss hydro-electric power stations for the 


supply of current. This had also the effect of prevent- 


ing the available supply of Swiss current from being 
directed to works in enemy territory. After the war 
the Swiss current supply to France was further ex- 
tended. It may be remarked here that previous to 
the war a number of companies in Alsace purchased 
current of Swiss origin. Among others, the Haut- 
Rhin Power Company, in virtue of pre-war contracts, 
purchased current from the central stations at Rhein- 
felden and Laufenburg, on the Rhine, belonging 
partly to Germany and partly to Switzerland. The 
increasing demand for current led the Alsatian systems 
to apply to the Swiss hydraulic installations. From 
1918 to 1919 the French State established and handed 
over later to the Lorraine Electricity Company the 
line which transmits from Delle to Pouxeux current 
generated at the Swiss power station of Gosgen, 
situated at a distance of 180 km. (112 miles), on the 
river Aar; this line has a capacity of 20,000 kw. 
at a pressure of 110,000 volts. The Haut-Rhin 
Power Company, which in 1922, was supplied by 
70,000-volt lines from Freiburg-en-Brisgau and Laufen- 
burg, and by a 40,000-volt line from Rheinfelden, 
added to its service in that year a 135,000-volt line 
connecting the central station of Mulhouse to that 
of Mithleberg, in Switzerland. This transmission line, 
which had been extended to the station of Tirkheim 
by a 70,000-volt. line, allows the Strasbourg installation 
also to receive electrical energy generated at the 
Miihleberg station. There remains to be mentioned 
the Olten-Belfort 52,000-volt line, which contributed 
to the supply of the Ronchamp Mines and of the 
Refrain Power Company. There were, therefore, 
three main transmission lines, besides others of smaller 
capacity and smaller current pressure between Lau- 
fenburg or Rheinfelden and Mullhouse, supplying Swiss 
current in bulk to France. 

The Swiss electrical energy thus transmitted into 
French territory proceeds principally from the Elek- 
trizitatswerke, Olten-Aarbourg (E.W.O.A.) ; the Nord- 
Ost Schweizerische Kraftenwerke, Baden (N.O.K.) ; 
the Bernische Kraftwerke, Bern (B.K.W.); the Fri- 
bourg Electric Power Station, and the Rheinfelden 
Station, The Elektrizitaétswerke, Olten-Aarbourg own 
the Olten-Gosgen generating station, of 42,000 kw. 
capacity, which supplies the Lorraine Electric Company 
by the Olten-Delle-Pouxeux 110,000-volt line, and the 
Ronchamp Mining Company by the Olten-Réchézy- 
Ronchamp 55,000-volt connection. The Laufenbourg 
station is also connected up to the Haut-Rhin Power 
Company by a 70,000-volt main which crosses the 
Baden territory. The Nord-Ost Schweizerische Kraf- 
tenwerke propose to transmit current to the Haut- 
Rhin Power Company from their Beznau-on-Aar 
station, and to the Bernische Kraftwerke, from their 
important Mihleberg installation which is also located 
onthe Aar. The main line joining the Mulhause central 
station to the hydraulic Mihleberg installation is 
connected by the Tiirkheim station to the Strasbourg 
electric system, the latter also being a client of the 
Bernische Kraftenwerke. With regard to the Fri- 
bourg Electric Power company, they laid from 
their Broc plant, having a capacity of 24,000 kw., a 
60,000-volt branch main connecting up with the 
Refrain works, the line being extended by one of 
55,000-volt ending at Etupes and Belfort. Finally, the 
Rheinfelden Kraftenwerke also supply current from 
the Wyhlen central station to the Haut-Rhin Power 
Company. Hence, quite a series of hydro-electric 
installations located in Switzerland transmit electrical 
energy to France. Those enumerated above are the 
more important; the smaller Swiss supply concerns 
require no special reference. 

The permits for the export of current delivered by the 
Swiss Federation show, as far as France alone is con- 
cerned, the following figures : 153,231 kw. taken in 1921, 
167,424 kw. in 1922, the figure for 1923 being esti- 
mated at 175,000 kw. These are theoretical figures 
indicating the maximum power possible of exportation 
in the years stated. The maximum figures were never 
reached, either because the plant concerned was not 
completed, or owing to the transmission lines not being 
completely equipped. As a matter of fact, the total 
power exported in 1923 reached 127,000 kw., giving 
521,000,000 kw.-h.; roughly, half of these figures 
concern French industry. The Swiss power stations 
may thus be said to have transmitted, in 1923, to 
France some 250,000,000 kw.-h. 

The value of these figures is, at best, only 





limited, and in order better to estimate the importa- 
tion of Swiss current into France it is necessary to 
investigate the general characteristics of Swiss current 
exports from the economical or from the legal 
standpoints. In other words, it is necessary to look 
into the reasons governing Swiss current export and 
into the rules and regulations to which the export is 
submitted by Swiss legislation. 

The sale of electrical energy by the hydraulic power 
stations located in Swiss territory is not limited to 
France; Switzerland may be considered as an im- 
portant current exporting country and _ statistics 
show the amount exported to be constantly increasing, 
whether the inquiry has reference to the power author- 
ised to leave the country, the power really available 
for export, the maximum power exported or the elec- 
trical energy actually sold. 

The current export permits covered in :— 


Kw. 
1921 (France 153,231) 226,100 
1922 (France 167,424) 263,410 
1923 ‘ ae 360,000 
The number of kw. available for export was :— 
Kw. 
1921 .... hs = Se ..- 101,527 
1922 .... isne ace og ... 144,370 
1923. .... ee oe ae. ... 160,000 


The following figures show the power actually 
transmitted abroad :— 


Kw. 
1920 .... ae gs ee ... 90,000 
103! .... es ss ae ... 85,000 
1922 .... ne * ... 110,000 
1923 .... ns jee ee - 127,000 


By considering together these three series of figures 
the power shown on the export permits, the power 
available for foreign countries, and the power actually 
sold abroad, it will be seen that the Swiss hydro-electric 
industry has endeavoured to export increasing amounts 
of power, that the industry has gradually become 
better able to do so, and that the power which it 
had available has been gradually more completely 
absorbed. 

The number of kilowatt-hours annually sold has 
also increased, as evidenced by the following figures :— 


Kilowatt-hours. 


1919 a cles ve ... 327,000,000 
1920 ey i $a .... 378,000,000 
1921 seis = ths .... 327,000,000 
1922 po <a oe ... 462,000,000 
1923 - ae ... 521,000,000 


Except for 1921, when an abnormal drought brought 
about a reduction in current sales to foreign countries, 
the number of kilowatt-hours exported from Switzer- 
land has shown a marked increase. 

The war may be said to have led Switzerland to 
develop actively her current sales abroad. Previous 
to 1914 the economic activity of the country was 
governed by the fact that foreign coal was not expensive, 
and steam power in industrial works could compete with 
electrical energy. On the other hand, the equipment 
of the hydro-electric stations had been designed solely 
to utilise the low-water level, the permanent supply. 
At periods of heavy demand a steam-driven power 
station, built as a stand-by, supplied the excess current 
required. There was no daily or annual storage 
of water, no ‘“super-system’’ destined to supply 
electrical energy from the districts where it was pro- 
duced in quantity to those where it was lacking. 

In Switzerland more than in any other country the 
war brought about a fuel crisis. Since Switzerland 
depended entirely upon the nations then at war for 
her fuel supply, she had to submit to their good pleasure 
both in regard to the rationing of the quantity delivered 
and to the price at which it was sold. The production 
of the Swiss hydro-electric generating stations had to be 
increased, the installations had to be remodelled with a 
view to utilise, not the minimum, but the average flow, 
compensating reservoirs had to be built to permit of 
the storage of the super-abundant water in the summer 
and its utilisation during the winter months, when the 
current demand was highest. At the same time the 
idea of the ‘‘ super-system ” was developed for, con- 
necting together several central stations and enabling 
them to smooth out the irregularities of their working. 
In order to cover the cost of such installa- 
tions, their utilisation had to be developed to the 
widest extent possible. It should be noted in this 
connection that the home consumption of current in 
Switzerland now increases very slowly by reason of the 
fact that the electrification of the country has been 
highly developed for some time past. The utilisation 
of electrical energy for the heating of dwellings and for 
domestic cooking purposes would lead to a notable 
increase in the home consumption of electricity. 
Considering, however, the low efficiency of kilowatt- 





hours in heat units, this means does not appear as yet 


to be a practical proposition. On the other hand, 
Switzerland will always have hydro-electrical energy 
in excess, either at the periods of slack demand, at 
night-time, on holidays or during the summer months. 
In the present conditions this excess energy, which the 
Swiss market is unable to absorb, can be transmitted 
to foreign countries, at comparatively low prices, thus 
contributing to off-set the first cost of important in- 
stallations on Swiss territory and also improving the 
financial position of the country. Otherwise, the 
excess energy would be wasted, and the country would 
suffer loss. 

In this connection two quotations from documents will 
be found of interest. On March 15, 1924, the Vaudoise 
Section of the Swiss Association of Engineers and 
Architects passed the following resolution: “The 
development of our hydraulic power installations is 
intimately bound up with the possibility of exporting 
electrical energy. The putting down of new works is 
not feasible unless export of current can be reckoned 
upon, since the capital involved would not earn 
sufficient interest were the needs of the country only 
to be served. The export of electrical energy has, 
therefore, to be considered as a means to insure the 
basis revenue of installations (stations and distribution 
systems). Itis, therefore, to the interest of the country 
to work for the establishment of fresh installations 
which, whilst exporting extensively, keep well to the 
front the requirements of the home consumers.” The 
report to the shareholders of the Energie de l’Ouest 
Suisse (E.0.S.) for 1923 may be referred to in the 
second place. This pointed out that although the 
available quantity in winter about covered the needs 
then existing, there were important amounts of summer 
power which the home requirements could not absorb. 
“* The direction in which to act,” continued the report, 
was, therefore, quite clear. We must export what 
we cannot use in the country, and by this means 
facilitate making good the financial expenditure 
involved by new works required for developing our 
home consumption, such as storage reservoirs, among 
others. If the proceeds of current sales abroad were 
not forthcoming, the putting down of the new plant 
would be delayed for an indefinite period.” 

The export of electrical energy is therefore a 
necessary condition for the Swiss hydro-electric 
industry. That industry is only in a position to con- 
template the building of installations for storing the 
volume of water available in summer, thus making 
it possible to meet the high home winter demand, 
provided that the hydro-electric generating stations 
can sell the excess electrical energy available. If 
the excess can not be disposed of in the country, it 
is incumbent upon the generating stations to find 
purchasers in foreign countries. 

The current sales abroad quoted above for the years 
1920 to 1922 were made up as follows: For 1920, 
378 million kw.-hour, 221 millions in summer and 
157 millions in winter ; for 1921, 327 millions, 192 in 
summer and 135 in winter; for 1922, 462 millions, 
242 in summer and 220 in winter. The summer period 
runs from April 1 to September 30. 

With regard to the difference in the amounts of 
electrical energy exported in winter and in summer, 
it may be remarked that both in Switzerland and abroad 
the current demands are greater in winter than in 
summer ; even in winter, at certain hours of the night 
or on certain days (on Sundays) there occur excesses 
of energy which are not absorbed by the Swiss 
demand; further, certain Swiss generating stations 
are run specially for export and transmit current to 
foreign countries both in winter and summer; more- 
over, the Swiss time is one hour in advance of the 
French time, and the export of Swiss energy at periods 
of high demand is thereby facilitated. The permits 
for export show that there is a keen desire to 
transmit abroad the summer excess of current. In 
the winter months, the period from October 1 to 
March 31, the number of kw.-hours allowed to leave the 
country is occasionally reduced by half, or even by 
three-quarters of the amount for the summer months. 
Under these conditions, the export of Swiss electrical 
energy is conducted at somewhat low prices for several 
reasons. In the first place, the electrical energy 
sold is excess energy, not regularly available but 
only at certain hours and at certain periods. It has 
further, to compete with the electrical energy available 
in the purchasing country. Finally, seeing that if not 
sold the excess in question would remain unutilised, 
any price it will fetch, although a low one, is worth 
considering. The very great reserve shown both by 
the’ sellers and the purchasers make it difficult to 
arrive at the price per kw.-hour. It would appear, 
however, that at the generating station switchboard the 
price varied between 1-1 and 3 Swiss centimes. One 
fact only is certain and it is that the cost price to 
foreign purchasers is lower than that to the Swiss 
consumers. ; 
Such are, from the economical standpoint the main 
characteristic features of the export of electrical 














a ee ee ee ee a. ae Ts 


ane ah de ak ae a ee ‘i, 








AUG. 14, 1925.] 


ENGINEERING. 


2II 








energy, produced on Swiss territory. Looking at the 
matter from the Swiss judicial standpoint, the 
following remarks would appear to be called for: 
There is admittedly in Switzerland, an exceedingly 
great tendency to extend the transmission abroad of 
electrical energy, a tendency which is based upon 
the economical needs of the country; but it would be 
a mistake to believe that the export of current is 
considered favourably by the Swiss Government 
authorities. The Federal Council has long since called 
the attention to the danger which, in their opinion, 
accompanies the delivery outside the country of current 
generated by Swiss waterfalls. On December 4, 1905, 
the Council made the following statement: ‘It 
is our duty in the national interest, to provide for the 
utilisation of the water power resources existing in the 
country. So long as the resources are not utilised in 
the country, there is nothing to prevent the transmis- 
sion of current to neighbouring States. As soon how- 
ever, as the resources can be utilised at home, theyshould 
be appropriated immediately for the home supply. 
Should it be found at any time that our hydraulic 
power is enabling a foreign industry to compete success- 
fully with a similar industry of our own, we must 
be in a position to take from our competitors their 
means of competition which in reality belongs to us.” 
Following on this, the Federal Council proposed to 
the General Assembly that a Federal Decree should 
be adopted placing the export of electrical energy 
under the control of the Federal Council, limiting the 
period during which the authorisation was to remain in 
force and granting the right of cancelling the authori- 
sation ultimately on payment of an indemnity. The 
decree was passed on March 31, 1906, and remained 
in force until the passing of the law dated December 22, 
1916, clause 8 of which states : ‘‘ Water, or electrical 
energy diverted from hydraulic power cannot. be 
transmitted abroad without an authorisation from the 
Federal Council. The authorisation is not granted 
when transmission is contrary to public interest, or 
when it is foreseen that such water or electrical energy 
can be suitably utilised in Switzerland within the time 
for which the authorisation is asked for. The authori- 
sation when granted covers a stated period and is 
subject to conditions laid down by the Federal Council. 
For reasons of public interest it may be revoked at any 
time, subject to the granting of an indemnity - 
Several ordinances were published by the Federal 
Council in execution of this decree. But the strong 
opinion against the export of electrical energy, to which 
voice was given in the Grimm note, compelled the 
Federal Council to strengthen the measures taken for 
restricting export. The Grimm note which was handed to 
the National Council on September 26, 1923, asked that 
the regulation governing the export of electrical energy 
be modified, the authorisation in future to be granted 
solely in respect to the electrical energy not required by 
the home market, and that that energy should be placed 
first of all at the disposal of the home market and at 
the price quoted for export.” Notwithstanding very 
determined action by the hydraulic power companies, 
the Federal Council passed on September 4, 1924, an 
ordinance on the export of electrical energy, which 
strengthened the powers of the Executive in the matter. 
Its main points may thus be recapitulated: In con- 
formity with the Federal law of 1916, the export of 
current is made subject to authorisation. The 
authorisation is granted by the Federal Council, 
following the decision of a committee consisting of 
representatives of Swiss consumers and producers, and 
following an enquiry, the object of which is, to enable 
the Swiss consumers to purchase the current which is 
offered for sale abroad, and to ascertain that the export 
is not likely to compromise the home supply of electrical 
energy. The authorisation covers a period the 
length of which is limited; it is granted for a maxi- 
mum duration of twenty years, and once granted, 
the authorisation may be revoked for reasons of public 
interest, subject to an indemnity. In urgent cases, 
however, in which the matter resolves itself into “ the 
advantageous and immediate utilisation of an excess 
of energy,” temporary authorisation may be granted 
for a period not exceeding two years, these being 
liable to cancellation at any time and without indem- 
nity. It is interesting here to notice that the permits 
for export provide for the case of a fall in the 
water level of the river or storage reservoirs supplying 
the generating station, in which case the maximum 
power and the electric energy, expressed in kw.h., to 
be daily exported are reduced correspondingly. 
_ In the view of the foreign purchaser, uncertainty 
is the dominant feature characterising the export of 
Swiss current. He is not able to count at all times 
upon the supply; there is a constant element of un- 
certainty not only about the amount of electrical energy 
upon which he can reckon, but even whether he may 
obtain any at all. For, as above stated, should the 
water level fall, the export permits limit the quantities 
of energy which can be exported. This explains the 
low figure given for 1921, due to a drought. The 





Swiss consumers are first served, and when there is a 
shortage of current the supply to the foreign purchaser 
is cut down. Whatever may be the terms of the 
contract entered into between the Swiss producer 
and the foreign purchaser, the current supply may be 
cut off; the purchaser is obliged to submit to these 
conditions and no compensation is paid to him. Such 
measures if and when taken are “in the public 
interest,” i.e., that of the Swiss Confederation. The 
term is a very wide one. The case may resolve itself 
in the wish on the part of the Swiss Government to 
retain in the country the electrical energy for the sole 
use of the Swiss population; the decision may also 
be influenced by the necessity of fighting a foreign 
competitive industry hitherto utilising electrical 
energy generated in Switzerland ; or again it may be 
influenced by a European war, when the object would 
be to prevent diplomatic complications. 

It is quite time that the Swiss law should provide for 
tne payment of an indemnity when an authorisation 
is withdrawn. The indemnity, however, does not 
concern in any way the foreign purchaser. The Swiss 
Government authorities do not trouble in any way about 
him; to be exact, they know who he is, but their 
sole object in this connection is to ascertain the direc- 
tion taken by the exported current; they have no 
business relations with him. The conditions prescribed 
with regard to current for export concern the foreign 
importer indirectly only, but they directly concern 
the Swiss exporter. It is the exporter who, on occa- 
sion arising, is ordered not to transmit outside 
Switzerland the power authorised on the export permit ; 
it is he who is compelled in certain circumstances 
to reduce the quantity or to cut off the supply entirely. 
From the strictly judicial standpoint the Swiss authori- 
ties enter into communication solely with the Swiss 
exporter. As a consequence, the indemnity provided 
for in the law of 1916 goes to the exporter. In the 
relations between him and the French purchaser, the 
cancellation of an authorisation to export may be 
viewed simply as a case of “‘ force majeure,” excluding 
any pecuniary reparation when no precise stipula- 
tions to cover the eventuality are included in the 
contract. Even were the French purchaser of Swiss 
current to receive an indemnity, the fact would none 
the less remain that he has been deprived of an 
important source of energy, the cutting off of which 
is prejudicial both to himself and to the industrial 
firms who relied upon the motive power supplied 
from his plant. 

Considering the matter from the French standpoint 
it may be stated in the first place that the entrance 
into France of electrical energy generated abroad is 
entirely free, subject, of course, to the rules and 
regulations that govern current distribution. The 
electric mains across the Swiss frontier are subject 
to the same conditions as regards laying and operation 
as those governing mains laid from generating stations 
on French territory. No special French permit is 
required owing to the foreign origin of the current. 
Considering the situation from the standpoint of the 
revenue, Swiss current enters France and circulates 
in the country under the same conditions as those 
provided for current of French origin. The French 
Customs have endeavoured to tax foreign current ; 
the question, however, is still awaiting decision. So 
far, therefore, there is complete equality in the 
matter of foreign and French electrical energy. In 
order to decide whether this should continue to be 
the case it is necessary to endeavour to ascertain 
whether the introduction into France of current gene- 
rated on Swiss territory is in the French national 
interest. 

At first sight, the introduction into France of 
Swiss current appears to be exclusively to the 
advantage of France. As will have been noticed in 
the foregoing, the consumption in France of electrical 
energy is constantly increasing and the home produc- 
tion of current remains below the country’s needs 
notwithstanding the activity displayed by French 
hydraulic engineers. France has the good fortune of 
having as it were at her door a country, Switzerland, 
exceedingly rich in waterfalls and unable to utilise the 
whole of her waterpower resources within her frontiers, 
a country which sought to dispose of her excess energy 
and had to sell this at prices favourable to the pur- 
chaser. It is to the interest of France to take advan- 
tage of this situation, and to purchase the available 
current, the relatively low cost of which enables 
French industries to lower their first-cost prices. 
Another result is to call the attention of the public 
to the development of French electrical applications. 

The importation of current occurs more especially 
in the North-East district, and particularly Alsace- 
Lorraine. By reason of the way in which the French 
hydraulic resources are distributed over the country, 
this district is, for the time being, quite unable to 
obtain at reasonable cost, current generated by French 
hydro-electric stations. The major part—90 per 
cent.—of the French hydraulic resources is located 





south of a line joining Nantes to Besangon. Under 
the most favourable conditions, current generated in 
central stations located south of this line would have 
to be carried over distances of approximately 220 miles 
for distribution in Alsace-Lorraine. As is well 
known, distance has a great influence upon the selling 
price of the kw.-hour; for high tensions the trans- 
mission price is at least 0-02 franc per kw.-hour 
and per 100 km. (62 miles). The cost of transmission 
to Alsace-Lorraine of a kw.-hour generated in a French 
hydro-electric station will be approximately 0-065 
franc. The Swiss generating stations are located at 
a comparatively much shorter distance, and can 
supply an important region of France, one densely 
populated and lacking in water power resources, 

An objection to the Swiss supply is its uncertainty, 
as pointed out above, but the current distributing 
firms in France are well aware of the fact and take 
it into consideration when marketing the power they 
have at disposal. Their engine-driven generating 
stations are equipped to meet the requirements of 
their clients, and agreements entered into with neigh- 
bouring stations of similar nature enable them to 
meet the emergency of very high demands for current. 

The Haut-Rhin Power Company have at Mulhouse 
an engine-driven central station, the capacity of which 
was 37,000 kw. in 1922. The Strasburg Electric Com- 
pany have a 38,900 kw. central station and con- 
templates building a super-power station; it is 
connected up with the engine-driven stations of Mark- 
olshein and Creutzwald, the latter being under the 
control of the La Houve mines, which supplies energy 
also to the Lorraine Electric Company. Any likely 
inconvenience due to the precariousness of the Swiss 
supply may be considered as non-existent so far as 
the above generating stations are concerned. Another 
objection to the importation of Swiss current, namely, 
that which concerns French national defence, may 
be considered as non-extant also; in point of fact, the 
supply of Swiss current developed in the Epinal dis- 
trict actually during the war, and should another war 
arise, France would no doubt be very glad to be able to 
reckon upon resources of a similar nature. 

Such are the considerations put forward in favour 
of the introduction into France of current generated in 
Switzerland. They call for the following criticism : 
The most serious objection to the free entrance into 
France of Swiss current is the effect it has upon 
the turning to account of France’s own water power 
resources, Owing to the comparative scarcity of fuel 
in the country, and the rate of exchange, the question 
is one of vital importance not for any particular 
district, but for the whole nation. The French coal 
imports may be considered to be 25,000,000 tons 
annually, and they weigh heavily on the French 
budget. A reduction in the expenditure for fuel 
is of great moment to the finances of the nation, 
and the turning to account of the French waterfalls 
would afford great assistance under this head. In 
1921 there remained to be harnessed hydraulic re- 
sources to an average useful amount of 7,610,000 h.p., 
corresponding at the point of usage to 6,150,000 e.h.p. 
Reckoning upon an effective utilisation of this power 
during 3,650 hours per year (10 hours per day), and 
taking the kilo. of coal at the boilers to be practically 
equivalent to the e.h.p.-hour available at the dis- 
tribution systems, it is found that the 6,150,000 h.p. 
above referred to would decrease the country’s coal 
consumption by 22,400,000 tons annually, covering 
thus 90 per cent. of the nation’s annual coal impor- 
tation. 

But the turning to account of the French hydraulic 
power resources is surrounded with great difficulties, 
due to lack of concordance in space and time between 
the production of energy and its consumption. An 
indication is given above of the unequal distribu- 
tion of the hydraulic power resources in France. 
Concentrated South of the River Loire in several 
mountainous zones they are at a distance from the 
large industrial centres likely to be important con- 
sumers. In regard to lack of coincidence in time, it 
is well-known that the variations in the flow of 
rivers has no relation whatever to the variations in 
the demands for energy. The Alpine rivers are 
at low water in winter, at the time of year when 
the current requirement are largest; over any day 
the flow remains practically the same although the 
demand for current varies within wide limits. The 
remedy for this is to connect together the generating 
stations and distribution systems; another means is 
to build water storage reservoirs. This latter alter- 
native is that which is most favourable to the complete 
utilisation of the water power available. The con- 
struction of storage reservoirs, however, involves heavy 
outlays, and in order to remunerate and redeem the 
capital expended on such works, no water should 
flow through the sluices without producing work ; all 
the kw.-hour generated should be sold. 

The regulation and utilisation of the hydraulic 
power resources available in France implies current 
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Fig. 1. 

transmission over long distances, and it is most i 
important that the schemes for such work should not | 
be retarded by the importation into the country of : 
foreign current. The distance from Paris to the Rhine 

at that part of its course between Lyons and the Swiss P 
frontier is 400 km. (250 miles): a distance of about 

450 km. (280 miles) separates the Paris district from P 
the French Alps. The Swiss generating stations, which x 
at the present time supply current to eastern France, : 
are located at approximately the same distances from i 
Paris. For Paris and the vicinity, where current 
is in great demand, the latter, therefore, are in no ; 
better situation than French hydro-electric stations 

would be. 

Various measures have been propounded from time t' 
to time for regulating the importation of foreign current Cc 
but to none of these had effect been given at present. t] 
In the author’s opinion the purchase of foreign current tl 
should be subject to a permit by the French autho- C 
rity ; this at all events should apply in regard to all a 
new contracts. Contracts in force on January 1, 1925, 0 
should be subject to the permit referred to only so far it 
as concerns their renewal. All drafts of contracts g 
should be submitted for approval to the Minister of b 
Public Works, after being examined by a committee 
consisting of four Government representatives, two c 
representatives of the Association of Producers and a 
Distributors of Electricity, and two representatives of i 
the Hydraulic Power Association. The object of the I 
enquiry held by the committee would be to ascertain | v 
what advantages the French consumer would derive I 
from the introduction of the foreign current then under fe 
consideration, to enable French producers to claim p 
preference for the supply referred to in the draft of F 9 Py 
-contract ; the authorisation to import should be refused atte tl 
if the French producers proposed to the buyer price : nm 
conditions showing a difference less than, or, at most, | in a position to supply the energy to replace what was | required not to exceed that of the imported current by : 

8 


equal to 10 per cent. The authorisation when granted | imported. The enquiry to be held would deal with the | more than 10 per cent. He would further suggest that 
would be for a maximum period of 20 years; it would| position from the standpoints of supply pressure, | the imported energy should be made subject to customs : 
be withdrawn as soon as the French installations were! power, time-table, and price, which latter would be | dues calculated at the rate of 0-005 franc per kw.-hour 
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imported over a distance of 100 km. (62 miles) in 
French territory, the distance being measured on the 
transmission line from the point where it crossed the 


French frontier, the dues being 0-01 franc per kw.-hour | 


per 100 km. beyond the first hundred. 

Such a régime would have a double advantage. It 
would allow of complete control of the importation 
of electrical energy, the further permits for which 
would be granted only within the limits required by 
the national interest. It would also interfere to a 
limited extent only with the already existing foreign 
current supply agreements. 





_ScrEw THREAD STANDARDS: ErratuM.—Our atten- 
tion has been drawn by the National Screw Thread 
Commission, of Washington, D.C., U.S.A., to the fact 
that certain comments made in our article of July 3 
(page 18 ante) on Standard Screw Threads are not 


quite fair to the latest revised report issued by this | 
While the report has intentionally avoided | 
all reference to specific types of gauges, it is pointed | 
out that im several places cognisance is taken of the | 
importance of effective diameter, and that the Wickman | 
gauge can be taken to be covered equally with others | 


Commission. 


by this report. 





CoPpPER AND ITs ALLoys—A Watt CuHart.—A wall 
chart 22in. long and 17in. wide, entitled ‘‘ Copper 
and Alloys,” has recently been issued by Mr. C. H. 
Hughes, of 2681, Amboy-road, New Dorp, Staten 
Island, New York City, U.S.A. It is divided into three 
vertical sections respectively headed: Copper, Alloys, 
and Tables, and each is arranged for ready reference. 
In the copper column are found paragraphs on copper 
ores, methods of extracting the metal, and tables of its 
physical, chemical, and _ electrical properties. The 
section headed “‘ Alloy ” contain information regarding 
the composition and properties of gun metal, Monel 
metal, Babbitt metal, and other alloys containing copper, 
used in engineering practice. In the third column are 
Set out tables dealing with gauges and with the weights 
of brass and copper sheets, pipes and tubes. Printed on 
Stout paper, the price of the chart is 1 dol. 


|PORTABLE TRANSFORMER SUB- 
STATIONS FOR THE ITALIAN 
RAILWAYS. 


Tue portable transformer stations for the Italian 
| railways, of which an example is shown in Figs. 1 to 3, 
are built by the Officine di Savigliano, Liguria, Italy. 
Their duty is to replace the ordinary sub-stations in 
|case the latter have to stop working through any 
cause, or they are employed -when it is necessary to 
increase the capacity of the sub-stations in the event 
| of exceptionally heavy loads. They are consequently 
| designed to work in parallel with the ordinary rail- 
| way sub-stations under all the variations of current 
demand which’ may occur. 

The absolute necessity of restricting within given 
limits the weight of the component parts and the 
| space they were to occupy rendered the design of the 
plants somewhat difficult ; the problem, however, has 
been solved successfully. 

Each portable transformer station is carried on a 
railway bogie wagon frame, having two six-wheeled 
bogies, making it possible to travel over the normal 
gauge system of the Italian railways at g speed of 
| 50 km. (31 miles) per hour coupled to ordinary trains. 
| The plant is designed to work in the open without 
any covering whatever, all its component parts being 
| Specially protected against the weather. It consists 
| of the following apparatus: A triple-pole switch with 
| separate oil tanks, with multiple breaking device for 
|normal working at a pressure of 102,600 volts or 
59,300 volts, provided with hand and electric remote 
| control operating gear. An overload relay is inserted 
| directly in the high-tension side, arranged for .instant- 
| aneous breaking, or for time-limit regulation by means 
| of auxiliary current. It is provided further with in- 
|coming condenser insulators for connection to the 
| feeder line, and with a patent outgoing device which 


| allows of direct connection to the transformer with- 





out the use of insulators, by which means space 
is saved. 

The three-phase oil-cooled transformer, the oil being 
cooled. by natural circulation of air, has a capacity 
of 2,600 kv.-a. at a 16-7 period frequency, and is 
arranged for a supply pressure of 102,600 volts with 
star connection, or 59,800 volts with delta connec- 
tion. The arrangements allow of a variable and 
adjustable secondary voltage by steps, from 3,700 
to 4,466 volts at full load and cos. ¢= 0-8, ob- 
tained by means of a series of special switches 
which allow of changing instantaneously from one 
pressure to another without removing any auxiliary 
covers or attachments. This allows of exact com- 
pensation for the falls of pressure in the systems 
supplied by the sub-stations, and of obtaining the 
best conditions for running in parallel with other 
groups. 

A triple-pole oil-switch is arranged in the secondary 
circuit with hand and electric remote control. 

An apparatus compartment located at one end 
of the car, contains the switchboard for the remote 
control of the primary and secondary switches; a 
motor-dynamo set for charging the storage battery 
for lighting and for the auxiliary apparatus, the set 
being supplied with current from a small transformer ; 
two switchboards connected with the charging and 
the service of the battery; and the recording instru- 
ments to control the working of the plant, supplied 
with current from transformers located on the roof 
of the cab. 

There is also placed on one of the outside platforms 
a fan worked by a small electric motor, or by hand, 
for the circulation and the drying of the air inside 
the transformer. 

The portable sub-station complete weighs about 
90 tons, and the six which have been built have satis- 
factorily passed the following tests: Ten direct and 
consecutive short circuits; an overload of 150 per 
cent., and an insulation test at the pressure of 
210,000 volts. These transformer stations are at the 
present time in regular service on the Italian railway 
system for meeting increases in traffic where the usual 
type of stationary sub-stations have not yet been 
built. As stated in a recent article one of these 
sub-stations is to be seen at the Grenoble Exhibition. 





TRIAL TRIP OF THE SS. “ GLENLEDI.’’—A successful trial 
run was recently carried out by the steamer Glenledi, 
which was built by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, at their Wallsend shipyard for the 
Great Lakes Transportation Company, Limited. The 
vessel is intended for service on the Canadian lakes and 
is of unusual construction in that the midship body has 
been omitted, and will be inserted after the ship reaches 
her destination. Some particulars of the Glenledi were 
given on page 29 of our issue of July 3, 1925. 


Sir W. G. ARMSTRONG WHITWORTH AND Co., LIMITED. 
—At the present time the erection and equipment of 
plant for the manufacture of beet sugar in this country 
is proceeding apace, and in this connection it is of interest 
to note that Sir W. G. Armstrong Whitworth and Co., 
Limited, have entered into a close working agreement 
with Messrs. Breitfeld Danek, Limited, of Prague, 
Czecho-Slovakia, for technical co-operation between the 
two firms. Sir W. G. Armstrong Whitworth and Co., 
Limited, will be the prime contractors for the erection 
and equipping of factories, and in accordance with the 
terms of the Beet Sugar Subsidy Act will manufacture 
at least 75 per cent. of the required machinery in this 
country. Messrs. Breitfeld Danek will act as consulting 
engineers and technical advisers and will supply certain 
highly specialised machine parts. 


Statistics ON ELectric RatLway LocomoTtivEs.— 
Some figures regarding the number and horse-power of 
electric railway locomotives in existence in the leading 
countries of the world, were supplied by Mr. F. H. Shepard 
in a paper presented before the American Railway Associa- 
tion last year. These statistics have recently been 
quoted by Mr. E. M. Herr, President of the Westinghouse 
Electric and Manufacturing Company, of East Pittsburgh, 
Pa., U.S.A., in an address, entitled “‘The Future of 
Railway Electrification,’ delivered before the American 
Institute of Electrical Engineers, and are of considerable 
interest. Up to June, 1924, electric locomotives built and 
under construction, numbered 2,351, this figure includ- 
ingalltypes made. The aggregate horse-power amounted 
to 4,259,148, of which 2,780,692-h.p., was delivered by 
1,446 locomotives operated by means of alternating- 
current, and 1,478,456-h.p., was supplied by 905 loco- 
motives utilising direct-current. Of these locomotives 
504 served on the Italian Railways, providing 1,209,736- 
h.p. The United States’ railways came next with 465 
locomotives, having a capacity of 862,596-h.p. On the 
French lines, 366 locomotives, with a total horse-power 
of 384,460, were used. More powerful units found favour 
in Germany, where 304 locomotives, having a total horse- 
power of 518,841, were available. On the railways of 
Switzerland, 214 locomotives ran, and these had a total 
horse-power of 384,152. No other country had as many 
as 150 electric locomotives in service. 
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‘* ENGINEERING’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

2 case; where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, &c., 

of the communicators are given in italics. 





Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2., at 
the uniform price of 1s. 

The date of advertisement of the acceptance of a Complete 


Specification is, in each case, given aftersthe abstract, unless the 
Patent has been sealed, see the word" Sealed is appended. 
Any person may, at any time within two months from the date of 
advertisement of the mee of a Complete Specification, 
give notice at the Patent O; TL vg ly il 
Patent on any of the grounds menti in the Acts. 


ELECTRICAL APPARATUS. 


231,588. Drysdale and Co., Limited, Yoker, near 
Glasgow, and J. W. W. Drysdale, Yoker, near 
Glasgow. Controlling Speed of Direct-Current 
Electric Motors. (1 Fig.) January 1, 1924.—The 
invention relates to devices for controlling the speed of 
direct-current electric motors, involving a regulator 
brush adapted to be moved round the commutator of 
the motor and forming one of the terminals of the field 
winding, the other terminal being one of the main brushes. 
The invention is characterised by the fact that the 
regulator brush is moved by means under the control 
of a machine driven by the motor. The centrifugal pump 
a is driven by the direct-current electric motor b pro- 
vided with brushes c and d connected to the source of 
current through a starting switch. An arm e is carried 
freely on the shaft f of the motor 6 and carries an addi- 
tional brush h, hereafter referred to as the regulator 
brush, which is adapted to be moved round the com- 
mutator k. The regulator brush / and the main brush d 
form the terminals of the shunt field winding m 
of the motor, and the voltage across the field winding 
is therefore varied by movement of the regulator brush. 
The arm e is connected by a link o to the piston rod p 
of a piston r working in a cylinder s. Pressure fluid is 
supplied to the cylinder s and is drawn from the discharge 
pipe of the centrifugal pump a by means of a pipe ¢. 
Ports w and z admit the pressure fluid to the syllotee 8. 














The fluid escapes through an exhaust port z. A slide 
valve 1 controls the entry and escape of the fluid through 
the ports w, x and z. The rod 2 of the valve 1 is 
connected with a piston 3 in a cylinder 4. The pressure 
existing in the discharge pipe of the pump ais commu- 
nicated to the cylinder 4 by means of the pipe 5. Move- 
ment of the piston 3, when it is acted upon by the 
pressure, is resisted by a spring 6. The strength of the 
spring 6 is such that when the pump is delivering at 
the desired pressure the slide valve 1—and therefore the 
piston r—is maintained in its mid-position. If the 
pressure in the discharge pipe of the pump rises, the 
piston 3 moves against the action of the spring 6. The 
slide-valve 1 thereupon uncovers the port w, which admits 
pressure fluid from the pipe ¢ to one end of the cylinder 
s and exhausts the other end. The consequent move- 
ment of the piston r causes the regulating brush h to 
move round the commutator k in such a direction as to 
increase the voltage across the field winding of the motor, 
and a drop in the speed of rotation of the motor is 
therefore brought about. If the pressure in the discharge 
pipe of the pump falls, the operations are reversed and 
the speed of the motor is increased. Consequently, 
the regulator brush is moved in one or other direction 
round the commutator, increasing or decreasing the 
speed of the motor until equilibrium is established. 


(Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


231,258. A. L. Mellanby, Bridge of Weir, and 
J.8S. Brown, Greenock. Air-injection Oil Engines. 
(1 Fig.) January 11, 1924.—The invention relates to 
the control of the high-pressure injection air supply of 
air-injection oil engines of the type in which the fuel 
is injected by a stream of compressed air. A spring- 
loaded valve in casing a is interposed between the usual 
air bottle, not shown, and the fuel valve b, the connection 
c from the air bottle leading in beneath the valve seating, 
and the outlet d to the fuel valve being above the valve 
seating. The valve comprises a ball e which is held 
on its seating by a spring-pressed plunger f. This ball 


is periodically lifted from its seat by a tappet g through 
the medium of a spindle h. The tappet g is carried by 
a lever ¢, which is lifted by means of a cam, not shown, 

















“(@31.268) 
in the usual manner. The further lever j is for the 


purpose of operating the inlet valve of the engine. 
(Sealed.) : 


{HYDRAULIC MACHINERY. 


229,980. Ransomes and Rapier, Limited, Ipswich, 
and W. J. Bowtell, Ipswich. Radial Sluice Gates. 
(4 Figs.) November 8, 1924.—According to the inven- 
tion, a radial sluice gate is adapted not only to turn 
about its trunnions through some predetermined angle, 
but also, after such radial movement has been completed, 
to be raised as a whole, if desired, clear of the water level, 
by a continued operation of the means employed to effect 
its radial movement. The framework A of the gate is 
built up of girders to support the skin plate Al. The 
gate is provided with an axle B at each end of which is 











mounted a wheel or roller C, adapted to travel between 
substantially vertical guide rails D secured to the piers E 
of the gate. Hoisting cables F, operated by any suitable 
form of winch gear, are connected to the framework of 
the gate at G, so that when the gate, by rotating about 
its axis, has been raised through a height approximately 
equal to its depth, the centre line of the cables passes 
through the centre of gravity of the gate so that further 
operation of the winch gear will lift the gate bodily, the 
wheels B travelling vertically between the guide rails D. 
(Sealed.) 


231,346. Sir F. W. S. Stokes, Westminster, 
London. Sluice Gates. (3 Figs.) May 20, 1924.— 
The invention relates to vertically movable sluice gates 
of the kind in which the gate carries relatively large 
diameter rollers and is provided with a hoisting cable at 
each side. According to the invention, a single drum 
or barrel F! is used for each gate, and since a common 
barrel is used for each pair of ropes C, both ends of the 





gate must rise or fall exactly the same amount, although 
only a single lifting crab F is necessary. The grooves 
in the piers or abutments A, in which the edges of the 
gates D move, are provided with a simple form of rail 
A®, preferably wrought steel, with which engage two*or 





more relatively large diameter rollers mounted upon 








fixed axles on each side of each gate, thus reducing 
friction and the power required to lift the gate, 
( Sealed.) 


LIFTING AND HAULING APPLIANCES. 


231,358. James Dawson and Son, Limited, 
Lincoln, and J. Dawson, Lincoln. Driving Ropes or 
Belts. (4 Figs.) June 20, 1924.—The improvement in 
the manufacture of a driving rope comprising a number 
of flat belts of decreasing width superposed upon one 
another and secured together by rivets having elliptic 
or oval stems consists in securing together the central 
belts by means of nails, superposing one or more belts 
above and/or below the central belts, securing them and 





(23/, 358) 





456 


the central belts together by means of nails and finally 
securing all the layers by the elliptic or oval rivets. 
1, 2, 3, 4, 5, 6 show flat balata belts of decreasing width 
constituting a driving rope. The central belts 3, 4 are 
first secured together by nails 7, the belts 2 and 5 are 
then superposed and secured by nails 8 which pass 
through the belts 2, 3, 4 and 5. The belts 1 and 6 ‘are 
then superposed and secured by oval rivets 9. (Sealed.) 


MACHINE AND OTHER TOOLS SHAFTING, &c. 


230,251. F.C. Cowburn, Gosport, and G. M. C. 
Cowburn, Gosport. Roller Bearings. (2 Figs.) 
25 February, 1924.—In a roller bearing, in accordance 
with the invention, the inner race 1, the outer race 2 
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and the rollers 3 are conical and have a common apex 
at 4, and each of the rollers 3 contains a spring 5, the 
springs tending to force the rollers separately and inde- 
pendently into their operative positions. (Sealed.) 


MISCELLANEOUS. 


231,306. Moir-Buchanan Centrifugal Processes, 
Limited, Glasgow, and K. Dundas, Glasgow. 
Manufacture of Pipes. (6 Figs.) March 8, 1924.— 
The invention relates to the manufacture of hollow articles 
centrifugally wd distributing evenly in a rotating mould 1 
plastic materials from a longitudinally movable trough 18. 
The drive of the mould 1 is effected by means of rings 5 
removably secured to the exterior of the mould, each of 
the rings 5 being either toothed and shrouded or formed 
with V-grooves and being in engagement with two com- 





plementary toothed or V-grooved supporting wheels 11. 
An additional pair of wheels 13, mounted in holion 
capable of horizontal adjustment, is provided to resis 
upward movement of the mould. The trough 18 18 
rotatable about an axis that is fixed but eccentric 
relation to the axis of rotation of the mould 1, an 
mechanical means 26, 27 are provided of a self -holding 
character, which can be used subsequently fo ponte 
the scraper if such be employed to dress the interior of the 
rotating mass. (Sealed.) 


422. 2°_ 


[Radius at any nosnt \ 






id 


" he Se 
. . 


Swe 
wom 





AUG. 21, 1925. ] 


ENGINEERING. 





215 








STRESSES IN ROTATING DISCS OF 
HYPERBOLIC PROFILE. 
By B. Hopxrson, B.Sc., A.M.Inst.C.E. 


A set of curves for simplifying the calcula- 
tion of stresses in rotating discs of hyperbolic 








agree closely with the earlier curves by H. M. Martin, 
who derived his values using the method of least 
work. The stress throughout the disc is given by 
Knight as no + 133 where g is the stress in a thin 
ring having the same diameter as the periphery of 
the disc and making the same revolutions and oc; 


profile was published some years since by H. M. | is the radial stress at the periphery of the disc due 
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Fig.5. a@-15 
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tors) Values of ng (full lines)and of nj (dotted lines). 
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Martin (ENne@INzERING, August’ 30, 1912, and 
“ Design and Construction of Steam Turbines ig) § 
He takes the thickness of the disc y at any radius x 
as given by y = ca—4 and gives curves of stress 
for a=0, 1 and 2. These were succeeded by 
curves by W. Knight (ENGINEERING, August 3, 
1917, vol. civ. No. 2692, p. 109), who gave in addi- 
tion the intermediate values a = 0-5 and 1-5. He 
points out that his values of stress are identical with 
those got from Stodola’s equations, and that they 





Fig.2. a-0(Uniform Disc). 
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Fig.4. a~1. 





(oro) Values of n, (full lines)and of n’, {dotted lines), ™ 
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Values of tug (full lines) and of ni, (dotted lines). 
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to edge loading. n and n; are read from the curves, 
two sets being used according as the tangential or 
the radial stresses are required. 

While the curves are exact solutions of the equa- 
tions, they are often regarded as something merely 
in the way of an approximation, the problem being 
worked out in full from the long mathematical 
expressions whenever special] accuracy is desired. 
This is because the curves do not deal with the 
effect of the hub, and it is here intended to supply 





this want. The additional curves herein given, show 
the stresses produced throughout a disc by a loading 
at the centre. Using these in conjunction with 
Knight’s curves a complete and mathematically 
accurate solution is arrived at. Moreover, in one 
important respect, as will appear, the treatment 
here described is an improvement on Stodola’s, 
for he assumes the stresses throughout the hub 
constant for the purpose of writing his ‘‘ boun- 
dary conditions,”’ though it is only fair to mention 
his statement that this is applicable only if the 
hub is of “small radial depth” and his arithmeti- 
cal consideration of a particular case where this is 
not so. The loss in accuracy becomes important 
when the designer is considering the strengthening 
of the disc by adding metal either to the outer 
diameter of the hub or to the interior of the bore. 
It is just as easy, however, considering the hub 
as a uniformly thick disc, to take the proper 
distribution of stresses through the hub at the 
same time that the boundary conditions are being 
written down. 

The notation here used is that of Martin and 
Knight, with the addition of the symbol o, to denote 
the radial stress at the bore of a disc and the symbol 
n, denoting a quantity dependent only on the form 
of the disc and varying with the radius, such that 
n,o, is the stress in the disc at the. radius due to 
stress o, applied at the inner diameter. 

At any radius in a hyperbolic disc, therefore, the 
stress 

v r =no+ ngos+ ng oq | F Pm} 
being tangential or radial according as the values 
of n, n3 and n, have been read from the full or dotted 
lines in Knight’s curves and in the additional curves 
here given. As a slight further extension of 
Knight’s notation the symbols n, n; and n, will be 
restricted to tangential stresses only and the addi- 
tional symbols n’, n;’ and n’, used for radial stresses. 

To arrive at the value of o, the radial stress at 
the inner diameter of the hyperbolic portion of the 
disc, t.e., where it joins the hub, a boundary con- 
dition must be written, as will be explained. 

A complete wheel will be considered as in Fig. 1, 
having hub and rim, there being, moreover, centri- 
fugal loading at the rim, due to attached blades, &c., 
and internal loading at the bore of the hub due to 
“pinch ” fit on the shaft. The process will at first 
be worked out in full, but it will afterwards be 
seen that some work may be omitted with no 
appreciable loss of accuracy. 

Let the bore of the hub be subjected to an 
internal pressure due to “‘ pinch” of the shaft, of 
@, lbs./sq. in. 

Let oy, and 7, be the tangential and radial stress 
in the disc where it joins the hub. 

Let N = R.P.M. of the disc. 

Then 


= fag 220 2 (X)\* (-175 22 + -825 22) | 
ty 1 nt — aot ¥ 500 ( x2 + 0°) f 


- 3] +3}. . (2) 


This formula, quite as simple as Stodola’s, has 
been derived considering the hub as a disc of uni- 
form thickness. As a matter of interest it may be 
recognised as resembling the standard form o; = 
O4 % + Gn + 63 3 where op is o, So far as the hub 





+ 04 [u [es 


L yo Lai? — x? 


s N 2. P ‘i 
is concerned, 2 (550 -*1) is 6, the stress in a thin 


steel ring having the same diameter as the peri- 
phery of the hub and the same revolutions and 

; 2 x2 
O4 - is o3. It may be eae ety aa 
(0-175 — 0-825 22) is n and 27+ 2 is n,, all for 


x 

x2 242 — x9? 

the periphery of a uniform disc. The reader 
could check this by giving, in the three ex- 


pressions, any value to & which is m, in the 





is M4, 





standard notation and reading for comparison the 
corresponding values of n,, n and n, in the standard 
curves given for a uniform disc. Thus, though 
formula (2) is simple, the three coefficients can be 
got if preferred from the curves. The figures in the 
last term in formula (2) have found their way there 
because it expresses the relation 04, = (a; — 0-36;) 
+ 0-30, that is, that the hub tangential strain 
at its periphery, represented by the term in brackets 
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is equal to the disc tangential strain where it joins 
the hub. (0-3 is Poisson’s Ratio.) 

For a particular wheel of the type shown in Fig. 1 
running at 1,800 r.p.m., and assuming the “ pinch ” 
fit as exerting a pressure of 711 Ibs./sq. in. at the 
bore of the hub, and taking 2,, x», y, and ¥) from 
drawings, the ‘‘ boundary condition ” expressed by 
equation (2) becomes 

Oy, = 6934+ 2404 © © | : - (3) 


This is the same wheel as referred to in 
ENGINEERING (August 31, 1923), except that the 
conical profile is replaced by the hyperbolic y= c x-* 
A reader referring back, however, would find the 
equation given as 

01, = 7960 + 2°66 o, 


the reason being that there the ordinary boundary 
conditions of Stodola were used, whereas here the 
hub is treated as a disc of uniform thickness. The 
ordinary boundary condition gives too low a 
tangential stress at the bore of the hub, the 
divergence being greater with thicker walled hubs. 
But it is oftenest with these hubs that the bore 
tangential stress mentioned is a maximum for the 
whole wheel. 

Another relation between oj, and o, is given 
from the curves of stress for the disc. Thus, 

O17, = NT +N, Ts + MO, 

the values of n, n; and n, being read off from the 
curves. In the present case a= 1-133 and m) 
the ratio of the inner to the outer radius of the 
hyperbolic portion of the wheel is 0-403. 


Therefore 
n = 0-668 ny = 127 ng = 2:13 
o here = 25,400 lb. per sq. in. 
Therefore 
op, = 16970 + 1:270,— 2130, . « (4) 


where 6; is the radial stress in the disc where it 


joins the rim or the actual edge loading if there | 7 


is no rim in which case equations (3) and (4) give 
at once 6, whereupon the problem is solved, it 
being possible now to read off the tangential and 
radial stresses anywhere in the disc from formula 
(1). A wheel having a rim, will, however, be 
considered. 

For the rim as for the hub, a boundary condition 
is written 

7 { total centrifugal force of attached masses 
me 2 © 53 Ys 
N \2 Xo Yo ‘ 

+ 22,2 (x0) }- liv —os} 

This again is a linear relation, between o, and 63. 
For the wheel in question it is 

o4, = 286700 — 623250, . . (5) 


Another relation between o;, and o; is given 
from the curves of stress. Thus at the periphery 
of this particular disc it will be seen that n = 0-252, 
n; = 0-98, n, = 0-60. Therefore, 


Of, = NT + Ns oy + My OG 





becomes 
o4, = 6400 +- 0°98 o, — 0°60 04 . - (6) 
The minus sign in the last term of this and 
equation (4) is used because the radial stress in 
the disc is a tension, and a pull inwards of intensity 
6, at the inner boundary will reduce tangential 
tensions throughout the disc. 
Combining (3) and (4)— 
10006 +- 1:27 o, — 4:53 0, = 0 
Combining (5) and (6)— 
280300 — 63°30 ¢; + 0°60 0, = 0 
o, = 3460 and a, = 4455 
Using these and remembering that o was 25,400 
the stresses throughout the disc are now read off 
thus :— 
Tangential stress = no + n, 03 + my 04. 
Radial stress =n'o + n'y 03 + n'y a4 


while for the hub, o being 4,125 
Tangential stress = no + ng (4 ‘ “) + 14 oo. 
o 
Radia! stress =n'o+n’'s (c. ‘ 21) + n'4o y 
o 


the coefficients in this case being read off from 
the curves for a uniform disc. 





The stresses throughout the wheel are con- 
veniently written as in Tables I and II. 


TABLE I. 
For the hyperbolic portion :— 
a = 1-133 ¢o = 25,400 o, = 4,455 o, = 3,460 
Tangential Stresses. 























m es 0-403 0-5 0-7 0-85 1-0 
Radius .. _ _ _— _— —_ 
n a 0-668 0-521 0-398 0-32 0-252 
Ns my he 1-033 0-897 0-91 0-98 
N, -./—2°13 —1-52 —0-93 —0-71 —0-60 
no 17,200 13,220 10,100 8,130 6,400 
Ns Ox 5,655 4,600 4,000 4,050 4,370 
n,o, ..|— 7,370 |— 5,260 |— 3,220 |— 2,460 |—2,075 
o% --| 15,485 12,560 10,880 9,760 8,695 
Radial Stresses. 

m --| 0-403 } 0-5 0-7 0-85 | 1-0 
Radius .. — o— — — a= 
n’ 0 0 -0865 0-130 0-084 0 

“ 0 0-249 0-636 0-837 1-0 
6 1-0 0-635 0-263 0-109 0 
n'o 0 2,190 3,300 2,130 0 
N's Os 0 1,110 2,840 3,730 4,455 
n', oy 3,460 2,200 910 377 0 
Cr 3,460 5,500 7,050 6,240 4,455 

TABLE II, 
For the hub :— 


a=0 o = 4,125 o, = 3,460 x 7 = 1,210 a, = 711 


0 
Tangential Stresses. 





m ie re 0-851 0-9 1:0 
Radius te — — 
n a ae 0-945 0-885 0-773 
Ns 7:4 7-0 6-3 
n, | 6-45 6-2 5:3 
no 3,900 3,650 3,190 
Regs 5 8,950 8,470 7,620 
ies ss 4,590 4,410 3,770 
oy 17,440 16,530 14,580 
Radial Stresses. 
m ste a 0-851 | 0-9 1-0 
Radius as — ~- — 
n’ ee 0 0-01 0 
N's 0 0-37 1 
n', —1 —0-66 0 
no 0 41 0 
N's Os os 0 448 1,210 
Wg Poo ate —711 —470 0 
ro | —711 20 1,210 
| 











Reverting to the question of simplification, the 
boundary condition at the rim may, in most cases, 
be left out with little loss of rigour. That is, 
o; may be approximated to directly, and equations 
(5) and (6) done away with. Knight gives the 
rule that in calculating the radial loading at the 
outer boundary of a disc the centrifugal force 
due to about two-thirds of the metal of the rim 
comes as a direct load on the disc, the remaining 
third being borne by the “‘ hoop” tension in the 
rim itself, and therefore, for our purpose, non- 
existent. The writer has found the rim to be 
from 0:25 to 0-4 self-supporting, but usually 
about one-third as stated. An error of, say, 0-05 
in this ratio, even in the case of quite a heavy 
rim, is no great matter. For a light rim, as in 
wheels with a single row of turbine blading, the 
effect of such an error is usually either inappreciable 
or almost so. In fact, the writer found for a 
certain velocity wheel that by doubling the masses 
attached to the rim the stresses in the disc were 
raised by an amount varying throughout, but 
round about 20 per cent. It is useful to draw 
on the final stress diagram a curve of the stress 
in an unsupported thin ring having successively 
the various radii and rotating with the same 
angular velocity as the disc. The ratio of the 
tangential stress in the rim of the wheel (oy, 
— 0-36;) to the stress in a thin ring of the same 
radius can then be seen at a glance, when it will 
be known how nearly correct was the initial 
assumption, say one-third, as above, for this ratio. 
This curve is useful also to the designer in making 
alterations. Any metal added with a view to 
reducing the tangential stress in the disc should 
be added nearer the centre of the wheel than 
the point where the tangential stress curve crosses 
the thin-ring stress curve. Metal added outside 
this radius will not support the whole of the loading 
of its own centrifugal force, and some additional 
load will, therefore, have to be carried by the 
disc. 

Taking then, two-thirds of the metal of the rim as 
an addition to the attached masses, the radial 
stress in the disc near the rim is immediately known. 





The rim boundary equation is, in fact, done away 


with. In the disc considered, for example, this 
simplification gives a radial stress of 4,325, as against 
the previously mentioned value 4,455. (One will 
serve about as well as the other !) 

It is not necessary or advisable to attempt further 
simplification for the hub boundary condition for 
several reasons. Firstly, the effect of the hub, 
which joins the disc at a highly stressed region and 
is itself often highly stressed, is very important. 
Secondly, hub shapes are probably less stereotyped 
than those of rims. Thirdly, if, as often, the hub 
dimensions are the only ones which the designer 
has much latitude to modify, it is necessary to be 
able to make precise comparisons. 

It will be noticed that the methods given herein 
can easily be applied to the case, so common with 
velocity wheels, in which the disc profile is curved, 
say hyperbolic, from the hub outwards for some 
distance and conical thence to the rim. It is 
necessary, then, to refer to Mr. Martin’s solution of 
the conical disc with the rim boundary condition, 
if there is a rim as applied by the writer in Encr- 
NEERING, August 31, 1923. 

Thus at the rim 


oz £3 Ys N )’ Y2 X2 
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Say it were 
Gy, = 286700 — 62.325 0,, . . (7) 
Now, letting oy o, be the tangential and radial 
stresses at the join of the curved and straight 
profiles, 


oy = No + 03 Oy + 14 Gy, r - (8) 


Near the hub relation (2) would give another 
simple equation. Say it happened to be 
Oy, = 6964+2°40, «© 6 « (9) 
also 
=no+ ny +14 Tr - (10) 


or, 


Now, with Martin’s notation 
%=Tq, +Ag, +B, ( 
oy =TQ,+ Ag, + Ba, ( 
n=Tp. + Ap, + Bp, = 
y=Tp, + Ap, + BP2 ( 


the values of p, g and with their various suffixes 
being read off in each case for the appropriate 
radial position at which the stress is considered. 

Of course, 6,, may have been approximated to 
directly, as previously described, in which case 
equations (7) and (11) are not wanted. 

It will be seen that of the eight unknowns in the 
eight equations, only two or three occur at a time 
in any one equation, and they occur in a manner 
which facilitates elimination. Only A and B, and 
G;, and o, are wanted. From these four the dis- 
tribution of stress everywhere in the disc and the 
hub can be read off from Martin’s published table 
and from the curves of stress given for the hyperbolic 
and uniform disc. 

All the curves given in this article are derived 
from Stodola’s equations for the radial and tan- 
gential stresses 


o, = = [(3 +9) k 22+ (yi +») bei! 


C 





r 1-7 
+ (Po +») be a¥e—} 
o = Dl + 8y) batt (1+ param! 
+ (1+ po v) be a2 — 1 
where ah 
2 
ed co ee ee ae a” +av+tl 
E(8—(3+»)alg YWwR= > Jt 


These two equations are fairly well known and?may 
be seen, for example, quoted towards the end of 
Knight’s article. 

The writer found that 
mot — ¥2 [Wo — yr m¥1 -- ¥2] 

m! — ¥2 [1 — mo¥1 — ¥2] 





ng = 
and 
mot ~— ¥2[ 1— mY — ¥2] 
m! — ¥2[1 — mo¥1- ¥2] 
in the usual symbols, and, though of course, the 
curves have not been replotted here, that 





n'4= 





dees Yr mY —¥2 — Wo mi¥1 — v2 
m1 — ¥2 (1 — mo ¥1 — ¥2) 
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mol — ¥2 — mi — ¥2 
m! — ¥2 (1 — mo¥1 — ¥2) 


and e 
a3 = 





which, except for a slip or misprint in the deno- 
minator of his second expression, are Knight’s 
formule, and that 

3+ { (1+3»), 
— 1 m 
8—(3+>»)a (3 + ») 
— — pom —¥2 (m8 —¥2 — 1) + or (m3 —¥2 — moh —¥2) 
ba ml —¥2 (m3¥1—¥2 — 1) 





n= 





yee 3+ if, 2 
8—(3+yr)a | 
m¥1 — ¥2 Aa FS eae 
mi — ¥2 (mo ¥1 — ¥2 — 1) 





which are identical with his if (3 + v) is replaced by 
(2 — v*)® (1 — v*) and (1 + 3y) by (2 —»?). These 
substitutions can be made if »y = 0-3038 in the first, 
and 0-3028 in the second. These values for 
Poisson’s ratio are so near to 0-3 that any effects of 
the difference are microscopic. The latter valuc 
has been assumed throughout this article, and has 
been used by Martin in calculating his published 
tables for conical discs. 

When a = 0, that is, when the disc is of uniform 
thickness, the formule take on much simpler forms, 

The notation of the subject as given by Stodola, 
Martin and Knight has been followed here through- 
out. The writer has avoided introducing any new 
notation except, for example, the dashes on the 
n’s for radial stress, and of course, the symbols 
nm, and oy The symbols oc, oy are suggested at a 
point of change of profile, and o,” oy if there is a 
second change at some bigger radius, and so on. 
The o; here used is not that of Stodola and 2, is 
now the bore radius. The reader will have found 
the a, o3 and o, of the earlier part of the present 
article replaced by other symbols in the later part, 
as and when these latter denote the stresses at the 
boundaries of profiles and thus perform the opera- 
tions of the three standard boundary symbols. 
This is legitimate. 

For those readers who possess Martin’s curves, 
the symbols n, n’, nz; and n’; here used are the 
A, », o and 8 originally used by him. 

In all calculations described herein the ordinary 
slide rule is, with reasonable care, accurate enough. 

It may interest the reader to add that in coping with 
the heavy work of raising many batches of numbers 
between zero and unity to various fractional powers, 
as will be seen to be necessary for deriving the curves 
from the formule given, the use of a few straight 
lines ruled at suitable inclinations on 10-in. log- 
log graph paper saved labour, the same line being 
capable of being used for more than one application. 





STATE OWNERSHIP IN RUSSIA. 


As soon as they obtained power the Russian 
Soviet rulers began to impose upon the country a 
Socialistic programme of State ownership with the 
object of conciliating the ‘‘ working classes.” All 
industrial concerns were nationalised, and the 
operatives, through the Association of Industrial 
and Land Workers—a Government institution— 
took entire possession of every existing industry, 
installation and plant. This constituted, so far as 
Russia was concerned, an attempt to carry into 
effect the fundamental Socialistic theory. The 
Russian works and factories, all fully equipped and 
many of them containing installations and machinery 
of the latest design, were taken from their owners 
without compensation, and placed under the direct 
control of the workmen’s organisation, subject to 
State supervision ; the rates of wages were settled 
by the different unions, a system of insurance 
against unemployment and sickness was introduced, 
and provision was to be made for old-age pensions 
among other benevolent plans that were intended 
to render the people of Russia prosperous and happy. 
All these schemes, however, have enjoyed but a 
very short life, some have not even come into 
existence, and all attempts on the part of the rulers 
to improve the status of the people appear to have 
collapsed entirely. Indeed, the Russian population 
is now in a much worse condition in every respect 
than ever before. The leaders themselves have 
found it impossible to shut their eyes to the real 


outcome of their measures, as is evidenced by 
articles and statistics in their own Press. 

After having ruined the economic soundness of 
their country, the rulers, acting contrary to their 
theory of which an essential part is the provision 
of remunerative work for every member of the 
community, have now had to restrict very consider- 
ably the number of operatives who can be allowed 
regular employment. And not only is this the case, 
but obligations to operatives for wh m regular 
occupation can still be found are not properly 
discharged. Men formerly at work have been dis- 
missed by tens of thousands, the alleged object 
in view having been to increase the wages of the 
remainder. But, wages in Russia, we are informed, 
still remain: below the “living minimum.” Taking 
the industrial undertakings of the country as a 
whole, wages last year were on an average at a 
level of no more than 67 per cent. of the pre-war 
rates ; detail figures show those in the iron and 
steel trades to be 50 per cent. of the rates ruling 
before the war, whilst the scales now paid in the 
chemical and textile industries are 82 and 88 per 
cent. respectively of the same figure. The wages of 
transport workers stand at only 45 per cent. of the 
pre-war rate. The adoption of a new currency in 
Russia has also tended to make worse the conditions 
for the people. 

The number of schools formerly connected with 
works and factories has been cut down; the new 
political associations have declined to maintain 
any longer their contributions to workmen’s clubs 
and institutions of a similar nature. They have 
abolished the provision for compensating workmen 
for compulsory idle time due to breakdown, &c., 
of engines or plant, and have passed other equally 
detrimental measures. The effect of these moves 
has been, in .some industrial districts, to save 
several million roubles per annum of the State 
funds, the operatives naturally losing the benefit 
which the expenditure of such sums was originally 
intended to confer upon them. 

The fact that wages are low generally and more 
especially perhaps in the heavy mining and metal- 
lurgical industries, so low as to be insufficient to 
meet the operatives’ barest needs as regards food, 
clothing and house rent, is acknowledged by some 
of the authorities. The figure quoted above for 
the scale of wages last year as compared with the 
pre-war rates (67 per cent.) is taken from the 
Soviet official journals. According to well-informed 
sources it is even considered too high a comparative 
figure; 62 per cent. is said to be more nearly 
correct, but others place it even as low as 50 per 
cent. The operatives of Petrograd and Moscow are 
paid higher wages than those of provincial cities. 
In Moscow the rate of wages is 103 per cent. of the 
pre-war rate and in Petrograd 98 per cent. The 
reason for this disparity is to be attributed to the 
desire on the part of Government to render unlikely 
any rising of the workmen in the two capital cities. 
The skilled men in what should be reckoned as 
important industrial branches of activity are often 
paid less than the employees of very secondary 
occupations, the tobacco and perfumery trades 
among others. 

‘The wages are in reality, only nominal, since a 
number of contributions to the unions, to bene- 
volent funds, to funds for meeting State require- 
ments, &¢., are levied directly, being deducted from 
each man’s wage or salary. Such deductions are 
stated to amount on an average to 20 per cent. of 
the amount earned. We understand that in 
Moscow, in 1922, such levies amounted at times to 
as much as 46 per cent. of the wages. The balance 
is handed to the operatives weeks and even months 
after the date when due. The deductions on and 
the irregularity in the pay days have been referred 
to frequently in Russian journals. One such refer- 
ence was to the effect that the operatives receive 
the balance of their wage as late as one to two 
months after it is due, and under such conditions 
they could not be expected to display any interest 
in their work; they very naturally become slack, 
get demoralised and finish by losing all faith in the 
cipability of the Soviet Government to organise 
the industrial activities of the nation. 

The staple dietary of the majority of operatives 


The housing question has also become extremely 
acute. At first, the dwellings of the dispossessed 
“bourgeois ”’ population were handed over rent- 
free to the workmen and their families. But they 
have never been repaired since, in any way, and 
hence have become seriously dilapidated. Subse- 
quently a change in Government methods required 
a relatively high rental from the occupiers, but 
rather than pay this, which in reality they could 
not afford, people have preferred to go back to 
their former lodgings, or to find other tenements, 
where extensive overcrowding is the rule. 

In the mining, engineering, chemical, textile 
and other industries, the safety first movement has 
no meaning and is entirely unknown. The Sovietic 
institutions being unable to pay regular wages, or 
to pay for the maintenaace of machinery and 
plant—from 30 to 50 per cent. of which has now 
become useless—they not unnaturally fail to 
provide for the prevention of accidents or to deal 
properly with the results as they occur, or with 
cases of sickness, 

Having squandered the capital which belonged 
to the several private industrial concerns, and having 
attempted to conduct industries of which they had 
no adequate knowledge, the authorities are now 
endeavouring to increase output, which is roughly 
speaking about 40 per cent. below the pre-war 
figure, by exerting pressure upon the operatives. 
As one means to this end there has been an increase 
in the number of working hours. A Government 
decree issued last autumn introduced a system of 
punishment based upon production. This is 
quite counter to the Government’s former attitude 
regarding limiting the hours of labour. It is, 
further, likely to be quite futile in view of the present 
state of machinery and plant and the deterioratior. 
of means of transport. The number of unemployed 
has of late reached exceedingly high proportions. 

All evidence tends to show that the communistic 
régime in Russia has entirely failed in its object. 
On the other hand it has made it quite impossible 
for the great mass of the population, educated 
classes, workmen and peasants to earn a living. 
Equality has certainly been achieved, but only 
in the sense that all classes have become reduced 
to a common level of misery. 





THE BOMBAY BACK BAY RECLAMA- 
TION SCHEME. 


Tue city of Bombay is located on what was at 
one time an island of the same name, but now forms 
one of a group connected by causeways to the 
mainland. In shape the island is long and very 
narrow, and this circumstance has prevented the 
expansion of the city in accordance with the require- 
ments of an ever-increasing population. Further, 
the concentration of business in the southern 
portion of the island, where the docks are situated, 
has increased and intensified the congestion. 

The necessity for making provision on an ade- 
quate scale for the growth of the city has been 
recognised for a number of years, and as long ago as 
1865 a company was founded to reclaim 1,500 acres 
of land from the sea in Back Bay, which lies to the 
west of the island group. A certain amount of 
work was actually a¢complished when the com- 
pany was overcome by financial difficulties, and the 
work was then abandoned. Since that date the 
scheme has been periodically revived and discussed, 
the suggested extent of reclamation varying from 
the whole of Back Bay between Colaba Point on 
the south and Malabar Point to the north, involving 
an area of 3,576 acres, down to a space of 200 acres. 
It was not until the appointment of the Right Hon. 
Sir George Lloyd to the Governorship of Bombay, 
however, that a serious attempt was made to pro- 
duce a practicable working scheme, not only from 
an engineering, but from a financial point of view. 
The present scheme, undertaken by the Bombay 
Development Directorate, received the sanction of 
the Secretary of State in 1920, and the work is now 
well advanced. The area reclaimed from the sea 
when the scheme is completed will be some 1,145 
acres, equivalent to nearly twice the combined area 
of Hyde Park and Kensington Gardens—the major 








in employment is said to be salt fish and stale bread. 


portion of which will be reclaimed from Back Bay, 
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THE BOMBAY BACK BAY RECLAMATION SCHEME. 


MESSRS. C. 8S. MEIK AND BUCHANAN, ENGINEERS, WESTMINSTER. 




















Fie. 3. Conoretina PLANT AND STEEL Forms ON SouTHERN SECTION. 
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Fie. 4. Sournern SEecTIon in CouRSE OF CONSTRUCTION. 























Fie. 5. Storm Water Drain In Course OF CONSTRUCTION. 


with a small area, known as the East Colaba Recla-, give. The constructional work is being carried out 
mation, reclaimed from Bombay Harbour on the | departmentally, under the direction of Sir Lawless 
east side of the peninsular. The consulting engi-|Hepper, Mr. H. A. Elger, M.Inst.C.E., being the 
neers for the work are Messrs. ©. S. Meik and| Chief Engineer; the lay-out of the new town has 
Buchanan, of Westminster, to whom we are indebted | been entrusted to Mr. W. R. Davidge, F.R.I.B.A. 

for the greater part of the information we now| The main work involves the construction of 
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massive sea wall four miles long, the construction 
of storm water drains within the enclosed area, and 
its filling up with material obtained from the bed of 
Back Bay and the harbour by suction dredgers. 
The latter deliver directly into a floating pipe line, 


Fiig.10. PLAN BELOW PARAPET. 


the Apollo Bunder to Colaba Point, to embrace the 
East Colaba Reclamation. Thetown-planning scheme 
in contemplation includes the erection of a number 
of new public buildings, offices, and dwelling-houses. 


Provision is made for a number of open spaces in 
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Ftg.i2. SECTION B. 





wall is formed of a rubble mound deposited in situ, 
and surmounted by a mass concrete retaining wall. 
Owing to the prevalence of heavy seas during the 
monsoon months, it is necessary for the work to be 
of a substantial character, and protection from the 
sea is afforded by the deposition of heavy boulders 
on the outer flank of the wall. The first essential 
in the construction of the wall was an abundance 
of good stone, the amount required being in the 
neighbourhood of a million tons. This was. found 
near Kandivlee, a station on the Bombay, Baroda 
and Central India Railway, 21 miles from Bombay. 
A yuarry has been opened out at Kandivlee with a 
capacity of 1,500 tons per day, and is being worked 
by the most modern methods. The stone is ob- 
tained in sizes ranging from large rubble to 7-ton 
blocks, and is placed on special trains for convey- 
ance to Bombay. A general view of the quarry is 
shown in Fig. 6, page 228. 

Owing to the difference in the nature of the 
ground, the procedure adopted in constructing the 
wall is different at the two ends. On the northern 
section a timber gantry is built on piles in the first 
instance. This carries two lines of standard-gauge 
railway, along which the two pile drivers run, to 











Fig,fl. SECTION A. 
(From Zero to 1850 F® 
7to1 Mass Concr 












BONG 
@, 48 Se 
Seheess Y 





Ss . . ees nhs > So Aa Po row 
[ssn CORLT CE ALi st VLR AS CR 





























(From 1850 to 10 500F9 % 2 
“SY: 
HW.L. 86-25 ROIS 
Stone Blocks ok, 
4to7 Tons each ip ¢ 





ATR oped i 
oe aGxepe: 





89-87 3 : 


je--13.0---» 
*3 is 



























Ftg.21. SECTION.A.A. 


EN 


H.W.L. 86-25 
————— 








































































(9025.€) 


by means of which the material drawn from the 
sea bed is deposited directly in situ. Approxi- 
mately, 28 million cubic yards of material will be 
required to complete the filling. 

Fig. 1 shows a general plan of the peninsular, 
together with the line of the sea wall forming the 
boundary of the area to be reclaimed. The im- 
provement to the city which will result from the 
scheme can be gauged by a comparison between 
Figs. 1 and 2. The latter shows the proposed lay- 
out of the new ground. It will also be observed that 
the work taken in hand includes the filling up of the 
existing basins on the east side of the peninsular, and 
the provision of a new harbour wall, running from 
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Fig.16. SECTION IN CUTTING IN SOFT GROUND. 
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the form of recreation grounds, including a series 
of gardens forming the Mall which runs down the 
centre of the peninsular. The main roads have a 
width of 120 ft., with a 65-ft. carriage-way. The 
minimum width of the minor roads is 60 ft. The top 
of the sea wall, in common with the main avenues, 
will be planted with trees. The scheme will provide 
a marine drive nearly three miles long. An under- 
ground railway will run along the centre of the 
Mall. 

Work is proceeding on the sea wall from both 
ends simultaneously, and is sufficiently advanced 
to allow of the storm water drains being built, and 
the filling-up process being taken in hand. The 








be followed by trains of stone conveyed direct 
from the quarries. The trains are made up of 
20-yard side-tip wagons, and the stone is tipped from 
these directly on to the site. Fig. 7, page 228, shows 
the piles being driven at the end of the timber 
gantry. The view is taken looking north, with Back 
Bay on the left and the area to be reclaimed on the 
right. Fig. 8 shows the material being tipped from 
a train. When the rubble mound has reached a 
sufficient height it is levelled off; forms are then 
erected and the mass concrete wall built up to the 
finished level. On the completion of the wall a 
crane, travelling on rails laid along the top, deposits 
the protection blocks on the outer flank of the 
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rubble mound. Fig. 9 shows the commencement of 
the wall looking south. 

At the southern, or Colaba, end of the wall the 
gantry has been dispensed with, as the foundation is 
mostly of rock into which piles cannot be driven. 
In this case the rubble mound is being constructed 
by means of 5-yard end-tip wagons, followed up by 
the larger side-tip wagons, and when the mound is 
completed the mass concrete wall is built in the 
same way as on the northern section. Figs. 3 and 4 
shows the southern portion of the wall in course of 
construction. The concreting plant and steel forms 
are shown in Fig. 3. The view is taken looking north, 
and shows the reclaimed area on the right. Details 
of the wall are shown in Figs. 10 to 13, and are 
generally self-explanatory. It will be noticed from 
the difference in these figures, that the wall is widened 
towards the northern end. This has been rendered 
necessary by the increased height of the rubble 
mound, involving a corresponding increase in the 
width of the base. As a result it became necessary 
to use larger cranes for lowering the large protecting 
blocks into position on the outer flank of the wall 
owing to the greater spread. The 12-ft. width of 
the southern portion of the wall was insufficient to 
accommodate these cranes. ‘To economise material, 
it will be observed from Figs. 10 and 12 that the 
concrete blocks have been cast with a central pocket 
for a length of 8,650 ft. in the wider portion of the 
wall, the pockets being filled with quarry spalls 
and finished with a concrete surface. 

Eight storm-water drains, with an aggregate 
length of 8,000 yards, have been laid on the bed of 
the reclaimed land for the purpose of taking the 
storm water from the new land, and also water 
from the existing portion of Bombay, which pre- 
viously drained into Back Bay. In addition, it has 
been necessary to construct a culvert for the sub- 
marine cable, which enters the sea about half a mile 
from the northern terminus of the wall. Fig. 5 
shows the first storm-water drain in course of 
construction, and Figs. 14 to 24 illustrate the drains 
and cable culvert in detail. As will be seen from 
the sections, Figs. 16 to 18, the drains are formed 
with pre-cast concrete blocks. These are set in 
position by portal cranes, and embedded in a 
rubble mound. 

(To be continued.) 
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The Transactions of the First World Power Conference. 

1924. In four volumes, London: Percy Lund, 

Humphries and Co., Ltd. [Price 12/. net.] 
THE World Power Conference was happy in its 
conception and promises to be fruitful in its results. 
Our columns gave ample evidence of the importance 
we attached to the meeting while in session, when a 
long succession of acknowledged authorities supplied 
exhaustive information concerning the extent and 
value of the resources of their several countries, 
latent or in course of utilisation. An examination 
of the bulky volumes of Transactions, lately pub- 
lished, shows that we did not over-estimate the 
consequences that will follow this estimate of power, 
for, seen in its full proportions and mutual reactions, 
the tale of material progress here revealed becomes 
more impressive and suggestive from whatever point 
of view it is regarded. The whole of the proceed- 
ings has been characterised by an earnest effort of 
the participants to present the fullest and most 
exact information, and to submit to those most 
competent to judge, the methods devised and 
employed for utilising the natural sources of power 
possessed by each country. The cards are all 
placed on the table ; proposals and suggestions may 
be criticised or adopted, eacl nation in turn declaring 
the extent of its offering to the common stock for 
promoting the welfare of the world, whether indus- 
trially, socially or, it may be, by inference, politically. 

Since more than 6,000 pages have been found 
necessary to record the facts and discuss the sugges- 
tions of the experts representing many nations, it 
is, of course, impossible to make adequate comment 
upon the mass of detail, but the most cursory glance 
through these volumes will convince the least 
attentive that they offer an impressive testimonial 
to the exertion and ingenuity expended in moulding 


power in its many protean shapes to the continual 
demands for human progress. 

A fresh outlook over the world’s natural resources 
is afforded, and not only have new estimates of 
actual and potential national wealth to be formed, 
but old errors will have to be discarded and false 
perspective corrected. There is always a tendency 
to cling to long-harboured misconceptions, but it 
must be remembered that those best acquainted 
with the facts and possessed of the widest experience, 
who have been in touch with the actual conditions, 
are here telling us what they have observed and of 
the deductions that may be legitimately drawn. 
The reputation of the expert authorities gives to 
their utterances a value which cannot but be ap- 
preciated. Australia, for example, assumes more 
magnificent proportions as we form a correct pic- 
ture of her immense stores of coal and lignite, that 
lie unworked beneath parched areas, and recognise 
that the waters of her rivers are capable of gene- 
rating millions of horse-power. There is provision 
here of the materials required for the development of 
new and stronger nations, whose growth will be rapid 
when the effect of the short-sighted policy that 
has discouraged immigration has given way to 
more generous motives. Power and population are 
intimately connected with each other, and herein 
may be traced a linkage between power development 
on the one hand with state-craft and political 
insight on the other. Small communities cannot 
support huge industrial undertakings economically, 
and individual energies are unused and atrophied. 
The isolation of Australia, disappearing as the facili- 
ties for communication and transport are increased, 
is rightly regarded as an obstacle to progress, and has 
to some extent even prevented the presentation of 
a completely comprehensive report such as would 
do justice to the vast interests of the country by 
bringing into one grand panorama the industrial 
resources the continent offers. In saying this, we 
do not, however, wish to underrate in any way the 
value or the authority of the Australian report, 
which. was most excellently compiled under the 
auspices Of the Institution of Engineers, Australia. 
This world stocktaking reveals, of course, the 
direction in which advances can be most advan- 
tageously made, by considering the lines upon 
which progress has been most fructiferous. Canada 
supplies an admirable instance of the beneficent 
effect on growth, due to the possession of abundant 
hydro-electric power. In the last ten years her 
industrial energy has increased 100 per cent. in 
amount and 245 per cent. in actual use, while the 
population has advanced 22 per cent. The steady 
increase in the demand for power implies the ability 
to use it, and indicates an advance on parallel lines 
in other branches of industry. The comparative 
stagnation which prevails in some of our colonies 
may well be quickened into life by the aid of power 
development, for the opportunities are as various as 
they are great. What does the average man know 
of, say, the resources of British Guiana, a country 
that has been under our rule for many years and has 
made little headway ? A preliminary report on the 
water power resources of this country was noticed 
in these columns in 1920 (see ENGINEERING vol. cx 
page 412); later and more complete investiga- 
tions confirm that the elements of prosperous 
growth are there, and it is eminently desirable 
that attention should be fixed on the opportunities 
for new enterprise. Latent in the Great Falls 
in the upper courses of the Demerara River are 
stores of hydro-electric power that have never 
been utilised, because they were never needed. 
But now we learn of the vast stores of bauxite in 
the vicinity, that could be made to supply the world 
with aluminium if the electric and mechanical 
energy now running to waste were economically 
developed. This one example might be repeated 
scores of times in as many different phases of in- 
dustry, as the admirable summary of Professor 
Henry Lewis reminds us in his paper on the “‘ Re- 
sources of the British Empire in Metal Employed 
in Power Machinery.” 

In connection with this problem of the world’s 
resources, available in the present and in trust for 
the future, two aspects call for consideration : the 
amount of wastage during exploitation and a 


of coal we have heard much; we have'seen it extra- 
vagantly used, and warnings have been urged from 
many quarters without much effect. But Sir R. 
Redmayne reminds us that a shortage'is to be feared 
in other minerals than coal. Lead, zinc, tin and 
copper will probably disappear before coal, but these 
do not attract thesame attention, though there are 
no known substitutes and they are equally irreplace- 
able. Coal has held the field for many centuries as 
the general and most convenient form of power, heat, 
and artificial light in the industrial and domestic 
life of the world. A coal famine seems to threaten 
industry, yet a hopeful view suggests that our fuel 
supplies will have a long life, possibly not less than 
the entire era of our present civilisation. 

Wastage is considered both in the method of 
getting the coal and its economic consumption. 
Under the latter division is urged the necessity of 
making the full use of the world’s supply, that is, to 
utilise efficiently the whole of the potential energy 
of the coal. Naturally the employment of large 
distributing electric stations is recommended as the 
best means of preventing undue squandering of 
the valuable commodity, and several representatives 
described what has been achieved in various coun- 
tries. Some of the superpower stations on the 
Pacific Coast cover a territory equivalent in area to 
that of Great Britain, with Denmark included. Here 
the problem of distribution seems to have been 
satisfactorily solved, but the density of population 
is not compared with the more thickly inhabited 
European countries. 

Substitutes for fuel power were suggested, and 
solar heat, the energy of wind and of tides were 
mentioned by some authorities, but the representa- 
tive of the Netherlands, where long experience has 
accumulated, did not look favourably on the use 
of wind, for in these days manufactories cannot 
afford to remain idle during the many hours that the 
wind fails to function. From actual experience, 
the attempt to utilise the energy of the tides, under 
fairly promising conditions, has not proved en- 
couraging. This remark may serve to show that 
the delegates not only told of their successes but 
were prepared to admit their failures. This open- 
ness should increase the educative effect, and 
prompt us to adopt more economical systems, at 
once worthy of our times and of our past reputation. 

The second volume treats the problems that arise 
from the use of power in three distinct divisions : 
Water Power Production; Preparation of Fuels ; 
and Steam Power Production, of which the first 
secures the most attention. Some of the papers 
submitted, such as that on the Hydro-electric Power 
of Canada, by Dr. Acres, of the Hydro-Electric 
Power Commission of Ontario, approach the 
dimensions of a treatise, over which one lingers 
with delight while he records the triumphs which 
engineering skill has won. The whole course of 
present-day practice is described and illustrated 
in a way that demonstrates the encouraging pro- 
gress made in a few years. It is hard to believe 
that the future holds any prospect of a revolu- 
tionary advance, similar to that made on the North 
American Continent in the last 20 years. Dr. Acres 
apparently shares this opinion, for he assures us : 
“that the means of supporting revolving weights, 
of safely controlling static pressure, and of regulat- 
ing long water columns, have been perfected.” The 
water turbine and the electric generator have 
attained a degree of efficiency in energy conversion, 
which leaves little room for improvement and appa- 
rently as little for the ingenuity of later engineers. 
Mr. Freeman, whose important work in connec- 
tion with furnishing San Francisco and New York 
City respectively, with adequate water supply, is 
well known, takes much the same view. He did 
not see “ how they were going to get any further 
than the present 93 per cent. useful effect, which 
they had in some of their large turbines.” 

Each of these authorities has something to say 
about the future as well as the past. Dr. Acres 
fastens on the apparently simple matter of the pitting 
of turbine runners as a problem demanding imme- 
diate and earnest attention. The cause of the deterio- 
ration is obscure, for it is uncertain whether it 1s 
due to erosion or corrosion, but a decision will 
indicate whether bronze or cast steel will prove 
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the chemist, perhaps the physicist, but the remedy 
has a very practical tearing, and this appears 
to involve the discovery of an alloy that would 
combine the oxidation resisting properties of bronze 
with the strength and cheapness of cast steel. 
Mr. Freeman, it is to be observed, lends strong 
support to the proposed adoption of pressure 
tunnels in place of steel penstocks. Where, from 
local conditions, a long canal is necessary to con- 
centrate the fall, important economy ie gained by 
carrying the water at a low velocity that will avoid 
momentum troubles, in a pressure tunnel under 
such deep rock cover, that the weight of the over- 
burden will be safely in excess of the water pressure. 
There have been accidents in this type of tunnci, 
both in California and in Switzerland, which have 
created undue prejudice, but the vemarks of the 
Chairman, Dr. F. A. Gaby, and of Mr. W. F. Halcrow 
in his reference to the works of the British Aluminium 
Company, are likely to restore confidence. 

The broad facts which appear to have been most 
clearly emphasised in hydraulic engineering as 
evidencing the path of mechanical progress include 
the increase in size and efficiency of the units; an 
efficiency which is now so closely approaching the 
theoretical limit, that the greatest possible economy 
is attained; the introduction of the multiple 
arch dam, permitting the more economical con- 
struction of large works; and the genius of the 
electrician in providing 200,000-volt transmission 
systems, making co-operation possible between the 
territories rich in water power with those that are 
poor. This power of distribution warrants the 
large plants of Canada’s carrying 600,000-h.p., 
with units of 55,000-h.p. capacity, satisfying the 
needs of tracts of country where coal and oil are 
both scarce, and placing power at the command 
of all. 

With so many instances of enterprise on a large 
scale and of engineering feats, there is a great temp- 
tation to linger over details which it is difficult 
to resist. But a word should be added on the diffi- 
culties arising from the formation of ice, and on the 
success with which this trouble has been overcome. 
Generally, the ice is most frequent where the water 
supply is largest, as in the Niagara River. There, 
it has been found necessary to separate the ice from 
the water by designing a new type of intake, 
acting like a deflecting dam, with tubes which 
collect the water extending out into the bottom 
of the river, so that the velocity of the water carries 
the ice past the intake. 

The section on fuel as a power-raising factor is 
large and supplies much information on such points 
as the conversion of coal into oil or liquid fuel, of 
which the commercial importance will vary accord- 
ing to the character of natural resources; but 
apart from application, the progressive study of 
chemistry in suggesting methods for increasing 
the possibility of complete or partial conversion 
of solid into liquid fuel, has a decided value. 
Practically, this general problem is in an experi- 
mental stage, and unanimity has not been reached 
among our experts. Professor H. E. Armstrong 
asserts that the days of raw coal, other than 
of anthracite, are clearly numbered, but he 
could not show at the conference that complete 
economic success had been demonstrated. He was 
inclined to attribute the lack of success to a want 
of co-operation and confidence between chemists 
and engineers. Dr. C. H. Lander, while agreeing 
with Professor Armstrong on the need of mutual 
assistance between these two classes, insisted on 
the great difference between laboratory results and 
those obtained on a commercial scale, enumerating 
the various operating factors that theory failed to 
meet or explain. Sir R. Redmayne declared em- 
phatically that coal must be used by way of dis- 
tillation, but in considering the effects of low- 
temperature carbonisation, the requirements of 
domestic service should be considered separately 
from those governing the generation of power. 

Points of practical interest arise in connection 
with the pulverisation of coal, particularly in 
regard to cost and storage. Mr. A. E. Douglass 
(U.S.A.) supplied information from American 
practice, where 25 million tons of coal are pulverised 
annually. Naturally there are variations in price, 
due to the quality of the coal, but the main factor 





of control is apparently the extent of the plant. 
By increasing the capacity’ from 100 tons to 
1,000 tons daily, the cost of pulverisation is 
diminished approximately 30 per cent., whether 
the coal be anthracite or bituminous. The storing 
of pulverised coal presented no difficulty, if the 
coal were properly dried at a suitable temperature 
and stored in well-designed bins that permitted 
the whole mass of coal to pass through uniformly. 
In some quarters it has been doubted whether the use 
of pulverised coal is economical in small plant for 
the purposes of steam generation, but it was pointed 
out that the labour of hand firing was greatly 
reduced ; that repairs were less costly ; and fuels, 
difficult to burn on mechanical stokers, could be 
burned with great ease in a powdered form. The 
most important aspect of pulverised fuel was in 
the collieries, not in the boiler houses. 

Among other possible fields mention was made 
of the use of gas producers working with charcoal, 
on automobiles. The plan would appear to be 
promising for such countries as Canada or Sweden, 
where timber and charcoal are plentiful, and coal 
or oil scarce. In Austria, where fuel of any kind is 
difficult to procure, a system of using small charcoal 
gasifiers has proved successful. The apparatus has 
of necessity a simple character, and the utilisation 
of charcoal for heavy motor-cars has proved quite 
successful. Professor Armstrong approved of the 
charcoal gas producing system, ‘mainly on the 
ground that before committing ourselves to an 
oil policy we should do well to consider alternatives. 

Reference should be made to an important paper 
by Colonel Junkersfeld and Mr. Orrok, giving a 
very complete survey of American practice with 
steam power plants. These authors, it may be 
remarked, take a hopeful view of the economic 
value of pulverised coal, confident that high 
continuous combustion efficiency and capacity 
can be maintained with this fuel in properly designed 
furnaces. Air preheaters are regarded with favour, 
but experience with the various types is too small 
to permit any satisfactory examination of their 
relative merits. Such data as are available indicate 
that air preheaters cause larger gaius in boiler 
efficiency than could be expected from the pre- 
heating alone. A very considerable extension in 
use is to be expected. Mr. Merz, quoting from 
experience at North Tees, said that even with 
low stack temperature, air heaters gave very much 
less trouble than the average water economisers. 

The successful attempt to produce materials that 
will resist high temperatures, such as the new 
steels referred to by Sir Robert Hadfield, is far- 
reaching. It may exercise no small influence on 
the construction of that class of prime movers 
whose progress is stayed by increasing size and 
complexity of mechanism. It was admitted that 
the steel of Sir R. Hadfield, which in addition to 
to its great tensile strength possessed valuable non- 
scaling properties, enlarged the possibilities of the 
internal-combustion turbine, for it made possible 
the use of higher compressions and consequently 
higher efficiency, because the exhaust temperatures 
would have less influence. The advocates of the 
internal-combustion turbine objected to direct com- 
parisons in efficiency between the turbine and 
reciprocating systems, because the overall economy 
was influenced by various factors, which could not 
be accurately estimated. The diversity of opinion 
on large gas engines was shown by the assertion of 
Mr. Lucke (U.S.A.) that the large gas engine had 
now nothing but an historic and educative value, 
while Mr. P. Meyer (Germany) held that on the 
Continent large engines of this type were one of the 
most favoured prime movers in iron and chemical 
works. The largest unit built was of about 10,000 
h.p. with four cylinders. There might be larger, but 
he deprecated any advance in size, and main- 
tained that notwithstanding the figures given for 
the high-pressure steam turbine, the gas engine 
would still have a field open to it and a future 
before it. Professor Hubendick (Sweden), probing 
still further into the future, urged the necessity 
for discovering some really new principle by the 
aid of which transformation of heat into mechani- 
cal work would be effected in practice with higher 
efficiency than was now possible. He did not 
believe that the internal-combustion turbine would 





prove to be the machine of the future for which 
we ‘were all looking. 

The papers presented on gas as a form of 
power were distinguished by the fact that no 
foreigner submitted a formal paper, or took an 
important part in the discussion that followed 
though Professor Van Iterson interjected the rathe 
wicked remark “that from what he had seen oi 
the atmosphere of London, he did not think it 
was so nice that it would be much spoiled by the 
dust ejected into the air instead of the smoke that 
existed at present.”” The papers were, however, 
of a very interesting character, Sir Arthur Duckham 
in particular collecting quite a number of instances 
in which town gas had been applied to industrial 
purposes, and describing the operations that were 
facilitated by its use. The subjects of fuel supply, 
fuel conservation and smoke abatement, were 
freely discussed, each author’s views meeting with 
considerable criticism. 

In the section on the employment of the less 
obvious sources of power, Prince Conti (Italy) drew 
attention to the use, in favourable circumstances, 
of natural steam. These schemes make use of steam 
issuing from springs and the soil in the districts such 
as that of Pisa, Italy. There, owing to the minerals 
contained, the steam had long been used for the 
collection of the boric acid contained, but the 
feasibility of using the natural steam for generating 
mechanical or electrical power was not appreciated 
till 1904, when Prince Conti applied it for working 
a small engine. Later, a 20-h.p. engine had been 
erected to drive a dynamo for illuminating the 
works. This engine had worked ten years without 
interruption, and encouraged by its success the plant 
had increased till it included three turbo alternators 
of 2,500 kw. This plant was described in Ener- 
NEERING, vol. cii, page 487. Some difficulties 
have naturally been encountered, but these have 
been overcome and the apparatus functions nor- 
mally. No distinctive features have had to be 
introduced into the turbine construction, nor in the 
electric plant, save that it has been necessary to 
use aluminium for the bus-bars, copper being 
unsuitable owing to the action of H,S. Other 
borings have been made in the neighbourhood 
successfully, and at present in Larderello alone 
150,000 kilos of steam are emitted every hour, 
without showing any signs of diminution. The 
pressure of the steam varies from 2 to 5 atmospheres 
effective. The Larderello installation was described 
in our columns in vol. cv, pages 508 and 567, 
and vol. evi, page 339. Lately we have further 
referred to the use of natural steam in the United 
States. Several countries and districts, such as 
Japan and Alaska, were mentioned, as promising 
even larger supplies. 

To the technologist no section of these prcceedings 
is likely to be of greater value than that dealing 
with power transmission and distribution, illus- 
trating as it does the practice of many nations 
under various conditions, and giving evidence of 
the ingenuity displayed by those who have been 
responsible for great engineering and scientific 
developments. It is impossible to attempt any 
description of the great variety of subjects and 
of aspects brought forward for discussion by the 
many experts for the information and criticism of 
their colleagues. In the consideration of the main 
problem of transmission, it was natural that the 
foreigner should occupy the prominent position 
and his remarks will be much appreciated. The 
English electricians had, however, practically a 
session to themselves, to examine the processes 
of taking the generated current to the consumer, 
and showed themselves no whit behind their foreign 
associates in eagerness to minister to the wants of 
the public. 

From the account given by the eminent engineers 
it was evident that much good work had been 
achieved, though perhaps it was inevitable that some 
of our candid countrymen should strike the warning 
and despairing note that Great Britain lagged a 
long way behind its more energetic competitors, and 
had much leeway to make up. The discussions 
revealed that much research work, especially in the 
direction of simplification, was needed, and in such 
work we may be sure our countrymen will not be 
wanting. They will need neither to be stimulated 
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by the hope of reward nor be discouraged by want of 
progress. 

The contents of the fourth volume will appeal 
strongly to the general reader who is intelligently 
interested in the world’s progress in industrial 
economy, for many questions outside technics as 
“* Publicity and Advertising,” “‘ Legal and Govern- 
ment Policy,” ‘‘ Technical and Commercial Educa- 
tion,” and other topics bearing on the general 
problem, find a place in the deliberations of the pro- 
fessional engineers. The subject-matter of the 
papers touched very nearly the affairs of everyday 
life, showing that many of the comforts and con- 
veniences we enjoy depend upon power-actuated 
devices. The advantages brought to domestic and 
agricultural labour, the improved transport, whether 
of passengers or goods, the facilities afforded to 
mining and metallurgy, the advanced condition of 
the textile industry and the increased output in the 
manufacturing and industrial arts, were all quoted 
as illustrating the value of power-driven machinery. 
In glowing words description is given of what 
power, mainly electric, hss achieved in numberless 
centres of activity. We look on, perhaps a little 
enviously, feeling that we are spectators of, 
rather than participators in, the new wealth placed 
so lavishly at the service of others. 

The papers on the electrification of railways in 
various countries are of particular interest, as the 
several authors indicate the difficulties peculiar 
to each and the artifices by which each has been 
overcome. When the construction of steamers and 
methods of propulsion are under discussion we may 
be expected to hold our own, and the thoughtful 
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paper of Viscount Inchcape does something to 
restore our self-confidence, which it is to be hoped 
rests on a more secure basis than that implied in the 
assertion of Mr. Basil Lubbock, whose patriotism 
is more commendable than his accuracy, when he 
tells us, ‘‘ No other nation can compete with Great 
Britain in building iron ships. Tariff walls are 
of no use, subsidies are unsuccessful. We are a 
favoured nation.” 

These four volumes enclose a magnificent picture 
of the achievements and endeavours of engineering 
service, and the assembly of the representatives 
of more than forty nations affords a convincing 
proof of the international entente cordiale existing, 
and of a firm determination of the representatives to 
exert themselves to use their science for the benefit 
of the whole of mankind and the improvement of 
the standard of living. The public, too, should be 
awakened to a fuller significance of the basic im- 
portance of power and, as a delegate from Australia 
said, learn that the engineer who was doing the 
work of reducing the cost of power deserved far 
more recognition than it was customary to give him. 





Hull Down. Reminscences of Wind-Jammers. Troops 
and Travellers. By Sir Bertram Hayes, K.C.M.G., 
D.S.O. Illustrated. Cassell & Co., London. 


In a kindly humourous way Sir Bertram Hayes 
tells in this book the history of the period that saw 
the disappearance of the sailing ship and the evolu- 
tion of the steamer. For half a century, competi- 
tion had been determined and strenuous, but there 
had never been a doubt but that sails would be 
driven from the ocean by the advent of more 














With the mast and sail went 


powerful machinery. 
much of the picturesqueness and recklessness that 
characterised the sailor and endeared him and his 


calling to the nation. Many hardships disappeared 
at the same time, and a different race of skippers 
from those described by Marryat, have taken com- 
mand. Improvement was rapid when once the 
natural conscience was aroused, for the author, in 
his own experience, can look back on the days 
when rations included “Liverpool pantiles,” 
so hard that a hammer was needed to break them, 
and salt beef of such a texture that sailors 
were credited with cutting models of ships out of 
it. The Board of Trade had been at work before 
Commodore Hayes was afloat, and butter and 
marmalade figured in the dietary, but the conditions 
were still sufficiently Spartan. During his career, he 
saw the steamer assume the character of a first- 
class restaurant, where luxury prevails and self- 
denial is scorned. 

In the early days he writes of Sir B. Hayes was 
an apprentice; that is to say, he paid for the 
privilege of being on board, to acquire as he could 
some knowledge of seamanship in the rough school 
of practical experience, but navigation then, as now, 
had to be learnt on shore from private teachers. 
He sailed with officers who were guiltless of Board 
of Trade examinations, and to whom Sumner 
lines were an unsolved mystery, but who knew 
how to manage their ships in all weathers and to 
train men in the same hard school in which they 
had been disciplined. 

Sailorlike, Sir B. Hayes must have his grumble, 
and he will have many sympathisers. One griev- 
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ance is that the Mercantile Marine is not recognised 
as it deserves, and that the generous acknowledg- 
ment of its services throughout the war has been 
withdrawn. The heroism is less evident when the 
danger has passed, and gratitude less openly 
expressed when other perils appear above the 
horizon. By unquestioned tradition, the Royal 
Navy has always held a more honourable place 
in the world’s estimation than the Merchant Service, 
just as an Army officer is held of more account than 
an inspector of Police, but we hardly think the 
gallant author is justified in defining the attitude 
of the public towards the sailor in the harsh terms 
here used. 

We follow the author more appreciatively when 
he comments, as he is entitled to do, on the failure 
to use energetically wireless aids to navigation. 
Other countries as France, the United States, and 
our own Colonies, are ahead of us in utilising the 
latest applications of science to provide all possible 
security for the shipping of all nations to. which 
information is supplied without money and without 
price. The excuse offered by Government officials 
to the effect that wireless direction finding is in its 
experimental stage is inadequate and insincere. 
Another complaint, which seems as sound as it is 
humiliating, has reference to the inefficiency of 
our docks. We are here reminded that our docks 
are unable to accommodate our largest ships. 
Something has been done recently at Southampton 
to remove this stigma. But when Sir B. Hayes 
was in charge of the Majestic (originally Bismarck) 
he had more than once to go to Boston to go into dry 
dock, not from any accident which might demand 
immediate attention, but simply to satisfy the Board 
of Trade as to the condition of the bottom of the 
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ship and other parts not visible when the vessel 
is afloat. 

Plenty of passages in the book show that the 
author can nurse his grievances and still remain a 
pleasant and good-humoured companion. ‘This is 
hardly the place to quote his yarns and repeat his 
stories, but his book will prove a source of delight 
to many. Without being imprudent in describing 
the services rendered by the Merchant Service to the 
nation, he shows how willing sacrifice permeated 
the whole fleet, and how high a sense of duty was 
everywhere manifested. Moreover, as a Captain 
well known in the passenger service, it was his 
fortune to carry many politicians and men of affairs 
across the Atlantic, and we get glimpses of these 
men in their hours of leisure. We hope the gallant 
officer will give us more of his racy stories and full 
experience. 





34-IN. UNIVERSAL PLATE MILL AT 
THE CLYDESDALE WORKS. 
(Concluded from page 158.) 

Ir is not possible in the space at our disposal to 
refer in detail to all the plant in Messrs. Stewarts 
and Lloyds’ works which is shown on the key plan, 
Fig. 1, on page 36 ante. In general, however, 
apart from the apparatus that we have already 
described, the remainder hardly calls for special 
comment. An exception occurs in the case of the 
wagon-tippler, shown at V in the plan, and we will 
conclude our account with a short description of this 
apparatus. This wagon tippler, which we illustrate 
in Figs. 25 to 27, on this and the opposite pages, was 
supplied by Messrs. Babeock and Wilcox, Limited, 
of Farringdon-street, E.C. 4, and has a capacity of 25 





tons. A reference to the figures will show that it is of 
the side-tipping type, with patent automatic clamp- 
ing gear for the wagon. The arrangement possesses 
several advantages over the more usual end-tipping 
machine for the purpose for which it is required in 
this case, amongst which may be mentioned the fact 
that it allows a through passage for the locomotive 
and wagons, and that at all times the railway track 
is kept clear of coal, due to the hopper being placed 
at the side. It will be noticed that the wagons are 
discharged above ground level, which results in a 
saving due to the small amount of excavation 
required. The whole of the operations involved in 
tipping can be performed by one man. 

Turning now to the actual details of construction, 
it will be seen from Fig. 26 that the railway runs 
alongside a large hopper into which the contents of 
the wagon are discharged. The side tippler is 
erected so that the swivelling tray, or wagon support, 
of the tippler takes the place of the permanent way 
for about 15 ft. of the line. As will be apparent 
from the illustration, Fig. 24, the hoisting gear is 
situated at the top of a tower, which also carries the 
weights for balancing the loaded wagon, as shown in 
Fig. 25, the two hoisting ropes being brought from 
the underside of the lever arms to the hoisting 
barrel. The automatic clamping arms, which are 
visible in all the figures, are placed clear of the 
track in the open position, so that an engine or 
covered truck can pass freely along. It will be 
observed from Fig. 24 that the feet of these. arms 
are coupled up to two horizontal levers carrying 
balance weights at their outer ends and upswept 
at their inner ends, where they terminate in a 
pivot bearing. The balance-weights rest on the 
ground when the clamping arms are in the open 
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position, shown in the illustration. When the 
wagon is in position on the swivelling tray, the 
current is switched on to the hoisting gear at the 
top of the tower by means of the controller, which can 
be seen bolted to one of the roof columns in Fig. 26. 
The first stage in the tipping operation consists in 
raising the lever arms carrying the tray, which are 
pivoted at the top of the triangular built-up supports 
shown in Fig. 24, until the point is reached at which 
the wagon leans against the side buffers of the 
tippler. These buffers can be observed above the 
supporting brackets in the same figure. On the 
wagon being lifted still further, its top engages with 
the hinged bar forming part of the automatic 
clamping-lever gear. After this point is passed, 
the levers commence to lift the arms carrying the 
balance weights by means of the connecting link 
already referred to. As the wagon is tipped still 
further, the pressure between the clamping lever 
and the wagon top, due to the action of the balance- 
weights, holds the wagon firmly against the rails 
until the contents are fully discharged into the 
hopper. 

In concluding our description of the mill and its 
associated equipment, we would take the oppor- 
tunity of expressing our indebtedness to Messrs. 
Stewarts and Lloyds, and to the various other 
firms mentioned throughout the article, for per- 
mitting us to make use of the information given. 





THE FAILURE OF MATERIALS IN 
ENGINEERING. 
By Geratp Sroney, D.Sc., F.R.S. 

A porTION of a machine may fail statically because 
the stress at some point is more than the ultimate 
strength of the material, or it may fail due to repeated 
applications of too high a stress. This latter is gener- 
ally called a fatigue failure. A most useful general 
collection of all the information at present available on 
this latter form of failure is given in ‘‘ The Fatigue of 
Metals,” by H. J. Gough, and it is from this work that 
the greater part of this note has been taken. Mr. 
W. E. W. Millington has also kindly assisted in many 
points. 

The simplest case is that of a rotating cantilever 
loaded at the end, where the stress varies from + f, 
to —f,. Onthis may be superimposed a static stress f, 
making the stress vary from f, + f, to fs — fq, so that 
the range of stress is 2f,. A reversal of stress is con- 
sidered to be acomplete cycle, from + f, through — f , 
to + f,, or the number of revolutions of a rotating test- 

niece. 

: Taking the simple case, where the stress varies from 
+f, to —f,, it is found that if f, exceeds a certain 
value fracture will take place after a number of 
reversals. For a large stress, failure takes place after 
a few reversals, and as tests are made with decreasing 
stress the number of reversals before failure increases 
until if the test piece stands 6,000,000 reversals a very 
small reduction in the stress will enable it to stand an 
infinite number. In fact, after 4,000,000 reversals, the 
reduction of stress necessary to stand an infinite number 
is small, so that a small reduction of stress will make the 
piece safe from fracture, at least in the case of ferrous 
materials which are here alone dealt with. As an 
example, if in a steel bar the limiting range of stress is 
+ 12-75 tons per square inch for an infinite number of 
reversals, with- + 14 tons per square inch it would only 
stand about 600,000, and with + 16 tons per square 
inch, 50,000. 

It might be expected that this limiting stress would 
be a fraction of the yield point or elastic limit but, for 
some reason not known, in ferrous materials at all events, 

_ it seems to be more nearly a fraction of the ultimate 
limiting stress b 
——-—— by 
ultimate stress ~ 
it is found that » varies from 0:35 to 0-6 as extreme 
limits, but that if » is assumed to be 0-46 it is very 
improbable that there will be a greater error than + 10 
per cent., so that assuming 7 to be 0-4 will be safe 
in practically every case. This means a “factor of 
safety ” of 2-5 based on the ultimate stress. The value 
of » does not seem to depend on the ductility of the 
steel or on the speed of the reversals, being the same for 
slow reversals and for 5,000 cycles per minute, and 
probably for higher rates of reversal. 

In the case of an alternating stress f, having super- 
imposed on it a steady stress f ,, so that the stress varies 
from f; + fq tof; — fa, in most cases a safe value for 
f, for purposes of design is given by 


fa = 0 fu ( ~ *) 
where fy, is the ultimate strength of the material and 


strength. Denoting this ratio 





therefore 7fy, is the limiting stress for simple alternations. 
For example, in a bar of 0-45 carbon steel, if the ulti- 
mate strength is 40 tons per square inch and 7 = 0-45, 
and there is a steady stress of 22 tons per square inch, 
the safe alternating stress will be 

99 
fa = + 0-45 x 40 (1 - iz) = +t 8-1 tons per sq. in. 
or the stress may vary from 13-9 tons to 30-1 tons per 
square inch. 

In a bar subjected to pure alternating stress there is 
no permanent elongation; if, however, on the alter- 
nating stress is superimposed a constant stress, the bar 
will elongate about the same amount as it would under 
a static stress equal to the maximum stress. In other 
words, elongation takes place if f;-+ fa exceeds the 
yield point of the material. Thus, if the yield point of 
the 40 ton steel mentioned before is 24 tons, elongation 
will take place if f,>24 — 22 or + 2 tons per square 
inch. 

As in a bar subjected to tension or compression, 
the shear stress q is half the tensile or compressive 
stress f, it may be considered as failing under an 
alternating stress of +f, or under a shear stress of 
+q= +4f,. It has further been found from torsion 
tests that the allowable shear stress is about half the 
allowable alternating stress. , 

For elastic failure under compound stress, such as 
occurs in a crankshaft subjected to a stress of fy 
and a shear of g, there are three principal theories of 
failure. 

(1) Maximum principal stress : 


m= that NEfe + @. 
(2) Maximum principal strain : 


Ee=afe +3 Jtfe +? 


taking Poisson’s ratio as 4. 
(3) Maximum shear : 
qm = NE fa? + @. 
which is equal to half the difference between the prin- 
cipal stresses or 
qn = LP 
i 2 
where 


m= tfa— JStfa® +e 


These theories are theories of elastic failure and there 
is no reason why they should apply to fatigue failure, 
but present evidence seems to show that for com- 
pound alternating stress the maximum-shear theory, 
often known as Guest’s or Coulomb’s law, is somewhat 
on the safe side. 

As the allowable shear stress is one-half the allow- 
able pure alternating stress, if f is the allowable pure 
alternating stress 

=2 Jtff +P =n1—m 
and it will be seen that this gives less strength than 
either of the two first theories, an important thing in 
design. 

Tests on steady compound stress combined with 
alternating compound stress are wanting, but probably 
some law such as that for simple stress would apply. 

Where there is a change of section, as in a shaft 
with two diameters, there is a large concentration of 
stress at the radius joining the two sections unless the 
radius is very large. In the case of a circular shaft, 
the radius should be three times the smaller diameter 
of the shaft, a thing generally practically impossible, 
so that the only course is to make the radius as large 
as possible, a thing often neglected by draughtsmen. 

In static bending, the stress at such a corner relieves 
itself owing to the ductility of the material, but with 
alternating stress such can only take place to a small 
degree. The same applies to a screw thread; for alter- 
nating stress the strength is from 23 per cent. to 33 per 
cent. less than the strength reckoned on the area at 
the bottom of the thread, showing that the usual prac- 
tice of reducing the area of a bolt to that at the bottom 
of the thread is unsafe for alternating stress and it 
would probably be better if further reduced. 

A similar effect has been found in a rotating shaft 
with grooves turned in it and subjected to bending ; 
it is liable to fracture at the last groove and this can 
be prevented by tapering away the last groove very 
slowly to the diameter of the shaft. 

Scratches or rough finish on a shaft also reduce its 
strength largely and the finish should be as good as 
possible. The mean tensile stress, f, is increased theore- 
tically at the bottom of a groove or scratch to 


(1+24/5) 


where a is the depth of the scratch and p its radius 
at the bottom. Actually the reduction in strength is 
somewhat less than given by this formula, probably 
owing to some flowing of the metal even under alter- 
nating stress, yet test pieces rough turned or rough 











filed had reductions of strength of from 12 to 20 per 
cent. Accidental scratches reduced the strength up 
to 16 per cent. 

It may be noted that even static tensile test pieces 
have their ultimate strength somewhat increased, and 
their elongation a good deal increased by well finishing 
the surface as by fine grinding. Such test pieces 
often break at the centre pop made for measuring 
the elongation, especially in some bronzes. A large 
number of failures have been caused by the most 
detrimental practice of stamping an inspector’s mark 
on parts subjected to alternating stress. 

Keyways reduce the strength of a shaft by 12 per 
cent. to 20 per cent. compared with a solid shaft. 

It is largely on account of these local concentrations 
of stress that such large factors of safety have to be 
allowed in rotating shafts subjected to bending from 
their own weight or otherwise, it being usual to allow 
a factor of safety of from 15 to 20 in the bearings 
and ends of steam-turbine shafts. 

In all fatigue failures, a crack is eventually initiated 
and spreads through the material until the effective 
section becomes so reduced that the load cannot be 
carried and sudden failure results. A fatigue fracture 
generally shows a so-called brittle or crystalline zone, 
but it should be clearly noted that the material has 
not become crystalline under the action of the 
alternating stress; it is simply that this particular 
type of failure takes place along certain definite 
crystallographic planes which has the effect of showing 
up the individual crystals. If, therefore, a shaft, 
due to a sudden blow or excessive stress, develops 
a crack, such a crack will spread and cause fracture, 
although the shaft, if whole, would be safe. The 
same thing is caused by flaws in the process of manu- 
facture or internal strains, and these latter may be 
such that a shaft, after being cut open, may crack 
spontaneously. Such things cause many, if not most, 
of the disasters generally attributed to fatigue. A 
crack or flaw is started in some way due to external 
forces or defective material, and spreads under alternat- 
ing stress until failure takes place. It may be noted 
that moderate over-straining, provided no crack is 
formed, has no serious effect. Thus bending the crank 
of a bicycle from a fall generally does little harm. 

With regard to the effect of temperature on the 
endurance of steel, there is little information, but 
somte tests have shown it to be reduced about 20 per 
cent. at 370 deg. C. 

A thing that has recently come to light, and may 
have serious effects in many cases, is that steels at 
as low temperatures as 550 deg. C., and _ possibly 
at 400 deg. C., are liable to creep and eventually break 
under static stresses that would be quite safe at 
ordinary temperatures. 





THE MECHANICAL WoRLD.—Recently some important 
modifications have been introduced into the old- 
established engineering journal, The Mechanical World, 
published weekly from 65, King-street, Manchester. 
The contents have been considerably increased and 
the scope of the journal widened to include industrial 
and commercial information of direct interest to works 
managers, executive officials and commercial stafis. 
None of the older features have been sacrificed, however, 
to obtain these ends, and the price remains unaltered 
at 3d. per copy. 





Motor Suir ror Tourtst SERvIcE.—Although it is 
disappointing that the order has gone to a Swedish yard 
instead of a British, the fact that the Bergenske Steam- 
ship Company has ordered a 6,000-ton motor ship 
specially for their tourist business is of interest. In the 
Franconia and other liners recently completed, the design 
has been carefully adapted to the tourist trade, which is 
now one of the most profitable sections of the passenger 
shipping business, but the new ship willbe only the second 
vessel which is designed solely for the trade, the pioneer 
being the Meteor. This vessel was built for the 
Hamburg-America Line in 1904, after they had tested 
the possibilities of the business with a number of 
passenger steamers, and, before the war, ran success- 
fully to Norway and the Mediterranean. After the 
war she was surrendered to this country and, after 
being used for troop carrying and various passenger 
services for a time, was sold to the Bergenske Company 
for her original purpose, a subsidiary company having to 
be formed in order to contogmlewish the sale restriction 
that she should be kept under the British flag. This 
clause was afterwards abandoned, and she now sails 
under the Norwegian flag to the Mediterranean during 
the winter and in the Norwegian Fjords during the 
summer. Practically all her passengers, however, are 
British and she is well advertised in this country. _ It 
we that the new ship will follow on her design, but 
will be considerably larger, and driven at 15 knots by 
Diesel engines of 5,000 h.p. Apparently she will be run 
on more expensive lines than the Meteor, for she is only 
designed to carry some 200 passengers. This would 
appear to put her between the Meteor and the large 
vessels of the Atlantic companies which are taken off 
their passenger services during the slack season, but for 
which high prices naturally have to be charged. 
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CHILEAN TRADE. 


Wuust agriculture is the principal industry in Chile 
rendering the country self-supporting, it is the almost 
inexhaustible mineral resources that give it an 
enviable position amongst the nations of the world. 
The iron and copper ore deposits aire being developed 
mainly by means of American capital, the nitrate 
fields principally by British funds, while those of 
German origin are sunk almost entirely in manufacturing 
industries. During the past few years the financial 
and commercial position of the country has shown 
considerable advance, and the attention of more British 
firms might profitably be directed to it. Much statistical 
and other information is given regarding trade in a 
“Report on the Industrial and Economic Situation 
in Chile,” compiled by Mr. W. F. Vaughan Scott, for 
the Department of Overseas Trade. The Report covers 
the period May, 1923 to September, 1924, and the 
general conclusion is that the gradual revival in trade 
activity from the crisis experienced during 1920-21 
continued. When it is realised, however, that since 
1920 more than fifteen changes of Ministry have taken 
place, culminating in the establishment of a military 
directorate in September 1924, the fact that, although 
being steadily reduced, a substantial budget deficit 
still exists will occasion no surprise. Nevertheless, 
a greater feeling of optimism now prevails in banking 
and commercial circles. 

In the case of the nitrate trade, statistics for 1923 
show that Chile contributed 305,000 metric tons, or 
32:2 per cent. towards a world demand of 947,000 
metric tons. This represents a great increase over 
the 170,000 tons supplied in 1922 towards meeting a 
world consumption of 712,000 tons, but in 1913 Chile 
contributed a total of 450,000 tons towards a world 
demand of 823,000 tons, or over 54 per cent. The 
change has been brought about by the increased use 
of synthetic products during the last decade. 

In 1601 copper was first mined in Chile, which is now 
second in importance among countries producing the 
metal. In 1922, the production of copper ingots and ores 
totalled 217,700 tons and in 1923, 252,680 tons. For 
the first nine months of 1924 approximately 195,000 
tons were exported. With regard to the coa! industry, 
imports of the foreign-mined article are gradually 
being displaced by petroleum, for whereas in 1909 over 
1,250,000 tons of coal and 100,000 tons of petroleum 
were imported, the corresponding figures for 1923 were 
183,073 tons and 474,867 tons respectively. For 
1924, excluding December, 772,662 tons of petroleum 
were imported, a record quantity. 

Naturally in a country having nearly 50,000,000 
acres of land devoted to agriculture purposes, farm 
machinery and accessories form a large proportion of 
the import trade. Although the use of modern 
appliances is extending, British manufacturers appear 
to be steadily losing ground in the selling of such 
equipment. The value of imports from Great Britain 
under this heading decreased from 97,0001 in 1920 
to 14,7307. in 1922. In iron and steel manufactures 
business was good during the period under review, 
but Germany and Belgium controlled the market for 
mild steel bars for constructional work, for black 
wire used in nail making, and for galvanised wire. 
Malleable cast iron fittings from the United States, 
owing to low cost, are displacing those made from 
wrought iron, and no British manufacturer seems 
able to compete successfully. Bolts and nuts from this 
country are being displaced by those from the United 
States. The Report states that the American product 
is of finer appearance than our article, and that we are 
further handicapped by not supplying to metric 
standards. Orders for machinery required in mining, 
too, have gone to the United States, mainly, it is thought, 
on account of British makers not being represented 
on the spot. Wire rope of English manufacture is 
preferred, some 387 tons being exported to Chile from 
this country in 1922. Tinplates from Great Britain 
are considered best, and in 1923 some 6,000 tons 
were purchased from us by Chile, figures for recent 
years showing a steady increase. The demand for 
wrought iron tubes and fittings fluctuates, 4,904 tons 
valued at 124,6001. being taken from us in 1922. Good 
business has been done in motor cars, a trade almost 
exclusively monopolised by United States manufac- 
turers. The number of cars imported in the first 
eleven months of 1924 totalled 696, and were valued at 
178,000. 

A few particulars regarding the position of Chilean 
factories will be of interest. In July, 1924, Messrs. 
Astilleros Behrens and Co., of Valdivia, completed the 
construction of their 2,000th goods wagon for the 
State Railways. This company has State Railway 
contracts in hand to the value of 450,000/. The 
Compafiia Sud-Americano de Explosivos of Anto- 
fagasta, a recently formed Chilean organisation, has 
erected a factory at Rio Loa, at a cost of 400,0001., for 
the manufacture of explosives on a commercial scale. 


addition, at the Army workshops, situated on the out- 
skirts of Santiago, rifles are manufactured and repaired, 
while 5,000,000 cartridges can be produced daily. 
Ashell factory with an electric steel smelter, an ordnance 
shop, and a metal and leather accoutrement factory 
exist, all containing modern American and German 
machinery. Hydro-electric developments are im- 
pending. The Chilean Electric Company, controlled by 
a British firm, has done much to render available the 
water power of the country. The company supplies 
power to the State Railways, industrial concerns, &c., 
and its progress can be gauged from the fact that in 
four years the peak load on the system has increased 
from 13,000 kw. to 30,000 kw. Other important com- 
panies are the Cia Electricidad de Valparaiso and the 
Chile Exploration Company, Limited. 

The railways of the country are composed of State, 
British and privately-owned lines, having a total 
mileage of 5,642. The first-named have continued to 
be run at a loss during the period under review, but the 
British companies have profited by the improvement 
in the conditions of the nitrate industry, copper mines, 
and other trades. Electrification of the first zone 
of the Chilean State Railways, a distance of about 
150 miles, has now been completed after an expenditure 
of 17,500,000/., and comprises the sections Santiago to 
Valparaiso via Llai Llai. The latter place is now linked 
up with Los Andes. The values of rolling stock, general 
material, and rails paid for by the State Railways during 
1923 and 1924 amounted to 1,001,850/. and approxi- 
mately 2,000,000/. respectively. 

With regard to shipping, two new lines were in- 
augurated to the West Coast under the Yugo-Slav flag, 
despite the low freight rates ruling during the period 
under review. Aviation in Chile is limited to the 
Services, and both military and naval air forces have 
been organised by British instructors. Radio tele- 
phony has been enthusiastically welcomed throughout 
the country and some 12,000 receiving sets have been 
installed. The United States have supplied 75 per 
cent., Germany 12 per cent., and the United Kingdom 
9 per cent. of the demand. 

The country is not without labour problems, though 
mainly of a different class from those with which we are 
familiar. Chile is very under populated, the increase 
being slow and immigration practically non-existent. 
Again, the last few years have seen the establishment 
and rapid growth of organised labour throughout the 
country, and there are to-day some 700 unions in 
existence, having a membership of over 150,000 
persons. These unions are a very important factor 
in the industrial life of the nation, and a proof of their 
strength has been shown in the passing, in September, 
1924, of a series of social laws which will greatly 
improve the well-being of the workers. In conclusion, 
it should be realised that the country, viewed as a 
market for British goods, requires more attention than 
it at present appears to receive. The Chilean is a keen 
critic of foreign enterprise. This was evidenced by the 
disappointment expressed at the character of the 
exhibits and the value as an undertaking of the com- 
mercial exhibition ship Italia, which visited Punta 
Arenas in June, 1924, and subsequently six other 
Chilean ports. The effect produced by the visit of the 
8.S. Hermata Theresa, a vessel described as a floating 
exhibition of manufactures of German-speaking coun- 
tries, will be awaited with interest by European ex- 
porters. These endeavours to secure business by Italy 
and Germany serve to emphasise the keen competition 
to be expected from rival nations, and the information 
contained in the Report should prove of real commercial 
value to United Kingdom manufacturers. 





EXPLOSION OF A POWER STATION 
SUPERHEATER. 


On March 2, last, a superheater in service at the 
South Wales Electrical Power Distribution Company’s 
power station at Upper Boat, Pontypridd, Glamorgan- 
shire, exploded, injuring a stoker. As is required by 
the Boiler Explosions Acts, an investigation was carried 
out after the event on behalf of the Board of Trade 
by Mr. Gilbert J. Isaac, and the observations made and 
conclusions arrived at by him have now been published 
in a Report of Preliminary Inquiry. In this document 
it is stated that the superheater which failed was one 
of four used in conjunction with a battery of water- 
tube boilers. The superheaters were fitted between 
turbine machinery and the boilers, being fired separately 
from the latter, by hand. 

The damaged unit was composed of 27 groups of 
tubes each group having four U-shaped tubes 35 ft. 
4 in. in length. Each tube was made of solid drawn 
mild steel 1} in. in external diameter and corresponded 
to number 9, Gauge in thickness. The tubes were 
expanded into headers made of wrought steel and pro- 
vided with handholes placed opposite the tube ends. 





The anticipated output is 3,500 tons per annum. In 





The furnace was constructed of brickwork and, to ensure 


a uniform temperature round the superheater tubes, 
the gases after leaving the firegrate passed through 
a muffle chamber. A regulating damper was fitted in 
the uptake. The superheater was provided with a 
spring loaded safety valve adjusted to lift at a pressure 
of 200 lbs. per square inch, a drain valve, a valve and 
cock to allow of soot being cleaned out, a dial thermo- 
meter with capillary tube, and a pressure gauge complete 
with a shut-off valve and control cock. 

In these circumstances it will be readily intelligible 
that the explosion, which was not of a violent nature, 
fracturing one tube for a length of 74 ins., was not due 
to unusual conditions of working being imposed. The 
cause of the accident is given in the Report as being due 
to the tube becoming so reduced in thickness that it was 
unable to withstand the pressure to which it was sub- 
jected. The superheater was made by Messrs. Babcock 
and Wilcox in 1907 and erected in place by them 
in 1908. The only repairs since effected consisted of 
the renewals of tubes ; these had been few in number. 
Inspections were frequently carried out by Mr. Robert 
C. John, the boiler-house superintendent at the power 
station. Originally the power station was provided 
with steam reciprocating machinery, steam being 
generated in water-tube boilers of the Niclausse and 
Babcock-Wilcox types. No superheaters were fitted 
in connection with these boilers. Subsequently steam 
turbine machinery was installed and it was then found 
necessary to add superheaters to the equipment. In 
the circumstances theses superheaters could not be made 
integral with the existing boilers; they were conse- 
quently erected as previously described. The super- 
heaters were worked under natural draught conditions 
with a chimney 41 ft. high above the uptakes. 

Standing instructions were that the temperature of 
the superheated steam was to be maintained between 
500 and 600 deg. F. The latter figure was not to be 
exceeded and, in general, the former figure was the 
working temperature. The boilers were inspected and 
insured but not the superheaters, since these would 
not normally contain water and were well shrouded in 
brickwork. At 4,15 a.m. on the date of the explosion, 
45 minutes before it occurred, four Babcock-Wilcox 
and three Niclausse boilers were generating steam at 
190 lb. pressure. Only one superheater was operating 
and the temperature of the superheated steam had 
fallen to about 400 deg. F. A second superheater was 
then connected up to increase this temperature and 
the drain valve left open. It was in the second 
superheater that the explosion occurred at 5 a.m. 

Subsequent inspection of the fractured tube dis- 
closed several facts. Firstly, the defective tube was 
directly in way of the exit from the muffle chamber 
and, therefore, immediately in the path of the gases 
when at their highest temperature, and secondly. the 
tube had increased in external diameter from 14 to 
1? in. over a length of about 2 ft. above and 3 ft. below 
the fracture. Thirdly, the thickness of the tube had 
decreased from size 9 Gauge to size 14 Gauge, at a 
distance of about 3 in. from the ends of the fracture 
and in way of the fracture the thickness was found to 
be 19 Gauge. Fourthly, the inside surface of the tube 
was coated with a black oxide of iron scale about % in. 
in thickness. In view of these observations, it is 
stated in the Report, the tube was thought to be one 
of those originally fitted when the superheater was 
erected, and that deterioration was due to the action 
of superheated steam on the material of the tube when 
subjected to comparatively high temperatures over a 
considerable period of time. It was believed that the 
enlarged diameter of the tube was not noticed on the 
occasion of the last inspection made previous to the 
explosion on December 23, 1924. 

The power plant at the station is in process of 
being enlarged and the new boilers being installed 
will be fitted with integral superheaters. It is 
intended that the hand-fired type shall be dispensed 
with at an early date. 





Marconr Broapcastine Srations.—At the present 
time two new broadcasting stations, one at Milan, 
Italy, and the other at Brno, Czechoslovakia, are being 
erected by the Marconi Wireless Telegraph Company. 
Both will use a power of 12 kw., being of the same type 
and power as the new 2LO station recently completed 
by the company in London. 





OxrorD-crrcus Station.—The new booking hall 
below the street level at Oxford-circus Station has 
now been opened and serves both the Bakerloo and 
Central London Railways. Thus the two Oxford-circus 
Stations have been merged into one. During the 
past few weeks the Bakerloo escalators have been 
undergoing partial reconstruction, and the passengers 
of that liné have been using the lifts of the Central 
London Railway for getting to and from the platforms. 
This work is now finished, however, and the escalators 
restored to service. Eight passimeters have been 
installed in the new booking hall and are now in 
operation. The traffic at Oxford-circus Station amounts 
to nearly 100,000 passengers daily. 











[Auc. 21, 1925. 





ENGINEERING, 3 








LIGHT MOTOR FIRE 





ENGINE. 


CONSTRUCTED BY MESSRS. GWYNNES ENGINEERING COMPANY, LIMITED, HAMMERSMITH. 



























































~ (8993) 


THE GWYNNE LIGHT MOTOR 
FIRE ENGINE. 


In small country towns and rural districts there is 
not usually sufficient demand to justify the provision 
of a powerful fire engine of the type standardised for 
the larger towns. To meet the requirements in such 
cases, and also those of large private estates, Messrs. 
Gwynnes Engineering Company, Limited, of Hammer- 
smith, London, W. 6, have introduced the light engine 
which forms the subject of the illustrations on this 
and the opposite pages. The engine is made up by 
mounting a two-stage turbine pump of the makers’ 
well-known design, on a ‘‘ Gwynne Eight ”’ private-car 
chassis. This chassis was fully described and illus- 
trated in our issue of October 24, 1924, but has been 
modified in detail to render it suitable for the purpose 
now referred to. The pump is capable of delivering 
120 gallons of water per minute through one jet at 
80 Ib. per square inch pressure, or 140 gallons per 
minute through two jets at 60 lb. per square inch 
pressure. It will thus throw an effective stream to a 
height of from 70 ft. to 80 ft. In cases where it can be 
connected directly to a hydrant, the pressure obtained 
from the pump is added to the existing pressure in the 
mains, with a corresponding increase in the effective 
height to which the water is thrown. 

The general appearance of the fire engine can be 
gathered from Figs. 1 and 2, which show side and rear 
views, respectively. The power unit has four cylinders, 
formed as a monobloc casting, with detachable head. 
The bore and stroke are 56 mm. and 100 mm.., respec- 
tively, giving a capacity of 950 c.c., and a Treasury 




















rating of 7-6 h.p. Actually, however, the engine is 
capable of developing 20 h.p. and develops 15 h.p. at 
the normal pumping speed of 2,000 r.p.m. The valves 
are of the overhead type, operated by push rods. Cooling 
is on the thermo-syphon system, in conjunction with the 
usual honeycomb radiator, when running on the road. 
When pumping with the car stationary, the normal cool- 
ing system is assisted by a supply of water by-passed 
from the pump. A special lever is mounted on the dash, 
by means of which the flow of water from the pump 
can be regulated under these circumstances. 

Turning now to the chassis details, the clutch is of 
the inverted-cone type, with leather-to-metal contact. 
A three-speed gear-box is provided, which is illustrated 
in Figs. 4 and 5. The ratios obtainable from this box 
are 14-25, 9-15 and 4-83 to 1; the reverse ratio being 
the same as the first. The gear-box is mounted in an 
approximately central position, but actually forms 
part of the rear axle, as it is rigidly connected to the 
torque tube. The whole of the rear axle unit formed 
in this way is anchored on a ball joint, formed on a stiff 
arm which projects from the gear-box at the forward 
end and on the off side of the box. The gears are 
of air-hardening nickel-chrome steel. An extra lay- 
shaft is provided in the box, from which the pump 
drive is taken. The rear axle is of the semi-floating 
type, and is underslung. The final transmission is by 
spiral bevel. 

The chassis is strengthened by extra cross-members 
at the rear, which serve to carry the pump, as shown 
in Fig. 2. The propeller shaft, by means of which the 
pump drive is transmitted from the gear-box, can be 
observed above the side frames in Fig. 3. This shaft 
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is provided with a Spicer universal joint at each end. 
The arrangement of the pump drive in the gear-box 
can be seen in Figs. 4 and 5, from which it will be 
observed that an additional wheel is fitted on the 
clutch shaft between the two ball races. This wheel 
is in continuous engagement with a second wheel on 
the special layshaft. When it is desired to drive the 
pump, a sliding pinion is brought into engagement with 
the layshaft wheel. The hand lever, by means of which 
the engagement is effected, is shown on the right in 
Fig. 5, and can also be observed on the pinion housing 
in Fig. 3. As a precautionary measure, means are 
provided to render it impossible to engage any of the 
driving gears when the pump is in action, or vice versa. 

Various views of the pump are given in Figs. 6 to 9. 
It has a capacity of 100 gallons per minute, at 3,000 
r.p.m., working against a pressure of 100 Ib. per square 
inch, and has been specially designed to give lightness 
with adequate strength. The impellers are arranged 
back to back, in order to minimise end-thrust, but any 
small end-thrust that may arise is provided for by 4 
double thrust-washer, which also serves to locate the 
impellers. On reference to Fig. 2, it will be seen that 
the inlet and discharge branches on the pump all face 
towards the rear, and are in a very accessible position 
for coupling up. The central inlet branch is of 3-in. 
diameter, and the two side discharge branches are each 
2} in. in diameter. The pump casing is made of gun- 
metal, the spindle being of stainless steel, thus eliminat- 
ing any possibility of rusting up. The thrust bearing 
is water-jacketed, the water for this purpose being 
tapped off from the pump through a strainer, as shown 
in Fig. 7. The water leaving the jacket passes to the 
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engine through the branch shown in the same figure, 
Where it assists in cooling the cylinders, as mentioned 
when dealing with the engine. The water finally drains 
= through a cock, by means of which the quantity 
/Owing can be regulated. A non-return valve, inserted 
in the system between the engine and the pump, 
prevents the cooling water from running off acciden- 
— through the latter. The main pump bearing is of 
_ roller type, and is situated at the coupling end of the 

racket carrying the thrust bearing. ‘The tail-end of the 
spindle runs in a grease-lubricated plain bearing formed 
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in the suction passage. Priming is accomplished by 
means of a special rotary exhauster, the casing for 
which is visible in Fig. 7. This exhauster is driven 
through a friction drive from the pump spindle, and is 
only engaged when required. The drive is screw 


observed in Fig. 9. An inteceptor tank, shown on the 
left-hand side in Fig. 8, is interposed between the pump 
and the exhauster. A ball-float and valve are provided 
automatically to prevent water entering the exhauster 
when the pump is primed. (Gauges are fitted on the 





operated by means of the handwheel, which can be | j 


pump showing delivery and suction pressures, and cocks 
are provided for draining the pump casing, thrust 
cooling jacket, and interceptor tank. 

The body of the fire-engine is designed to provide 
seating accommodation for the driver and one fireman, 
while two extra firemen can travel standing on the 
running boards, which are strengthened and provided 
with a handrail for this purpose. The delivery hose 
and nozzles are carried in a box at the back of the 
driver’s seat, two lengths of suction hose being carried 
in stirrups at the rear of the chassis. The whole unit 
is complete with full electrical equipment, including a 
self-starter for the engine. The springs are provided 
with additional leaves as compared with the touring-car 
chassis, and to eliminate any possibility of a puncture, 
the tyres are filled with Rubberine. The fuel consump- 
tion is very low, being one gallon to 40 miles on the road ; 
and 10 pints per hour, with the engine running at 2,000 
r.p.m., when pumping. The vehicle can attain a 
road speed of 45 miles per hour. The wheelbase is 
7 ft. 3 in., the track 3 ft. 6 in., and the total weight is 
12 ewt. 





SmMoKE ABATEMENT CONFERENCE.—It is announced 
that the Smoke Abatement League of Great Britain, 
of 33, Blackfriars-street, Manchester, has made arrange- 
ments for a Smoke Abatement. Conference to be held 
at the Palace Hotel, Buxton, from October 2 to 
October 5, 1925. 





ConstructTION or NEw SHrps In DenMARK.—Recently 
three vessels were launched in Denmark which are of 
particular interest on account of their size and the fact 
that all will be fitted with oil engines. The Ida Knudson, 
which when compieted will be the largest motorship 
built in Scandinavia, is an oil tanker capable of carrying 
13,000 tons, and will have a speed of 11 knots. Two 
Burmeister and Wain Diesel motors, generating a total 
horse-power of 3,800, will be installed. Some further 
particulars of this boat were given in a paragraph 
which appeared on page 53 of our issue of July 10 
last. The second vessel, the Segundo, under construc- 
tion for the Ivaran Shipping Company, of Oslo, was 
launched on July 1 from the yard of the Burmeister 
and Wain Engineering and Shipbuilding Company, 
Limited, at Copenhagen. Building to the requirements 
of the Norwegian Veritas, the ship is intended for freight 
traffic, and has a length of 367 ft., a breadth of 53 ft. 
6 in., and a depth of 27 ft. 6 in. She will be capable of 
carrying a deadweight of 7,800 tons. Two sets of Diesel 
engines, made by the shipbuilders and having a total 
horse-power of 2,300, will be fitted. All deck machinery 
will be driven electrically. The third vessel, the 
Mulcra, was launched on July 3 from the Svendborg 
shipyard of Messrs. Burmeister and Wain, on the island 
of Funen. This ship has a length of 215 ft., a breadth 
of 35 ft. 6 in., and a depth of 15 ft. 6 in., while the dead- 
weight capacity will be 1,500 tons. The engines in this 
case also will be supplied by the shipbuilders. 





THe Twin-Screw Mororsaie “ SvEALAND.’’—The 
Svealand, of 21,000 tons burden, built by the Deutsche 
Werft, Hamburg, started on her maiden trip from 
Hamburg-Cuxhaven to Crux Grande (Chile) via the 
Panama Canal on April 11, and reached the home port 
again on June 6 after having taken 20,688 tons of iron 
ore from Chile to Sparrow’s Point, near Baltimore. 
The trial runs had been made between Hamburg and 
Cuxhaven on April 9. On the outward journey the 
ship, we see from Schiffbau of August 12, drew 
23 ft. 6 in. forward and 23 ft. 10 in. aft. The 5,253 
nautical miles between Hamburg and Colon were steamed 
in 20 days 20} hours at an average speed of 11-1 knots, 
the speed varying with the sea between 9 and 13 knots. 
The ship had 400 tons of oil fuel on board; 335-7 tons 
were consumed, the main engines indicating 5,500 h.p. 
(German) at a fuel consumption of 113 grammes of oil 
per hour per indicated horse-power. The main engines 
were run without interruption, and the three auxiliary 
Diesel dynamos ran continuously for 134, 74 and 6} days, 
respectively. The Panama Canal was passed without 
mishap. At Balboa the ship took in 400 tons of oil 
fuel and arrived at Crux Grande on May 12, somewhat 
delayed by having had to go into quarantine at Arica 
for half a day. There was further delay of a week 
before the ship could be berthed; the actual loading 
with 20,688 tons of iron ore occupied 49 minutes. The 
mines near Crux Grande, formerly French, are now 
American. With this load, the Svealand drew 32 ft. 
6 in. forward and 33 ft. 6 in. aft; the total weight, 
including 495 tons of fuel, 60 tons of water, and 25 tons 
of provisions, amounted to 21,568 tons. The return to 
Balboa was accomplished at a speed of 11-6 knots. 
The engines indicated 6,010 h.p. at 112-5r.p.m., and the 
total fuel consumption of the main and auxiliary engines 


_| averaged 133 grammes per indicated horse-power per 


hour. Panama was reached at noon on May 28, Colon 
in the afternoon of May 29, and Sparrow’s Point at 
6 p.m. on June 6; at this latter hour the ship was 
fast to the pier of the Bethlehem Steel Company, and by 
9 a.m. next morning four grabs (each of 15 tons capacity) 
had completed the discharge so that the ship could pro- 
ceed on her home journey by 11 a.m. None of the 
engines is said to have given any trouble on the whole 
journey—Cuxhaven-Crux Grande-Sparrow’s Point (about 
12,500 miles); within 24 hours the Svealand proceeded 
on her second trip to Chile. The average fuel consump- 
tion is estimated at 3-2 grammes per mile per ton of 
cargo. The temperature in the engine room rose in 
the tropics to 37 deg. C. when the atmospheric tempera- 





ture was 30 deg. C (98-6 deg. and 86 deg. F.). 
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LETTER TO THE EDITOR. 


—_—__— 


THE LIVING PLANT AS A THERMO- 
DYNAMIC ENGINE. 
To Tue Epitor or ENGINEERING. 


Srr,—-In your thoughtful main article of August 
14 (page 201) you remark on the extraordinary effici- 
ency of the living plant for conversion of the heat 
from the sun into mechanically available forms of 
energy, when regard is had only tc temperatures 
within the plant. The elucidation of the apparent 
paradox is, of course, urgent, and is of high interest, 
especially perhaps to engineers. It is that the direct 
radiation from a body like the sun carries a tempera- 
ture of its own along with it, which would be that of 
the sun if it were a perfect radiator or so-called “ black- 
body.” The thermal energy is fed into the green 
plant-cells at this effective temperature, which is 
about 6,000 deg. K., and the residue is rejected at about 
300 deg. K.—the symbol K. (Kelvin) standing for 
absolute temperature in accordance with present 
Continental usage. The working engine is thus 
sun-radiation-plant cell; and Carnot’s principle 
would permit a very high efficiency which might 
even rise to nineteen-twentieths of the whole radia- 
tion if the circumstances could be quite reversible. 
This result of the thermodynamics of radiation is satis- 
factory, for on molecular views even vital activity 
could hardly evade the principle of Carnot. By con- 
trast, in an ordinary heat-engine it is the temperature 
of the generator, not that of the furnace, that is in- 
volved thermodynamically, for the radiation from the 
furnace is absorbed and degraded into ordinary heat 
by the walls of the boiler before it can get into position 
for direct transformation. The plant cell is, in fact, 
a chemical engine worked by the radiation directly, 
more of the type of a galvanic (photovoltaic) cell 
which might conceivably be fed by direct solar radia- 
tion with like great apparent efficiency. By the 
reversed process a glow worm changes ordinary avail- 
able chemical energy into visible radiation of high 
potential temperature. The process must be very 
expensive. 

Yours truly, 
JosEPH LARMOR. 

Portrush, August 15. 

[We have apparently failed to make our point quite 
clear. No reference was made in our article to the 
efficiency with which vegetation utilises the solar radia- 
tion. In fact, we have always understood this to 
be small. Thus, in his Royal Institution lectures 
delivered in 1911, Sir J. J. Thomson stated that “‘ shin- 
ing in a clear sky the sun transmitted to the earth 
energy at the rate of 7,000 h.p. per acre.” This would 
represent the energy liberated by the combustion of about 
1,500 lb. of coal per hour. The amount of carbon-dioxide 
decomposed by plant life per hour per acre is only a 
small fraction of this, in spite of the high-grade charac- 
ter of the solar energy. As Sir Joseph Larmor has 
pointed out elsewhere, this is so high that it could be 
almost wholly converted into mechanical work by a 
turbine driven by the pressure of light, were perfect 
reflectors available. Our point, however, was not the 
efficiency of the vegetable cell, but that in some way 
or other this cell checks the natural degradation of 
energy and the building up in this way of the plant 
structure does seem to involve the exercise of some 
power of selection.—Eb. F.] 





THE LATE SIR ADAM BECK. 


Tue death recently took place at London, Canada, 
of Sir Adam Beck, K.B., LL.D., chairman of the 
Hydro-Electric Power Commission of Ontario. The 
deceased gentleman was born at Baden, Ontario, in 
June, 1857, and after passing through the public 
schools there proceeded to Dr. Tassie’s school at 
Galt, also in his native Province. When he completed 
his education at the latter institution he entered the 
milling industry as an assistant in his father’s business. 
In due course the younge> Beck removed to London 
and started a box-making factory, branches of which 
were later established in Hamilton, Toronto and 
Montreal. It was as a Member for London that 
Sir Adam commenced his political career, in 1905, 
when the Conservatives were returned to power 
in the Ontario Legislature under the leadership 
of Sir James Whitney. He joined the Govern- 
ment as Minister without Portfolio, and at once 
began to organise the hydro-electric power system, 
a task to which he devoted his life. He was 
mainly responsible for the establishment of municipal 
control over the electric power service which to-day 
supplies energy, obtained from Niagara Falls, to 
239 municipalities, 65 townships and rural districts, 
and 51 industrial companies. Illustrated descriptions 


of this system were given under the title of “‘ Hydro- 
Electric Developments in Ontario”’ on pages 97, 127 
and 160 of vol. cxi of ENGINEERING, and also under 
the title ‘‘ Queenston-Chippawa Hydro-Electric Devel- 
opment,” on pages 220 and 255 of vol. cxviii. 

At one period of his administration Beck was assailed 
by the financial Press, which opposed public ownership, 
and as a result of an allegation that the returns of the 
Niagara system did not fully disclose the position, 
a special audit of accounts took place. The examina- 
tion fully vindicated the integrity of the chairman. 
Sir Adam was a man of wide interests and activities. 
After being knighted in 1914 he acted as Director 
of Remounts during the war, personally supervising 
the purchase of horses for the Canadian Expeditionary 
Forces. For this work he was well suited as a successful 
horse breeder. He was a member of several health 
organisations in Canada, and his death removes an 
administrator who will be difficult to replace. 





BOOKS RECEIVED. 


United States Bureau of Mines. Bulletin No. 226. 
The Treatment of Manganese-Silver Ores. By GALEN H. 
CLEVENGER and M. H. Caron. [Price 20 cents.] 
No. 233. Protection of Oil and Gas Field Equipment 
Against Corrosion. By R. Van A. Mutts. [Price 
35 cents.] No. 251. Coal Mine Fatalities in the 
United States, 1924. By W. W. Apams. [Price 
15 cents.] Washington : Government Printing Office. 

United States Bureau of Mines. Technical Paper No. 335. 
Bituminous Coal as a Generator Fuel for Large Water- 
Gas Sets with Waste-Heat Boilers. By W. A. DUNKLEY. 
[Price 15 cents.] No. 341. Metallurgical Treatment 
of Zinc-Retort Residues. By B. M. O’Harra. [Price 
5 cents.] No. 345. Analyses of Utah Coals. [Price 
10 cents.] Washington : Government Printing Office. 

United States Geological Survey. Bulletin No. 757. 
Geology and Coal Resources of the Axial and Monument 
Butte Quadrangles, Moffat County, Colorado. By E. T. 
Hancock. [Price 35 cents.] No. 772. A Recon- 
naissance of the Point Barrow Region, Alaska. By 
8. PaIcE and others. [Price 20 cents.] Washington : 
Government Printing Office. 








PERSONAL.—It is announced that the Cantie Switch 
Company, Limited, of Leighton-street, Carlton-road, 
Nottingham, has been acquired by Messrs. Brookhirst 
Switchgear, Limited, of Chester. The present name will 
continue to be used. 





ContTrRracts.—The Westinghouse Brake and Saxby 
Signal Company, Limited, of 82, York-road, King’s Cross, 
London, W. 1, have secured an order for the re-signalling 
of Belfast station. The system will be electro-mechanical 
and will be controlled by a new 90-lever interlocking 
frame.—Messrs. Howden-Ljungstrom Preheaters (Land), 
Limited, of 133, Helen-street, Govan, Glasgow, have 
obtained a contract from the British and Foreign 
Machinery Company, Limited, for a large air preheater 
to work in conjunction with four Lancashire boilers at 
San Andres nitrate plant in Chile. 


TENDERS.—The Department of Overseas Trade, of 
35, Old Queen Street, London, 8.W. 1, has announced 
that the Antwerp Municipality invites tenders, to be 
presented by September 10, 1925, for the supply of a 
steel motor-boat fitted with a four-cylinder oil engine.— 
The Postmaster-General’s Department of the Common- 
wealth of Australia invites tenders, to be presented by 
September 24, 1925, for the supply of one excavating 
machine to cut trenches 3 ft. 6 in. deep and 1 ft. to 
1 ft. 3 in. wide.—The Egyptian Ministry of the Interior, 
Savoy House, Cairo, invites tenders, to be presented 
not later than October 1, 1925, for the supply and 
installation of an electric power station and distributing 
system for the town of Minieh. The contract comprises 
the supply and erection of Diesel-driven generator sets, 
cables, &c.—The South African Railways and Harbours 
authorities, Cape Town, invite tenders, to be presented 
not later than September 17, 1925, for the supply and 
delivery of a 100-ton combination railway wagon weigh- 
bridge. Tenders are also invited for the construction, 
supply, and delivery f.o.r, in bond, at Cape Town, 
of four 4-ton electrically driven portal jib cranes. 
Tenders for the latter must be presented at Johannesburg 
not later than October 1, 1925.—The Marine Department, 
Constantinople, invites tenders to be received by Sep- 
tember 8, 1925, for the supply of machine tools.—The 
Postmaster-General’s Department, Melbourne, invites 
tenders, to be presented by October 20, 1925, for jumper 
wire, bells, and buzzers. Tenders for cordless telephone 
switchboards, timing clocks, and calculagraphs are also 
wanted, and these should be submitted not later than 
October 27, 1925.—La Commission d’Achats des Postes 
et Telegraphes, Stamboul, Constantinople, invites 
tenders, to be received not later than September 8, 1925, 
for the supply of lathes, a milling machine and a shearing 
machine, amongst other requirements.—The call for 
tenders for 50,000-volt switchgear and steelwork for 
the Waikato electric power scheme, lately announced 
in ENGINEERING, has now been cancelled. All inquiries 
regarding the above tenders should be made at the offices 








of the Department of Overseas Trade. 





CATALOGUES. 


Electricity Meters.—A catalogue of electricity meters 
for service in ordinary houses, small stationary installa- 
tions and electric vehicles, is to hand from the Edison 
Swan Electric Company, Limited, 123, Queen Victoria- 
street, London, E.C.4. 


Petrol-Measuring Pumps.—We have received a cata- 
logue and folded sheet explaining their stand pump 
with glass measuring tank, for supplying motor-cars 
with petrol, from the Clear Vision Pump Company, 
Limited, 510, King-street-east, Toronto, Canada. 


Electrical Machinery.—Messrs. W. E. Burnand and 
Co., Lowfields, Sheffield, have sent us a circular 
illustrating their electric motors and transformers, 
and offering to undertake all kinds of repair work in 
connection with electrical machinery and transmission 


plant. 

Pyrometers.—A descriptive catalogue of the instru- 
ments made by them for measuring temperatures in 
power plants, including steam and oil engines, marine 
installations, locomotives and stationary plants, is to 
hand from the Foster Instrument Company, Letch- 
worth, Herts. 


Torsion Balance.—The Eétvés torsion balance and 
its use for locating subterranean mineral deposits by 
measuring the gravitational deflection at various points 
on the surface, are dealt with in a catalogue received 
from the makers Messrs. L. Oertling, Limited, Turnmill- 
street, London, E.C.1. 


Gyro Compass.—A catalogue containing a lucid 
explanation of the use of the gyroscope as a marine 
compass is to hand from the Sperry Gyroscope Company, 
Limited, 15, Victoria-street, London, §8.W.1. The 
instrument is now fitted on over 1,300 naval vessels 
and over 250 merchant ships. 


Electric Welding Machines.—A series of electric 
resistance machines for spot, butt and seam welding, 
and also for spring annealing and rivet heating, is 
dealt with in a catalogue received from the Preswell 
Engineering and Welder Company, Limited, Thornton- 
road, Bradford. Some useful explanatory matter is 
given in this catalogue. 


Electric Locomotives.—A catalogue containing a full 
exposition of the advantages of electric traction, with 
an illustrated description of electric locomotive and line 
a generally, has been issued by the English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2. This catalogue will be of special 
jnterest to railway engineers. 


Electro-Medical Apparatus.—Messrs. Watson and Sons 
(Electro-Medical), Limited, 43, Parker-street, Kingsway, 
London, W.C.2, have sent copies of new catalogues, 
one dealing with an intensifier screen for X-ray 
work, another with the Potter-Bucky diaphragm for 
correcting the scattering of the rays by the tissues 
of the patient and thus improving the radiograph, 
and a third giving particulars of second-hand X-ray 
and other apparatus. 


Hardness-Testing Instrument.—A catalogue recently 
received of the Shore standard scleroscopes for measuring 
the hardness of metals, contains illustrations and parti- 
culars of a variety of instruments as well as much useful 
information on the theory and practice of hardening, 
case-hardening, &c. This is the ninth edition of the 
catalogue which is issued by the Shore Instrument and 
Manufacturing Company, U.S.A., through their British 
Empire agents, the Coats Machine Tool Co., Limited, 
14, Palmer-street, Westminster, London, S.W.1. 


Foundry Plant.—We have received from the Con- 
structional Engineering Company, Limited, Charles 
Henry-street, Birmingham, a copy of a catalogue 
describing their small cupolas made in three sizes of 
10 cwt., 15 ecwt., 20 cwt. r hour melting capacity, 
and also dealing with small complete foundry equip- 
ment suitable for engineering works at home or abroad, 
in places out of convenient reach of large foundries. 
The plant offered is made by the firm at their Birmingham 
works. Full particulars for shipping are given. 


Measuring Instruments for Power Plants.—Three 
catalogues of Bailey instruments for use in power plants 
have come to hand from Industrial Combustion 
Engineers, Limited, Astor House, Aldwych, London, 
W.C.2. One catalogue deals with fluid meters for 
steam and water; another with flush front meters— 
a neat style of casing enclosing a number of instruments 
for indicating and recording various boiler data; and 
the third with multiple indicators for boiler draught, 
showing the pressure at various points in the settings 
and flues. 





DanisH Private Rattways.—Some results of the 
working of the Danish private railways for the year 
1923-24 have now been published by the official Statis- 
tical Department. Compared with the year 1922-23, 
the length of track operated remained unaltered at 
2,572 km. In the latest return the personnel engaged 
in working the lines is given as 3,814, compared with 
3,796 in the preceding year. Passengers carried in- 
creased in numbér from 12,394,000 to 12,988,000, and 
the quantity of goods transported from 3,270,000 tons 
to 3,629,000 tons. The total receipts were 33,185,000 
kroner in 1923-24, while the total expenditure was 
30,749,000. A surplus of 2,436,000 kroner was therefore 
available on the year’s working. In the previous year 
33,620,000 kroner were earned and 30,316,000 expended, 
the surplus being in this case 3,304,000 kroner. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Hull Coal Traffic.—The slump in South Yorkshire coal 
trade via Hull is unchecked. Compared with the 
corresponding period of last year, the total received 
from this district for the first seven months, 2,582,432 
tons, represented a decrease of 265,340 tons, the July 
total, 405,260 tons, being 35,676 tons below that of 
July, 1924, On the month, exports were down 53,388 
tons, bringing this year’s total decline up to date under 
this head to 349,519 tons. Business with South America 
was more than maintained ; with Italy it was four times 
as great as last year, both for the month and for the 
seven months, and there was a very substantial increase 
in shipments to Norway, but buyers in all the other 
foreign markets of importance took considerably less. 
During the seven months, sales to Germany dropped 
from 233,479 tons to 43,687 tons, to France from 335,661 
tons to 204,789 tons, to Holland from 104,784 tons to 
59,671 tons, and to Sweden from 283,368 tons to 204,286 
tons. 


Iron and Steel—The general position has changed 
slightly for the better during the past week, production 
at several representative works in the heavy trades 
having been placed on a level comparable with that 
obtaining before the holiday stoppage. Further im- 
provement, however, is likely to slow. Judged by 
the condition of order books and the current volume of 
inquiries, the prospect of full-capacity working, so far as 
the heavy engineering and allied branches are concerned, 
is still far distant. The.possibility of introducing further 
working economies is being canvassed in every direction. 
There is some talk of rolling-mills activity at specific 
concerns being confined to a four-days’ week, thus eli- 
minating Saturday and Monday operations. The elec- 
trical and automobile trades are good buyers of various 
classes of steel products, but much more work could 
comfortably be handled on shipbuilding account, and 
there has been a marked falling off in orders from British 
collieries, Home transport developments have created 
a useful demand for railway furnishings. Substantial 
foreign orders for railway steel are, however, frequently 
lost on price considerations which are largely beyond 
local control. While in some directions tool production 
has eased, outputs of files, saws, builders’ and joiners’ 
tools, farming implements and machinery parts are 
maintained on a large scale, though widespread com- 
plaints are heard of the unremunerative character of 
prices resulting from general keenness to secure new 
business, 


_ South-Yorkshire Coal Trade—There has been no 
increase in pithead prices following the coal truce. 
Business in industrial fuel is slow owing largely to the 
fact that many manufacturers acquired special stocks 
against the recent emergency. The export market 
continues weak, with values uncertain and mainly 
nominal. Collieries have difficulty in disposing of out- 
puts. Cobbles, nuts and slacks are again in ample 
supply. Merchants are well placed to meet the house- 
coal demand, and are encouraging users to pay regard 
to winter requirements. Quotations: Best hand- 
picked branch, 31s. to 34s.; Barnsley best Silkstone, 
278. to 29s, ; Derbyshire best brights, 22s. 6d. to 25s. 6d. ; 
Derbyshire best house, 22s, to 24s.; Derbyshire best 
large nuts, 18s. to 20s. ; Derbyshire best small nuts, 
12s. 6d, to 14s.; Yorkshire hards, 18s, to 22s.; Derby- 
shire hards, 18s, to 22s. ; rough slacks, 10s. 6d. to 13s. ; 
nutty slacks, 8s. 6d. to 9s. 6d. ; smalls, 3s. 6d. to 5s. 6d. 





‘’ Civiy Air Route From Eeypr ro: Inp1a.—The Air 
Ministry has announced that arrangements for the 


_ Opening of a civil air route between Egypt and India 


have progressed so far that provisional heads of agree- 
ment have been concluded between the Air Ministry 
and Imperial Airways, Limited, for the operation of a 
weekly Service in each direction between Kantara and 
Karachi. The maximum annual subsidy payable will 
be 87,000/., and the duration of the agreement will be 
ring ag A detailed survey of the route is about to 
© made, 





: PRODUCTION OF Iron AND STEEL IN JuLy.—The 
National Federation of Iron and Steel Manufacturers 
has announced that the production of pig. iron in the 
United Kingdom during July amounted ,to 492,700 
tons, compared with 510,300 tons in June and 615,600 
tons in July, 1924, Furnaces in blast at the end of 
the month numbered 136, a net decrease of 12 during 
the month. The production included 131,900 tons of 
hematite, 174,100 tons of basic, 130,900 tons of foundry, 
and 24,300 tons of forge pig-iron. Steel ingots and 
castings made amounted to 590,400 tons, compared with 
585,400 tons in June—when the production was affected 
by Whitsun holidays—and 693,300 tons in J uly, 1924, 





_ Tue Buacxstone Om, ENGINE.—We have referred 
;orm time to time in our columns to the spring-injection, 
heavy-oil engine manufactured by Messrs. Blackstone 
and Co,, Limited, of Stamford. The engine has an un- 
usually low consumption, which is guaranteed for full and 
three-quarter loads as 0-4 Ib. per brake horse-power-hour 
. r engines of 50 brake horse-power and upwards, 

© are informed by the makers that they have been 
awarded a silver medal for this engine in the current 
year at each of the following agricultural shows: The 
Royal Dublin Society’s Show held in May; the Royal 
“ancashire Show and the Northumberland Show held 
- July; and the Royal National Welsh Show held in 
‘August, @ particularly satisfactory result. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEsBROUGH, Wednesday. 


The Cleveland Iron Trade.—There was no weekly 
market this week owing to the local race holidays, and 
with offices closing at noon little new business has been 
ascertainable. Cleveland room is in ample, but not 
abundant, supply, and stocks are still only small. Prices 
continue to show rather marked downward tendency. 
Makers endeavour to keep the recognised market rate 
of No. 3 g.m.b. at 70s., but 69s. 6d, is stated to have 
been accepted. No. 1 runs from 73s. 6d.to 74s.; No. 4 
foundry is 69s.; and No. 4 forge, 68s. 6d. 


Hematite.—The statistical state of the East-Coast 
hematite branch has undergone a change for the better, 
recent sales having necessitated substantial withdrawals 
from stocks, This has strengthened the hands of 
makers, who are now not at all disposed to grant price 
concessions. Nos, l, 2 and 3 are quite 75s. 6d., and 
No. 1 is not below 76s, 


Foreign Ore.—Business in foreign ore is as little heard 
of as ever, but consumers’ stocks are stated to be becom- 
ing low. This is not likely to cause buying, however, 
as there are heavy overdue deliveries to take up under 
old contracts. Market rates are based nominally on 
best rubio at 20s. c.i.f. Tees, 


Blast-Furnace Coke.—Local demand for Durham blast- 
furnace coke is only moderate, and good average qualities 
are in the neighbourhood of 19s. delivered here, 


Manufactured Iron and Steel.—Nearly all the finished 
iron and steel works are closed this week for the holidays, 
Producers of structural steel and galvanised sheets have 
good order books, and there are some fairly large con- 
tracts for rails yet to work off, but firms are only 
moderately employed in most other branches. Prices 
are unsteady, with downward tendency, but hardly 
quotably altered. Common iron bars are lll. 10s. ; 
iron rivets, 137. 10s.; packing (parallel), 8/.; packing 
(tapered), 112.; steel billets (soft), 77. 10s. ; steel billets 
(medium), 8/.; steel billets (hard), 91.; steel boiler 
plates, 12/7. 10s.; steel ship, bridge and tank plates, 
8/1. 10s.; steel angles, 8l. 5s.; steel rivets, 13/.; steel 
joists, 81. 5s.; heavy steel rails, 87. 10s,; and galvanised 
corrugated sheets, 16/. to 161, 10s. 








NOTES FROM THE NORTH. 


Gtascow, Wednesday. 


Scottish Steel Trade.—The gradua: slackening off in 
the shipyards has had a telling effect on the demand 
for steel, and with other users also consuming very 
little the conditions at the steel works are not improving. 
The outlook for the immediate future is far from re- 
assuring as export inquiries exhibit little sign of any 
revival. Reports show that business placed during the 
past week is not of much moment and will not tax 
plants to any extent. In the black-sheet trade a healthy 
state still prevails and large outputs are general. So 
good has the demand been of late that order books 
have now a very satisfactory appearance and steady 
employment is assured for the next month or two. For 
galvanised sheets the demand has again been extremely 
good over the week and producers are in the happy 
position of being able to name higher prices. These 
are from 5s. to 10s, up and some buyers who demurred 
at recent quotations are now eager to fix up before 
another upward move appears. The only other feature 
in the steel trade this week is of the opposite kind—a 
reduction in the price of boiler plates. At the end of 
last week, the Scottish Associated Steel Makers decided 
to make a cut in prices of 20s. per ton, both for the 
home and export markets, The new quotation is 
1ll. 10s. per ton delivered Glasgow stations. Other 
prices are nominally unchanged and are as follow :— 
Ship plates, 8/. 10s. per ton; sections, 8J. per ton; 
and sheets, # to } in., 101. 15s, per ton, all delivered 
Glasgow stations. 

Malleable-Iron Trade.—There has been no signs of 
any betterment in the malleable-iron trade of the West 
of Scotland during the past week, Orders are as scarce 
as ever and buyers show no inclination to enter the 
market, and in consequence the prospects are very drab. 
In the steel re-rolling departments, conditions are not 
satisfactory either. The price of Crown bars is at 
11/. 12s. 6d. per ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—No change for the better 
can be noted in the demand for Scottish pig iron, Home 
consumers are not placing many orders and the export 
trade is well nigh dead at the moment. Stocks are 
abundant all round. Prices are still tending down- 
wards in the hope of inducing business, but the results 
are negligible. To-day’s quotations may be taken as 
follow :—Hematite, 41. 2s, 6d. per ton, delivered at the 
steel works ; foundry iron, No, 1, 41. 4s. 6d. to 41, 7s. 6d. 
per ton, and No. 3, 4l, 2s, to 4l, 58. per ton, both on 
trucks at makers’ yards, 

Shipbuilding.—Messrs. Robert Duncan and Co., 
Limited, Port Glasgow, have secured a contract from 
the Campbeltown and Glasgow Steam Packet Joint 
Stock Company, Limited, for a passenger and cargo 
steamer for service between Glasgow and Campbeltown. 
Messrs, David Rowan and Co., Limited, Glasgow, will 
supply triple-expansion reciprocating engines, and the 
dimensions of the new vessel will be 230 ft. in length, 
33 ft. in breadth, and 15 ft. 6 in. in moulded depth. 
She will have a straight stem and an elliptical stern 
and will be specially fitted up for the comfort of pas- 
sengers and the rapid handling of cargo, Keen competi- 
tion took place in connection with the placing of this 





order, no fewer than 18 firms tendering. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—At present the Welsh coal trade is in 
a deplorable condition. Despite a lowering of prices 
by from 2s. 6d. to 3s. per ton since the beginning of the 
month, business has not been attracted and the majority 
of collieries have been compelled to work short time, while 
some have shut down temporarily in preference to further 
cutting their prices. It is even doubted whether a further 
lowering of values would attract business and now some 
salesmen are refusing to make further reductions, stating 
that they would prefer to — working. Whether this 
policy will cause buyers to make up their minds remains 
to be seen. The strike of miners in the anthracite area 
continues, and, up to the present, there isno sign of areturn 
to work. Best Admiralty large coal is now a obtain- 
able at 25s. with Monmouthshires from 21s. 6d. to 23s. 
and drys from 22s. 6d. to 24s. Smalls too are weak and in 
abundant supply, the best steams ruling from 13s. to 14s. 
and other classes from 10s. 6d. up. The only coal to show 
any strength is sized dry descriptions, which range from 
248. to 30s. In the past week, 284,320 tons of coal were 
shipped abroad as cargo from South Wales of which 
184,980 tons were despatched from Cardiff, 63,990 tons 
from Newport, 8,710 tons from Swansea, and 26,600 
tons from Port Talbot. Of the total, Argentina took 
21,300 tons, Brazil 17,000 tons, Egypt 24,400 tons, 
France 68,170 tons, Italy 42,150 tons and Las Palmas 
15,900 tons. In July, 1,988,255 tons of coal were shipped 
from South Wales valued at 323,402/. or 23s, 4d. per ton, 
which was similar to the figure secured in June. Exports 
of small amounted to 619,911 tons at 17s. 2d. per ton, of 
through to 32,170 tons, at 19s. 44d. per ton, and of large 
to 1,336,174 tons at 26s. 5d. per ton, The volume and 
value of shipments from the different ports in July were 
as follow :— 


From— Tons. £ Per ton, 
Cardiff 1,144,221 1,312,397 22s. 1ld. 
Newport 421,054 474,752 22s. ‘1d. 
Port Talbot 163,640 188,254 22s. 1ld. 
Swansea 259,340 347,999 26s. 10d. 


Anthracite coal shipped from Swansea and Port Talbot 
totalled 237,841 tons, valued at 348,367/., or 29s. 3d. per 
ton, an increase of 7d. per ton over the June figure. 

Iron and Steel_—Exports of iron and steel goods in the 
past week amounted to 21,880 tons, tinplate and terne- 
plate shipments being increased from 3,975 tons to 7,250 
tons, black plates and sheets from 98 tons to 3,564 tons, 
galvanised sheets from 373 tons to 3,968 tons and other 
iron and steel goods from 36 tons to 7,127 tons. 





ASSOCIATION OF SPECIAL LIBRARIES AND INFORMATION 
Bureaux.—A conference was held at High Leigh, 
Hoddesdon, in September, 1924, attended by those 
persons interested in special libraries and agencies for the 
collection, treatment, and distribution of information on 
all subjects. A standing committee was appointed at 
the time, and it has since adopted the title of the Associa- 
tion of Special Libraries and Information Bureaux. It 
is announced that a second conference will take place at 
Balliol College, Oxford, during the week-end September 
25 to 28, regarding which full particulars may be obtained 
from the Organising Secretary at 38, Bloomsbury Square, 
London, W.C, 1. 





AMERICAN CONCRETE InstITUTE.—The Proceedings of 
the Twenty-first Annual Convention of the American 
Concrete Institute, held from February 24 to -27 this 
year, have now been published, and form volume xxi 
of the transactions issued by the Institute. Half of 
the book, comprising some 300 pages, is devoted to 
reprints of the nineteen papers presented at the meeting 
and the discussions they gave rise to. In the remainder 
of the work are included reports of numerous committees 
appointed to examine such questions as the fire-resisting 
properties of concrete, the expansion of joints in con- 
struction, standard specifications for concrete, aggre- 
gates suitable for use in mixes, the use of concrete for 
roads and pavements, standard specifications for con- 
crete brick, and other points arising in connection with 
the employment of concrete in building practice. All 
inquiries regarding the Proceedings should be addressed 
to the Institute, at 1807, East Grand Boulevard, 
Detroit, Michigan, U.S.A. 





LauncH oF THE 8.8. ‘‘ ANato-INnpIAN.’’—Messrs. 
Short Brothers, Limited, recently launched from their 
shipyard at Pallion, feoaubad, the steamer Anglo- 
Indian, which is being built to the order of the Nitrate 
Producers Steamship Company, Limited, of London. 
The vessel has a length between perpendiculars of 426 ft., 
an extreme beam of 59 ft. 6 in., and a depth, moulded 
to the shelter deck, of 36 ft. 6 in. She is being con- 
structed on the Millar system and is of the single deck 
pattern, the sides being of the monitor corrugated type. 
On a moderate draught, a deadweight of 10,000 tons will 
be carried. Water ballast will be accommodated in a 
double bottom, in the fore and after aks, and in a 
deep tank fitted aft of the engine room, The holds are 
provided with six large hatches and steel and wood 
shifting boards are provided to enable grain to be carried. 
Twelve derricks will be installed and also eleven winches, 
windlass, and steam steering gear. The propelling 
machinery, constructed by the North Eastern Marine 
Engineering Company, Limited, of Wallsend, consists 
of quadruple-expansion engines with cylinders 23}, 
324, 47 and 68 in, in diameter and of 48-in. stroke. 
Three large multitubular boilers for 220 lb. pressure 
fitted with Howden’s system of forced draught and 
with Schmidt’s system of superheating are provided. 
Both ship and engines are being built to the require- 








ments of Lloyd’s highest class. 
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SLIPWAY ON THE COAST OF GUATEMAI 
CONSTRUCTED TO THE DESIGNS OF MR. W. GorD( 


(For Description, see 











TURNROUND WHEEL DOLPHIN. GUIDE ROLLER DOLPHIN. 
Fig.1. Fig. 3. 
Fig. 3. 
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ATEMALA FOR HANDLING SHIPS’ CARGOES. 


MR. W. GORDON GLOVER, M.I.N.A., ENGINEER, LONDON. 


‘or Description, see Page 238 ) 
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ENGINEERING. 


’ Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC) ‘“‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

















For the United Kingdom ............ssssssssee £3 5 0 
For Canada— 
Thin paper Copies ............scseee £218 6 
Thick paper copies £3 3 0 
For all other places abroad— 
hin paper COPIES ......00.......seseseee £3 3 0 
Thick paper copies ............00 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. _ 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. ‘Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width, 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to ‘‘ ENGINEERING,” LTD. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Co., Townsville, North Queens- 
land. W.C. Rigby, Adelaide, South Australia, Melville 
and Mullen, Melbourne, Victoria. 

BELGrom, Brussels: E. F. Satchell, 86, Rue du Tabellion. 
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THE PROPERTIES OF STEAM. 


Tue philosopher who asserted that it was merely 
the first step which costs may have been a sound 
moralist, but had, obviously, never engaged in 
delicate experimental work in which every ad- 
ditional percentage of precision is purchasable only 
with an apparently disproportionate expenditure 
of time, money and energy. James Watt, with the 
crudest of appliances, determined the total heat 
of steam with an accuracy sufficient for his imme- 
diate ends, and arrived at the conclusion that it 
was independent of the pressure, an inference which 
over the range he covered must have been exact 
within an error of less than 1 per cent. Using 


every refinement of measurement known to his, 


generation, Regnault, in 1859, found values for the 
total heat of steam which remained unchallenged 
for a couple of generations and are still widely used. 
This general confidence in the exceptional accuracy 
of his work was but a just tribute to the skill of 
this famous experimentalist. 

Engineers were, we believe, largely responsible for 
establishing the fact that Regnault’s values for the 
total heat of steam were in need of revision. This 
seems to have been first established by observations 
made with Professor Peabody’s convenient throttling 
calorimeter, with which, the use of Regnault’s 
values was frequently found to lead to anomalous 
conclusions. So great, however, was the general 
confidence in the extreme precision of Regnault’s 
figures for the total heat of steam that the dis- 
crepancies were in the first instance attributed to 
errors in the specific heat of superheated steam. 
The need for new determinations was ultimately 
recognised, but the task of improving on Regnault’s 
observations has proved unexpectedly difficult. 

Callendar introduced the ingenious plan of 


‘| determining the total heat of high-pressure steam by 





a Joule-Thomson experiment, in which the high- 
pressure steam was expanded down to atmospheric 
pressure through the equivalent of a porous plug. 
The total heat of the steam is unchanged by the 
operation in question, and after the expansion we 
get superheated steam at atmospheric pressure, 
the heat content of which at different temperatures 
is known with considerable accuracy. The plan 
is exceedingly simple, as it involves merely the 
reading of a thermometer, and under suitable 
conditions great precision can be secured. From a 
paper by Professor Callendar in the June issue 
of World Power, however, it appears that under 
certain by no means rare circumstances very mis- 
leading results may be recorded. When steam is 
expanded through a nozzle it acquires kinetic 
energy at the expense of its total heat, and in 
certain cases therefore the steam as delivered 
from the nozzle contains a considerable proportion of 
moisture. This ought to be re-evaporated in the low- 
pressure chamber of the calorimeter, yielding super- 
heated steam at, say, atmospheric pressure. Ac- 
tually, however, the moisture is strangely persistent 
and deposits itself on the surface of the thermometer 
pocket, which thus becomes covered with a film 
undergoing continuous evaporation, but which is 
maintained by fresh deposits of moisture. Since 
what leaves the film is in the form of vapour, whilst 
the accessions to it are in the form of water, there 
is on the balance a steady loss of heat from the film, 
and the result is that the thermometer in the 
pocket gives too low a reading. 

Conclusive proof of the reality of this phenomena 
was obtained with the differential throttling calori- 
meter. In this instrument one and the same supply 
of steam is led to two throttling chambers, and 
the temperature difference between the two is 
measured by a very delicate differential platinum 
thermometer. If matters are arranged so that 
the pressure is the same in both chambers, whilst 
the amount passing through differs in the two cases, 
it is found that, so long as no condensation has 


- | occurred, the temperature is highest in the chamber 


having the greater flow. This is what would 
naturally be anticipated, since the heat loss from 
the two chambers by conduction and radiation is 
the same, whilst the heat entering the chamber is 
proportional to the flow. If, however, the pressure 
drop through the throttle is such that condensation 
occurs (as will always be the case when the steam 
supply is nearly saturated), the thermometer reads 
lowest in the chamber with the largest flow, because 
the amount of moisture deposited on the thermo- 
meter pocket is greatest here, and since in the 
steady state an equal quantity is evaporated off, 
the heat loss from the film is greater the larger the 
total flow. 

In some interesting experiments made by Mr. 
Blomquist in Sweden an attempt was made to 
determine by the throttling method the total heat 
of saturated steam up to pressures of some 100 
atmospheres. From what has been said above, 
it appears highly probable that the results recorded 
must be somewhat too low. To meet the difficulty 
thus arising Callendar has fallen back on the plan 
of measuring the total heat in the throttled steam 
by condensing it in a special and very carefully 
protected type of condenser. There are, however, 
other difficulties encountered in the determination 
of the total heat of saturated steam. How is it 
practicable to ensure the absence of moisture 
suspended in the steam ? Experience shows that a 
moderate amount of superheat will not suffice to 
remove this, and thus there are very considerable 
difficulties in determining the quality of steam 
near the saturation line. Callendar recommends 
accordingly that when data near this limit are 
needed, the steam should in the first instance be 
considerably superheated and then cooled down to 
the temperature required. Even then, however, 
there may be trouble from moisture if there be 
neuclei suspended in the steam which facilitate the 
formation of droplets. The general trend of all the 
phenomena above referred to is to lead to too low 
values of the total heat as experimentally deter- 
mined, and very special precautions are required 
against systematic errors. Mention may perhaps 
be made of the values of the total heat of saturated 
steam deduced from Knoblauch’s latest extra- 
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polation. Callendar has pointed out that the 
extrapolation formula adopted was an impossible 
one, and he gives a curve showing the total heat 
of saturated steam as deduced from Knoblauch’s 
figures. This shows two maxima, one at about 
470 deg. F, and another and much higher one at 
above 640 deg. F. Such a condition of affairs is 
clearly impossible. 

The investigation into the properties of steam at 
high pressures and temperatures now being con- 
ducted by Professor Callendar is being aided by 
the British Electrical and Allied Industries Research 
Association, and the interesting fact appears to be 
definitely established that the simple and consistent 
formule proposed by Callendar to represent the 
properties of steam are reliable over a much greater 
range than had been anticipated. Direct experiment 
on the adiabatic index for superheated steam had 
shown long ago, that over the experimental range 
this did not differ materially from 1-3. Further 
experiments at the McGill University made some 
years since confirmed this figure, and extended the 
limits over which it had been verified, Callendar 
then showed that the assumption that it held 
throughout the whole working range led to values 
of the saturation pressure which were in extremely 
close accord with experiment from 0 deg. C. up 
to 250 deg. C., and additional experiments since 
made seem to demonstrate that the range can be 
still further extended. According to the kinetic 
theory of gases the index should be 1-33, assuming 
that there is no co-aggregation of the molecules, 
nor any absorption of radiant energy, and that 
the H,O molecule is asymetric in accordance with 
X-ray studies, which indicate that the valencies of 
the oxygen atom do not lie along a diameter. In 
actual fact some of the molecules do co-aggregate, 
and some have always some radiant energy absorbed 
into their systems. Both effects tend to lower the 
adiabatic index, but it is not a little remarkable 
that within the practical range the reduction in its 
value should be so nearly constant as experiment 
proves it to be, 

Theory, however, affords at least a qualitative 
explanation of how this condition is brought about. 
The co-aggregation of the molecules reduces 
the specific volume of the steam by the so-called 
co-aggregation volume. So long as the total 
number of molecules co-aggregated is a small 
proportion of the whole, theory shows that this co- 
aggregation volume should be a function of the 
absolute temperature only. Callendar, on the other 
hand, showed that if it could be represented by the 


term c¢, *’ where ¢, is a constant, an adia- 


batic index of 1-3 was a necessary mathematical 
consequence. Now it is quite possible that c, is 
not absolutely constant, but really varies with the 
temperature. The co-aggregation volume is, how- 
ever a small correction, and hence there is nothing 
surprising that an average value of the co-efficient c, 
should lead to practically correct results for the 
total heat of steam and for the adiabatic index. 
Similarly Callendar assumed that the known 
variation in the specific heat of steam at zero pres- 
sure could be neglected, and an average value 
adopted ; since for the small correction involved the 
error thus made in the total heat would be 
negligible. 

So far experience seems to have justified both 
assumptions over an unexpectedly large range, 
throughout which the divergencies between the 
formule and reliable experimental results are not 
greater than the discrepancies have been between 
the latter considered alone. This is fortunate, for 
the Callendar equations constitute a simple and 
consistent system easy tc work with, whilst all 
others so far proposed have been so complicated as 
to be useless in practice, to which they can be 
applied only in the form of tabulated results, either 
numerical or graphic, 





THE CRUISER PROGRAMME. 


A GOVERNMENT can make out a case for warship 
construction by publishing tables in which the 
programmes of other powers are set out and ex- 
plained ; or by showing that certain units will be 
obsolete at certain dates and by making proposals 


for replacing them in time; or by describing the 
strategical duties which the fleet will have to 
perform in war. It is rather surprising that the 
present board of Admiralty have persistently ignored 
the third method of argument, which, if properly 
employed, invariably builds up the strongest case. 
They could quite easily have related their very 
reasonable proposals for cruiser building to the 
concrete problems of Imperial defence without 
committing a single indiscretion or divulging a 
single secret ; and, had they done so, they would 
have raised the level of recent debates, and have 
stifled a great deal of very irrelevant criticism. 

Trade routes may be protected by one of two 
methods. First, covering forces may be stationed, 
permanently, at those points on the ocean highways 
where merchantmen are bound to congregate ; 
elsewhere the bulk of the trading ships may be 
dispersed by orders issued at the ports of departure 
by the consular officers, acting under Admiralty 
instructions. Secondly, all merchantmen may be 
grouped into convoys which sail, under armed 
escort, at regular intervals, from ports at which 
they are ordered to congregate. The first of these 
two methods was adopted at the outbreak of war, 
and lasted until 1917, when the successes of the 
German submarines compelled us to adopt the 
second, and to escort all out-going and in-coming 
trade in the Atlantic. 

Obviously, then, the case for cruiser and destroyer 
programmes is little more than an elaborated reply 
to a very simple question: do the forces which we 
at present possess suffice to protect trade by cover 
and dispersion ; or by placing it under permanent 
escort in those oceans where a possible opponent 
has a chance of attacking it ? 

Although the weapons and types of ships used for 
attacking and defending trade vary with every 
decade, the war has none the less set up a fairly 
reliable standard for calculating the forces necessary 
for ensuring the safety of British sea-borne com- 
merce. In August, 1914, the British Admiralty 
had to provide against an attack upon trade in all 
the oceans of the world; for the German cruisers 
were able, and did actually, operate in the Atlantic, 
the Pacific, and the Indianoceans, The distribution 
of the cruiser forces necessary to meet the danger 
was as follows : 


Number of 
Cruisers 


Area to be Covered. Cruiser Force Allocated. in the 
British 
Squadrons. 
Western approaches 11th Cruiser Squadron. 5 
to the British 
Islands. 
Western approaches 12th Cruiser Squadron. 4 
to the Channel. 
Bay of Biscay to the 9th Cruiser Squadron. 6 
Azores. 
North America and 4th Cruiser Squadron. 4 
West Indies. 
Canary Islands to 5th Cruiser Squadron. 4 
N.E.’n Brazil. 
River Plate ... ... H.M.S. Glasgow a “ 
Total for the Atlantic .., 24 


To this total must, however, be added the cruisers on 
the China station (4); the Australian station (4) ; 
the East Indies station (2); and the Cape station 
(3) ; so that our cruiser defence on the outer oceans 
consisted of 37 units. This, however, was by no 
means the whole force allotted to the purpose. 
The Japanese reinforced our patrol of the Pacific 
routes by cruiser squadrons which varied in number, 
but which were never less than five units strong ; 
and the French Admiralty assisted us in the north 
Atlantic with ten cruisers. The whole Allied 
force employed was thus well over fifty units. 

It is quite obvious, from this, that, if the post- 
war problems of Imperial defence corresponded to 
those which confronted the country in 1914, we 
should not possess a cruiser force sufficient to cover 
the vital points on the ocean highways. At the 
present moment, Great Britain has some 50 cruisers 
on active service or in reserve, If, therefore, the 
Admiralty contemplated defending trade in all 
oceans, every one of these vessels would at once be 
required on the outer routes; and not a single 
unit would be left to act with the fleet in home 
waters and the Mediterranean. The conditions are 
obviously changed, and the reason for the change is 


trade in all oceans and to supplement her attack 
by another in the approach routes to the British 
Islands, which none of our possible opponents 
in the post-war world would be able to do. 
But, as at least two of these Powers would 
be in a position to develop an attack upon 
British trade, which our cruiser fleet would have 
to thwart, an analysis of the strategical impli- 
cations of a naval war with some of these 
Powers is probably the best test which can be 
applied to the Admiralty’s proposals, and, indeed, 
to our whole naval position. The cordial and 
friendly relations which exist between Great 
Britain and these three Powers make it possible 
to pursue the analysis without impropriety. Its 
object is purely arithmetical: to establish a 
proper method of calculating the cruiser forces 
necessary for defending the Imperial trade routes; 
and the assumptions upon which the calculation 
is erected have nothing to do with the actual 
facts of international politics. In view, however. 
of the possibility of partial and misleading quota- 
tion, it may be well to refer to the supposititious 
opponents respectively as Trans-Atlantic, European 
and Asiatic Powers. The slight obscurity will not 
embarrass the reader. 

War with a Trans-Atlantic Power would inevit- 
ably mean that the Canadian route would be 
closed, and that the West Indies would be overrun ; 
and these calamities would be followed by a 
violent struggle for the mastery of the Plate trade 
route. The enemy bureau of operations would 
detach every available cruiser to attack trade in 
the Rocas, Fernando Noronha area; and, by 
bringing pressure to bear upon South American 
States, would endeavour to establish operating 
bases as near the Plate as possible, and so, cut the 
trade from its point of departure. As _ local 
influence would make it quite impossible for Great 
Britain to do as she did during the last war, that is 
to establish a secret coaling and operating base in 
Brazilian territory at the Abrolhos rocks, the 
British Admiralty would certainly be compelled 
to answer an enemy attack upon the Plate route 
by escorting all merchantmen from the Plate to 
the Canaries area, and then dispersing them. The 
opponent’s fleet, as at present constituted, would 
not be able to maintain a sustained attack in the 
approach routes to the British Islands; and 
merchant fleets when past the meridian of 20 deg. W., 
would be outside the zone of the attack. In 
such a war, trade defence would, therefore, be 
a combination of the two systems, which, as has 
been shown, are the essence of any protective plan ; 
covering cruiser forces, and permanent escort. The 
forces required for the purpose would, of course, 
vary with the forces allocated to the attack, but they 
are none the less calculable, within a certain 
margin. At the present moment the Navy De- 
partment of the Trans-Atlantic Power has allotted 
eleven cruisers in full commission to the scout- 
ing and battle fleets; and four to the Gulf 
of Mexico. An approximately equal force of 
14 cruisers has been left in reserve, and we may 
assume that about this number of ships would 
be available for an attack upon those British 
trade routes which were left open to us. This, 
however, by no means implies that 14 ships would 
be incessantly attacking on the Plate route. If one 
cruiser is to be kept continuously operating in a given 
area, a total force of two or three has to be allocated 
to it, so that, the enemy would be lucky if they 
could maintain three attacking cruisers in the 
‘ernando Noronha zone, and three more off the 
Plate. On the other hand, our protective forces 
could not possibly be less than 25 cruisers. At 
least 12 ships would be required at Bathurst and 
Sierra Leone, to convoy the trade from the River 
Plate and, although the waters east of the Twentieth 
Meridian would be fairly immune from attack, 
some forces would necessarily be allocated to the 
route between the Canaries and the western channel. 
We therefore arrive at the result that, if Great 
Britain were at war with the first of her three 
possible opponents, the Admiralty would have to 
distribute half her available cruiser forces to the 
defence of trade. If every other ocean were 
denuded, some 25 cruiser units would be left for 











purely political. Germany was able to attack 





fleet work in home waters and the Mediterranean. 
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If, on the other hand, the political atmosphere 
compelled us to maintain some vessels in oceans 
not immediately threatened, as may well be taken 
as probable in the hypothetical event we are 
discussing, this narrow margin of tactical safety 
would be very much reduced. The conclusion to 
be drawn is that our present cruiser fleet just, 
but only just, meets the first of our requirements. 
If our building programme were modelled on 
purely strategical grounds, any Government could 
make out an unanswerable case for a very con- 
siderable increase. 

The strategical implications of a war with a 
European Power are less easy to estimate, because 
such a power would be in a position to make 
a double attack upon our trade routes. With 
sufficient cruisers, she could operate in the 
Atlantic and the Indian oceans; and with her 
light craft and submarines she could make a sus- 
tained attack upon the approach routes to the 
British Islands between Cape Clear and the north- 
west coast of Spain. The attack in these three areas 
would, however, be of very different intensity. Un- 
less her navy were very much increased, the attack 
of the possible opponent in the Indian Ocean could 
easily be met by a force of three cruisers stationed 
at the Gulf of Aden, at Colombo and at Singapore. 
The attack in the Atlantic would, however, be very 
much more severe. If the existing Mediterranean 
squadron, and its attendant auxiliaries represent 
the force which this Power considers necessary for 
keeping the communications open in that sea, her 
Admiralty would have available for operations in 
the Bay of Biscay and the Atlantic: (i) A 
squadron of three old battleships, one cruiser and 
seventeen destroyers; (ii) nine cruisers kept in 
reserve ; and (iii) a submarine fleet of some fifty 
units, of which twenty would be continually at 
work. If, moreover, her Admiralty succeeded in 
establishing a composite force of cruisers and sub- 
marines on the West Coast of Africa, and in 
keeping them supplied, their attack upon trade would 
be continuous from the coast of Brazil to the ap- 
proaches to the Thames. The resulting situation 
would so closely resemble that which the Germans 
set up in 1917, that we should doubtless be com- 
pelled to do what we then did, that is, put all our 
trade in the Atlantic under armed escort. The 
forces necessary for this purpose are thirty cruisers 
for escorting oceanic trade ; sixty to seventy des- 
troyers for escorting the convoys in the approach 
routes; and an enormous number of mosquito 
craft for setting up an anti-submarine patrol in 
the inshore lanes, and escorting the coastal traffic. 
In the summer of 1917 some three thousand yachts, 
drifters, trawlers, motor boats, and submarine 
chasers were employed in this way along the coasts 
of the British Islands. As the enemy submarines 
would operate from bases which flank the main 
approach route to the British Islands, and as 
the smallest coast defence types of submarines 
could be used in the Channel, such an attack 
upon commerce would certainly call for a similar 
effort from the British auxiliary fleet, and immobilise 
= equal number of small craft along the traffic 
anes, 

Undoubtedly Great Britain, with her fifty cruisers, 
and her 189 destroyers could detach sufficient forces 
to take the necessary counter measures ; and un- 
doubtedly the maritime resources of the Empire, from 
which the auxiliary mosquito fleet is drawn, would 
suffice. But, when the deductions for meeting a 
trade war were made, the Admiralty would be left 
with a dangerously narrow margin of cruiser and 
destroyer strength for the Mediterranean, which 
would certainly be the theatre of a prolonged and 
bitter struggle ; and the cruiser forces necessary 
for cutting off enemy overseas trade would be very 
difficult to find. Once again, therefore, this 
analysis of possible contingencies leads to the same 
result: the British naval forces, as at present 
constituted, are sufficient for national security ; 
but no more. 

The cruiser and destroyer forces necessary for a 
war with an Asiatic Power cannot be calculated in 
the same way. In both the cases we have con- 
sidered the enemy would be able to maintain an 
attack upon British trade in at least one ocean, 
and against an important complex of traffic routes. 


Any Asiatic fleet is unable to do either, and in 
referring to an Asiatic fleet the only possible 
reference can be to that of Japan. In these circum- 
stances, as we have already in these columns made 
some analysis of the possible employment of the 
Japanese fleet, we trust that, without offence, it may 
be allowable to abandon our fictitious obscurity and 
refer to that Power openly in what follows. The 
Japanese fleet cannot operate in the Indian Ocean ; 
and although some persons believe that the Tokyo 
Admiralty might set up some kind of advanced 
operating base at Jaluit, it is difficult to see what 
they would gain by it; as, if they did so, they would 
carry their cruisers away from the trade which they 
desired to attack. The probable consequences of a 
trade war between the two countries would be that 
certain routes would automatically close down ; and 
that each side would endeavour to keep some others 
open by running convoys through the danger zones. 
On the British side trade north of the Yangtze would 
cease ; and an effort would be made to maintain 
the Shanghai trade against interference from Sasebo, 
by placing it under escort from Hong Kong north- 
wards. The Japanese would probably make a 
serious effort to keep open their oil route to Dutch 
Borneo, against interference from a British advanced 
base at Sandakan. Each side would in fact, find 
its available cruiser and destroyer forces absorbed 
in purely defensive operations. The consequences 
of a serious offensive movement by either party 
have already been dealt with in these columns. It 
has been shown that, if Great Britain ever attempted 
to carry naval war into Japanese waters, she 
would require tonnage on a scale which would mean 
economic ruin, unless it were specially built for 
the purpose. It has also been shown, that Japan 
has not sufficient maritime resources to launch 
overseas expeditions against the British dominions, 
and, at the same time, to provide herself with food, 
oil, coal, iron and machinery. It is therefore 
unnecessary to calculate whether our present 
cruiser and destroyer forces suffice for carrying 
on a form of warfare which economic laws .would 
make impossible : the question does not arise. 





CORROSION-RESISTING ALLOYS. 


Wuize the deleterious action of the atmosphere 
upon metals has long been known, the corrosion 
problem, as such, is relatively a modern one. The 
range of application of metals generally, and the 
nature of the articles made, were, for many cen- 
turies, so restricted as to render loss through rusting 
or tarnishing negligible. The introduction, how- 
ever, in the latter part of the eighteenth century, 
of the puddling and crucible furnaces gave a great 
impetus to the manufacture of ferrous materials, 
and progress has since continued steadily. The 
enormous strides made in metallurgy in more recent 
years, following upon equally great advances in 
engineering, have brought in their train many 
problems, of which corrosion is, perhaps, the most 
persistent. 

Much research has been carried out on the subject 
during recent years, and the chemistry of the various 
types of corrosion is now fairly definitely understood. 
Objects made from iron and steel, for instance, 
become covered with a film of oxide when exposed 
to moist air, and the porous nature of this film 
assists further deterioration. On the other hand, 
the film formed on the surface of exposed bronze 
is an impervious one which protects the underlying 
metal, Admiralty gun-metal, largely used for 
marine purposes, rapidly tarnishes when exposed 
to sea air, but the basic oxy-chloride of tin formed 
on the surface acts like a layer of tightly adherent 
varnish and prevents further corrosion. When 
exposed to certain atmospheres the a 8 brasses are 
subject to selective corrosion, a particularly noxious 
form, in which the 8 constituent of the material 
is the more soluble. The spere of usefulness of 
aluminium and its alloys is largely curtailed by 
their liability to corrode in sea air, in which they 
show a marked tendency to pitting. Perhaps the 
least harmful form of corrosion is that in which 
the process is uniform and slow, as is the case with 
Monel metal. 





Anti-corrosive protective coatings, metallic, non- 





metallic and organic, have been tried with a great 
measure of success and have led to the development 
and expansion of many industries. A recent 
development in this branch, to which reference may 
be made, is the coating of condenser tubes with a 
bitumastic solution, a method of protection against 
corrosion adopted by the Cunard Steamship Company 
and described on page 112 of our issue of January 23 
last; it has met with some success. Tho appli- 
cation of these coatings, however, is not always 
practicable, and in many cases they have proved to 
be palliatives rather than remedies. The conviction 
is therefore gaining ground that the real method of 
combating the problem lies in the employment, for 
specific purposes, of-alloys so constituted that they 
are corrosion-resisting. In the spheres of mining 
and marine engineering this especially holds good. 
The financial losses sustained by colliery owners 
due to the corrosion of underground equipment by 
acid mining waters is considerable, to say nothing 
of the inconvenience and delay incurred by frequent 
replacements. The severity of sea-water corrosion 
is continually giving birth to fresh difficulties, and, 
while materials offering excellent resistance to 
oxidising influences have been introduced, the 
search for alloys which will prove completely satis- 
factory when exposed to the action of chlorides is 
only just beginning to bear fruit. 

The fact that an alloy has a high corrosion 
resistance is, obviously, not sufficient ; its general 
utility is always governed by what might be termed 
its ‘“ workability,” i.e., its forging and machining 
qualities. For this reason, the use of high-silicon 
cast-iron is restricted, although investigators have 
overcome many of the early difficulties and casting 
problems and have considerably widened the field 
of its application. It speaks well for their efforts 
that this material, which can only be obtained in 
the form of hard and brittle castings which cannot 
be machined, should have so firmly established 
itself as a material for pumps, valves, pipes, cocks, 
and other equipment subjected to the action of acids 
and other corrosive media. 

The very considerable ‘amount of research on 
corrosion-resisting alloys which has for some years 
past been continuously conducted in the laboratories 
of metallurgical plants, Universities and Govern- 
ment institutions, has rendered available a vast 
amount of information. The published data on the 
subject are, however, scattered throughout the 
world, and, as has often been the case in scientific 
work, some duplication and repetition of experi- 
mental investigation has resulted in consequence, 
On account of this, several of the leading techno- 
logical institutions have of late appointed com- 
mittees, who are doing work of the utmost value 
in collecting and correlating information from all 
available sources upon certain specified subjects. 
Such a committee, recently appointed by the 
American Society for Testing Materials and acting 
in close co-operation with manufacturers, prepared 
a symposium of corrosion-resisting, heat-resisting 
and electric-resistant alloys, which was presented 
at the 1924 annual meeting of that society. Tables 
giving detailed information regarding the chemical 
composition, machining and forging qualities, and 
the mechanical, electrical, thermal, and corrosion- 
resisting properties of a large number of representa- 
tive alloys were given, together with papers of an 
historical or descriptive nature. The symposium 
also included several papers dealing with certain 
specific aspects of the corrosion problem. 

The ferro-chromium and the chromium-rich 
non-ferrous alloys are undoubtedly among the 
most valuable corrosion-resisting materials available 
at the present time; they form the subject of 
several important contributions to the symposium, 
The names of the Englishman, H. Brearley, and 
of the American, Elwood Haynes are coupled 
with the discovery of the properties of these 
materials, and rightly so, but the work done in 
the early part of the nineteenth century by Berthier, 
Boussingault, and Faraday, who showed that the 
metal chromium imparted rust-resisting properties 
to iron when alloyed with it, should not be 
forgotten. Due credit should also be assigned to 
the more recent researches of Woods and Clark, 
Newton Friend and others, The non-corrosive 
properties of stainless steel depend a great deal 
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on the proportion of chromium present, but the 
heat-treatment of the material and the polish 
imparted to the surface are also of importance. 
Generally speaking, maximum resistance to corrosion 
is obtained in the hardened condition. The influence 
of high carbon (0-7 per cent. to 1-1 per cent.) upon 
the rustlessness has been studied, and the conclusion 
arrived at is that this type of steel is rather more 
subject to attack than the ordinary low-carbon 
variety. That heat treatment has, nevertheless, 
a marked influence, is the conclusion arrived at 
in a paper dealing with sea-water corrosion, by 
Mr. J. Strauss (the Chairman of the Symposium 
Committee), and by Mr. J. W. Talley. Among 
other points, these authors lay special stress on the 
extreme care necessary in quenching and tempering 
high-chrome steels in order to prevent, as far as 
possible, the production of a low limit of proportion- 
ality. A high percentage of silicon (1 per cent. 
and over) appears to have the effect of further 
increasing the resistance to deterioration, although 
data on the subject are somewhat scanty. Mr. 
P. A. E. Armstrong, a member of the committee, 
states that the addition of silicon greatly facilitates 
the rolling of 17 per cent, chromium, stainless 
iron, 

Researches on the endurance properties of the 
rustless steels, conducted by Mr. D. J. McAdam, 
jun., show that their resistance to fatigue compares 
favourably with that of nickel, chrome-molyb- 
denum, chrome-vanadium, and other alloy steels, 
determined in similar fashion. The alternating- 
torsion and the rotating cantilever endurance tests 
applied to the specimens are of sufficient severity 
to demonstrate the value of the material from a 
mechanical engineering point of view. While the 
high specific resistance of the nickel-chrome and 
nickel-chrome-iron alloys causes them to be 
employed chiefly in electrical furnace work, they 
also possess valuable corrosion-resisting properties, 
especially when sulphuric acid is the attacking 
medium. For this reason the more costly high- 
nickel high-chromium steel still holds the field 
against stainless steel, which is attacked by 
sulphuric acid. . 

The one great drawback to corrosion-resisting 
alloys is their high cost, which is directly due to 
the expensive ingredients they contain. The initial 
expense, however, is often more than counter- 
balanced by the saving in wastage and by the 
improved service obtained. 





THE PROFESSION OF SCIENTIFIC 
RESEARCH. 

THE difficulty, on the one hand, of obtaining and, 
on the other hand, of maintaining a sufficient 
supply of scientific research workers for the needs 
of industry has been emphasised in two recent 
publications, emanating from very different sources, 
One of these is the first report of the Imperial 
Economic Committee on the Marketing of Food- 
stuffs produced in the Overseas Parts of the Empire, 
which was published last week, and deals with the 
subject from the points of view of producers and 
consumers. The other is a report of the Research 
and Inventions Committee of the British Science 
Guild on the supply of trained scientific research 
workers and their utilisation in industry, which 
discusses the same problems in general terms, apply- 
ing to all technical industries that make use of 
scientific work. Each of these documents, the one 
dealing with the question from the point of view of 
a particular group of trades, and the other from that 
of those who have to supply the research workers 
of all trades, arrives at the same paradoxical 
conclusion, More qualified workers are required 
than have been or are being trained ; yet for many 
of them there is no employment. If the systematic 
prosecution of scientific research is a necessary 
condition of the progress of industry, and in many 
industries indispensable to avoiding decay, these 
certainly are not the conditions in which it is to 
be obtained. Who wills the end wills the means, 
and it is idle to talk of the great things that are to 
be done in the regeneration of industry by research 
until the means for doing them have been put on 
a proper footing. That this has not yet been done 
is clear from the conclusions just quoted, which only 


confirm what has been stated more than once by 
the Department of Scientific and Industrial 
Research. 

To recognise this situation is by no means to 
suggest that it has become a position of equilibrium. 
In the nature of things it is unstable, and as a 
fact no doubt can be felt but that in the last few 
years much improvement has been made. A good 
deal of evidence to this effect appears in the report 
of the British Science Guild. A Royal Commission 
on Scientific Instruction and the Advancement of 
Science sat some 45 years ago under the chairman- 
ship of the Duke of Devonshire, and urged the uni- 
versities to undertake their proper work of providing 
scientific workers ; but neither the State nor the 
older universities took steps in response to the 
request, and, according to the British Science 
Guild’s present report, scientific research in this 
country was all but dead. The last statement is 
worth quoting, because it illustrates the extreme 
breadth of the term and the wide range of meanings 
in which it is used. To say that scientific research 
was all but dead when, for instance, Clerk Maxwell 
and Crookes were in their full activity and J. J. 
Thomson had already begun to work hardly seems 
a happy expression, if research were merely the 
investigation of fundamental properties of matter. 
This doubtless is its highest form, but for practical 
purposes it is normally held to include much that is 
less remote from existing knowledge, and _ less 
exacting in the type of worker that it requires. It 
is in this wider sense that scientific research was 
all but extinct in this country in 1880, and the 
Guild’s report tends to show that since 1913 there 
has been a very considerable improvement. 

This evidence, indeed, is largely based on the 
figures of increAse in science students at Universities 
and University Colleges that receive Treasury grants. 
These are, of course, only a very rough measure of 
the numbers of students under training for research, 
for probably only a small fraction of them under- 
take any serious research at all. The increase, 
moreover, does not seem to have arisen from any 
notable promotion of science in the scale of educa- 
tional interests, so far as they are included in the 
institutions in question. In 1923-24 the proportion 
of science students to all students seems to have 
been within a per cent. or two of the figures of 
1913-14, whether aggregate science men or indi- 
vidual departments are considered. What has appa- 
rently occurred is a large increase—something over 
60 per cent.—in the absolute numbers of students 
trained in these institutions, in which advance 
science has gained a minute percentage more than 
other studies. In the later year about 30 per cent. 
of all students were taking science, and of these 
not far short of three-fifths were engaged on pure 
science and something over a third on technology. 
By comparing figures given with and without Oxford 
and Cambridge it seems, as would be expected, 
that the proportions in those universities are 
lower ; about 24 per cent. for all science students, 
about three-fifths of whom take pure science, 
and something over a fifth, technology. 

Pre-war figures for the United States and 
Germany seem to show, so far as the education 
in the several countries can be compared, that this 
country at the present time has about the same 
proportion of its population (1 in 3,500) trained in 
universities or technical schools as in Germany— 
though the entrance qualification of the German 
schools is said to be much higher than that of 
English universities—and something more than 
two-thirds of the proportion found in the United 
States universities, More direct evidence of the 
extent of university research is given in the estimate 
that not less than 1,000 post-graduate students 
were engaged on research in 1922-23. Most of the 
research workers in industry are engaged in the 
engineering, chemical and allied trades. The rate of 
Government and local contribution to the financing 
of universities and similar bodies has increased 
rather less than the number of students. The 
workers employed regularly by Research Associa- 
tions are said to be a mere handful; and the total 
engaged under the Department of Scientific and 
Industrial Research is no more than 245, a good 
half of whom are on the staff of the National 


The net effect of figures such as these, when they 
are set by the side of the huge industrial and national] 
interests that stand to be affected vitally by the ex- 
tent to which they are able to make up leeway 
and effect progress, is to suggest that as a whole 
the programme of research in this country is in 
danger of falling between two stools. Researches 
almost invariably take years to produce results, 
and those that are forced are more likely to be 
abortive than successful through the effect of undue 
pressure. Persons competent to undertake research 
cannot be improvised. They have to be selected, 
trained, and a sufficient provision accumulated ; 
and this cannot be done hurriedly, nor will 
the right men be attracted unless a sufficient 
assurance is shown of permanent and suitable 
means of subsistence. It seems impossible to 
believe that the research necessary to provide for 
the needs of the industries requiring it, on which 
the prosperity of the country essentially depends, 
can be based safely on the relatively trivial pro- 
vision that these figures seem to show. Research 
below an effective scale is more often than not 
money thrown away, the very last thing that can 
be afforded at the present time. Looked at in the 
gross, the expenditure on scientific research seems 
equally short of what would be reasonably ade- 
quate. The fighting forces have indeed an esti- 
mate of some 2,500,0001. for ‘‘ Scientific Experi- 
ment and Research ” for the current year, but this 
is said to include much routine testing and other 
work that is certainly not research in any sense. 
The Department of Scientific and Industrial 
Research has a budget of about 500,000/. This, 
of course, shows a great improvement over the 
4,0001. which, till the creation of the Research 
Department, was the sole contribution of the 
State to research. When, however, it is compared 
with what the United States is spending it is dis- 
quietingly small. In 1921 an American return 
showed that over 22,000,000 dols. were available 
annually for non-commercial research, and in a 
recent debate the Prime Minister mentioned one 
American commercial company alone which was 
spending 9,000,000 dols. a year on research, and em- 
ploying no less than 3,000 workers in its laboratories 
with such profit that it was arranging to increase 
them to 5,000. It is difficult to believe that these 
vast expenditures have had nothing to do with the 
extraordinary rate at which technical enterprise 
has progressed in the United States during this 
century, and represent merely some of the money 
that Americans have to burn. A more reasonable 
construction is to assume that Americans know their 
own business, would not spend their money in 
this way if it were not profitable, and have dis- 
covered and put in practice to their own legitimate 
advantage what we have more or less been playing 
with. 

The report of the Imperial Economic Committee 
gives an illustration in small of how imperfect 
provision for research may work. This report deals 
only with one of a very large number of subjects 
that must ultimately engage the Committee’s 
attention, and what it shows will undoubtedly 
appear again in other connections. Among the 
food products with which it deals is meat. The 
journey from Australia and New Zealand to this 
country and others similarly placed requires meat 
to be frozen, whereas from Argentina it can be 
merely chilled ; and up to now no process of freezing 
has been discovered which will not make the meat 
inferior to chilled. The matter is by no means 
indifferent to engineers, because, whenever the pro- 
cess is worked out, the engineering trades will 
have to design and supply the necessary machinery 
and transport. It seems pitiable that with the 
great interests that are waiting the Committee 
should have had to declare that one of their diffi- 
culties is a shortage of competent investigators. 
Very similar problems await solution in regard 
to fish, the boundless supply of tropical fruits 
within the Empire, and other food products. 
These are examples taken from a branch of pro- 
duction that at first sight might look outside the 
scope of the engineering trades, and it takes little 
imagination to realise how much more remains to 
be done in industries of which the existence depends 
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provisions some means will have to be found to 
make a profession of scientific research, in which 
those who are admitted to it may have the same 
certainty of a suitable livelihood as other servants 
of the community who are not allowed to mix 
their private with their public interests. They 
would not be kept within a hermitage, to “‘ make 
universe’ in the light of nature. A suitable 
scheme would assure that they worked from enough 
aspects of the same problem to keep their pers- 
pective right, and should provide incidentally a 
supply of recruits for industry itself with the most 
valuable qualifications. It should help to cut 
down the extent of research, whether large or 
small, that has no chance of being worth its salt, 
and to eliminate the “highbrow” parasite of the 
laboratory, whose contempt for practical conditions 
arises from his ignorance of them. A research 
service is, in fact, wanted, and it cannot be assured 
without a stable and attractive profession to 
support the workers. 

While these lines are passing through the press 
an advertisement has appeared by the Research 
Department for a Research Engineer for the 
Chemical Laboratory at Teddington. It calls for 
an honours graduate, or person of equivalent 
qualifications in engineering, with a good know- 
ledge of mathematics and physics, and good 
research experience, preferably on high tempera- 
tures and pressures. How far researches in 
engineering subjects can be made with advantage 
without some shop experience depends, doubtless, 
on the nature of the researches, and so does the 
salary they are worth. The salary offered is ‘‘ up 
to 600/. per annum inclusive, according to qualifica- 
tions and experience.”” This may be reasonable for 
such a man engaged to carry out routine investiga- 
tions under the directions of a superior engineer, but 
it is a considerably lower maximum than is likely 
to attract the right man for working out a new 
practice, as the advertisement seems to demand. 
The market for the services of such men is so small 
that the Department may get one for less than he 
is worth. No one can believe that it has any 
intention to make so unfair a use of its position, or 
that it can fail to realise that it has no less an 
interest than the officer himself in making the 
conditions of engagement permanently as well as 
temporarily attractive. In the absence, however, 
of some provision by which the Research Engineer 
stood to benefit, presumably in common with his 
colleagues on the staff, by such success as was 
obtained, the maximum salary is too low for 
the services it seems to demand. How far this 
appearance is borne out by the facts can be judged 
only by those who know what the work is. ° 








THE SOUTHAMPTON MEETING OF 
THE BRITISH ASSOCIATION. 


AFTER an interval of forty-three years, the city of 
Southampton will this year once more entertain 
the British Association, which is to hold its 95th 
meeting there for the period commencing Wednesday 
next and extending to Wednesday, September 2, 
under the presidency of Professor Horace Lamb, 
F.R.S., late of Manchester, but now of Cambridge. 
The old port of Wessex, founded in the days of 
Cedric about 495, welcomed the Association on the 
occasion of its 15th meeting in 1846, when the 
opposition and disregard evinced by the universities, 
popular writers, and certain sections of the Press, 
headed by The Times, had not yet exhausted itself. 
Sir Roderick Murchison, one of the chief promoters of 
the Association, then presided over an assembly 
of 857 members—a rather smaller gathering than 
its immediate predecessors ; but Sir John Herschel 
took the chair in Section A, Mathematics and 
Physics, and Michael Faraday in B, Chemistry. 
On the second meeting at Southampton, in 1882, 
when William Siemens presided, the attendance 
rose to 1,253; Lord Rayleigh and Professor Liveing 
were the presidents of A and B, and John Fowler 
occupied the chair in Section G; Professers 
W. M. Hicks and O. J. Lodge were among the 
secretaries of A, and Phillips Bedson and H. B. 
Dixon of B. 

The reception room for this year’s meeting will be 
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in King Edward VI School, close to the Southampton 
West railway station. The three sections, to which 
space considerations will mainly confine our atten- 
tion, will be accommodated nearby in the Lamb 
Memorial Hall (A), Kell Hall (B), and the Wesleyan 
Central Hall (G). Six of the sections will use Uni- 
versity College, which was not in existence in 1882. 
This institution is situated at the northern end 
of the town, and a special omnibus service is being 
provided for the convenience of members attending 
these and the remaining sections. The Presidential 
Address will be delivered in the Central Hall at 
8.30 on the first Wednesday evening. Some of the 
sections will only sit in the morning; and all will 
leave the Saturday free for excursions. 

The subject of Professor Lamb’s address, which 
bears no distinct title, is Geophysics, and is 
singularly appropriate for Southampton, which 
has four tides in 24 hours. The same topic 
will also form the subject for several’ discus- 
sions in Section A, in connection with papers by 
Professor J. Proudman and Dr. A. T. Doodson 
on the Effects of Capes, Bays and Islands on 
Local Tides and on Tide-Predicting Machines, as 
well as with the series of meteorological papers 
which the Section president, Dr. G. C. Simpson, 
director of the Meteorological Office, is to open with 
his address on New Ideas in Meteorology. Sir 
Napier Shaw will speak on Trigger Action in the At- 
mosphere, Sir Gilbert Walker on Seasonal Weather 
Variations in the North Atlantic, Mr. N. K. Johnson 
on The Vertical Temperature Gradient near the 
Ground, Mr. D. Brunt on Weather Periodicities, and 
Professor J. J. Nolan on Atmospheric Ionisation. 
There is to be, in addition, a joint discussion with 
Section C, Geology, on the Variation in Gravitational 
Force, and Sir Frank Dyson, Astronomer Royal, will 
refer to Fixing the Position of the Equator. Other 
matters of astronomical interest will be communi- 
cations by Professor J. C. McLennan on the Aurora 
Spectrum and by Miss Cecilia Payne on the Balmer 
Absorption Series in Stellar Spectra. The Study of 
Wireless Wave Fronts by Directional Methods will 
be explained by Mr. R. L. Smith-Rose, and Some 
Thermionic Valve Problems will be dealt with by 
Professor E. V. Appleton. Professor H. Bateman 
will consider the Force on a Spinning Electron ; Pro- 
fessor Bateman and Professor A. E. Kennelly are 
also to read mathematical papers on Partial Differ- 
ential Equations and on Hyperbolic Functions with 
Applications to Electrical Engineering. Professor 
J. H. Shaxby’s paper on the Diffusion of Suspended 
Particles and Avogadro’s Number will also be 
mathematical, as will be Professor C. 8. Ornstein’s 
paper on the Light Quantum Theory of Dispersion. 
Professor J. G. Gray will demonstrate Gyroscopic 
Tops both in A and in the Educational Section L. 
There are no papers on X-rays, crystal structure, 
or atomic structure. 

The presidential address of Professor C. H. Desch 
to the Chemical Section, B, on the Chemistry of the 
Solids will stand less apart from the subsequent 
discussion on Surface Catalysis than might appear. 
To this discussion, Drs. E. K. Rideal, Hinshelwood, 
and W. G. Palmer will contribute papers, and 
catalysis will have a place also in the papers by 
Professor H. E. Fierz on the Distillation of 
Cellulose at Light Hydrogen Pressure, and by 
Dr. F. M. Perkin on Advances in the Treatment 
of Peat as Fuel and the Production of By-Products. 
The next subject, the Ignition of Gases is to be 
discussed jointly with the Engineering Section, G ; 
Drs. W. T. David, O. C. de Ellis, and R. V. Wheeler 
have promised to take part in this. The third dis- 
cussion on Alternating Effect in Carbon Chains and 
the question of affinity or polarity problems, is so 
far essentially of a chemical character. The papers 
by Professor E. C. C. Baly and others on the 
Photosynthesis of Naturally-occurring Organic Com- 
pounds, by Mr. J. A. V. Butler on the Seat of the 
Electromotive Force in Galvanic Cells, and by Mr. 
E. A. Ollard on the Resistance to Corrosion of 
Electro-deposited Chromium are of electro-chemical 
interest. Section C, Geology, will be addressed 
by its president, Professor W. A. Parks, on the 
Cultural Aspect of Geology, and various papers 
will be read on the local aspects of the subject. 
The discussion already mentioned on Variation in 
Gravitational Force and Direction in its Relation 





to Geological History, will be opened by Dr. J. W. 
Evans with a paper on Isotacy and Geological 
Structure. The Distribution of Animals in Rela- 
tion to Continental Movements and Continental 
Drift is to be discussed jointly with Section D, 
Zoology, which its president, Mr. C. Tate Regan, 
will address on Organic Evolution, Facts and 
Theories. The section will, on August 31, pay a 
visit to the Mosquito Control Laboratory on 
Hayling Island, which is to be opened by Sir Donald 
Ross on that day. 

Southampton being the seat of the Ordnance 
Survey Office, papers on the work of this institution 
will be given by Colonel E. M. Jack, Captain 
Withycombe, Major M. N. McLeod and Mr. O. G. 
Crawford, and the Science and Art of Map-making 
will form the subject of the presidential address 
by Mr. A. R. Hinks, Section E, Geography. 
Messrs. F. E. Wentworth Shields and H. Sumner 
will present papers on the Port of Southampton. 
Section F, Economics, Science and Statistics, will 
this year discuss transport and port problems in 
conjunction with the Engineering Section, G, 
and farming problems in conjunction with Section M, 
Agriculture. Papers on the Meaning of Wages, 
the topic of the presidential address by Miss Lynda 
Grier, the Gold Standard, Mr. R. G. Hawtrey, 
Unemployment Relief in Sweden, by Mr. Fabian v. 
Koch, and Italy’s Textile Industry, by Dr. J. 
Hulme, should also be mentioned. 

We published the complete programme of Section G 
with dates on page 198 of our issue of last week. 
The section will have to meet on the second Wednes- 
day of the meeting, and Section H, Anthropology, 
on all the afternoons, in order to dispose of its 
papers. Dr. T. Ashby will address Section H on 
Practical Engineering in Ancient Rome, which 
he has been studying for many years. Section I, 
Physiology, will discuss the Functional Significance 
of Size, together with Section D, and the acquisi- 
tion of Muscular Skill jointly with Section J, 
Psychology, which will receive various communi- 
cations on volition, temperament, and regularity and 
rythmicalness. Professor A. V. Hill will address 
Section I on the Physiological Basis of Athletic 
Records. Section K, Botany, which has a very 
long programme, will delegate forestry problems, 
including also papers by Messrs. G. C. Forbes 
and A. M. Stevens on peat, to a special sub-section. 
The Evolution and Colonisation of Tidal Lands 
will be discussed jointly with Section E. In 
Section L, Educational Science, over which Dr. 
W. W. Vaughan will preside, delivering an address 
on the Warp and Woof in Education, discussions 
on the important subjects of the training of 
teachers, public school dietaries, vocational guidance, 
conditions of success of technical education, and 
moral training will be raised. Dr. J. B. Orr will 
preside in Section M, Agriculture. 

There will be only one evening discourse this 
year, to be delivered by Mr. R. V. Southwell on 
Aeronautical Problems of the Past and Future, 
but there are four citizens’ lectures and three 
lectures for young people (essentially for non- 
members), and, for members, evening receptions 
by the Mayor and by Lady Swaythling, garden 
parties and organ recitals, visits to works, including 
the docks, railway, Southampton electricity and gas 
works, Ordnance Survey Office, Messrs. Harland 
and Wolff’s ship repairing works, Messrs. Pirelli’s 
cable works, Messrs. Pellerin’s Le Dansk margarine 
factory, International Cold Storage Company, 
steamers in port, &c. In addition, there will be 
the general and sectional excursions. The honorary 
local officers are the Mayor of Southampton, 
Alderman T. McDonnel, who acts as Chairman, 
Messrs. R. C. Anderson and F. Woolley and Dr. W. 
Rae Sheriffs, acting as Secretaries, and Mr. J. 
Reynold Hole, as treasurer. A very instructive 
meeting, as pleasant as, though probably not larger 
than, that of 1882, may be anticipated. 





TRIAL TRIP OF THE “ BritIsH CHEMIST.’”’—The motor 
engined oil-tank vessel British Chemist, which has been 
built to the order of the British Tanker Company, 
Limited, of London, by Messrs. Palmers Shipbuilding 
and Jron Company, Limited, at Jarrow Shipyard, 
recently underwent satisfactory trials. The vessel is 
a sister ship of the British Aviator, of which particulars 
were given on page 680 of our issue of May 23, 1924. 
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NOTES. 
ALKALI Works In 1924. 


Whilst most annual reports tend to increase in 
bulk, the report for 1924, on Alkali, &c. Works in 
England, Wales, and Scotland, is again shorter than 
that of the preceding year. A more detailed report 
would have been welcome. The 1,210 works and 
1,990 separate processes inspected in 1924 (9 and 5 
less than in 1923) necessitated fewer special visits 
than in the last two years. The most serious 
complaints were concerned with the emission of 
sulphurous gases from the chimneys of zinc blende 
calciners, an old source of trouble, which has in 
some places been met by combining sulphuric acid 
works with the smelters. This would be a generally 
satisfactory solution if gas of variable low SO, con- 
centration could be successfully treated by a new 
type of sulphuric acid plant, now under trial. Copper 
smelting is at present done mostly near the mines, 
and has become almost extinct in this country, while 
lead smelting is very limited. Works for wet 
copper extraction after chloridising roasting in 
mechanical furnaces, are also decreasing in number. 
Arsenic works have increased from 32 in 1922, to 
38 in 1924. The replacement of nitre potting by 
catalytic oxidization of ammonia for the production 
of nitrogen oxides is extending, largely owing to the 
introduction of heat exchangers on the converter 
body. The chief inspector notes with satisfaction 
that: old cumbersome methods are disappearing 
from chemical works, and that the development of 
electrolytic methods in particular foreshadows new 
conditions. Electrolysis of brine has practically 
displaced the older method of preparing chlorine 
from hydrochloric acid; the atmosphere is less 
polluted, and the transport of liquid chlorine for 
the preparation of chlorides, instead of the more 
or less unstable compounds like bleaching powder, is 
gaining ground. The numberof electrolytic chlorine 
works has increased from 34 to 37, while tar works 
have increased by 10, to 378 in last year. The 
emission of noxious vapours from pitch works might 
easily be avoided by keeping coolers in proper 
condition. The first electric plant of the country 
for the precipitation of cement dust is in successful 
operation in Scotland, where also welded steel 
drums are substituted for glass carboys for the 
delivery of sulphuric acid to works. The report 
gives further particulars concerning the treatment 
of effluent spent liquors from the distillation of 
ammoniacal liquors. This problem has demanded 
the serious attention of the inspectors for some 
years. Liquors from horizontal coal-carbonising 
retorts were relatively free from higher tar-acids 

_ and other colour-producing bodies of highly pollut- 
ing character which poison the river water and 
deprive it of its oxygen. Gas works are not yet 
giving sufficient thought to the modified conditions 
of liquor condensation and storage. 


GRADUATE MEMBERSHIP OF THE INSTITUTION OF 
AUTOMOBILE ENGINEERS. 


Graduate membership of the senior engineering 
institutions is frequently sought merely on the 
grounds that it is the first stepping stone to 
corporate membership, and is not in itself regarded 
as of any real practical value. There is an 
element of truth in this attitude if the graduate 
lives too far away from a centre to attend meet- 
ings, but such cases are becoming increasingly 
rare, owing to the encouragement given by the 
councils of the various institutions to the establish- 
ment of both local and graduate centres. The 
Institution of Automobile Engineers has been parti- 
cularly active in this respect, and apart from the 
five local centres, at which members resident in the 
locality may enjoy the same advantages as those 
living in London, the Institu‘ion also possesses six 
purely graduate branches. Thisinstitution has been 
amongst the foremost in realising that its future 
success lies in the hands of its younger members, and 
that the interests of its graduates are in consequence 
fully as important as those of their seniors, The 
Council has devoted considerable attention to devising 
means whereby the junior members are encouraged 
to take a real part in the life of the Institution. 
Amongst the most recent efforts in this direction is 


on the value of the institution to its graduate members. 
A selection of points from the various essays sub- 
mitted has just been published, and while no doubt 
this has a value from a merely material aspect, as 
showing that graduate membership offers a number of 
very real advantages, its greater importance lies 
in the fact that it must have helped to bring home to 
the younger members that they themselves have 
a responsibility to theinstitution to which they belong, 
which involves something more than the payment of 
their annual subscription. A point that receives 
considerable stress in the pamphlet is that before the 
graduate can obtain any of the more important 
advantages offered, he must make up his mind to take 
an active part in the life of his centre, either by 
himself reading a paper, or by taking part in the 
discussions on those read by others. As the report 
to which we have referred very truly states, the 
ability to think clearly and to marshal facts while 
speaking before an audience are very valuable parts 
of the training of a youngengineer. It may be added 
that the acquisition of this aptitude becomes in- 
creasingly difficult as a man becomes older and attains 
to more responsible positions, since he then develops 
a growing disinclination to compromise his dignity by 
demonstrating his inability to speak effectively in 
public. Amongst other advantages of graduate 
membership, reference is made to the widened out- 
look resulting from works visits, to the opportunities 
of meeting senior members on various occasions, and 
to the acquisition of the Data Sheets, which form a 
special feature of the publications of the Institution. 
A somewhat surprising omission is the absence of any 
reference to the Proceedings of the Institution, which 
in themselves have a value far in excess of the modest 
annual fee for graduate membership. 





ENGINEERING TRAINING AND 
EDUCATION. 


West Ham Municipal College.—A pamphlet on the 
classes to be held during the session 1925-26 at 
the West Ham Municipal College, Romford-road, 
Stratford, London, E.15, has now been published, 
and in it are contained full descriptions of the facilities 
available during the day and in the evenings for the 
prosecution of studies in science and engineering. 
Senior courses are open to students over 16 years 
of age, whilst junior engineering courses may be 
taken by boys under 15 years of age on September 1, 
1925. Entrance examinations, qualifying successful 
candidates for attendance in these classes, will com- 
mence on Monday, September 14, 1925. Particulars 
of a number of scholarships and free studentships 
tenable at the college are given in the syllabus. 

London University pass and honours degrees in 
science and engineering may be obtained by candidates 
who complete either the day courses, normally 
requiring three years for completion, or the evening 
courses available at the college for this purpose. 
Those students who do not take a degree will never- 
theless be eligible for a college diploma on the satis- 
factory completion of a definite course of work. 
Classes will also be given in commerce and arts and 
crafts. Under the latter heading are included instruc- 
tion in architecture and building construction. Day 
classes will commence on the 16th, and evening classes 
on September 21. 





LauncH OF THE STEAMER “ SuxLaco. ’’—Recently 
Messrs. Cammell Laird and Co., Limited, launched from 
their Birkenhead Yard, the single-screw steamer Sulaco, 
which is being constructed to the order of Messrs. Elders 
and Fyffes, Limited. The vessel has been designed for 
carrying fruit cargoes to Bristol from the West Indies, 
and has a length of 400 ft. between perpendiculars, a 
breadth of 51 ft., and a depth, measured to the upper 
deck, of 32 ft. 11 in, Insulated chambers are situated 
on the main, lower, and orlop decks, forward and aft 
of the machinery space ; the required low temperatures 
will be produced by refrigerating machinery supplied 
by Messrs. J. and E. Hall, Limited, of Dartford. This 
machinery will operate in conjunction with four air 
coolers. Separate equipment will be provided for cooling 
the food required for use on a voyage. A number of 
passengers will be accommodated in cabins furnished 
with cot beds and situated at the forward end of the 
bridge space. The propelling machinery has been con- 
structed by the shipbuilders and consists of a set of 
triple-expansion reciprocating engines, having cylinders 
of 27} in., 46} in. and 78 in. in diameter, and of 54 in. 
stroke. The designed speed is 13$ knots. Steam will be 
supplied by four boilers, operating under Howden’s 


LABOUR NOTES. 


ALTHOUGH a good deal continues to be spoken and 
printed about the trouble in the coal-mining industry, 
the new essential facts can be put into comparatively 
small compass. On Friday of last week, the Prime 
Minister, who was accompanied by the Secretary for 
Mines, received a deputation from the Miners’ Federa- 
tion, to discuss questions arising in connection with 
the new Coal Industry Commission. The deputation 
fully stated their view that the: personnel of the com- 
mission should include representatives of the miners 
and of the mine-owners. The Prime Minister, after 
explaining that the terms of reference would be drawn 
to allow the fullest and widest inquiry, stated that the 
Government were satisfied that in order to secure an 
impartial and authoritative report, the proper policy 
was to appoint a small impartial commission, assisted 
by impartial technical assessors, with the intention 
that the commission should itself arrange for the 
interested parties to be represented at the taking of 
evidence, and to have adequate opportunity to examine 
witnesses and to give the Court all possible assistance 
in the elucidation of facts. The deputation were 
dissatisfied with the reply, but expressed their intention 
to take part in the inquiry. 





At a national delegate conference of the Miners’ 
Federation, which was held in London on Wednesday 
this week for the purpose of receiving and considering 
a report on the terms of settlement, it was officially 
announced that the terms of reference to the new Coal 
Industry Commission were:—To inquire into and 
report upon the economic position of the coal industry 
and the conditions affecting it and to make any recom- 
mendations for the improvement thereof.’ On the 
proposal of the executive committee, the Conference 
passed the following resolution :—“‘ That the Con- 
ference accepts the report of the Committee upon the 
terms on which the employers’ notices were withdrawn, 
and instructs the Committee to take such steps as it 
may deem necessary to present the Federation’s 
case before the proposed inquiry,” 





The strike of wool textile workers in the West 
Riding of Yorkshire, which had lasted for three weeks, 
was settled late on Friday, last week, and work was 
resumed generally on Monday. The question in 
dispute related to wages. On the suggestion of the 
Minister of Labour, the parties after protracted 
negotiations agreed to the setting up of a ‘‘ Court of 
Investigation to examine and report upon all facts 
material to the issue between the employers and the 
operatives, including the enginemen and firemen, with 
reference to wages arising out of the recent applications 
made by the operatives for an increase and by the 
employers for a reduction respectively in the rates of 
wages and to make recommendations thereon to the 
Northern Counties District Council.” The report and 
recommendations of the Court are to be accepted by 
both sides. 


The Railway Review understands that the railway 
companies have now referred to the Central Wages 
Board their proposals for reductions in the rates of pay 
of railway conciliation staff, dock staff, and other rail- 
way employees coming under conciliation conditions, 
and raising the adult age of clerical staff (male and fe- 
male) from 18 to 20, with a consequent revision of rates 
of pay. Efforts were made to secure a meeting of 
the Central Wages Board, but this has not been agreed 
to, men not being available. August and September 
are regarded as closed months for the Central and Natio- 
nal Wages Board. With regard to shopmen, the com- 
panies are pressing for a reduction of 6s. 6d. in the 
present amount of the war wage. It is suggested that 
the matter be referred to the Industrial Court, but this 
has not been agreed to, our contemporary states, it 
being pointed out that the matter is likely to come 
before all the unions concerned at an early date. A 
conference of all the unions employed in railway shops 
has, in fact, been called for September 1. 





A report of the work of The Ministry of Labour 
during 1923 and 1924, issued by the Stationery Office, 
states that in the years 1921-24 the disputes settled 
with the assistance of the Ministry under the Conciliation 
Act and the Industrial Courts Act, numbered 794, of 
which 252 occurred in 1924, as compared with 81 in 
1914 and 3,583 in the peak year of 1918. A long state- 
ment is made on the work of the employment exchanges, 
which is said to have shown that unemployment in the 
three years 1922-24 followed a fairly regular course, 
In each year the greatest number of registrations 
was in the cotton trade, indicating the depression 
in this trade, particularly during the last two years. 
Next came domestic service, followed “ at a considerable 
interval’? by the dressmaking industry. In 1924, 
when the number of persons registered as unemployed 
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numbered 1,345,394, of which 1,143,742 were filled. 
In the same year vacancies for juveniles which were 
filled through the exchanges totalled 111,761 for boys 
and 95,460 for girls, as compared with 98,957 and 
73,194 respectively in 1914. 

Dealing with the subject of unemployment insurance, 
the compilers of the report state that the financial aspect 
of the scheme had improved by the end of 1924. At 
one time it had incurred a debt of £15,600,000, but in 
December this stood at £5,410,000. A large number 
of claims for benefit were disallowed in the past two 
years, chiefly on the grounds of “‘ misconduct,” leaving 
employment, and refusing suitable employment. In a 
reference to proceedings against fraudulent claimants, 
the report says :—“‘ The most prevalent type of fraud 
continued to be that of persons claiming benefit when 
in employment. During the year 1924 about 51 per 
cent. of the total cases reported were in this category. 
Another prevalent type of case was that of persons 
making false representations for the purpose of obtaining 
dependants’ benefit; about 37 per cent. of the total 
reported were of this type.” There were 1,913 prose- 
cutions in 1924 and 2,571 in the preceding year. 








According to the Monthly Trade Report of the 
United Patternmakers’ Association, 975 members 
were ‘on the books ” at the end of July. Commenting 
upon the figures, Mr. Findlay, the General Secretary, 
says :—‘‘ It will have been noted that our unemploy- 
ment has again reached figures which must bring all 
of us into a focus on contributions and benefits. In 
the November, 1922, report E.C. declared themselves 
no longer able to continue paying the statutory 
benefits because of the abnormal expenditure we had 
and were facing. It would appear that all the portents 
are against the hope of a revival of trade to any 
appreciable extent. Our rate of recovery has been 
considerably reduced and, financially, we cannot be 
doing more than holding our own. Any increase on 
present figures must add to our concern, and members 
will be well advised not to build too much on the ability 
of E.C. to carry the burden to the same length as 
they did on the previous occasion. We shall probably 
have more to say on this matter in our next month’s 
report.” 


The executive council of the United Patternmakers’ 
Association intimate that the first ballot in the election 
of a new General President is to be taken at the last 
branch meetings this month, and the next at the last 
meetings in September. Mr. W. Mosses, who was for 
many years general secretary of the organisation, is 
one of thirteen nominees for the position; but appar- 
ently he has been declared ineligible on the ground that 
he is a superannuated member. He calls the ruling in 
question, however, and, in a letter which is printed in 
the official report of the Society, demands that his 
“objection to the decision of the E.C. disfranchising 
superannuated members from holding office be 
referred” to the Appeal Court “‘ before the election 

. . and that said election be deferred until the 
question is settled in accordance with the rules.” 





A Home Office White Paper issued last week con- 
tained some interesting information on the subject of 
employers’ liability insurance. It related particularly to 
an undertaking given by the Accident Offices Associa- 
tion in 1923 on behalf of its constituent insurance 
offices for the purpose of limiting the charges to em- 
ployers in respect of employers’ liability insurance. 
The Association in the undertaking engaged to adjust 
from time to time the rates of premium for this class 
of insurance in such a way as to make the loss ratios 
not less than 60 per cent. for each of the years 1924, 
1925 and 1926, and not less than 62} per cent. in 
subsequent years (or such other proportion not being 
less than 60 per cent., as may be agreed between the 
Secretary of State and the Association); a certificate 
to be furnished annually by the Association to the 
Secretary of State from its auditors not later than 
June 30 following the year of account. The certificate 
of the auditors as to the effect of the undertaking in 
the first year during which it has been in operation is 
given in an appendix. It shows that the ratio of losses 
to premiums during the year 1924 was found to be 
52-88 per cent., and in consequence the insured 
employers, will be entitled to a rebate of 7-12 per 
cent. subject to the terms of the undertaking. 





According to the Ministry of Labour, the number of 
unemployed persons on the registers of Unemployment 
Exchanges in Great Britain on August 10, 1925, was 
1,269,800—972,400 men, 38,300 boys, 224,800 women, 
and 34,300 girls. On August 4, 1925, the number was 
1,260,407—960,056 men, 37,189 boys, 229,887 women, 
and 33,275 girls—and on August 11, 1924, it was 
1,091,843—825,092 men, 37,090 boys, 198,000 women, 
and 31,661 girls. 








The August report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders states that, at 
the end of July, 24,123 members were “signing the 
books,” as compared with 23,213 a month earlier. The 
expenses for July—five weeks’ outlays are included— 
were 124,868]. 2s. lld. In June—only four weeks’ 
outlays are included—they were 96,8411. 3s. 3d. 
Commenting on the figures, Mr. Hill, the general 
secretary, says that employment has been rather worse 
during the month of July, and there is very little in the 
outlook to indicate improvement. The output of the 
shipbuilding yards in some districts has been above the 
average, but the booking of new work has been less 
than sufficient to fill the gaps. 





Mr. H. Pollitt, who is prominently associated with 
the National Minority Movement, was nominated for 
election to the executive council of the United Society 
of Boilermakers and Iron and Steel Shipbuilders. A 
note in the August report of the organisation states 
that, since the applications, recommendations and 
nominations of candidates were published, representa- 
tions have been received by the executive council from 
several branches calling in question the eligibility for 
office of Mr. Pollitt. In the new rules, it is stated, 
“none but past and present officers who have held 
office for a period of at least three years shall be eligible 
for the position of councilmen.” ‘We have made 
inquiries,’ the executive state, “‘as to the offices held 
in the society by Bro. Pollitt, and find that he has not 
held office for the period laid down by the rule quoted. 
The executive council are compelled to give effect to 
rule, and disqualify Bro. Pollitt’s candidature.” 





The home branch membership of the Amalgamated 
Engineering Unions declined from 212,596 to 211,919 
in July and the Colonial branch membership increased 
from 25,469 to 25,541. The number of members on 
donation benefit has increased from 13,131 to 13,908, 
which equals 6-59 per cent. of the membership. The 
total number of unemployed members is 17,527—an 
increase of 834. The percentage, calculated in the 
ordinary way, is 7-98. 





The monthly official organs of most of the trade 
unions which were represented at the conference to 
consider the formation of an industrial alliance give 
the text of the proposed constitution submitted by the 
sub-committee. In the Journal of the Amalgamated 
Engineering Union it is stated that the executive council 
have considered the suggested constitution, and are 
contemplating the submission of amendments to it. 
In addition, in view of the possibility that other 
organisations may suggest amendments, the council 
are of the opinion, Mr. Brownlie says, that the consti- 
tution should be finally agreed to by the representatives 
of the executives concerned before the members of 
the various unions are consulted on the subject. 





A number of awards affecting railway shopmen were 
issued by the Industrial Court last week. One of the 
references dealt with was an application by the 
Amalgamated Engineering Union asking that the wages 
classification of fitters, turners, blacksmiths and copper- 
smiths at Gloucester, Reading, Oxford, Taunton, 
Westbury (Wilts.), Cross Newydd, Stourbridge, 
Whitland, Exeter and Shrewsbury should be reviewed. 
The suggestion was that there should be a reclassifica- 
tion of the towns so as to raise the wages automatically 
of the men concerned, or, alternatively, an increase 
in the rates of pay, apart from any change in classifica- 
tion. The representatives of the railway company— 
the Great Western—submitted that no change had 
taken place in the general industrial and economic 
circumstances of the towns named, or in their relative 
importance as railway centres, which justified any 
change either in the classification of the towns, or the 
rates of wages of the workpeople concerned. The 
Court decided against the claim. 

In another reference the Federation of Engineering 
and Shipbuilding Trades asked for a higher basic rate 
of pay for wagon builders employed by the Southern 
Railway at their Ashford works. The claim was that 
the men should be placed in Grade I. The decision 
of the Court was that the class of work on which these 
men were engaged was carefully reviewed by the 
issue of the Decision No. 930, and that no sufficient 
ground had been adduced for altering that finding. 
The National Union of Railwaymen, in another refer- 
ence, asked the Court to reconsider their ruling as 
given in Decision No. 930 on the grading of wagon 
builders and repairers employed by the Southern 
Railway Company at Ashford. The Court’s decision 
was to the effect that there was no ground for varying 
the ruling given in Decision No. 930. 





The Ministry of Labour Gazette states that among the 
11,500,000 workpeople insured against unemployment 


| under the Unemployment Insurance Acts in Great 





Britain and Northern Ireland, the percentage un- 
employed at July 27, 1925, was 11-5, as compared 
with 12-2 at June 22, 1925, and with 9-9 at July 28, 
1924, Among the members of those trade unions 
from which returns were received the percentage 
unemployed was 11-2 at the end of July, 1925, com- 
pared with 12-3 at the end of June and with 7-4 at the 
end of July, 1924. The decrease during July in the 
total number unemployed was due mainly to the 
improvement in employment in the coal-mining 
industry. There was increased unemployment in the 
pottery, iron and steel, cotton, wool, textile, linen, 
jute, lace, textile bleaching and dyeing, and clothing 
industries. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour the changes in 
rates of wages reported in July resulted in an aggregate 
reduction of over 42,0001. in the weekly full-time 
wages of about 790,000 workpeople, and in an aggregate 
increase of about 1,150/. in the weekly wages of 9,500 
workpeople. The principal groups of workpeople whose 
wages were reduced were coal miners in Yorkshire 
and the East Midlands, where the percentage addition 
to base rates was reduced by the equivalent of nearly 
2% per cent. on current rates, various classes of railway 
traffic workers whose wages were reduced by ls. per 
week under a cost-of-living sliding scale, and work- 
people employed in the textile, bleaching, dyeing, &c., 
industry, for whom there were decreases under cost- 
of-living sliding scales, amounting to about 1 per cent. 
on current rates in Yorkshire and to 6d. or 7d. per 
week in the case of men and 3d. per week in that of 
women in Lancashire and Scotland. The principal 
increase in wages affected workpeople employed in the 
explosives industry, in which wages were raised by 
ld. and 3d. per hour in the case of men and women 
respectively and the bonuses previously granted were 
consolidated with wages. 

During the seven completed months of 1925 the 
changes reported to the Department in the industries 
for which statistics are compiled have resulted in net 
reductions amounting to over 98,000/. in the weekly 
full-time wages of over 800,000 workpeople, and in net 
increases of 76,000/. in those of 850,000 workpeople. 
In addition, the wages of 165,000 workpeople have been 
changed at various dates during the above period, but 
stand at the same level as at the beginning of the year. 
In the corresponding period of 1924 there were net 
increases of nearly 580,000/. in the weekly full-time 
wages of over 2,600,000 workpeople, and net reductions 
of nearly 44,000/. in those of 600,000 workpeople. 





Specirication FoR Sorr Soipers.—A_ booklet 
entitled ‘“‘ British Standard Specification for Soft Solders 
(Grades A, B, C, D, E, F, G, H, and J),” and bearing 
the number 219-1925, has now been published at a price 
of ls. 2d. post free and may be obtained from the offices 
of the British Engineering Standards Association, 28, 
Victoria-street, London, 8.W.1. The booklet contains a 
table which shows at a glance for nine classes of uses what 
the chemical composition British standard soft solder 
must be, and the impurities allowed in its constitution. 





Iron Founpry EXxXuHIBITION IN DussELDoRF.—The 
Verein Deutscher Eisengiessereien (Association of German 
Foundrymen) will open a scientific and technical exhibi- 
tion at Diisseldorf on Sunday next, and this will remain 
open till September 11. This is the fourth exhibition of 
its kind. The third, held at Hamburg in 1923, did not 
fully realise its aims owing to the unsettled political and 
general conditions and the occupation of the Ruhr. 
Particular stress is laid upon the historical evolution of 
scientific foundry practice. The exhibition covers an 
area of 4,000 sq. m. (43,000 sq. ft.), and the exhibits 
of the firms are grouped around a scientific central 
section, which includes a foundry which is to be kept in 
operation for two hours daily. This foundry will 
exemplify the most modern practice. The upper and 
lower flasks, prepared on several moulding machines, will 
be assembled on a conveyor and taken to the cupola of 
l-ton capacity, where the casting will be poured; the 
boxes then travel on, are emptied when cooled, and 
taken back to the moulding machines on a second 
conveyor. The casting is controlled by instruments 
determining the temperatures of the iron, the slag 
and the gases, and the volume, velocity and pressure 
of the blast; the castings are continuously sub- 
mitted to chemical and mechanical tests. The whole of 
the operations are tabulated on the American flow-sheet 
plan. The scientific section is divided into five groups : 
organisation and preparation, general design of foundries, 
moulding, metallurgy, testing and further treatment of 
the cast iron. The moulding machines of the different 
firms are shown in operation. Special mention should 
be made of the exhibits of the Datsch, the German 
Technical School Committee, which explain designs, 
modern methods of testing, gauging, pattern-shop 
practice and core making, and handling and transport 
of the materials and work in the foundry. It has 
been found that the handling costs in time and 
labour may amount to as much as half the actual 
production costs. Due attention is further paid to 
moulding sand, mould drying, improved casting, and 
also to the utilisation of the waste material. 
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SINGLE WIRE HAULAGE 


GEAR FOR 


SLIPWAY CRADLES. 


CONSTRUCTED BY MESSRS. GIMSON AND CO. (LEICESTER), LIMITED, ENGINEERS, LEICESTER. 


SOF POS YAN TBI IRN I 


A SLIPWAY FOR HANDLING CARGO 
ON THE COAST OF GUATEMALA. 


THERE are many coastal places where the construction 
of jetties for use in transferring produce and manu- 
factured goods to and from ships is not commercially 
possible owing to the great length necessary to ensure 
that sufficient depth of water may be available for 
the flotation of vessels at all states of the tide. The 
difficulties of such cases may be met in a very 
satisfactory way by the introduction of slipways 
for the haulage out of the water of barges to which 
the cargo has been transferred. This method of 
dealing with the goods carried by trading vessels 
is one for which the plant necessary may be built 
and installed at comparatively small first cost, while 
the running expenses are low and are almost pro- 
portional to the extent to which the plant is employed. 
This means of solving a difficult problem is of great 
interest to those concerned with the development of 
many of the remote parts of the British Empire as 
well as of foreign lands, and very considerable interest 
is likely to be taken in the features of design and 
the method of operation of a slipway which has been 
designed by Mr. W. Gordon Glover, M.I.N.A., of 
87, Victoria-street, London, 8.W.1, which may reason- 
ably be expected tc be found suitable for use in 
many other parts of vhe world in addition to that of 
its original installation. Illustrations showing the 
construction of this remarkable slipway, which has 
been erected on the West Coast of Guatemala, are 
given in Figs. 1 to 15 on Plate XV, while Fig. 16 
above and Figs. 17 and 18 on the opposite page show 
the haulage gear and some of the details of the 
equipment. 

The function of this equipment in the handling 
of a series of loaded and unloaded barges, which have 
a deadweight of up to 10° tons, between a point a 
quarter of a mile from the shore, the nearest approach 
that is possible by a deep sea vessel, and the railway 
sidings some hundreds of feet inland. When a ship 
arrives with cargo it anchors as near to the turnround 
dolphin (see Figs. 1 and 2, Plate XV) as is possible, 
and the goods it carries are transferred to barges. 
Once a barge has received its complement of cargo 
it is towed to the dolphin, and the inhaul wire rope 
of the coast haulage plant is gripped in-board by 
two nippers. The haulage plant being set in motion, the 
barge is pulled up past a guide roller dolphin (Figs. 
3 and 4, Plate XV) to the lower extremity of the 
slipway, where there is a cradle in readiness for its 








Fie. 16. View or Marn Havrace Sipe. 


reception. Here the wire rope haulage system is 
released and a line is thrown to a man on the flying 
platform of the cradle. The barge is soon hauled 
close to the platform on which the fenders are so 
arranged that when contact is established between 
them and the barge the correct location for the barge 
over the blocks on the cradle for haulage is obtained. 
When the heave-up signal is given, the haulage is 
commenced at a speed of 80 ft. per minute. The 
incline of the slipway (see Figs. 5 and 6, Plate XV), 
is at first 1 in 32-5, but gradually increases to 1 in 9. 
It is, therefore, necessary, when handling a 100-ton 
barge fully loaded, to reduce the speed in the later 
stages of the work, and in the case of this installation 
this is done, to 20 ft. per min. Later the barge and its 
supporting cradle reach a transfer platform, where a 
change is effected from working on a gradient to 
running on the level. Part of the level is shown in 
Fig. 12. This figure lines with Fig. 5. The transfer 
platform to be seen on the right-hand side of Figs. 5 
and 6 is one of the novelties of the design. The rails 
on this platform are in proper registration with those 
on the incline, and the cradle carrying the barge can 


be hauled directly over the platform, which swings | 


automatically in the process. A horizontal setting 
of the platform is reached as soon as the cradle has 
traversed its length, and the haulage can thus be 
continued without cessation, while the cradle is 
transferred from the gradient to the level. As the 
haulage is further continued, the loaded cradle passes 
over the rails on solid ground until it is brought up 
against the registering stops of one or other of the side 
berths where unloading is to be effected (Fig. 12). When 
this position is reached auxiliary stops are dropped 
in place to keep the rails in registration, while 
traversing bridles are connected to the upper part 
of the cradle, which is mounted upon rails running 
across the length of the main cradle. Side-slipping of 
the barge on the top part of the cradle is then effected. 
In Fig. 13 it will be seen that the side-slipping cradle 
and the barge have been transferred into one of the 
discharging berths and the main cradle has been 
hauled further on. A section through the discharging 
bay, with the side-slipping cradle free from the main 
cradle, is provided in Fig. 14, and shows clearly how 
the barge is brought up to the platform beside the 
railway siding, as well as the overhead crane used for 
loading and unloading. 

When the first berth is accommodating one barge, 
another may be pulled into place on the main cradle 


from the second berth by the use of a steam capstan 
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which operates all the side-slipping system. This 
barge is then lowered and the operations we have 
already referred to are reversed. The cradle is only 
lowered ‘sufficiently to get the. proper depth of water 
over the blocks to enable the next loaded barge to 
be floated into place. 

The barges used for carrying.the material between 
the vessel -and the loading berths were specially 
designed to suit the condition prevailing on the coast 
where they are used and were built by Messrs. J. 
Crichton and Co., Limited, Saltney Shipyard, Chester. 
They. are of sizes ranging from 25 tons to 100 tons 
deadweight, and each is provided with four nippers, 
two forward and two aft on the port and starboard 
sides,. for use. in taking the wire rope of the coast 
haulage plant for towing purposes. The cradles, both 
main and traversing, also made by Messrs. J. Crichton 
and Co., Limited, are constructed entirely of steel 
and have an overall length of 45 ft. There are five 
cross girders on the main cradle which are fitted 
with rails to accommodate the rollers of the upper 
or traversing cradle. On its starboard side the main 
cradle has a flying or docking platform (see Fig. 14, 
Plate XV) which is clear of the water when the 
ctadle. is in its lowest position on the slipway. On 
this deck there are bollards for use in handling a barge, 
which is being taken into place on the cradle. There 
are two traversing or side-slipping cradles, which permits 
the unloading of a barge while another is being brought 
up. Each of these cradles, when superimposed on the 
main cradle, is locked in position, while cushioning 
blocks are fitted to reduce the shock which occurs 
when a barge is being brought into position on the 
blocks in a swell, a condition very common on the 
Guatemala coast. 

Two lines are used for the track on the slipway, 
details of which are shown in Fig. 8, Plate XV, and 
these give a total length of travel for the cradles, 
including the run over the transfer platform, of 806 ft. 
For the purpose of obtaining additional steadiness 
when the cradle is at the bottom of the slipway an 
additional rail is introduced and extends to a length 
of 375 ft. (see Figs. 6 and 7, Plate XV). This extra 
rail accommodates the third set of rollers under the 
cradle, which are on the starboard side. The transfer 
platform has already been referred to as the means 0 
making possible the run of the cradle from the gradient 
of the slipway to the level rail system at the top. 
This transfer platform, an introduction to slipway 
construction of exceptional interest by which Mr. 
Gordon Glover has solved a very troublesome problem, 
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SINGLE WIRE HAULAGE GEAR FOR 





SLIPWAY CRADLES. 


CONSTRUCTED BY MESSRS. GIMSON AND CO. (LEICESTER), LIMITED, ENGINEERS, LEICESTER. 








Fig. 17. View of DownHavt SIDE. 








Fie. 18. HavutaGk WHEEL AND TENSION GzEaR. 


is in the form of a beam, mounted on central trunnion 
bearings. It has a rail system on the upper surface 
Similar to that of the permanent way used on the 
test of the run. On the right-hand side of both 
Figs. 5 and 6 this transfer platform is shown, while 
Fig. 9 gives a section across* the structure near 
the centre line, Fig. 10 a view of the construction 
under the ends of the rails at the upper side, and 
Fig. 11 gives a perspective view of the same part. The 
beam is controlled in its setting by hydraulic power, 
Suitable rams for the purpose being provided under 
each end. In addition to the hydraulic control 
& mechanically operated trigger gear and safety 
device are introduced, which are actuated from the 
cradle quite automavically. For this purpose a lever 
is depressed by a beam on the underside of the main 





cradle, the action taking place when the cradle 
has passed over the centre of the platform. By the 
movement of this lever the trigger gear is released, 
and the platform swings slowly under the weight of 
the load, at a speed which is under the control 
of the hydraulic system, which also serves to 
eliminate any shock. In swinging over, the rails of 
the transfer platform come automatically into proper 
registration with those of the slipway, and enable 
the cradle to pass freely from the platform to the 
solid ground at the other end. When a barge has been 
taken up, the platsorm remains locked in the horizontal 
position until the cradle returns, and a similar method 
of securing the beam in an inclined position is resorted 
to when the cradle has passed over the platform in 
a downward direction. The platform, therefore, is 


always in proper setting for the reception of its next 
load. This transfer platform was built to the require- 
ments of the designer by Messrs. J. Crichton and Co., 
Limited. 

When the cradle is brought up to the loading berths 
it comes against registering stops at either of them. 
When this occurs auxiliary stops are dropped into place 
to keep the rails of the traversing part of the cradle 
in accurate register with those running to the loading 
platform. A steam warping capstan is provided in 
connection with this gear for hauling the side-slipping 
cradle and barge in either direction by means of wire 
ropes. As will be seen in Fig. 13, these ropes are carried 
over fair-leads, the whole lay-out of the haul being 
clearly shown in the figure. The arrangement provided 
for the transfer of the load from the barges to the 
railway wagons at the siding (see Fig. 14) consists of 
a hand-operated overhead crane running on girder 
rails, 50 ft. long, and set to give a span of 63 ft. 

The haulage gear consists of two separate units, 
one of which is used for hauling the cradles, and the 
other is for service in taking away and bringing in the 
barges to the slipway. Figs. 12, 13 and 15 show the 
general layout of the two haulages, while Figs. 16 and 
17, on this and the opposite pages, give views from each 
side of the main haulage gear, and Fig. 18, annexed 
shows details of the equipment for the coast haulage. 
This plant was all supplied by Messrs. Bullivant and 
Gimson, Limited, of General Buildings, Aldwych, 
London, W.C.2, and was constructed by Messrs. 
Gimson and Company (Leicester), Limited, of Vulcan- 
road, Leicester. The main haulage gear, which was 
specially designed to meet the conditions of this slipway 
is steam-driven, and is of the single-wire rope type, 
making use of Mr. Gordon Glover’s downhaul system. 
It is capable of handling a load of 165 tons, including 
the weight of the main and the traversing cradles, 








on an incline of 1 in 9, at a speed of 20 ft. per minute. 
Change-over gears are providing for use when dealing 
with light loads over that incline or full loads over the 
lower part of the slipway, where the gradient is 1 in 
32-5, and the speed 80 ft. per minute. 

The engine for the drive of this haulage gear is of 
the vertical non-condensing type, with two cylinders, 
each of 9 in. diameter. The stroke of the pistons is 
12 in. A steam pressure of 100 lb. per square inch is 
used, and the engine develops between 60 and 65 h.p. 
As is seen from the illustrations, Figs. 16 and 17, the 
cylinders are mounted on double cast-iron columns 
bolted to a cast-iron bedplate, which forms part of the 
main frame of the plant. From the engine the 
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drive is carried by gear train with three reductions, the 
first provided with a change-over gear, to a 12-foot 
diameter spur wheel, situated between the main and the 
downhaul drums. For the main haulage a steel wire 
rope of 5-in. circumference is used, which has a breaking 
load of 90 tons. This rope is attached at one end to 
the drawbar of the main cradle, and the other is wound 
on the drum in helical grooves. This drum is 4 ft. 
diameter and 9 ft. long, and is capable of taking 
760' ft. of rope without riding. The downhaul drum is 
on the other side of the driving wheel from the main 
one and accommodates a rope 2} in. in circumference, 
whith is carried right down the length of the slipway 
and is passed round a downhaul pulley at the foot which 
is situated below the water. It is then taken up from 
this pulley for connection to the side of the cradle 
which faces the water. The downhaul drum is operated 
through a friction clutch and is designed to exert a 
pull from its underside of 6} tons. The ropes for main 
haulage and downhaul were supplied by Messrs. Thos. 
and Wm. Smith, Limited, of Newcastle-upon-Tyne. 
Suitable post brakes are provided for each drum, with 
which to control the paying out of the wire. The 
entire gear is erected on a substantial steel framework 
bed, which is bolted to the cast-iron bedplate of the 
engine. 

The coast haulage plant consists of a steam-driven 
winding engine placed near the main haulage gear (see 
Fig. 13). This winding equipment is provided with a 
tension truck on the land side, fitted with a horizontal 
tension wheel of large diameter, fair-leads being 
arranged on each side of the slipway for guiding the 
rope. In this case an endless wire rope drive is used, 
the ‘turnround of which is made on a wheel of 10 ft. 
diameter on the dolphin at the sea end. The wire 
rope also passes the sides of the guide dolphin, on 
which rollers are mounted to keep it in the proper lines. 
This wire rope was made by Messrs. Bullivant & Co., 
Limited, of West Ferry-road, Millwall, London, E. 14. 
The winding wheel and its associated gears, the tension 
wheel and weight frame, the dolphin turnround wheel, 
as well as fairleads, depression and deflection sheaves are 
all shown in Fig. 18, page 239. Steam is supplied to 
both haulage gears and to the capstan at the loading 
berths from two Spencer-Hopwood vertical boilers 
of 4 ft. 9 in. diameter and 10 ft. height, each capable of 
producing 1,500 lb. of steam per hour under normal 
conditions, or 2,000 lb. of steam per hour when heavy 
steaming is necessary to meet an overload. From the 
boiler the steam is distributed to the various units 
through a valve chest, so arranged that either or both 
boilers may be used at any time. 

It will be appreciated that this slipway is one which 
can be easily worked with but few employees. Because 
of the introduction of the Giover transfer platform into 
the equipment, it affords an illustration of how the dif- 
ficulties of varying gradients may be readily overcome. 
Tnis is of great importance, for there are numerous 
cases where the coastal conditions are somewhat similar 
to those tha, had to be contended with in this instal- 
lation and there are others where the use of such an 
arrangement might be made to deal with more exacting 
duties, in order that the economic advantages accruing 
from the use of slipways might be obtained. 





Foocnow-Mamor Roap.—At the present time com- 
munication between Foochow and Mamoi, a port further 
down the Min estuary, is carried on by means of steam 
launches which cover the distance in 1} hours. The 
authorities at Fukien are now planning to build a road 
from Mamoi to a point on the mainland opposite Foo- 
chow. A steel bridge will then be erected across the 
channel to connect this point with Foochow. 





Canton-Hankow Rartway.—A report on the com- 
mercial development of Hong Kong has been issued by 
Mr. John Duncan, the Port Engineer, of the City, in 
which he states his belief that the completion of the 
Canton-Hankow Railway will have little influence on 
trade in Hong Kong. He anticipates that the bulk of 
the Hunan exports will go by the cheaper water carriage 
to the Yangtze. Any hasty action in extending harbour 
facilities for such cargoes is deprecated. It is felt that until 
railway communication with Changsha is established 
and there are signs of the necessary feeder lines being 
constructed, together with good roads, financial con- 
siderations do not justify works being carried out at 
Hong Kong solely on account of the railway. 

NAVIGATION ON THE SUNGARI RiverR.—The question 
whether or no Russian ships were entitled to navigate 
the Sungari River, China, was raised early this year, 
when a decree, promulgated in Mukden, deprived them 
of the privilege. ‘The order, thought at the time of its 
initiation to be a temporary measure, has remained 
in force for many months, and none but steamers flying 
the Chinese flag have been allowed to travel on the river. 
As a result more than half the available tonnage has been 
laid up, and much of the harvest, which exceeded general 
expectations in quality and quantity, could not be 
moved. The fate of the Russian ships docked on the 
river will be settled at a joint conference of Chinese and 
Russian delegates to be held under the new Sino- Russian 
Treaty. 








THE INTERNATIONAL HYDRO- 
ELECTRIC CONGRESS AT GRENOBLE. 


Tue third Hydro-Electric Congress was held at 
Grenoble from July 4 to 8 inclusive and was attended 
by representatives from a number of countries. The 
first congress was held in the year 1902, the second 
haVing been arranged for August,. 1914. In connec- 
tion with the latter, reports, &c., were published but 
the event itself never took place on account of the out- 
break of war. These two congresses were confined to 
France and to French interests. The most recent 
congress of the series was of considerably enlarged 
scope and was more international in character, repre- 
sentatives attending from Canada, the United States, 
the Argentine, Brazil, Italy, Poland, Russia, Sweden, 
Switzerland and Czechoslovakia. About 400 delegates 
attended. The work of the congress was dealt with 
in three sections, viz.: Administration; Economics 
and Finance; Technical Subjects. Technical matters 
were again divided into three classes, devoted respec- 
tively to production, utilisation and transport. A 
number of papers and reports were presented to each 
section. In our issue of last week, page 209 ante, we 
gave an abridged translation of one of the most interest- 
ing of the papers considered by the Section on adminis- 
trative subjects, viz., the Regulation of the Import 
and Export of Electrical Energy. We now give a 
number of summaries of papers considered by the 
Production Branch of the Technical Section. We may 
add that the complete reports, with the discussions 
thereon, will ultimately be published by the Organising 
Committee of the Secrétariat de la Chamber Syndicale 
des Forces Hydrauliques, whose address is 7, Rue de 
Madrid, Paris. The two volumes will be issued at the 
price of 150 fr. towards the close of this year. 


LARGE PERMANENT Dams. 


A short paper entitled ‘ Considérations sur les 
Grands Barrages Fixes et les Ouvrages Annexe,’ 
contributed by M. Degove, contained an interest- 
ing discussion of the geological, topographical and 
other factors which had to be taken into account 
when planning a large dam. Experience showed that 
too. much attention could not be paid to the study 
of the nature of the strata upon which the dam was to 
be built. A dam could be looked upon as an extension, 
as it were, of the ground upon which it stood, and it was 
therefore, logical to construct it in such a manner that, 
when under stress, its behaviour (and especially that 
of its base), would be identical with that of the subsoil. 
Wide dikes of loose material were best suited to soils 
possessing only a moderate power of resistance. On the 
other hand, heavy, concrete gravity-dams needed very 
firm and solid ground. Furthermore, in the case of 
buttressed dams, in which the loading per unit area 
was high, it was imperative that the foundations should 
be laid in very hard and unyielding soil. 

The closing of narrow valleys was often effected 
by means of arch dams. The first of this shape to be 
constructed in France was the Zola dam, near Aix- 
en-Provence, built in 1845. A quite recent work of 
the same type was that at Savenay, near Saint-Nazaire, 
built during the European war by American engineers. 
A combination of an arch dam surmounted by a gravity 
dam could be used when the valley was wide at the top 
and very narrow at the bottom. Such an arrange- 
ment had been adopted in the case of the Essarts 
barrage on the Grande Rhue, it had also been pro- 
posed for the Furens dam. The shape of a dam was 
entirely a question of topography. The Orédon dam, 
built in 1886,‘ was composed of hydraulically filled 
earth faced with concrete. It had been suggested 
that earth dykes were best suited to regions subject 
to earthquakes. Concrete dams of a variety of shapes 
had also withstood seismic shocks without apparent 
damage. 

The cost of high-grade Portland cement was a very 
important economic factor, and concrete made with 
this material had a compressive strength which was 
much higher than was really necessary. Cheaper 
mixtures involving the utilisation of such materials 
as blast-furnace slag had been put forward. There 
was no objection to these so long as.the material was 
carefully chosen and its use judiciously regulated. 
The main question involved was, after all, that of 
security, the subject of cost only came second. 


ConpvuITts AND SuRGE TANKS. 


A report on “ Les Canaux d’Amenée en Charge et 
les Cheminées d’Equilibre,” prepared by Messrs. 
Eydoux and Goua, dealt chiefly with the calculation 
of pressures existing within tunnel conduits. The 
direct linking up of water turbines and dams by 
means of closed conduits had come into prominence 
in recent years. Such conduits were divided into two 
distinct portions: a first section which usually took 
the form of a tunnel, and the high-pressure conduit, 
which, except in a few rare instances, was laid in the 


open. In order to limit internal pressure and to lessen 
hammering action within the water conductor, surge 
tanks were installed at the junction of the tunnel 
section and the high-pressure conduit. These surge 
tanks acted as piézometers and reduced the internal 
pressure to a value as nearly as possible equivalent to 
that of the static pressure. 

The cross-sectional shape of tunnel conduits 
depended largely on the nature of the soil through 
which they were bored, and a close study of the rock 
from a geological point of view was necessary. The 
lining of such tunnels was a very complex question, 
and the stresses to which they were liable was still 
somewhat uncertain. Latterly, these unknown factors 
had been very much reduced, and were not important 
enough to warrant this branch of hydro-electric engi- 
neering being given up. A good general mixture for 
concrete tunnel linings consisted of the following in- 
gredients : 0-750 cubic metres of broken stone capable 
of passing a 4-cm. mesh sieve, and 0-500 cubic metres 
of mortar containing 800 kg. of cement per cubic 
metre of sand. 


Sotips ENTRAINED IN FLowING WATER. 


In their report on “Le Débit Solide des Cours 
d’Eau,” Messrs. P. Simon and A. Haegelen stated 
that this subject deserved the closest study of water- 
power engineers. Silt deposited in channels not only 
diminished their capacity, but also had a marked influ- 
ence on the rate of flow of the water. If carried over 
to the turbines, the particles had an abrasive action 
upon the blades. In low-head plants the speed of the 
water passing through the turbines was relatively 
slow, and wear was consequently not appreciable. 
Again, these installations were usually situated in the 
lower reaches of rivers where the particles carried 
down were very small. An example of this was 
furnished by the Beaumont-Monteux plant on the 
Isére, in which quite ordinary screening had proved 
sufficient. The turbines had been in service for three 
years, and showed no signs of wear. 

Where the water was led to the' power plant by 
means of a long inlet channel, it was important that 
this should not be allowed to become silted up. Some 
rivers, such as the Durance, were subject to periodical 
flushes of alluvial matter; others, such as the Arc, the 
Romanche, and the Arve carried down, as a general 
rule, alluvium containing fairly high proportions of 
siliceous sand, the abrasive properties of which were 
so considerable that the life of turbines, in plants 
located on those rivers, was often less than one year. 
It was this excessive wear of the turbines which 
rendered the cleansing of the water supply absolutely 
imperative. This was especially true in the case of 
Alpine rivers. The site of dams needed careful 
consideration; on no account should they be built 
stretching from the inner curved bank of a river, 
as alluvium tended to settle there more readily than 
on the bank forming the outer bend. Again, com- 
pletely closed dams should be the exception and not 
the rule, as they facilitated the accumulation of silt ; 
a dam should be composed, partly at any rate, of 
sluice gates. In order to eliminate bed gravel, the 
water utilised should be taken from the surface, over 
the top of a submerged weir, or by means of sluices 
in the upper part of a wall. The submerged wall 
should be approximately parallel to the direction of 
the current of the river. The supply water should be 
led into settling tanks, in which the speed of flow was 
much reduced, so as to allow the larger particles 
to be deposited. Each succeeding settling tank should 
be filled by the overflow method, and they should be 
periodically cleaned out by flushing or by mechanical 
‘means. In settling tanks the maximum speed of 
flow should not exceed 0-25 m. per second. This 
was a theoretical figure which it was almost impossible 
to realise in practice. 

The Drac-Romanche installation furnished an 
example of the nature and extent of the difficulties to 
be overcome. The waters of the River Drac often held 
in suspension rather more than 1 gramme of solid 
matter per litre, equivalent to 228 tons per 80 cub. m. 
The rate of flow of the water entering the settling tank 
(measuring 100 m. long by 34 m. wide by 6 m. deep) 
varied from 22 m. to 80 m. per second. In spite of the 
working of a grab-bucket capable of removing 30 cub. m. 
of alluvium per hour, silt had accumulated in the tank 
to a depth of 2:5 m. to 3 m. during the last four years. 
Owing to the reduction in depth, the rate of flow had 
appreciably increased, and a large portion of the 
alluvium now passed over to the turbines, which, for- 
tunately, appeared to resist the wear fairly well. 

At the Brillanne plant on the Durance, the maximum 
flow was 77 cub. m. per second. The water was led 
into a settling channel 290 m. long and having 4 
cross-sectional area of 82sq.m. Two dredgers remov 
from this channel an average of 53,000 cub. m. of sand 
per year, at a cost of 2 francs per cubic metre. In spite 





of this, silting up took place, especially during the 
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period of the melting of the snows. A large portion of 
the alluvium passed into the turbines and as much as 
17 grammes per litre had been found in the tail race of 
the Sainte-Tulle station, which was fed by this water. 
The turbine blades of the latter plant, which operated 
under a fall of 34 m., had an average life of 12,000 hours. 

At Ventavon, where the maximum flow amounted to 
80 cub. m. per second, the settling tank, which was 
70 m. in length, 60 m. in width and 2-70 m. in depth, 
was theoretically cleared of deposited alluvium by 
12 pipes, each having a diameter of 0-60 m., distributed 
over the floor of the tank. These pipes had rapidly 
become choked and now functioned no longer. 

Several ingenious appliances had been tried to 
accelerate the settling of silt and to render the 
process more complete. One such had been installed 
at Avrieux on the Arc; it consisted of two adjacent 
tanks having inclined bottoms, through which the 
water passed. A series of reinforced concrete dia- 
phragms arrested the flow, and suspended matter 
was deposited on the sloping bottoms of the tanks. 
When a sluice situated at. the deep end of the tank 
was opened the out-going water carried the deposited 
silt with it. Another system, that of M. Dufour, 
had been adopted at. various French installations, 
and consisted of settling tanks which were funnel- 
shaped in section. A specially-constructed trough, 
with diamond-shaped wooden cross-bars, arranged 
along the bottom of the tank continuously drew off the 
alluvium as fast asit settled. Although at present only 
used in plants in which the rate of flow was small, the 
above systems could easily be further developed and 
extended. 

Coarse and fine screens were usually employed to 
prevent the entrance of floating bodies such as leaves 
and branches into the turbines. These screens were 
often cleaned by hand, and on account of the cost 
and lack of efficiency of this procedure, mechanically- 
operated rakes had been installed in several plants. 
In a few installations, hydraulic or automatic methods 
had been resorted to. In some cases the flow of water 
was momentarily reversed, and in others a syphon 
arrangement was used. 

The silting up of storage reservoirs was a serious 
question, and continuous dredging was necessary if an 
efiicient depth was to be maintained in them. The 
problem was, however, largely one of costs. 


Losses OF HEAD IN BENDS AND BRANCHES. 


A report on ‘‘ Les Pertes de Charges dans les Con- 
duits Coudes et Embranchements” was contributed 
by M. A. Bouchayer and dealt with experiments made 
at the Beauvert laboratory, with the assistance of 
Messrs. Bouchayer and Viallet, of Grenoble. The 
main used was 300 millimetres in diameter and had 
a total length of 77} metres. It was straight for a 
distance of 18% metres from the inlet end. Then 
came a curve of 900 mm. radius, which changed the 
direction of flow by 30 deg. Beyond this point the 
main continued as a straight line for a distance of 
i2 m., when a 90 deg. bend was inserted. This was 
followed by 18 m. of straight pipe leading to a bend 
which turned the flow through an angle of 120 deg. 
Succeeding this was 12 m. of straight pipe terminating 
in a bend turning the flow through 60 deg., after which 
came a final 12 m. length of straight pipe. There 
were thus four bends in all, preceded and followed 
by considerable lengths of straight pipe. Succeeding 
bends were directed in opposite directions. All the 
bends were of 900 mm. mean radius. The piping used 
had been the subject of an earlier research in which its 
friction when laid on the straight had been accurately 
determined. In the present series of tests observa- 
tions were made at four rates of discharge, viz., 138-1, 
107-8, 82-5 and 70-3 litres per second, the correspond- 
ing mean velocities being 1-955, 1-525, 1-165 and 0-995 
metres per second, Subtracting the normal friction 
loss in an equal length of straight pipe the additional 
loss due to the bends was found to be as follows :— 











Speed of flow in meter | 

per second .-| 0°99 5) 1°165 | 1-525 1-955 

| 

Loss due to 30 degree mm. mm | mm. | mm. 

bend... ad we] 965 12-75 | 18-75 | 30-75 
Loss due to 60 degree 

vend =. oe de 3-25 4-75 55 9-25 
Loss due to 90 degree 

bend .. ..  ..| 10-25 | 14-5 .| 24-0 | 89-75 
Loss due to 120 degree 

bend... oe --| (15-25 | 21-75 | 37-5 60-75 








The anomalous results for the 60 deg. bend are 
not explained in the report. Experiments were also 
made on the losses at branches. It was found that the 
loss in the bifurcations in the neighbourhood of the 
actual junction was always higher than normal, but 
most of the formule proposed for estimating such 
losses appeared to overrate them. With a straight 
branch at right angles to a straight pipe, both being of 
300 mm. diameter, the loss due to the branch was 


found to be 281 mm. when the water speed before the 
bifurcation was 1-965 m. per second. When the 
junction was made with an enlarged conical entrance 
the loss was 169 mm. for a speed of 1-995 m. per 
second. With a curved instead of a straight branch, 
this figure was reduced to 151 mm. The three cases 

2 
were covered by the formula: Loss of head > 
where 6 = 4/2 for a straight branch joining a straight 
pipe, 6 = 0-835 for a conical junction, and p = 0-750 
for the case of the curved branch. 


River WaTER-PoWER INSTALLATIONS. 


A report entitled ‘“‘ Les Usines Hydro-Electriques 
Fluviales ’’ was drawn up by Messrs. Venin and Delaly, 
who. stated that the exploitation of river water power 
presented several difficulties. Not only was it neces- 
sary to build large dams, having deep foundations, 
but provision had to be made for the large volumes of 
water which had to be utilised to compensate for the 
relatively low fall. On the other hand, the advantages 
gained were undeniable. These plants were usually 
built close to large industrial centres, thus obviating 
the need for lengthy distributing systems. Such 
works had been installed at Jonage, a suburb of Lyon, 
at Drac-Romanche, close to Grenoble and at Chévres, 
in close proximity to Geneva. It should be noted that 
in river power installations the height of fall and, con- 
sequently, the available power, was diminished, often 
very considerably, in times of flood. At the Tuiliére 
plant on the Dordogne, near Bergerac, the hydraulic 
power of which was 27,000 h.p., the dam provided a 
fall of 12 metres when the water was low. This was 
reduced to 10 metres when the flow of the river was 
normal, and was further decreased to 6 metres in time 
of flood. When the latter occurred the dam was 
opened fully and the power plant was at a standstill. 

The Augst-Wyhlen station established on the 
Rhine 6 km. above Basle was interesting because it 
comprised two separate plants, one on each bank, 
both of which are fed by the same dam. This latter 
was a very large work, which created a head of water 
varying from 8-4 metres to 4-5 metres, according to the 
flow of the river. It was 212-8 metres long and was 
composed of 10 sluices, each 17-5 metres wide; the 
Stoney gates used were 9 metres high. Movable hinged 
panels were provided in the upper portion of four of the 
gates. Each of these panels was 2-2 metres high and 
was raised or lowered by means of an independent 
winch. Small variations in level, which were constantly 
occurring, could thus be easily adjusted ; the movement 
of heavy sluice-gates was avoided, floating bodies, and, 
in particular, blocks of ice were afforded clear passage. 
Moreover, an overflow was less destructive in its action 
than was the swirling rush produced by the raising of 
the sluices. The building of the dam had given rise 
to difficulties owing to the irregularity and fissuring of 
the rock, and in one spot the foundations had had to be 
taken to a depth of 17-6 metres below low-water level. 
The Wyhlen plant on the right bank was equipped with 
ten groups of turbines, each having a maximum capa- 
city of 3,000 h.p. The turbines were on a horizontal 
shaft and were each furnished with independent water 
chambers. At the entrance of each of the latter stood 
a coarse screen, this was followed by a double panelled 
gate and finally by a fine screen cleaned by means of a 
mechanical rake. Each set was composed of two 
single-runner and one double-runner turbines, all of 
which were mounted on the same shaft. The gene- 
rators were placed on the end of the turbine shafts. 
The Augst plant situated on the left bank was similar 
in construction, the only difference being that each 
set was composed of two double-runner turbines. 

The Chancy-Pougny installation, which had been 
completed only quite recently, formed the first section 
of the Rhone hydro-electric scheme. Built 18 km. 
below Geneva, the dam provided a fall of 9-9 metres 
at times of low water, 8-3 metres when the flow was 
normal, and 4-5 metres when the river was in flood. 
The dam stretched the whole width of the river and 
comprised five openings, 12 metres wide, four of which 
were closed by gates 11 metres. high; the fifth was a 
lock gate. The foundations of the dam had been carried 
down to 17 metres below normal water level. The 
caissons were of reinforced concrete and each measured 
23-65 metres in length and weighed 250 tons. The 
sluice-gates were of the Stoney type with improvements 
carried out by Messrs. Buss, of Basle; they embodied 
two movable sections, capable of being manceuvred 
independently of each other. These gates allowed the 
water-head level to be easily regulated and were parti- 
cularly useful when the river was in flood. As a result 
of investigations carried out on a small scale, the apron 
of the dam was hollowed out in order to reduce erosion 
in the immediate vicinity of the dam to a minimum. 
The supply channel was separated from the Rhéne 
by coarse screens placed against a reinforced concrete 
gangway, along which operated a clearing rake. The 
intake, situated in the prolongation of the dam, 


had five openings protected by five screens. : The 
power plant was composed of five groups of 9,000 h.p. 
vertical-shaft motors,. together with an auxiliary 
group. These turbines, which were the largest in 
Europe, were of the single-wheel type, 5-5 m.:in dia- 
meter and capable of taking 92 cub. m. of water per 
second. The discharge channel was parallel to the river 
and was separated from the latter by a spur wall 
80 m. in length. This arrangement diminished back 
pressure. 

In all the above installations the dams were closed 
by means of vertical sluice gates, operated mechanically, 
this procedure necessitating constant supervision. 
Dams which opened and closed automatically, according 
to the height of the stream, had been installed, among 
other places, at Tremp (Spain), Osfaldet (Norway), 
Mihleberg (Switzerland), and Isle Jourdain. At the 
latter plant on the Vienne, three automatic-valve gates 
had been installed at one end of the dam. These 
measured 14 m. wide and 2-1 m. high, and were operated 
by means of reinforced concrete counterweights affixed 
toalever beam. The arrangement was so adjusted that 
when the level of the river rose above the permissible 
working level, the equilibrium was disturbed and was 
only re-established when the working level was restored. 
These automatic sluices allowed the evacuation of 
normal floods at a rate of 330 cub. m. per second. The 
power plant consisted of four groups of 2,400-h.p., 
vertical-shaft, single-runner turbines, capable of taking 
20 cub. m. of water per sec. 

Some plants were provided with a special inlet 
channel and the Olten-Gésgen installation on the Aar 
was a good example of this type. The channel was 
4-8 km. in length, 6-1 m. deep, and 50 m. wide. The 
flow of water was at the rate of 350 cub. m. per second. 
The power plant consisted of eight groups of vertical- 
shaft turbines, each of 10,000 h.p. capacity. The Drac- 
Romanche station, near Grenoble, was interesting not 
only on account of the special precautions rendered 
necessary by the large amount of gravel carried down 
when the rivers were in flood, but also on account of 
the good fall obtained by means of specially-constructed 
supply channels. The primary channel was 800 m. long ; 
this was followed by a reinforced concrete conduit 
1,500 m. long and 6 m. in diameter. In this conduit 
the water, under a head of 15 m., flowed at the rate of 
80 cub. m. per second and was led into a large tank 
50 m. long, 18 m. wide, and 7 m. deep, situated directly 
over the turbines at the power station. Outlets from 
this led the water down to the turbines below. This 
installation permitted a head of only 3 m. at the dam to 
be increased to 18 m. at the turbine house. 

In river water-power installations, the general 
modern tendency was to increase the power capacity 
of the plant in order to diminish installation costs and 
working expenses. 


THE DEVELOPMENT OF THE WATER TURBINE. 


M. Chalons contributed a report on “ L’Evolution 
des Turbines,” in which he stated that there was 
no difficulty now in designing efficient turbines for 
all heads up to 1,600 m., and that the problem of 
designing large high-speed turbines to work under 
low heads had been satisfactorily solved. The con- 
struction of a turbine to work efficiently under varying 
heads such as would be necessary in tidal power 
schemes was, however, still an unsolved problem. 
Up till Fourneyron’s invention of his reaction wheel 
in 1832 the highest head utilised was 14 m., for which 
a water wheel 19 m. in diameter was used. In 1837 
Fourneyron utilised with his turbines a fall of 114 m. 
The Francis turbine, in which the water entered the 
wheel horizontally and was discharged vertically, 
had, the author said, been very largely adopted. The 
type had the advantage of passing much more water 
with a given maximum external diameter than its 
rivals. In early designs regulation was effected by 
a sluice which cut off part of the supply, but now 
movable guide blades were in almost universal use for 
the governing of reaction turbines. The impulse type 
of turbine originated with Poncelet, and was developed 
by Girard. It was not, however, very suitable for 
low falls, although various ingenious devices were 
invented to make it so. The Pelton type of impulse 
wheel was introduced in 1880, and soon shared public 
favour with variations of the Francis type. An 
important law of similarity published by Rateau 
in 1900 made it possible to experiment with models 
and to apply the results to full-scale machinery. Thus 
if n and n} denoted the revolutions made by model 
and prototype, H and H! the corresponding heads, and 
N and N! the horse-power developed, we had the 
equality 

n/N _ nt J/ Ni 

HJ/H H!./ Hl 

If, then, in a series of geometrically similar turbines 
we chose that which developed 1 h.p. on a head of 1 m. 
its speed of rotation was known as the specific speed 
characteristic of the whole series. With this to guide 





















242 


ENGINEERING. 


[Aue. 21, 1925. 








them designers, by determining the specific speeds 
actually realised by turbines in practice, were abl> 
to determine the general type best suited for stated 
specific speeds. Pelton wheels with a single jet were 
in general only suitable for specific speeds lving between 
1-3 and 25. Beyond this figure multiple nozzles 
were required, and the specific speed of such multiple 
jet wheels was 4/ 7p times as great as that of a similar 
single-jet wheel where p denoted the number of jets 
used. With multiple jets, Pelton wheels might be 
used for specific speeds up to 50, but beyond this 
the Francis type of turbine was the better. For long 
the limit for this type was believed to be a specific 
speed of about 300. In this way the problem was 
solved as to what type of turbine was most suitable 
for driving an electric generator at a specified speed 
when the head was fixed, at least so far as moderate 
and high heads were concerned. The problem of 
dealing with low falls was, however, much more 
difficult, in part because variations in the head became 
important which would have been immaterial in the 
case of moderate or high heads ; and, secondly, because 
even a specific speed as high as 250 would correspond 
to but 47 turns per minute in the case of a turbine 
developing 2,500 h.p. under a head of 6 m._ This 
speed was much too low as it made the installation 
very costly. By modifications of the design which 
included the provision of an annulus between the 
guide blades and the runner, it was found possible 
to bring up the specific speed of the Francis type to 500, 
still retaining an efficiency of over 80 per cent. between 
half load and full load. Further progress with the 
type seemed barred, and the propeller type of turbine 
was accordingly introduced. With this specific speeds 
of 800 were obtainable, with an efficiency of over 
80 per cent. at full load. This fell off, however, 
rapidly as the load diminished. To compensate for 
this the plan of using movable blades on the runner 
had been introduced. In this way an efficiency of 
over 83 per cent. had been maintained between half 
and full load. As matters stood to-day specific speeds 
from 1 to 1,000 were attainable, using Pelton wheels 
for high falls, Francis turbines for moderate falls, 
and the propeller type for low falls. The maximum 
efficiencies realised reached as much as 90 per cent. 
in the case of Pelton wheels and 88 per cent. with 
Francis turbines. 


Laws oF COMPARISON. 


A paper ‘Sur l'emploi des Modéles Reduits,”’ was 
contributed by M. Camichel who stated that what is 
generally known as Froude’s law of comparison was 
really due to Reech, having been published by him in 
1852. Actually however, we believe the law can be 
traced back to Newton. Osborne Reynolds, it may be 
added, showed that the law in question necessarily held 
in all cases in which losses by fluid friction were accur- 
ately proportional to the square of the velocity. When 
this was the case he showed that terms depending on the 
viscosity of the medium disappeared. M. Camichel 
described experiments which demonstrated that the 
Froude law held for very many of the problems in 
which the hydraulic power engineer was interested. 
The law in question asserts that in geometrically similar 
models the flow is also geometrically similar when the 
speed is proportional to the square root of the scale ratio. 
In the simplest of M. Camichel’s experiments he com- 
pared jets issuing from similar orifices in similar vessels. 
the two vessels were respectively 80 cm. and 20 cm. 
in diameter. The orifices were 80 mm. and 20 mm., 
and the height of the water above the bottom of the 
vessels was in the one case 99 cm. and in the smaller 
vesse] 225mm. Photographs were taken of the shadows 
of the two jets, and these shadows were found to be 
exactly similar. In another experiment heavy balls 
were sustained hy e. vertical current of water. The 
equilibrium positions were again found in exact accord 
with Froude’s law. ‘The same was found to hold also 
for the loss in elbows. In other experiments each 
model had four branches to a horizontal pipe, which was 
fed from both ends. When the supply to one end was 
throttled, the discharge from a branch of the one model 
was related to the corresponding discharge from the 
other model by Froude’s law. This law was also shown 
to apply for weirs and the channels supplying them. 


IMPROVEMENTS IN TURBINE ACCESSORIES. 


A report “ Sur les perfectionnements et la Technique 
actuelle des Accessories de Turbines Hydrauliques,”’ 
was submitted by M. Maurice Gariel. In this a des- 
cription was given of modern designs of the sluices and 
valves controlling the water supply to the wheels. In 
the older installations throttle valves of the Watt type 
were freely employed. They had the advantage of 
being simple, strong and low in first cost. The loss of 
head inherent in the type was, however, considerable, 
and moreover, the water was delivered from the valve 
to the turbine in a highly turbulent condition giving 
rise to additional loss in the turbine itself. Moreover, 
such valves were never tight when closed. Sluice 





valves had, the author stated, been largely used for 
high heads, but for lower heads and large outputs, the 
type was cumbrous, and attempts to reduce this 
drawback by using elliptical in place of circular sections 
involved high working stresses on the metal. Save in 
small sizes such valves were best operated by relays. 
Sluice valves in which the sluice was cylindrical in 
section had found favour in some cases, whilst with a 
view to securing low losses of head combined with little 
leakage other makers had introduced a kind of enormous 
cock having a spherical body. To facilitate the 
working of these, means were provided for easing the 
‘“‘ plug’? when the valve was to be opened. Another 
modern form of sluice was based upon the Doble regu- 
lating nozzle as applied to Pelton wheels, the moving 
part of the valve having a stream line form, corres- 
ponding to the Doble needle. 

Bearings and thrust blocks had, M. Gariel said, 
been modified in detail in view of the now well-estab- 
lished theory of lubrication, which—since M. Gariel 
omits to mention it—it should be added, originated 
with Osborne Reynolds. White metal was, he said, 
universally used for bearings, and the traditional 
oil grooves were omitted. Thrust blocks of the Michell 
type, with or without fancy modifications, were, 
M. Gariel stated, in common use, though no reference 
was made by him to their originator. The flexible 
couplings of the Zodel and Rafford types were, he 
said, no longer in favour, and save in special cases 
the rigid coupling was now most usual. The principles 
underlying the governing gear of turbines were 
discussed in considerable detail in M. Gariel’s paper, 
which also included a graphic method of determining 
the stresses in the more elementary forms of high-speed 
flywheels, and in coriclusion the author emphasised 
the importance of keeping all accessories in perfect 
repair. 


THE POTENTIALITIES OF HypRAULIC PowER SCHEMES. 


A report on the ‘Evaluation de l’Energie des 
Installations hydrauliques” was brought forward by 
M. A. Boucher, who said that when a new hydraulic 
power plant was proposed, the first estimate to be 
made was the power available. This would depend 
on the efficiency of the plant, the effective fall and the 
flow. This third element was in general eminently 
variable, and was closely connected with the rainfall. 
Some of the latter was evaporated, yet in certain 
cases the total flow of the streams was greater than 
could be accounted for by the rainfall in the area 
drained. This was the case with Lake Geneva, which 
discharged a greater volume of water than was repre- 
sented by rainfall. The difference was attributed to 
other forms of precipitation, such as winter fogs and 
dew, and the condensation on snow-clad mountain 
tops. The same rule applied to Holland, where in a 
dry year the water pumped for city use was considerably 
in excess of the precipitation in the drainage area. 
In the case of hydraulic power installations the maxi- 
mum flow available was often some hundred-fold 
the minimum. This minimum was in general directly 
proportional to the area drained, and was much the 
same, about 5 litres per square kilometre per second, in 
areas so widely different as the Alps, the Pyrenees and 
Scandinavia. A plant designed for this minimum, 
could, in the latter areas, count on a full supply for 
355 days per year. In most cases, however, it was 
economically desirable to instal a larger plant than 
this, and a detailed study of the variation in the flow 
of the stream was necessary. Streams fed from 
permanent snowfields had only one period of low 
water, viz., at the end of the winter, but with some 
other streams there were two such periods—one during 
the greatest cold, and the other when all the snows 
had disappeared. By plotting down the mean monthly 
flow for a complete year it was possible to make an 
estimate as to the size of the plant which could be 
assured of reasonable continuity of operation. 


Testing Hypro-E.Lectric PLANTs. 


A paper, “‘ Surles Essais des Usines Hydro-electrique,”’ 
was presented by M. Jean Laurent, who said that tests 
were made with three objects, viz., (1) to ascertain 
that the plant was effective for the end in view and 
in accordance with the specifications, (2) to determine 
the efficiency of the plant, and (3) to discover where 
improvements were possible and to provide valuable 
data for the future work of the contractors. Unfor- 
tunately, it was not unusual to take over a plant after 
but rough and ready tests; but it was very necessary 
to verify in full scale trials the data derived from 
laboratory tests and model experiments. Moreover, 
certain factors could only be tested after the plant was 
in situ. Even the best equipped works were unable to 
make full power tests of large hydraulic power plants, 
and it was not always possible to secure accurate data 
from models. Hence, complete tests after erection of 
the plant should be insisted on. As for the electrical 
portion of the plant, works tests were sometimes illusory, 
and the author cited one case in which the temperature 


rise was 10 deg. C. higher than the builder’s guarantee. 
The cause was found to lie in the architecture of the 
station, the conduits for the air to the generators being 
badly arranged. In another case porcelain insulators 
which had undergone a satisfactory shop test had been 
so damaged during erection that most of them had to be 
replaced. Both hydraulic and electric governors 
should be tested before taking over a plant, and so 
should all the measuring instruments. Efficiency tests 
of the turbine should always be made. If 83 per cent. 
were guaranteed, and only 82 per cent. attained, there 
would be a yearly loss of 390,000 kw.-hours on a 5,000 
h.p. plant. In certain cases, moreover, it has been 
found that the overall efficiency of an old plant was 
only 53 per cent., so that it would be much more 
profitable to replace this by modern turbines rather than 
to develop a new fall. Efficiency tests should, moreover, 
be repeated from time to time in order to ensure timely 
replacement of badly worn parts. Where the water 
supply carried sand in suspension the turbines might be 
badly worn in six months time. In one instance the 
result was a lowering of efficiency to 474 per cent. 
Both generator and turbine efficiencies should be 
determined. The former was easily and accurately 
found, which was not the case with hydraulic tests, 
where errors of 2 per cent. were not excessive. 

In certain of the author’s tests the water resistance 
used was capable of absorbing 20,000 kw., the potential 
being 10,000 volts. The tank measured 6-8 metres by 
4 metres in plan and was 5 metres deep. The level of 
the water was adjusted by a weir having a movable 
crest. For low-tension plants, metallic resistances 
were preferable, and the author had used one capable 
of absorbing 10,000 amperes at 125 volts, the con- 
ductors being kept cool by a current of water. Per- 
manent testing resistances of one kind or the other 
ought, the author held, to be installed at all hydro- 
electric plant, for use in making periodical tests of 
efficiency. For measuring the water taken by the 
turbine, weirs were frequently employed, having thin 
crests and no lateral contraction, for which Bazein’s 
formula gave reliable results. The height of the water 
was measured by hook gauges. In other cases the 
flow was determined by current meters by which the 
velocity at different points of a straight channel was 
measured, and the discharge found by integrating 
the observations. The main drawback to the current 
meter was the length of time required to get results. 
Chemical methods of measuring discharges were also 
employed. The reagent generally used was common 
salt, a standardised solution of which was turned into 
the stream in measured quantity. A subsequent 
titration of the aniount present in the water after 
mixture was complete, enabled the total flow to be 
determined with considerable precision. The Venturi 
meter was also largely used and was very convenient. 


(Zo be continued.) 





TOOLS AND EQUIPMENT FOR 
DRILLING SQUARE AND HEXAGON 
HOLES. 


Tue drilling of square and hexagon holes may at 
times be employed with advantage as an alternative to 
punching, drifting, or broaching, particularly if a 
fairly accurate hole, with a good finish, is required. 
There are several simple types of cutters which will 
produce an approximate square or hexagon hole if 
accuracy of shape is not essential, but for finer classes 
of work the design of the cutter, in conjunction 
with suitable jigs or attachments, requires careful 
consideration. 

The subject has recently been investigated at the 
Keighley Technical School, and the jigs and tools 
shown in Figs. 1 to 22, pages 243 and 244, have been 
designed and made in the engineering workshop of 
that institution. The various arrangements cover 
most cases where square or hexagon holes are likely 
to be required in flat sections, or in the ends of cylin- 
drical parts. By means of suitable attachments, the 
operation can be performed in any machine tool having 
a revolving spindle ; but the vertical drilling machine 
is generally preferable, although a centre lathe can also 
be employed. Be 

Figs. 1 and 2 show a simple type of tool for drilling 
3-in. square holes. The distance between the points 
of any one of the three sides is made equal to the side 
of the required square, so that each side of the cutter 
must be made with a radius of in. By slowly rotating 
a cutter of this type in a square hole, or alternately. 
tracing a section of the cutter on paper, and moving 
the diagram over a drawing of a square, it will be 
noticed that if the centroid of the cutter is allowed to 
float, instead of remaining in a fixed position like an 
ordinary drill, the corners of the tool will trace an 
approximate square; the only inaccuracy being that 
the corners are slightly rounded. A method of eli- 





minating this disadvantage will be described later, 
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together with arrangements to provide a floating action 
to either the cutter or work. The cutter may be 
produced either by turning, or by milling. The 
material should be of high speed steel. If turning is 
adopted it is advisable to use a narrow nose tool, with 
plenty of top rake, and to have a fine longitudinal 
feed to prevent the work being pulled out of the 
centres. Ifa heavy cut is attempted, there is a danger 
of this occurring, and a damaged centre hole probably 
necessitates marking out all six centre holes again. 
The teeth on the bottom can be milled or filed to re- 
semble an end mill, as shown in Figs. 1 and 2, after 
which the cutter is ready for hardening. 

An arrangement for drilling a -in. square hole 
in the end of a bar, for making a box key, is shown set 
up in a lathe at Fig. 3. The bar is supported in a 
stationary stay at one end, and held in a chuck at the 
other. A steel collar, carrying a guide bush, is made 
to fit on the bar end and revolve with it. If required, 
the square hole can be machined directly out of the 
solid bar, but to prevent undue, wear on the cutter it is 
advisable to have two hardened steel guide bushes : 
one with a bore 3-in. diameter, to support an ordinary 
twist drill, and a second bush with a j%-in. square 
hole to locate the cutter. By following the twist drill, 
the cutter has very little metal to remove, and conse- 
quently can be run at a speed almost as fast as an 
ordinary drill of the same size without distress, pro- 
viding that an ample supply of cutting compound is 
ensured when drilling steel. It has been stated pre- 
viously that a floating motion, either for the cutter 
or the work, is required, and in Fig. 3 the cutter is 
held in a manner often used for floating reamers. 
The holder is made with a taper shank to suit the loose 
headstock spindle, and is bored out slightly larger 
than the cutter shank. The cutter is free to move in 
any direction required, within small limits, but is kept 
from coming out of the holder by a pin driven into the 
shank, and is held at the back by a steel ball and 
thrust pad as shown. The cutter is therefore free to 
follow to any position required by the square hole 
bush revolving around it, and so allows the cutting 
points to trace a square in the work. The feed in 
this case is by hand traverse to the loose headstock 
spindle according to the usual method. 

The only drawback to a cutter of the type described 
is the one already mentioned, that square corners are 
not produced, a small radius being left in each corner. 
This adds slightly to the strength of the drilled article, 
and, as it is customary to leave a radius on the corners 
of the square ends of shafts, screws, or box keys, 
generally no difficulty arises from this source, but 
possibly some advantage. However, the cause and 
size of the radii can be seen from Fig. 4, where the 
cutter is shown in a square. It will be apparent that 
it 1s impossible for the corner A of the cutter to reach 
the corner of the square; and it will also be seen 
from the other position of the cutter, shown in dotted 
lines, that the radius commences at a point B and 
ends at the point C of the same corner. Hence if a 
Square with a sharp corner is wanted, the guide bush 
Square must be larger than the required square, and 
the cam on the cutter must be a different shape to 
the one previously mentioned. 
oxtten, as gee is oe he aang a are’ and 
chnck Waa ne ne square holes in the ends of 
Sele in ie acall : ys square hole represents the 
this. The ifn e bush, is the cam is shown inside 
wah ead 3 age shows the size of hole required 
noticed angular cutter in position, and it will be 
iced that one cutting edge A is in the extreme corner 
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of the square. This point is also the centre of the 
radius forming one corner of the cam. The distances 
AB, BC and CA are made equal to the side of the 
required square, as before, but the point A is the only 
cutting edge which reaches the corners of the square. 
By a tool and cam of this shape a perfect square is 
produced. The cam is shaped to have a continuous 
four-way contact in the guide bush, and one corner, 
as shown, must be an arc with the centre on the point 
of the cutting edge. In order to satisfy these con- 
ditions, it is required to have a cam with four arcs, 
two drawn with A as centre, and the other two drawn 
from D and E respectively, each with a radius equal 
to the side of the guide square. The two radii struck 
from the point A are also together equal to the same 
dimension. There is only one size of guide square 
for each size of square hole required to be drilled, and 
this must be such that when the sides of the required 
square are extended until they cut the guide square, as 
at E and D, the distance E D is equal to the length 
of the side of the guide square. Assuming, then, a 
square with length of side X is required, as in Fig. 6, 
it can be readily shown that R is equal to A E, and 
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hence the side of the guide square can be at once 
obtained. 

Figs. 7 to 10 show the cutter and cam as actually 
made and used in a vertical drilling machine. To 
save the expense which would be incurred in making 
a one-piece tool of this size in high-speed steel, the 
shank is made separate from the cutter, and is of cast 
steel. It is turned at one end to No. 4 Morse taper 
to fit a drilling machine spindle, and made cam- 
shaped to suit the guide square at the opposite end. 
It is bored out with No. 2 Morse taper to accommodate 
the cutter, which has cutting edges on both end and 
sides. As will be noticed, it is essential that when in 
position the relation between the tang and cutting 
edge, in one case, and slot and cam, in the other, 
should be exactly as shown in Fig. 5. 

The design of jig used for supporting chuck screws 
and similar work is shown in Figs. 11 to 14. The 
screws are located vertically in a vee groove, and are 
held by a hinged clamp, while an adjustable support is 
provided by screw and lock nut. A bracket at the 
top of the casting carries a hardened steel guide bush, 
which is held in position by a set screw. To allow a 
floating motion, the jig is made with a circular base, 
and when on the drilling machine table it rests upon 
three }-in. diameter steel balls. These are held in 
position by a sheet steel retaining ring fixed to the under- 
side of the base, as shown in Figs. 1] and 12. In order 
to prevent the jig revolving with the cutter, a 1-in. 
diameter hole is drilled in the base, into which a bar 
can be placed, so that the operator can hold the jig 
against any tendency in this direction. 

The design and construction of a tool for drilling 
hexagon holes may now be considered. Referring 
to Fig. 15, a five-sided or pentagon drill is shown in a 
hexagon hole. The pentagon is the largest size capable 
of revolving inside the hexagon. Due to clearance at 
the points X, the hexagon produced in the work has 
slightly convex sides, but except on large sizes the 
amount of convexity is negligible. To set out the drill, 
the distance F across the flats of the hexagon is known, 
and from this the length of half of one side, or } L, 
can be obtained as follows :— 

L _F tan30deg., =F x 0-577 = 0-288F (1) 
y 2 
To find the length of the side of the pentagon to 
which the drill is made, we have, in Fig. 15, Triangle 2, 
Sin 24 deg. _ Sin 120 deg. 
7L D 
From equation (1) 
D = Sin 120 deg. x 0-288 F _ 0-614 F 
Sin 24 deg. 











The important dimensions next required for making 
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circles I and E. 


the drill are those of the inscribed and circumscribed | 
Referring to Fig. 15, Triangle 3, the | 16 to I 
first of these is found from I= D cot. 36 deg., sub- 
stituting the value of D in terms of F gives :— 
I = 0-614 F x 1-376 = 0-845 F. 
Similarly, the diameter of the circumscribed circle 


E = 0-614 F cosec. 36 deg. = 1-044 F. 
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,in the end, and filing the cutting edges as shown. 
| The floating holder for this tool is shown in Figs. 
19 and 20, and resembles an Oldham type coupling, 
with one end turned Morse taper to suit a drilling 
machine spindle, and the other end forming a socket 
to hold the hexagon drill. An intermediate plate, 
tongued and drilled at right angles, allows movement In 
any direction, and the three parts are held together 
by vee head screws, which pass through clear holes in 
the intermediate plate. 

The jig used in conjunction with this tool, and 
also arranged for square hole drilling, is shown in Figs. 
21 and 22. It was designed for machining holes in 
flat section steel or brass, and consists of a base A, 
arranged to bolt to a machine table, and a swivel top 


Flat 









Applying the above formule to an actual case, Figs. | B, carrying guide bushes for the drills. A lock handle 
8, the cutter shown was made to produce a b 
hexagon hole 0-450 in. across the flats, so that, after | which is held by knurled head screw D, or by thum 

turning the bar down to a }-in. diameter, the end ag 

further reduced to 1-044 in. x 0-450 in., = 0-469 in., i 0 0 —e 
jand a circle described on the end equal to 0-845 in. | positions of work in the jig. To admit long bars, r 
| x 0-450 in., = 0-380 in. The sides of the pentagon | steel strips, G and H, are removable if required, an 


C clamps the top in position after inserting the work, 





screws E and F, these being interchangeable for different 


| Sections of work to be operated upon, and different 


were then milled down to this dimension, and the | in this case all clamping of the work is done from the 
drill completed by boring a }-in. diameter hole | top. 
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‘‘ ENGINEERING’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 

illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specificati may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Ch y-lane, W.C.2., at 
the uniform sag of 1s. 

The date of t dverti. t of the pt of a Complet 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed’ is ———_— 

Any person may, at any time within two months from the date of 
the advertisement of the ts of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


232,021. Sunbeam Motor Car Company, Limited, 
Wolverhampton, and L. Coatalen, Wolverhampton. 
Valve Operating Mechanism. (2 Figs.) March 21, 
1924The invention relates to valve-operating mechanism 
in which there is interposed between the operating 
cam and the valve a rocker, and some adjustment is 

rovided whereby the clearance in the mechanism can 
be delicately varied. In some cases the rocker is provided 
with an eccentric bush on a shaft, and by rotation of 
the bush the clearance is varied. The rocker A is 
mounted upon a bush B which in turn is carried upon 
a fixed shaft C, and the outer periphery of the bush is 
eccentric to the shaft C so that rotation of the bush B 




















@32021) 


raises and lowers the rocker, thereby varying the clearance. 
The bush is extended at B? beyond the boss A® of the 
rocker on one or both sides, and this extension is enlarged 
in diameter and is split radially at B3. Each side of 
the split is formed a lug, and through the two lugs 
passes tangentially a clamping bolt D, the arrangement 
being such that when the bolt is tightened up the split 
portion grips tightly on to the shaft C and the bush portion 
cannot accidentally rotate. To effect an adjustment, 
the clamping bolt D is slacked off and the eccentric 
bush B moved angularly around the shaft C in the 
desired direction, after which the clamping bolt is 
tightened up again. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


232,043. S.H.Priestman,Hull. Grab Dredgers. 
(7 Figs.). April 26, 1924.—The invention relates to 
grab dredgers. The grab is operated in conjunction with 
a crane and the hoisting rope 1 is attached to the main 
cross bar of the grab by purchase gear. The hoisting 
rope 1 passes around a pulley 2 in the grab head and a 
sheave 3 in the jib head, and is wound in by the hoisting 
barrel 4 of the crane. The purchase gear consists of a 
central drum 5 and two side drums 6, 7. The hoisting 
rope is secured to the central drum 5 while the two 
side chains 8, 9 are secured at one end to the grab head 
and at the other ends to the drums 6, 7. The opening 
rope 37 is secured at one end to the grab head and at 


the other end to the opening barrel mounted by the 
side of, and on the same shaft as, the hoisting barrel 4. 
I'he check ropes 10, 11 are secured to the lower axis of 
the grab by links 12, 13 and pass over the jib head of 
the crane to a pair of pulleys 15, 16 at the head of a pair 
ot uprights 17, 18 at the rear part of the crane. The 
uprights 17, 18 form guides for a vertical sliding weight 
22. This weight carries a pair of pulleys 23, 24, and 
the check ropes after passing overthese pass over a second 
pair of pulleys 25, 26 at the head of the uprights 17, 18. 
Finally the check ropes pass over ratchet drums 27, 28 
to which their ends are secured. The drums 27, 28 are 
provided respectively with crank handles for adjusting 
the position of the weight 22 and fixing the depth to which 








the dredger excavates. When the grab is fully raised, 
the weight 22 has descended to its lowermost position, 
and during the descent of the grab the weight 22 is drawn 
up; at its highest position a pair of spring buffer 
stops 31, 32 engage with a pair of fixed stops 33, 34, 
carried by the uprights 17, 18. The operations are as 
follows: The ratchet drums 27, 28, are adjusted to suit 
the required depth of dredging; the grab is lowered on 
the opening rope 27 with the jaws open. The lowering 
proceeds until either the material to be dredged is 
reached or until the spring buffers 31, 32, come into contact 
with the stops 33, 34. The grab is then closed by 
winding up the hoisting chain 1, thus causing the drum 
5 to rotate in the direction to unwind the chain 1 but 
winding up the side chains 8, 9. The effect of this latter 
is to draw the head of the grab downwards and thus 
close the jaws. The grab is now loaded and is hoisted 
by winding up the chain 1, the slack opening rope 37 
being taken up automatically in the usual manner. 
During the raising of the grab the weight 22 descends, 
thus keeping the check ropes 10, 11, taut. (Sealed,) 


MOTOR ROAD VEHICLES. 


230 ,654. The Eagle Engineering Company, 
Limited, Warwick, and R. G. Palmer. Warwick. 
Trailer Wagon Couplings. (2 Figs.) April 15, 1924.— 
The invention consists of an improved coupling for 
tractor vehicles and trailer wagons of the ball and 
socket type wherein part of the ball and socket coupling 
is formed in a bolt or pin adapted to be positioned within 
the rear couplings lugs of the tractor vehicle, the fore- 
part of the trailer waggon being provided with the 
conjunctive part of the coupling. Mounted in the 
backward extending lugs 3 of a bracket 4 secured to 

















the rear end of the tractor vehicle, is a headed pin 5, 
the head whereof is of a spherical shape and is adapted 
to engage within a socket formed in the head of a bolt 6, 
the shank of which is secured within an eye formed in 
the front end of a trailer drawbar 8. When the spherical 
head is engaged within the socket it is maintained therein 
by means of a split spring washer 9, which is partially 
located within a groove formed in the inner periphery 
of the walls of the socket. The headed pin 5 is retained 
in the lugs 3 by means of a split pin 10. (Sealed.) 


PUMPS. 


233,016. J. L. Holman, Camborne, and A. T. 
Holman, Camborne. Pumps. (3 Figs.) January 25, 
1924.—The invention relates to pumps. According to 
the invention, a piston-and-cylinder pump is charac- 
terised by a jacket 38, which surrounds the cylinder 10. 
The cylinder is enlarged at one side to forma valve 
chamber 49, which is partitioned to provide inlet and 
outlet passages communicating between the said valve- 
chamber and main inlet and outlet conduits respectively. 
In one preferred form of the invention, the pump is con- 











structed as a hand-operated pump having a pump- 
piston 21, piston rod 22, hand-lever 25, and connecting- 
rod between the latter and the piston-rod, the connecting- 
rod comprising two spaced and parallel distance rods 
34. At each end of these, there is a bearing con- 
stituted by two wooden bearing blocks 37 threaded on 
to the distance rods and held thereon by. means of 
clamping nuts screwing on to the rods. Conveniently, 
the pump is mounted on alight portable base consisting 
of a light open frame of wood or other material, the 





frame being formed of longitudinal side members which 
are spaced apart by transverse members, and two of 
the latter constitute carrying handles. (Sealed.) 


233,789. Sir K. I. Crossley, Openshaw, Man- 
chester, and W. Le P. Webb, Openshaw, Manches- 
ter. Air Compressors. (2 figs.) February 15, 
1924.—The invention relates to single or double-acting 
air compressors. The pump piston a has a hollow central 
trunk b formed therewith and projecting from each side 
of the piston. Such projecting portions slide within 
sleeves formed with the pump or compressor cylinder 





covers c. To the gudgeon pin d there is linked the 
tubular piston valve e so that the latter, in addition to 
its movement with the piston trunk b, receives also a 
movement relative to the trunk and thereby effects 
the required opening and closing of the ports or lateral 
air passages through the walls of the valve and trunk. 
The valve eis open from end to end. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


232,447. H. N. Gresley, Hadley Wood. Loco- 
motives. (5 Figs.). June 16, 1924.—The invention 
relates to locomotives fitted with booster engines or 
motors. 4 is the frame of the booster motor and 
5 the cylinder thereof. The booster motor drives the 
trailer axle 1 through gearing enclosed in the casing 6. 
The booster motor frame 4 has bearings 7 that embrace 






























































the axle 1, and is suspended from the main frame of the 
locomotive. Thrust set up between the booster motor 
frame 4 and the main frame of the locomotive is, 
according to the invention, transmitted to the main frame 
of the locomotive by means of rocking shoes 16 mounted 
on side arms 17 on the booster motor frame 4 and co- 
acting rocking shoes 18 on a fixed part 19 of the frame 
of the locomotive. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c, 


229,718. P. G. Handoll, Lewisham, London. 
Cleaning Steam Boilers. (8 Figs.) August 31, 1923.— 
The invention relates to blower apparatus for cleaning 
deposits from the tubes of tubular boilers. According 
to the invention, the forward end a? of the blower tube a 
is formed internally with a curved seating a5 and the 
nozzle piece 6 having a skirt b! of corresponding. curva- 
ture is arranged to make a fluid tight contact with the 
seating and yet be capable of rocking in a plane so as to 
move the actual nozzle b? from a position substantially 
in line with the axis of the blower tube a to a position 
substantially at right angles to this axis, this oscil- 
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lation of the nozzle piece being effected by a control 
rod c located axially within the blower tube a. At its 
forward end the control rod has an eye or fork engaged 
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with a crank pin @5 upon the nozzle piece, and screw 
gear or other suitable mechanism is _ provided to 
impart a pull or thrust to the control rod a3 required. 


(Sealed.) 


232,327. A. H. Spearing, London. Fuel Econo- 
misers. (2 Figs.) January 16, 1924.—The invention 
relates to that type of fuel economiser wherein at least 
some of the tubes are connected in series by U-bends. 
In accordance with the invention, the tubes and U-bends 
are connected by flanges and are supported at opposite 
ends of ‘the economiser by end frames provided with 
ribs which fit between adjacent flanges. The economiser 
illustrated comprises two sections 1, 2. Each section 
includes six sub-sections 3 to 8, each of which comprises 
horizontal tubes 9 located one above another and 
connected in series by U-bends 10. The flanges 15 
connecting the tubes and U-bends are of octagonal shape 
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with opposed sides of adjacent flanges parallel, and the 
whole structure is assembled within end frames 16 of 
rectangular formation provided with triangular enlarge- 
ments 17 which fit within the gaps between adjacent 
flanges at the outer edges of the economiser and with 
ribs 18 which project inwards and fit between parallel 
sides of adjacent flanges. These ribs extend vertically 
from top to bottom of the end frames from one triangular 
enlargement 17 to another and are provided with 
hollow rectangular enlargements 19 which fit within 
the rectangular spaces formed between each four 
adjacent flanges and serve to support the latter. 
( Sealed.) 


233,748. Babcock and Wilcox, Limited, London, 
and A. Spyer, London. Steam Generators. (7 
Figs.) January 16, 1924.—The invention relates to 
water tube boilers of the kind including two vertically 
spaced stacks of water tubes connected to headers 
and arranged in superposed relation. In accordance 
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with the invention, there are fitted in the chamber s 
between the spaced stacks of water tubes a, b a super- 
heater d and a reheater c, wish baffling arrangements e, 
f, g so arranged that in the extreme positions of the 
baffles the hot gases may be passed through either the 
superheater alone or the reheater alone dependent on 
the relative positions of these two units or through both. 
(Sealed.) 

232,795. Cockburns, Limited, Cardonald, near 
Glasgow, and D. MacWNicoll, Cardonald, near 
Glasgow. Steam Valves. (1 Fig.) May 22, 1924.— 
The invention relates to relay valves for so-called full 
bore safety valves of the type in which there is con- 
nected with the relay valve proper a piston of greater 
diameter than the valve opening, and acted on by the 


so that the pressure of steam on the end of the piston 
maintains the relay valve in the lifted position. In accord- 
ance with the invention, to provide for maintenance of 
clearance notwithstanding irregularities of expansion, 
inaccuracies of construction, &c., there is interposed 
between the piston 2 and the wall of the chamber in 
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which the pistonTmoves, a floating annular bush 3 pre- 
senting a bearing surface for the piston, the bush 3 bcing 
free for slight endwise movement and also for limited 
lateral movement. By means of the steam pressure, the 
bush is held seated against a shoulder in the valve 
casing, so as to prevent leakage. (Sealed.) 


MISCELLANEOUS. 


227,958. H. B. Dewhurst, Bamber Bridge, 
Preston, J. Molyneux, Bamber Bridge, Preston, 
J. A. Dewhurst, Bamber Bridge, Preston, and 
F. Hoon, Bamber Bridge, Preston. Portable 
Spraying Machines. (4 Figs.) November 15, 1923. 
-The invention relates to the heaters of portable 
machines for spraying bitumen for road-making purposes. 
In carrying the invention into effect, the fire-box is 
built up from steel plates, two side plates of which 
marked a are attached by angle-irons 6 to the shell of 
the boiler c, and the fire-box has fire-bars d and an 
ash-box e. The ends of the fire-box are formed from 
plates f carrying fire doors g and ash doors h. The 
bottom of the fire-box is closed by the plate 7 secured 
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to the side and end plates of the fire-box. The double 
furnace structure has no bridge, both sections leading 
to the arched slab 0. The fire-box is arched with fire- 
clay saddles which fit together and form an arch. A 
“vee”? portion is cut away at one side of abutting fire- 
clay saddles, and to this the fireclay slab o is united and 
makes a flue at right angles to the furnace. Two out- 
lets from the arched slab o are provided for the flue 
gases by means of an extended central rib p. The flue 
gases first pass along in contact with the outer or under 
surface of the pan to heat the same, the products of 
combustion traversing the base of the pan and then 
returning over the flue to the chimney or outlet q as 
shown by the arrows. (Sealed.) 


228,228. F. A. Fleming, Grimsby. Ice-Making 
Apparatus. (8 Figs.) October 18, 1923-—In an 
apparatus comprising upright freezing plates or slabs A 
and transverse upright and bottom walls A!, A2, A3, 
assem bled in a tank so as to provide a set of independent 
cells for water to be frozen, the edges of the slabs are 
formed with hollow boxes or chambers, C, into which the 
slab pipe, B, open, the boxes having ports communicating 
with similar ports in adjacent slabs or in the transverse 
walls, whereby the number of joints outside the slab is 





steam as soon as the relay valve is lifted from its seat, 





materially reduced. Preferably the transverse walls 


are cast integrally with the slab, the pipes B, being 
embedded in the casting. The ports in the boxes are 
constituted by the core holes of the casting. The boxes 
have partitions C5 staggered at opposite ends, so that 
the medium is circulated in a tortuous passage through 
the pipes and boxes. The pipes B are straight open- 
ended pipes, but a second system of pipes G, for a 
refrigerating medium may be embedded in the slab. 


4__ igs. 





























They are preferably formed of weldless tubes bent into 
a U-shape, the bends extending outside one edge of the 
casting, while the free ends at the other edge are connected 
by welding bends thereto. The slabs are cast with lugs 
A’, A8 whereby they may be connected by bolts, and 
the bottom transverse wall A5 may have connections 
K through which air may be supplied for agitating 
purposes. (Sealed.) : 


229,048. D. Ross, Newport, Mon., R. F. Weiser, 
Newport, Mon., and The British Mannesmann Tube 
Co., Limited, London. Testing Pipe Joints. (6 Figs.) 
December 21, 1923.—The invention relates to apparatus 
for testing joints ina pipe line. 1 denotes a joint between 
two pipes 2 and 3 that is to be tested. 4 denotes an ex- 
pansible circular casing, which is a split ring with tongued 
or overlapping ends 4! and 42. Carried by the casing 4, 
and extending outwards therefrom, is a pair of obturating 


Fig. 2. 
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rings 6 of rubber. The rings form in conjunction with 
the inner faces of the two pipes an annular space 7 into 
which, when a test is to be made, air can be forced by 
means of an inflating device. An eccentric device is 
employed for expanding the split ring 4. A lug is pro- 
vided at each terminal portion of the split ring, one lug 
18 carrying an eccentric 19 that can be operated to bear 
against a part of the other lug 20 and thus force the 
two lugs further apart, thereby expanding the ring. 
(Sealed.) 


230,957. Victaulic Company, Limited, West- 
minster, London, and P. G. Johnson, London. 
Connecting Pipes. (1 fFig.). January 23, 1924.— 
The invention comprises means for connecting pipes 
of different diameters. 2 is a tubular reducing piece 
and 3 and 4 the pipes to be connected. The end portion 
5 of the pipe 3 and the end portion 6 of the reducing 
piece 2 are formed as enlarged portions with plain 
cylindrical surfaces of the same diameter adapted to 
receive the inturned edges 7 and 8 of a hollow packing 
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— 





ring 9 of flexible material fitting in a housing 10 recessed 
at 11 and 12 to fit over the opposite ends of the cylindrical 
portions 5 and 6 and divided diametrically into two 
portions connected together by bolts 13. The large 
end of the joint is of similar construction to its small 
end, and the corresponding parts are given the same 
reference numerals. The end of the tubular reducing 
piece 2 adjacent to the end of the larger pipe, 4 is curved 
convex towards the larger pipe to facilitate the flow ot 
liquid through the joint. (Sealed.) 
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AUTOMATIC ELIMINATORS 
ALLUVIAL MATTER IN WATER- 
TURBINE SUPPLIES. 

By Henri Durour. 

GRAVEL, sand and mud are frequently a source 
of trouble in turbine installations which utilise the 
waters from mountain streams. In spite of care 
in the lay-out of intake works, a proportion of the 
solid matter penetrates into the supply canals, or 
head-race, and, depending on the rate of flow, either 
erodes the walls or settles in these channels and 
diminishes their effective cross-section. The latter 
phenomenon is a common one in irrigation canals 


FOR | distributor ring is rapidly enlarged, leading to a 


| serious loss of water. In Pelton turbines, which are 
| used for high falls, the alluvial matter wears and 
| deforms the end of the jet tube, the sharp edges of 
| the buckets are worn away, and the buckets them- 
|selves are deformed and sometimes even pierced. 
| These conditions lead in the first instance to a fall 
|in output, but may in time endanger the reliability 
of the plant and lead to breakdown, while repairs 
are costly and sometimes difficult. 

The writer would like to quote some actual 
|examples of water turbine wear due to the causes 
| with which we are now concerned, and which refer to 
| plants of various output and working under, heads 











of small gradient and necessitates frequent clearing | 


out. In the same way receiving basins tend to fill 
up, and if they are not periodically cleaned out 
rapidly suffer a reduction of capacity. The incon- 
veniences due to the interruptions of service and 
expense which may be involved in this way are 
well known. but in water-turbine plants a further 
disability may arise from the wear which may take 


place in the pressure and discharge conduits ; while | 


what is perhaps the most serious of the disadvan- 
tages, which may follow from the use of water 
heavily charged with solid matter, lies in the wear 
which may take place in the hydraulic turbines 
themselves. 
subject has been studied methodically, and in view 
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of its importance a résumé of some recent personal | 
experiences in connection with the matter may be | 


of interest and value. 

The quantity of solid matter which may be con- 
tained in hydro-electric water supplies varies very 
much, but is frequently very great. The writer 
has several times found as much as 1 to 2 c.c. 
(0-06 to 0-12 cub. in.) of sand and mud to the 
litre (61 cub. in,). With supplies of this kind and 
a delivery of, say, 1 cub. m. (35 cub. ft.) of water per 
second, | or 2 litres of solid matter will pass through 
the turbines in the same time. This is equivalent to 
864 or 1,728 cub. m. of solid matter in 24 hours. 
These figures are far from representing the worst 
actual case. The hardness of the solid matter 
naturally depends on its geological character and 
varies greatly. Limestone and the softer schists 
have but little action on the metallic parts of a 
turbine, but the case is very different with grains 
of granite or quartz which are very hard and angular. 
In many water courses flowing from the Higher Alps, 
the writer has found grains of quartz which, without 
any preparation and under the mere pressure of a 
finger, are capable of scratching tempered steel and 
cutting glass like a diamond. 

With material of this kind and in the quantities 
quoted above, carried through turbines by water 
under pressure and moving at a high speed for 
months and even for years, it is not surprising that 
the machines and the conduits feeding them are 
rapidly eroded. In Francis type turbines, which are 
almost exclusively used at the present time for 
medium and low falls, the alluvial matter is con- 
centrated almost in the form of veins and wears and 
deforms the guide blades and the wheel. The sand 


It is only in recent years that. this | 











and other matter carried forward by the water 
collects between the two members and is picked up 
by the wheel and forced towards the suction tube 
Wearing away the surfaces, which confine and guide 
it, so that the clearance ‘between the wheel and 
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of various height. In certain cases, in deference 
to the wishes of the proprietors, the actual situation 
of the plant cannot be given. The first case con- 
cerns very pronounced wear in two water-power 
stations, each utilising from 200 to 300 c.m. 
(7,000 to 10,500 cub. ft.) of water a second under a 
head varying between 5 to 14 m. (16 to 45 ft.). 
The turbines at station A, which were installed 
some twenty years ago, showed, after eight years’ 
service, so much wear and such a fall in output 
that their replacement was contemplated. In 
the end, in spite of frequent and costly repairs, it 
was necessary to replace the turbines during the war. 
In 1919, the average efficiency of a group of turbines 
of which a quarter had recently been replaced, was 
only 50 per cent., although the average efficiency 
of the machines when they were all new had been 
in the neighbourhood of 70 per cent. The energy 
available for use, or sale, from this installation with 
the turbines in new condition, is of the order of 
85,940,000 kw.-hr. per year, and with the turbines 
in the state to which they had been reduced some 
64,950,000 kw.-hr. There was thus a loss of possible 
output of some 20,990,000 kw.-hr. per year. The 
whole of the turbines in this installation have had 
to be replaced. 

In the case of station B, of which the turbines 
were installed at the same time as those of station A, 
the machines have been so maltreated by the 
alluvial and vegetable matter carried by the water 
that they have had to be replaced after from eight 
to twelve years of service. They have, in addi- 
tion, required frequent and expensive repairs. In 
twenty-four years of service, one generating unit 
has actually been fitted with three turbines, one 
after another. The parts at which most wear takes 
place, are indicated in Fig. 1. The wear at the 





E N° I. 


rings a@, and a, is very rapid, and after a year the 
clearance between the two members amounts to 
from 30 to 40 mm., (0-12 to 0-16 in.) with a 
loss of output which may be estimated at 10 per 
cent. This wear continually increases until the 
largest pieces of detritus in the water are able 
to pass through. In twelve or thirteen years 
the guide passages are perforated, as shown in the 
figure, and the water escapes into the suction 
| tube. These turbines, which when new, have an 
| output of 1,200 kw., have fallen to an output 
of 800 kw., and an efficiency of less than 50 per 
cent. 

| The Massaboden hydro-electric station of the 
| Swiss Federal State Railways, close to Brigue, 
| utilises the waters of the Rhone and _ produces 
| current for electric traction in the Simplon tunnel. It 
| employs a direct fall of 45 m. (144 ft.). The equip- 
| ment consists of three groups of turbo-alternators 
| of 2,500 kw. each. The machines were put into 
| service in 1915, and by 1920 showed very consider- 
able wear. Fig. 2 shows the comparative output 
in March, 1921, of a worn turbine, and one fitted 
| with new guide vanes and wheel. It will be seen 
| from the figure that the fall in output of the turbines 
| of Group I., due to wear was at quarter-admission 
| 100 per cent. ; at half-admission, 32-5 per cent. ; 
| at three-quarter-admission, 20-3 per cent. ; and at 
| full-admission, 13-2 per cent. Figs. 3 and 4 show the 
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effect of wear on the output of Francis turbines 
working under a head of 64 m. (204 ft.) at the Molinar 
station in Spain, and of turbines working under a 
head of 95-5 m. (305 ft.) at the Florida-Alta station 
in Chili. An interesting case is illustrated in Fig. 5, 
which shows the performances of a turbine at the 
Ackersand power station in Switzerland at the 
beginning and end of the summer of 1918—that is 
over the period during which the River Viége, which 
supplies the turbine, carries the maximum amount 
of alluvial matter. The turbine works under a head of 
700 m. (2,240 ft.). The machine is rated at 5,000-h.p., 
and it can be seen from the figure that during the 
period the output at a water consumption corres- 
ponding to half-load for the machine in new con- 
dition, fell off by 26-5 per cent., at three-quarter 
load by 18 per cent., at full load by 14-5 per cent., 
and at 10 per cent. overload by 13 per cent. 

The water consumption and output of a water- 
power station in the south-east of France over twelve 
months are plotted in Fig. 6. This station utilises 
a fall of 56 m. (180 ft.), and the turbines, which 
are of the Francis type, are thoroughly overhauled 
every year. The falling off in output indicated by 
the divergence between the curves of output in new 
condition and output when worn, which is shown 
from June to August, is due to the progressive 
effect of wear resulting from material carried by 
the water ; while the improvement shown between 
November and March is explained by the repairs 
which are carried out in three months, and by 
the fact that the turbines which are in the worst 
condition are put out of service during this 
period of restricted water supplies. By March or 
April all the machines in service are in the 
repaired condition, but even so their output falls 
below that obtainable from new machines. The 
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hatched areas in Fig. 6 represent the loss of useful 
output due to turbine wear. It amounts to a 
total of 8,383,000 kw.-hours, or 10 per cent. of 
the output available with new machines. The loss 
amounts to 957 kw.-years, and as the main part 
of the energy produced is employed in electro- 
chemical work, it is interesting to note from the 
Annuaire de la Chambre Syndicale des Forces 
Hydraulique of France that a kilowatt-year is 
capable of producing 2,200 kg. of soda, 3,000 kg. 
of potash, 2,200 kg. of carbide of calcium, 290 kg. 
of aluminium, 3,300 kg. of cast-iron, or 8,760 kg. 
of steel. From these figures it will be realised 








Fig.5.ACKERSAND STATION 1918. TURBINE N@ IV. 
WITH EARLY SAND ELIMI! 
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that the loss in production caused by turbine 
wear in this particular station is very considerable. 

Some further figures of interest which may 
be quoted have reference to the Klésterli power 
station in Switzerland, of which the maximum 
water supply is determined by the cross section 
of a tunnel which feeds the head race, and is 
limited to 2,998 cub. m. (105,000 cub. ft.) per 
second. The maximum fall is 218 m. (697 ft.), 
and the equipment consists of seven Girard 
turbines of 500 h.p. and one Pelton wheel of 





3,500 h.p. The water carries much alluvial matter, 
and the wear on the turbines each summer is | 
so great that frequent replacement of the wheels | 
and guide vanes is necessary. In order to deter- 
mine the loss of energy due to this wear the | 
company operating the station instructed the | 
author to test the output of the two types of 
turbine at different periods. The old Girard 
turbines which, when in new condition, had an 
efficiency of 77 per cent. to 78 per cent., fell to 
59 per cent. in a single year, equivalent to a loss 
of output of 23-8 per cent. The efficiency of 
the Peiton turbine which, in new condition, was | 
81-6 per cent., owing to the wear of the wheel | 
fell in four years to 76-6 per cent., equivalent 
to 6-1 per cent. in the period, or 1-5 per cent. a 
year. The fall of output due to the wear of the | 
guide vanes alone, which is the more important | 
cause of loss, could not be determined. 

The Klésterli station contains a watt meter | 
registering the total output, and the reading of | 
this instrument over the period from June to| 
October, 1917, is indicated by the broken line in | 
Fig. 7. During the period from June 1 to 16, the | 
turbines, as will be seen, gave only 92-5 per cent. | 
of the power which they were capable of giving 
when in new condition. This fall was due to the 
wear of the previous year. The output fell steadily 
until September 1, when it had reached a figure | 
of only 81-2 per cent. of the output in new condition. 
As will be seen from the broken line in the figure 
an improvement was shown in October, and from 
the 6th of that month a figure of 88-7 per cent. 
was obtained. This improvement followed the 
successive replacement of the guide vanes of four 
of the 500-h.p. turbines. The investigation was 
continued during the summer of 1918, but in a 
more complete form, 100 litres of water being 








taken each morning and evening from the tail 
race and decanted. In this way the amount of 
solid matter passing through the turbines was 
ascertained. 








TaBLeE I. 
| greater less 
than than 
Diameter of grains | 1-1 1-1to; 0-8to 0-4to 0-27to 0-17 
in mm. 0-8 | 0-4 0-27 / 0-17 
Volumes, as per- 
centage of total 
volume of solid | | 
isa 2 |21-5 11-0 7 


matter .. ../14-9 [10-8 








1-67 and 1-79. From the information obtained ‘in 
this way the total amount of alluvial matter passing 
through the turbines could be calculated, and is 
plotted in Fig. 7. The output of the station is 
indicated by the full line near the top of the 
diagram, while the amount of alluvial matter 
carried by the water, plotted day by day, is indi- 
cated by the full line curves enclosing the hatched 
areas at the bottom of the figure. The continuous 
rising curve in the lower part of the diagram shows 
the total amount of solid matter carried by the 
water from June 18 to September 30. These are 
| probably the ‘first curves of this kind which have 
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TABLE II. 
4 Per Cent. Fall in 
Solid Matter Transported in | Solid Matter in One Litre of | Output of Turbines 
Cubic Metres. Water in Cubic Centimetres. as Compared with 
. New Condition. 
Duration — 
Date of Wave. of Wave | \ | 
in Days. | | Maximum Maximum | Average 
| Daily for Average. | Average | Maximum| During | Per Day 
Total. | Average. | One Day. For Any | Recorded. | the Wave. |During the 
| | | Day. | Wave. 
| 
Wave of July 17 to 26 10 | 1,058 | 105-8 193 0-408 0-75 | 0-86 | 6-51 0-65 
Wave of August 17 to| | | pt 
September 7 | 22 | 1,145 | 52-0 | 140 0-201 0-54 | 0-61 | 3-44 | 0-16 
| | | | 





The average size of the material recovered during 
the period of observation was as given in Table I. 
The fictive density of the grains varied between 


been published, and they may be summarised a8 
follows :—the total period of observation was 105 
days, the total amount of solid matter carried by the 
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something that at a sufficient distance, and “‘ with 
the light behind it,’ might be mistaken for the older | 
structure repaired and renovated. Alternative | 
designs satisfying this requirement were therefore | 
demanded, and in 1914 the general character of | 
the new structure was fixed. The requisite Parlia- 
mentary powers were obtained in 1915, but owing | 
to the war the work of construction was post- | 
poned. In 1920 the Ministry of Transport agreed | 
to contribute to the cost, on condition that the | 
whole of the available funds of the Bridge Com- | 
missioners were taken over and that the County | 
Councils of Berkshire and Oxfordshire made them- | 
selves responsible for the building and maintenance | 
of the structure. This was agreed to, the work 
was proceeded with, and the bridge was formally | 
opened to traffic last February. It has been pro- | 
portioned to carry the standard loads of the | 
Ministry of Transport, and is the only bridge over | 
the Thames between Shillingford and Caversham 
as to which there are no traffic restrictions. 

A general view of the bridge is reproduced in | 
Fig. 65. There is an island in the Thames at the | 
site selected, and the bridge consists accordingly | 
of two sections, of which that connecting the | 
island with Streatley on the Berkshire side is | 
232 ft. long, and consists of six equal spans. The 
section between the island and Goring on the | 
Oxfordshire side has a total length of 305 ft. 6 in., 
and the spans, of which there are nine, vary in| 
length from 19 ft. to 64 ft. 6 in. | 

An elevation and plan of this section are repro-.| 
duced in Figs. 66 and 67, from which it will be seen | 
that the maximum headway provided above river | 
level is 17 ft. Part of the structure is, it will be | 
seen, built over dry land. The brackets shown on | 
each side of the trestle piers have no structural | 
significance, and have ben inserted in deference | 
to the taste of the Commissioners. The top member | 
of the bracket is apparently an independent beam, | 
but the appearance is deceptive as it really forms | 
part of the main girders, and was constructed | 
in the fashion shown, to heighten the illusion aimed | 
at by those who controlled the contract. 

The whole section is continuous from end to | 
end. It consists essentially of six continuous | 
beams arranged as indicated in the plan, Fig. 67. | 
The depth of the beams varies from span to span, | 
since, as already mentioned, the length of the span 
ranges from 19 ft. to 644 ft. 
beams are represented in Figs.68 to72. The beam | 
represented in Fig. 68 differs from the others in | 
being supported at the piers on a cantilever as | 
indicated in Fig. 69. A section through it is | 
represented in Fig. 70, whilst Figs. 71 and 72 show | 
cross sections of the beam shown in Fig. 73.) 
Here will be seen how what is apparently the 
top member of the brackets shown in Fig. 66 is 
really an integral part of the main beam. 

The construction of the piers, the height of 
which varies considerably, is represented in 
Figs. 73 to 82. As there shown the continuous 
girders are carried at each pier by three reinforced 
concrete columns connected at the top by a heavy 





Details of two typical | | 





cross girder, which is extended cantilever fashion 




















STREATLEY BRIDGE. 


Fig.71. Fig.72. 
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on the down-stream side of the bridge to take 
one of the parapet girders. A trough to accom- 
modate mains of various kinds is provided here 
under the footpath. The columns are carried 
on a reinforced concrete platform with which 
the piles are capped. This platform it will be 
seen, has up- and down-stream extensions, and the 
columns are stiffened by the raking struts shown. 
A section through a main column of the pier 








to be seen in Fig. 73 is represented in Fig. 76, 
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whilst the cross section of the raking struts 1s 
shown in Fig. 77. The concrete for these raking 
struts is of a specially rich mixture, consisting of 
one part of cement and one of sand to two parts of 
the aggregate. There are eight reinforced concrete 
piles beneath the platform. The pier represented 
in Fig. 74 differs merely in height from that already 
described. The bridge is monolithic from end 
end, and proved very stiff under test. +2 
deflection in the case of 58 ft. span load with tw° 
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of the Ministry’s standard trains, was but ;; of 
an inch. 

The designs and specifications were prepared by 
the Trussed Concrete Steel Company, Limited, 
of 22, Cranley-gardens, South Kensington, S.W., 
and the work was executed by Messrs. A. Jackaman 
and Son, of Slough. Lieut.-Colonel J. F. Hawkins, 
O.B.E., M.Inst.C.E., County Surveyor of Berkshire, 
was engineer to the Bridge Commissioners, and 
Mr. A. E. Cockerton, County Surveyor to the 
Oxfordshire County Council, represented that body. 

The total cost of the scheme has been 31,837/., 
of which the Ministry of Transport contributed 
18,9022, 








THE ELEMENTS OF THE KINETIC 
THEORY OF GASES. 


(Concluded from page 192.) 


Ir was pointed out in the last article that at 
high temperatures the specific heat of gases tended 
to be greater than it should be, were the whole of 
energy of the molecule mechanical in character. 
An excellent instance of this anomaly is provided 
by the case ofsteam. Callendar has shown that over 
a large range of pressures and temperatures, the 
relationship between p, the pressure in lb. per square 
inch, V the specific volume in cub. ft. per lb., and H 
the total heat of steam in Ib. Centigrade heat units 
is very accurately represented by the expression 


2-2436 (H — 464) 
vo SSS ees 
P 

Neglecting the small correction on the right, we 
see that V becomes zero when H = 464. We 
infer accordingly that 464 Centigrade heat units 
represents the energy required to unlock the bonds 
by which the molecules in one pound of the liquid 
phase adhere together. The energy represented 


+ 0°0123. 


. 144 7 ; 
by external work is Ta00 P V heat units. Hence, 


the energy to be accounted for by the speed and 
é - . 144 y 
spin of the molecules will be H — 464 — ia00 P V. 
Now, if steam molecules were represented by 
H — O —H we should expect that a molecule 
thus constituted would be unable to acquire any 
spin along the line of the hydrogen atoms. It 
appears, however, from the X-ray analysis of 
quartz made by Sir W. H. Bragg that the valencies 
of the oxygen atom do not lie exactly opposite each 
other, so that we may represent the steam molecule 
thus 
H-—O 
\H 


Such a molecule will have six degrees of freedom, 
since it can acquire spin about three co-ordinate axes, 
and may at the same time have three component 
velocities. From the “ principle of equi-partition”’ 
the energy due to the spin of the steam molecule 
will therefore be exactly the same as that due to its 
speed through space. Hence if c? be the mean 
squared velocity of the molecule in em? per second 
and m its mass, the total energy due both to spin 
and speed will be mc? = 3 p V (see page 3, ante) 
where m denotes the mass of the molecule p, the 
pressure in dynes per square centimetre and V the 
specific volume in cubic centimetres per gramme. 
Now, it is known from experiment that 1,000 c.c. 
of oxygen at standard temperature and pressure 
weigh 1-42900 grammes, so that at 100 deg. C. 
and at atmospheric pressure the weight of a litre 
of oxygen will be 1-0460 grammes. Taking the 
molecular weight ‘of oxygen as 32, that of H,O 
will be 18-016. Hence, the weight of a litre of 
steam at boiling point should be = a 
0: 58873 grammes, which is equivalent to a specific 
volume of 27-203 cub.ft. per Ib. The actual specific 
volume is 26-789 cub. ft. per Ib. As already ex- 
plained (page 64, ante) the defect of volume arises 
because in certain of the molecular collisions, the 
partners do not separate immediately, but cling 
together for a time, which is not small compared 
With the average interval between collisions. Each 
such partnership, whilst it lasts, counts but as a 
single molecule. 
A rise of temperature tends to diminish the 

















proportion present of these co-aggregated mole- 
cules, whilst, on the other hand, an increase of 
pressure tends to augment the number of them. 
Hence, in making applications of the kinetic theory 
it is desirable to make sure, when two states are 
being compared that the steam has the same com- 
position in each. Otherwise a correction will be 
required for the energy which may be absorbed in 
the formation of co-aggregate molecules, or which 
may be liberated by the dissolution of such partner- 
ships. 

This consideration has been attended to in 
compiling the following table. The term “ theoreti- 
cal volume,” which appears in it, denotes the volume 
as calculated on the assumption that the molecules 
are all represented by H,O. 

The figures given in the last line represent 
some surplus of energy which cannot be accounted 
for by the spin and speed of the molecules. This 
surplus is frequently attributed to energy absorbed 
in the vibrations of the atoms comprising the mole- 
cule, but, so far as the present writer is aware, 
experimental proof of this is lacking. On the other 
hand, it is known that water vapour absorbs radia- 
tion of a number of different wave-lengths. In 
addition to strong absorption lines in the ultra-red 


TABLE |.—Distribution of Energy in Steam. 





| 
Temperature of steam, deg. C. ..|102-4 | 280-0 | 366-0 | 450-0 
Absolute pressure, Ib. persq.in. P| 20* | 120 250 500 
Specific volume, cub. ft. per lb. V\19-705| 4-8372) 2-6828)| 1-5179 
stual v , | | | 
Ratio; —Actusl volume_ =! 9.98; 0-98 0-98] 0-98 


* Theoretical volume | | | 


Total heat of steam, Centigrade} \ 

heat units H_ .. = . .|639-53| 722-06] 761-57| 799-53 

144 | | 
1,400 

tigrade heat units. oil lian 59-70} 68-99) 78-06 
| 





External work = =v, Cen-| 





ee 

H — 464 1400? ¥,¢ entigrade| 

heat units oe ne a | } | 
“Root mean squared ”’ velocity 

of molecule, ft. per sec. .-| 2,341 
Total energy due to spin and| 

speed of molecules, E, Centi-| 


| | 
grade heat units <a .}121 -61| 179-15) 206-96 | 234-20 
Energy unaccounted for = 


H -- 464 — iano ” V — &E, | 
Centigrade heat units .. -+| =e 19-20} 21°62} 23-27 





2,842 | 8,054 | 3,249 





| 











* Supersaturated steam. 


spectrum there are the so-called ‘‘Rain bands” 
near the Sodium D line. These have a wave-length 
of say 6 x 10-5 cm. and a corresponding frequency 
of about 5 x 10" vibrations per second. Each 
absorption implies that potential energy is stored 
in the molecule to the amount of h v ergs, where 
h is Planck’s constant, viz., 6-57 < 10-27, and pv 
represents the frequency of the radiation, which 
is equal to the velocity of light divided by the 
wave-length. In a pound of steam there are about 
1-5 x 10% molecules. 

Hence, if each molecule absorbed one of the 
above units of radiation, the energy represented 
would be 1-5 x 10% x 6-57 x 10°27 x 5 x 1044 
4-93 x 10% ergs., or 1,178 “large” calories per 
pound. This is equivalent to 2,384 Ib. Centigrade 
heat units. Hence if the residue in the last line 
of the above table were due to an absorption of 
this particular radiation, the percentage of mole- 
cules affected at any one instant will be as 
follows :— 


Temperature deg.C .. 102-4 280-0 366-0 450-0 
Percentage of molecules 
absorbing radiation. . 0-57 0-63 0-93 1-00 


It should be noted that the transparency of the 
vapour to radiation may depend more on the light 
scattered than on the light absorbed. When the 
radiation is absorbed, the effect on the transparency 
will depend upon how long the electron displaced 
remains in its temporarily stable position. If 
this period is long, the absorption may be con- 
siderable, even when the transparency is little 
affected. It may be noted that the logarithms of 
the energies given in the last line of Table I give 
a straight line when plotted against the reciprocal 
of the absolute temperature. This should be the 
case if the figures represent energy due to the absorp- 
tion of radiation, since Wien’s formula holds for 
radiation of the wave-length considered. According 
to this formula, the intensity,in the ‘“‘ black body ” 








spectrum, of radiation having the wave-length A 
is given by the expression 
a 
E= &..-iT 
rs 

In this expression @ and C are constants. 

As shown above, it would take 2,384 Ib. Centigrade 
heat units to effect (by radiation of the wave-length 
stated) the displacement of an electron in every 
molecule of a pound of steam. The energy liberated 
in forming a pound of steam from its constituent 
gases is about 3,200 Ib. Centigrade heat units. 
Hence the mere displacement of an electron in the 
molecule by the absorption of light of 6 x 10-5 em. 
wave-length represents an absorption of energy 
equal to about & of that liberated in the actual 
formation of the molecule of steam, and is much 
more than is required to evaporate such a molecule 
from liquid water. 

At ordinary temperatures, moreover, the energy 
corresponding to the absorption of the above 
radiation by the steam molecule is much more 
than the average “mechanical energy” of the 
molecule as due to its speed and spin. 

It may also be added that at each absorption of 
radiation by a molecule a pressure is exerted on 
the latter which is half as much as if the light 
had been reflected from it. Hence the absorption 


‘lof radiation will slightly accelerate a molecule, 


and its subsequent re-emission will retard it. 
Since, however, the molecule will have turned 
through some angle in the interval between the 
absorption and re-emission, the two effects will 
not in general be simply additive. Moreover, since 
the molecule has also a movement of translation, 
the wave-length of the re-emitted radiation will 
not be precisely the same as that of the radiation 
absorbed. There will be, in short, a ‘‘ Doppler 
effect.”’ If the light absorbed is of greater wave- 
length than the light re-emitted, the energy carried 
away by the latter will be greater than what was 
absorbed, and the excess must be taken from the 
kinetic energy of the molecule. 

In the ways above described it will be seen that 
radiation energy and mechanical energy can be 
transformed one into the other, but, reflection 
would appear to be a much more potent factor 
in this process than absorption is. The magnitude 
of the pressure developed on the absorption of 
radiation can be calculated from the energy of 
this radiation, which, as stated above, is hv. The 
problem is, perhaps, most simply approached from 
Newton’s corpuscular theory. Thus if » denote 


the mass of the corpuscle, its momentum will be 
; v2 

p v, and its energy a where v represents the 

velocity of light.. The momentum is, therefore, 


2 ‘ * 
equal to = times the energy. According to 
Lorentz, however (ENGINEERING, June 8, 1923, page 
719), this figure requires to be halved in order to pro- 
vide for the variation of mass with velocity according 
to the doctrine of relativity. Making this correc- 

: AM are 
tion, the momentum is ° times the energy. Hence, 


when the steam molecule absorbs radiation of 
wave-length A = 6 x 10-5 cm., its momentum 


yer 1 
is increased by the amount e hv, 


ag hv _ 6-57 x 10-27 
a. 0% ~ 6 x 105 


10-22 gramme cm. 





- 1-095 


The mass of a molecule of H,O being 3 x 10°% 
grammes, the velocity corresponding to this momen- 
tum will be about 3 cm. per second. Hence, 
though, as stated, there is some interchange of 
radiant and mechanical energy due to the absorp- 
tion of radiation by a molecule, the amount is very 
small. The quantitative figure above arrived at 
shows, however, that it should not be easy to heat 
a gas by radiation, and as is well known the air is 
very little warmed by the sunlight traversing it. 
The light reflected from the molecules must also 
change their momentum and the effect will be the 
greater, because it is the light of short wave-length 
which is most reflected. 

As has been stated, page 192, ante, at high 
temperatures the specific heat of a gas tends to 
become greater than can be accounted for by the 
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kinetic theory. A still more striking anomaly is 
observed at very low temperatures. Hydrogen, 
for example, at temperatures near its boiling point 
has a specific heat which is only about three-fifths 
as much as it is at ordinary temperatures. An ex- 
planation of this phenomenon has been provided 
on the basis of Planck’s hypothesis that energy is 
not infinitely divisible, but that it is atomic in 
character, or perhaps it would be preferable to say 
that all interchanges of energy are made in integral 
multiples of some small unit which we may denote 
by 7. 
"it follows from the principle of equipartition that, 
on the average, the energy is the same in every 
degree of freedom that a molecule may possess, 
at least so long as this energy is mechanical in 
character. In any aggregate of molecules some 
will possess more energy than others, and the 
number which at any given instant have an energy 
greater than some specified value E will be small if 
E be very large, whilst if E is small the number 
of molecules in the aggregate which have energy 
greater than this may be very large. In other 
words, the probability that a particular mole- 
cule has at any given instant any specified energy 
will depend upon the magnitude of this energy, 
and if the law of equipartition holds it will depend 
on nothing else, and in particular will not be 


Fig. 5 . 
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gas. Then An, the number which have the energy 
E, will be given by the relation 
An=n.f.e~FE. aR, 
These will contribute to the total energy an amount 
An.E=nBe-8EE. Ak. 


The total energy will be 2 4nE, and the total 
number of molecules will be sAn. Hence the 
average energy of a molecule will be 

Zan.E nfB.ce~FE E.aE 


= An Unpe-FREARE 
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Hence + denotes the average energy of a molecule. 
Taking the case of spherical molecules, then the 

: 52 
energy in one degree of freedom will be ~ » where 


c* is the mean squared absolute velocity of the 
particle. 


From page 63 anie, it will be seen that eis equal 


to oe where kis the gas constant referred to a single 
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affected by how the energy in question is distributed | molecule. In theories of radiation a special interest 


amongst the various degrees of freedom. We can 

therefore say that the probability that a molecule 

has at any given instant an energy greater than 

E is ¢ (E) where ¢ denotes some function of E, the | 
form of which has to be determined. From the fore- 
going it is evident that the probability that a | 
molecule has an energy greater than E + 4E will | 
be @(E + 4 E), and the probability that it has | 
an energy lying between E and E+ AE will 

be ¢(E) —¢(E-+ AE). We can find another ex- 

pre8sion for this probability, and by comparing the 

two can deduce the nature of the function ¢. 

Thus, let Q be the probability that a molecule 
has an energy less than E + AE. Thenit is obvious 
that Q + ¢(E + AE) = 1, because it is a certainty 
that the molecule possesses an energy which is either 
less than or greater than E + 4 E. 

Hence, Q=1—¢%(E+ AE). Now, the proba- 
bility that the energy is greater than E and less 
than E + 4 Kis the product of these two independent 
probabilities. It is therefore equal to ¢ (E) x Q = 
¢(E) (1 — ¢(E + aE)}. 





Equating this to the value previously found, we | 


get ¢(E)[1 —?(E -- AE)]= ¢(E) —¢(E+ 4E). 

Let us now expand ¢(E + 4E) on the left by 
Maclaurin’s theorem, and on the right by Taylor’s 
theorem, taking 4 E so small that powers of it 
higher than the first may be neglected. We then get 

 (E) [1-0 (E) — ¢o’ (E) A E] = ¢ (E) —¢(E) - ’ (E) AE 

But when E = 0, ¢(E) = 1, since the probability 
that the energy is actually zero is infinitesimal, or, in 
other words, it is a certainty that the energy is 
greater than 0. Again, %)’(E) is a constant which 
we may denote by — 8. Wethus get 8 g (E) AE = 
— ’ (E). 4 E, whence oe) =-—f8. 

Integrating this expression, we get ¢(E) = e—8 E, 
No constant of integration is required because, as 
already pointed out, ¢(E)=1 when E=O. 
We thus see that the probability that a molecule 
has an energy lying between E and E + AE is 

e-BEAE, 

To determine we shall adopt the classical 
assumption that energy is infinitely divisible. Let n 
be the number of molecules in a cubic centimetre of 


attaches to systems with two degrees of freedom, for 
which +4 will be ae = kT. We thus see that if the 
classical law held and energy were infinitely divisible, 
the specific heat for one degree of freedom would be 


aoe ee. 
at = -ap-p7 3 
and for two degrees of freedom it will be k. 

If, on the other hand, energy be “ atomic,”’ and 
interchanges take place only in integral multiples 
of some unit 7, this conclusion no longer holds. We 
cannot then replace the signs of summation by that 
of integration. The probability that the molecule 
possesses in one degree of freedom the energy N », 
where N is some integer, will be Be-#N 2, and the 
amount of energy that such a molecule will contribute 
to the total, in the degree of freedom considered, will 
be BNne-8&Nn, The average energy of a molecule 
in the one degree of freedom will then be 


TA2-E  B(n.e— 814 2ye~ 2814 3 ne 381 + k) 
yAn B(L +e F4¢—28n + ge.) 





It is easy to show that the numerator of the 
above fraction is equal to 
n(l ga RY 49 2P4 2 9 38s + &e.) 
1 —¢— #9 





Hence the average energy in the stated degree of 
freedom is given by the relation 





Eu TAnE ne~8n n 
~ San E jy g-fn ef1-1 


The specific heat for this degree of freedom is then 








dE @E G8. 2 dé 

aT @B'oT kT2°dB 

> k 2 B2e8” 
~ RT (e8 — he 2 “(Ba 1)? 


9 
Now 8 = RT’ so that when Tis o, 8 is zero. 


Evaluating the expression just found, for the limit in 
| which 8 = 0, it will be seen that the limiting value 


ae is 4 so that in the limiting case the 


of 








specific heat is the same as in the classical theory. 
At small values of T the specific heat per degree 


of freedom is less than .. The shape of the curve 


of specific heat deduced from the above formula 
is represented in Fig. 5. It will be seen that at 
quite moderate temperatures it differs very little 


from = but becomes zero at the absolute zero of 


temperature. 





FIFTY YEARS’ EVOLUTION IN NAVAL 
ARCHITECTURE AND MARINE EN- 
GINEERING.* 

By Sir ArontBaLtp Denny, Bart., F.R.S.E., LL.D. 


Tuts Section of the British Association covers the 
whole vast field of engineering, but I propose to limit 
my survey to accord with the title I have chosen. Let 
us start with marine engineering, where the evolution 
has been positive and fairly well defined. After Watt's 
invention of the separate condenser, many years 
elapsed before the next considerable step—the intro- 
duction of the compound steam engine. This was 
natural, as steam pressures were too low to make 
compounding profitable. The first record I can find 
of compounding was John Elder’s Brandon in 1854 
and progress thereafter was not very rapid; but when 
I began my apprenticeship, in 1876, the old box boiler 
had been replaced by the now highly appreciated Scotch 
circular return-tube boiler, supplying steam to two- 
cylinder compound engines at about 60-lb. pressure. 
It was not then found profitable to carry more than 
about 25 in. of vacuum. Auxiliary machinery was 
almost non-existent ; the circulating, air, bilge, sanitary 
and feed pumps were worked off the main engine, 
with a crank and flywheel stand-by feed-pump, and 
perhaps a similar pump for sanitary and bilge purposes, 
and when a double bottom was fitted (which was not 
always) a similar pump for ballast tanks. That was 
the equipment of a good-class engine-room in those 
days. On deck, the steering gear was usually fitted 
near the bridge and connected to the quadrant or 
tiller by chains and rods laid in the gutter-waterways, 
with numerous turns and kinks, whilst a combined 
windlass and capstan on the forecastle head, and 
winches of the simplest type at the hatches, completed 
the deck machinery. There might, in addition, be a 
clattering steam ash hoist fitted in one of the stokehold 
ventilators. 

As to types of marine engines, in the Navy, for 
protection reasons, horizontal machinery was not 
uncommon, while in the mercantile marine, for screw 
ships, the vertical type was practically universal. In 
paddle-steamers for river and coast service, of which 
there were many, the beautiful oscillating engine, 
which had the advantage of taking up little room 
lengthwise, was still built; but the diagonal engine 
was more common, either with single cylinder and 
haystack boiler or compound two-cylinder. 

Returning to sea-going vessels, the Propontis, a vessel 
built in 1864, was re-engined at Fairfield with triple- 
expansion, three-crank engines designed by the late 
Dr. Kirk in 1874, with boilers working at 150 Ib. 
pressure; but the boilers, Rowan’s water-tube, proved 
unsatisfactory, and in 1876 new Scotch boilers of 90-lb. 
pressure were fitted. The first really successful triple- 
expansion, three-crank job, the Aberdeen, was built 
in 1880 by Robert Napier and Sons, and fitted with 
engines and 125-lb. pressure boilers designed by 
Dr. Kirk. The re-engining of the Propontis, however, 
marked the opening of a new era, which only developed 
slowly at first, due in some measure to the existing 
rules for the thickness of boiler shells and furnaces. 
In 1883, the late Mr. Walter Brock designed and fitted 
two-crank, four-cylinder, tandem, triple-expansion 
engines to the sister ships Arawa and Tainui, for the 
London-New Zealand service. They had high and 
intermediate on the top, with two low-pressure cylinders 
of equal diameter below, the working pressure being 
160 lb. The Board of Trade surveyors were naturally 
cautious in the use of mild steel in boilers, then @ 
comparatively new material, but they had been gaining 
confidence in it and had also made interesting exper! 
ments on two kinds of furnace flues, to ascertain their 
resistance to collapsing under hydraulic pressure. The 
two kinds were Fox’s corrugated furnaces and plain 
furnaces with widely spaced flanged rings, called at that 
time coxcomb furnaces. Under these circumstances, 
and after full discussion, the 160:Ib. pressure desired by 
Mr. Brock was made possible by agreement as to shell 
thickness between the Board’s surveyors and the 
engineer; Fox’s steel corrugated furnaces were used. 
These vessels showed excellent economy and proved 





* Presidential Address to Section G. of the British 
Association, delivered at Southampton, August 27, 1925. 
Abridged. 





VR ae OS 


eRe sR oe Oo Se He. 


7 feYe OO 


> 


_—- OO 


a —_. 





Aue. 28, 1925.] 


ENGINEERING. 





253 








thoroughly reliable. Thereafter quadruple-expansion 
engines using pressures of 180 lb., 200 Ib., or even 
higher, became common, with improved economy in 
fuel, but the lower limit of pressure at the condenser 
was still little altered. 

The next great step was the introduction of the 
Parsons turbine. My first connection with the Parsons 
turbine was in 1890, when a small one driving an 
electric dynamo was fitted on board of the Duchess of 
Hamilton, on the Clyde. It was a tiny plant, the 
turbine driving the dynamo direct at 10,000 revolu- 
tions. It was not very economical, but as it was only 
rarely used, on evening cruises, that did not matter 
much. It was, however, a forerunner of that great 
invention, permitting the economical use of the low 
end of the pressure curve which could not be efficiently 
used in the reciprocating engine, thus improving the 
economy of the steam engine, apart altogether from 
the other advantages of freedom from vibration troubles 
and the increased speed of ship which could be obtained 
through its light weight per indicated horse-power. 

None can forget the tremendous interest created by 
the appearance of the 34}-knot, 100-ft. Turbinia 
at Spithead Review in 1897. I felt that here was 
the engine we had been looking for to use in fast cross- 
channel work, and it was a great gratification when 
Sir Charles Parsons and Captain John Williamson 
arranged with my firm that we should join in a venture 
to build and run a Clyde river steamer fitted with 
turbines; the King Edward, put in service in the 
spring of 1901, was the result—the first commercial 
turbine. Before that, however, in 1898, the Parsons 
Marine Steam Turbine Company received an order 
from the Admiralty to build the Viper, whose hull was 
built by Messrs. Hawthorn, Leslie; and Messrs. 
Armstrong, Whitworth, on their own account, built 
the Cobra, engined by Parsons. Both of these were 
torpedo-boat destroyers, and the Cobra was purchased 
by the Admiralty. Most unfortunately, at an early 
date after delivery, through no fault of the turbines, 
they were both wrecked, so that little service experience 
was available. Both of these vessels had four shafts ; 
the Viper had eight propellers, two on each shaft, while 
the Cobra had twelve, three on each shaft. 

The King Edward is so well known that I need only 
remind you that originally she had three shafts with 
five propellers, two on each side shaft; but later, single 
propellers were fitted to the side shafts. She is still 
running with the original boiler after twenty-four 
years’ service, four of which were spent in war service 
in the stormy English Channel carrying troops from 
England to France. The engines also are the originals, 
except that higher-powered ‘‘go-astern”’ turbines 
have been fitted. 

Following the King Edward and Queen Alexandra, 
the Queen for the Dover-Calais service and the Brighton 
for the Newhaven-Dieppe service were the first cross- 
Channel turbine steamers put in service in 1903. They 
also were most successful, and the turbine as a commer- 
cial engine was fairly launched, a great tribute to the 
genius of Sir Charles Parsons and his courage in over- 
coming the many initial difficulties. The decision, 
taken early in 1905, to fit turbines in the large Cunarders 
Lusitania and Mauretania, built by Messrs John Brown 
and Messrs. Swan and Hunter, respectively, was a very 
bold and momentous one, fully justified by the success 
of these vessels; it was a tremendous step to take 
from the smaller vessels already built and tried to these 
leviathans crossing the stormy Atlantic. In 1905, 
the Admiralty also decided on the general introduction 
of turbines in all classes of warships. 

The earlier turbines were all fitted as direct drives 
and hence to vessels of fairly high speed, when the 
revolutions were not too low to spoil the efficiency of 
the turbine, nor so high as to spoil the efficiency of the 
propeller. But from the first it was felt that some 
means of gearing down the propellers was absolutely 
necessary; Sir Charles Parsons’ conversion of the 
Vespasian in 1909 from reciprocating to geared turbine 
gave the answer required and marked another new era. 
This was quickly followed by the partial gearing of 
the Badger and Beaver T.B.D.s for the Royal Navy, and 
the complete gearing of the Normannia and Hantonia 
for the South-Western Railway Company’s Southamp- 
ton-Havre services, so well known in this district, 
built under the advice and to the design of Sir John 
Biles of the Fairfield Company. These were early 
examples of many single-reduction gears, but for the 
slower cargo-vessels still greater reduction of propeller 
revolutions was required and double-reduction gears 
were introduced, thus enabling the advantages and 
economy of the turbine to be available to owners of 
all kinds of vessels. Other forms of gearing have been 
used—Féttinger hydraulic in Germany, and electric 
dynamo-to-motor ‘reduction principally in America, 
though some of the latter have been fitted to vessels 
built in this country by Messrs. Cammell Laird for 
the United Fruit Company. 

In 1897, Dr. Diesel began developing his internal 
combustion engine, depending for the ignition of the 





charge of heavy oil not on electric sparks, hot tubes, or 
bulbs, but on the heat generated by compressing the 
air charge. It took some considerable time to get over 
the initial mechanical difficulties, and to decide the ne- 
cessary scantlings and quality of the material to be used 
in the cylinders and other parts, and there were some 
regrettable accidents due to the explosion of cylinders. 

I would draw attention to the immense developments 
which have taken place in this direction. Initially 
the greatest progress was made with this type of engine 
on the Continent. My information is that the first 
successful ocean-going motor-ship was the Vulcanus, 
built in 1911 by Werkspoor of Amsterdam for the Anglo- 
Saxon Petroleum Oil Co., while the first completed in 
this country was the Jutlandia, built in 1912 by Barclay, 
Curle and Co. 

While this country may have been slow at first in 
taking up the Diesel she cannot now be blamed for lack 
of interest and initiative, and while many of the builders 
of this type are licensees of foreign patentees, certain 
types—such, for example, as the Doxford and the 
Cammell Laird-Fullagar—are purely English. Another 
purely English one (which, being a combination of 
steam and oil, is exceptionally interesting) is the Still 
engine, of which that on the Dolius, built by Messrs. 
Scott, of Greenock for Messrs. Alfred Holt & Co. of 
Liverpool, has been successful. The first double-acting 
four-stroke cycle marine engine in this country was 
developed at the North-Eastern Marine. 

While the turbine developed from the fast passenger 
vessels, direct driven, to the slow cargo boat with 
gearing, the Diesel started in the slow cargo vessel 
and is developing towards the faster liner, of which the 
Aorangi of the Union Steamship Company of New 
Zealand, built this year by the Fairfield Company, 
is, at the time I am writing, the most notable example. 

The question naturally arises—what will be the 
final outcome? I find that, taking Lloyd’s Register 
alone, in 1919 there were 750,000 tons gross of motor 
ships, while five years later there were 2,000,000 tons 
gross, 84 of the vessels being of 6,000 tons gross or 
over, and it has been asserted by responsible people 
that the disappearance of the steam engine for overseas 
trade is now largely a matter of time; but, on the 
other hand, we have an equally authoritative state- 
ment that the Diesel engine ‘will not have a dog’s 
chance against the future steam engine for ship pro- 
pulsion.”” It is never safe to prophesy unless you 
know, and, therefore I shall not attempt to do so; 
but the battle between the turbine and the Diesel 
is set, and nothing but benefit can arise to science and 
trade as the outcome. On the one hand, we have the 
geared turbine with much higher steam pressures— 
500 lb. per square inch soon will be, I presume, common- 
place, and 1,250 lb. has been used on land. On the 
other hand, we shall have the two-stroke double- 
acting Diesel climbing up in power per cylinder and 
comparing more nearly with the unit power of the 
steam reciprocating engine. 

In no direction has advance been greater than in 
the use of electricity on board ship. My own experi- 
ence was, I think, typical of that of other early workers 
in electricity. Swan and Edison invented the carbon- 
filament lamp about 1880, thus making domestic and 
ship lighting a possibility. I remember, while at 
Greenwich College, seeing at the Crystal Palace, about 
1881, an exhibition of Edison lamps, supplied with 
current by a dynamo with electro-magnets almost as 
tall as myself, and with a stray field so strong that it 
ruined all watches within yards of them. 

In 1884, the Arawa and Tainui were fitted with 
incandescent electric lighting, with stand-by oil lamps, 
as was, indeed, always done for some years thereafter, 
because of liability to failure of the electric plant. 
In 1884, the switches were made with wooden bodies, 
with no quick-break arrangements; sectional switch- 
boards and fuseboards were unknown; soldered joints 
on trunk wires insulated with rubber tape were made, 
and the wire available was little better than the modern 
bell-wire. But the interesting thing was that the two 
dynamos were alternating-current, ribbon-armature, 
150-light Ferranti dynamos. This was fortunate, 
because, as the wiring was poor and the skin of the ship 
was used as the return, had the curent been “ direct ” 
there would have been great danger from electrolysis 
and consequent fires. The total power used was 
30 horse. Hundreds of kilowatts are now in use on 
a vessel of the same size, and the current is used not 
only for lighting, but for ventilating, local heating, 
cooking and for driving small machinery of all kinds, 
including frequently many of the important engine- 
room auxiliaries; in fact, in some vessels practically 
all the auxiliaries are driven by electric motors. There 
is considerable controversy as to whether these main 
dynamos should be driven by Diesels or steam engines, 
and, in the case of steam, whether it should not at 
some stage be drawn from the main engines before 
going to the auxiliary, or passed to the main engine 
after going through the auxiliary, or that the exhaust 





of the auxiliary be used for heating the feedwater, 





or a combination of these arrangements adopted. It 
will be interesting to watch the development of that 
controversy, as on its proper solution further economy 
in fuel consumption will result. Probably no one 
solution will suffice, and in Diesel motorships we may 
find the auxiliaries driven by steam—e.g., when they 
are oil tankers requiring the steam to heat the cargo 
oil—while in steam-driven turbine steamers we may 
find the auxiliaries driven by electricity generated by 
Diesel-driven dynamos. 

There are many other pieces of auxiliary machinery 
connected, for example, with refrigerators, lubrication- 
oil pumps, fuel-oil pumps and heaters, pumps for hot 
and cold water for baths and other sanitary purposes. 
When there are automatic self-closing water-tight 
doors there are generally duplicate pumps for supplying 
high-pressure water to work them. It will thus be 
seen how extensive is now the auxiliary machinery 
in the engine-room. The fuel consumed in developing 
the power of these auxiliaries is now such an important 
proportion of the total fuel consumed that their design 
and installation is becoming, to a certain extent, a 
separate branch of engineering. To show the import- 
ance of a thorough study of this auxiliary-power 
question on board ship, I have been informed that in a 
large intermediate passenger-ship the consumption of 
fuel for auxiliaries is reported as exceeding 10 per cent. 
of the total consumption and that 15 per cent. or more 
is not uncommon in some other vessels. The per- 
centage will naturally rise with increased economy of 
the main engines unless the auxiliaries in their turn 
are made more economical. 

In types of boilers the development has gone from the 
old box form with safety valve opening inwards to 
prevent them collapsing when cooling, to the well- 
known and most extensively used Scotch marine circular 
boiler with return tubes. But always there were in- 
ventors working at the water-tube boiler, and several 
were developed which have proved successful. The 
Haystack was an early example, and those of Yarrow, 
of Thornycroft, and of Babcock and Wilcox may be 
named as types. In my own experience, Yarrow and 
Babcock have each been used in fast cross-Channel 
steamers with absolute success, and, apart from the 
great user of water-tube boilers, the Royal Navy, 
such boilers are being used increasingly in over- 
sea merchant-ships. And we know that for land 
stations they are in great demand, fitted with mecha- 
nical coal-stokers or with pulverised coal or oil firing, 
in units of such enormous size and with steam pressure 
so high that steam drums have been built and used 
34 ft. long, 4 ft. internal diameter, and 4 in. thick. 
Shall we see such boilers on board merchant-ships ? 
I have no doubt we shall. Though I would not care to 
express any opinion as to the ultimate highest steam- 
pressure which will be used, 500 Ib. is in sight. 

Superheating of steam was early recognised as a 
very desirable thing, but it took many years to produce 
a reliable superheater, and then there were lubrication 
and other difficulties in reciprocating engines, which had 
to be surmounted. In the case of turbines certain of 
these difficulties were non-existent, and turbines are 
peculiarly suited to the use of superheated steam. 
Another economical advance is the pre-heating of air, 
which is now being pushed much further than ever, but 
with which the name of Howden will always be asso- 
ciated. Stage feed-water heating is also being very 
fully carried out, of which you will hear in more detail 
from Mr. Stanley Cook. 

Fuel-oil firing of boilers has been very largely adopted 
in steamships, with a marked gain in speed and, when 
oil is marketed at certain figures, with economy of 
cost a8 compared with coal, not only on account of its 
relatively smaller weight consumption, but on account 
of the reduced crew required and the more regular 
speed obtained, and hence, shorter time atsea. But in 
considering the relative advantages of steam- and motor- 
driven ships one must remember that an oil-fired 
steamship, in the event of oil soaring in price, may be 
converted to coal-burning, while in a motor-ship th 
owner has not that option. 

Turning now to the ship herself and to naval architec- 
ture—after serving three years as an apprentice in the 
yard, and spending another three years at the Royal 
Naval College, Greenwich, as a private student, 
through the kindness of Lloyd's Register, I was 
received at the Liverpool office as an ‘ observer” 
(to use an American term), or, as my late brother, 
William Denny, said, “‘as a volunteer surveyor to 
study the morbid anatomy of shipbuilding.” The 
severe North Atlantic storms were the most trying to 
ships, and at Liverpool one had the opportunity of 
seeing the greatest number of damaged hulls. It was a 
most valuable experience, as at that time the trans- 
atlantic steamers were developing rapidly in size, and 
many of them were sorely tried and damaged in their 
superstructures. 

I crossed to the States to see ships’ behaviour in 
heavy weather in December of 1882 in the Parisian, 
of the Allan Line, and returned in the same month by the 
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Alaska. The latter was the “crack ship” at that 
time, and was 500 ft. long; the former was 440 ft. long, 
and they were considered enormous ships. The City 
of Rome was 560 ft., but was not so fast as the Alaska. 
They were all single-screw ships. A 400-footer in the 
early ‘eighties was considered to be a very large 
ship; indeed, I think I am correct in saying that 
such a ship was not provided for in the scantling 
tables of the Classification Societies, and required special 
consideration. 

My Liverpool experience convinced me that midship 
erections such as long bridges must have the decks plated 
so as to resist the stresses which would inevitably go up 
there, so when I took charge at Leven Shipyard in 1883 
I carried out that idea. But in 1887 in a 400-ft. ship 
of high speed I found myself short of weight, so to 
avoid plating the bridge deck I cut it in two purposely 
and fitted an expansion joint. Whether this was the 
first time it had been done I do not know, but in that 
ship it was successful. In the early years of this century 
I saw such expansion joints in large Atlantic liners, but 
as the result of experience and further consideration it 
is now held that that expedient is not the proper 
solution of the problem, and that nothing but plating 
the decks and ample strengthening of long super- 
structures, is in order. But I shall not go into such 
details, as we are to have a paper on the subject by 
Mr. Foster King. 

Dimensions.—Mr. King read a paper at Philadelphia, 
U.S.A., in 1912, in which he divided ships into three 
groups :— 

(A) Atlantic passenger ships (the longest ships). 

(B) Passenger ships on all other routes. 

(D) Cargo ships. 
He obtained from the owners and registry books parti- 
culars of thousands of ships, and plotted them on 
diagrams on a base of years and with lengths of ships 
as ordinates. From these diagrams he concluded that 
the growth of “the largest ships in the world ” might be 
fairly represented by straight lines in each group; that 
Group A ships grew at the rate of 66 ft. in ten years, and 
Group B 50 ft. in ten years. He observed, however 
that after 1897, special vessels in A—viz., the fast 
Atlantic ferry—grew much more rapidly, at the rate of 
150 ft. in ten years. For cargo vessels (D) the rate of 
growth was about 30 ft. in ten years. Taking Mr. 
King’s A line, in 1875 the longest ship-was about 475 ft., 
while, owing to the above-mentioned offshoot of the 
Atlantic ferry boats, in 1912 it was round 900 ft. The 
Majestic, the present longest ship, is 915-5 ft. Reading 
from the B line, in 1875 the longest ship was round 
about 425 ft. In 1912 it should have been 610 ft., but 
was actually 570 ft., and he remarks in explanation that 
‘‘one of the usual pauses was occurring.” The 
Oronsay, on the Australian trade, is the present longest 
B-line boat at 633-6 ft. The Empress of Canada, on 
the Pacific, is 627 ft. long. As to cargo ships—general 
traders—in 1875 a 3,000 deadweight carrier was a large 
ship; the more usual size was 2,000 tons to 2,500 tons. 
Now, 7,000 tons to 8,000 tons is the ordinary, 10,000 
tons is not uncommon, and many exceed the latter 
deadweight. 

In dealing with the growth in breadth of ships, Mr. 
King remarks that about 1875 the fashion in passenger 
ships was about 10 beams to length, but that after 1880 
proportionate breadth became rapidly greater. An 
analysis of data available to me confirms this view, and 
that it is not now uncommon to find a proportion of 
eight beams to length, or even seven and a half. As 
to proportionate depth to length, that is difficult to 
trace, as number of decks, type of superstructure, and 
style of ship has varied so much; but I think I can 
trace a proportionate diminution in main-hnll depth to 
length from about 1875 till 1895, but the proportionate 
depth seems to be rising since then. The draught 
increased along with the increase in length, and the 
ports were constantly improved in depth, while new 
dry docks and floating docks kept pace. Perhaps no 
better example can be given than the port of 
Southampton, with its “‘longest in the world”’ float- 
ing dock, of which we shall be hearing during these 
meetings. 

Increase in draught is usually the most economical 
way of increasing carrying capacity or speed, hence the 
desire of naval architects for ample depth in ports and 
canals. Lloyd's original freeboard tables stated free- 
board in terms of depth with a correction for any 
departure in length from the standard either way, but 
freeboard might have been equally well stated on a 
length basis with a correction for depth varyinz from 
the standard. When a curve of draught for the same 
proportion of depth to length is drawn with length as a 
base, it is seen at once that draught is proportionately 
less for the longer ship, and, as Lloyd’s original tables 
were based on the current practice of the day, it is to be 
presumed that practical sea experience is responsible 
forthis. Mr. Foster King’s 1912 analysis of practice, as 
might be expected, shows the same thing. In the early 
‘eighties, however, experience was limited to about 
400 ft. in length, and subsequent experience has shown 





that these and the longer steamers might safely be 
loaded deeper than the original rules contemplated. 

I have mentioned that at a certain time there 
appeared to be a reduction in relative depth to length, 
but this may have had no effect on draught, due to the 
allowances for erections above the freeboard deck. 
Since 1915 the regulations for water-tight subdivision 
have come into play, and, as the easiest way to gain 
long compartments, within the regulations, is to increase 
the freeboard ratio, vessels relatively deeper in propor- 
tion to length are being built. I need not point out 
that the depth of water in the Suez Canal had a com- 
manding effect on draught; the Canal authorities, 
however, have constantly been deepening the Canal 
since its opening to traffic, and I noticed the other day 
that Messrs. Alfred Holt found that the port of Colombo 
and not the Canal was now the limiting factor in their 
largest ships. 

Returning for a moment to the cargo steamer— 
I have already dealt with the growth in size, but 
there are many other changes in these ships. The 
equipment has much improved both in the engine room 
and on deck, and cargo appliances are quite different. 
Sails having practically disappeared, we find the place 
of masts taken by Samson posts and gantries ; indeed, 
very many modern vessels, built for special trades, 
look more like a building berth in a shipyard than a 
sea-going steamer. But an important change is in 
the question of fullness of block. For a considerable 
time the shipowner seemed to think in terms of 
pounds per ton deadweight. This inevitably led to 
fuller and fuller blocks, until 0-83 was not uncommon ; 
result—a low speed and a great uncertainty as to 
date of arrival at a port if any bad weather was 
encountered. Of course, block must be coupled with 
length, for the longer ship may have a fuller block, 
but round 400 ft. a block of 0-76 is now much more 
fashionable, with the result that, while the deadweight 
lifted at one time on the same length of vessel is less, 
yet the higher speed and the greater regularity of 
time on the voyage, due to the ability to keep up a 
reasonable speed in bad weather, makes the finer 
vessel a more economic proposition. 

A most interesting and important type of special 
trader is the bulk-oil carrier or oil tanker, which has 
developed quite a special technique in design, con- 
struction and fastenings. Originally oil was carried 
in cases; but, starting with quite small bulk-oil 
carriers, we now find oil tankers among the mammoth 
deadweight carriers of to-day. Bulk grain, coal, and 
especially ore carriers, involve also quite special 
considerations in stability, and strength to resist 
concentrated loads in the last-mentioned, of which 
type the highest development is to be seen on the 
Great Lakes of North America. The construction of 
sailing ships having practically ceased, interest in 
propulsion by wind force was revived recently by the 
appearance of a ship fitted with Flettner rotary 
cylindrical sails, if one may use such a term. Mr. 
Flettner is the inventor of a most ingenious rudder, 
with which, by using a small auxiliary rudder attached 
to the after edge of the main rudder, a large ship can 
easily be guided by a man-handled steering gear 
without the use of steam. Neither of these inventions 
however, is as yet in general use. 

Education.—Until the founding of the John Elder 
Chair of Naval Architecture and Marine Engineering 
at Glasgow University, the technical education 
available to apprentices in private works was provided 
practically entirely by evening classes under the 
South Kensington Science and Art Department. 
Many of those men who for at least a generation 
were responsible for the great strides made in the 
technical efficiency of the twin industries received 
their professional education at these classes. These 
classes are still doing good work. For generations 
the Royal Dockyards have taken care of the technical 
instruction of their apprentices, and schools for their 
instruction were, and are, at work in every dockyard, 
and of these you will hear. I can only stop to note 
the foundation of the Royal School of Naval Archi- 
tecture and Marine Engineering at South Kensington. 
The best students from each dockyard were sent 
there for the first time in 1864, to receive a training 
in higher science and mathematics of a severity 
unmatched in any college, and the first year there 
were eight marine engineers and eight naval architects. 
The latter group I knew best—John, Gowings, Elgar, 
White, Ragge, Fitze, Deadman, Bone. Early in this 
year Mr. Deadman, the last survivor of that brilliant 
eight, passed away. Some of the others died young, 
but, of those who survived, who can forget the brilliant 
work done by John at Lloyd’s Registry, by Elgar at 
Glasgow University as the first Professor of Naval 
Architecture in the John Elder Chair, or by Sir William 
White, whether at the Admiralty as D.N.C., or at 
Armstrong’s in Newcastle as designer? From 1879 
to 1882 I had the honour of being one of his students 
at the Royal Naval College, Greenwich, and no 
students ever listened to a more inspiring professor. 





On the marine engineering side at South Kensington, 
that first group included men who also did splendid 
work for their country—Bedbrook and Littlejohns, 
who occupied high positions in the Naval engineering 
service; and Pratten, who is, I am glad to say, still 
living, after many years of splendid work done in 
the service of Messrs. Harland and Wolff at Belfast. 

Without proper technical education an efficient 
corps of designers and of research workers could not 
be maintained, and you will learn how considerable 
and important has been the research work guided 
by the Admiralty. Nor need I remind you of the 
research which has been carried out by our technical 
institutions, by Lloyd's Registry, and by many private 
firms and individuals. 

Research was given a great impetus by the necessities 
of the Ministry of Munitions and other Government 
Departments during the war, and a notable advance 
was made when the Department of Scientific and 
Industrial Research was established, with a Parlia- 
mentary vote of its own, and in addition with a fund 
of a million pounds. After many methods of assisting 
research had been considered, the Department specialised 
in aiding the establishment of research associations 
connected with specific industries, and by these bodies 
much useful work has been done. The Department 
took over the responsibility for the National Physical 
Laboratory at Teddington, and we are greatly indebted 
to the Laboratory, and especially to the William 
Froude Tank established there by the generosity of 
Sir Alfred Yarrow. There is no research association 
of shipbuilders and marine engineers, but they con- 
tribute to a fund for research in the William Froude 
Tank, and use it and the other departments of the 
Laboratory for private experiments; they are thus 
closely linked up with research. 

In research, to no two men are we more indebted 
than to Dr. Wm. Froude and his son, Mr. R. E. Froude, 
for the experimental work done by them on ships’ 
resistance and screw propellers. The British Asso- 
ciation in 1868 appointed a committee to consider 
stability, propulsion, and sea-going qualities of ships, 
and of that committee Dr. Froude was a member, 
the others being Merrifield, Galton, and Rankine. The 
committee recommended experiments on actual ships, 
but Dr. Froude dissented and gave it as his opinion 
that model experiments were of value and were much 
cheaper to carry out, describing some he had made 
in 1867. In 1868-9, on the suggestion of Sir Edward 
Reed, then Chief Constructor, the Admiralty agreed to 
bear the cost of the construction and the working costs 
of the tank at Chelston Cross, Torquay. This tank 
started work in 1871, Dr. Froude acting as chief, and he 
gave his services gratuitously as long as he lived. On 
his death Mr. R. E. Froude took over charge, continuing 
and expanding his father’s work. The results were 
freely communicated by him, with the full consent and 
encouragement of the Admiralty, to the Institution 
of Naval Architects in a series of valuable papers. This 
Torquay tank was ultimately dismantled and trans- 
ferred to Haslar, where the good work is continuing. 

I shall confine myself to giving one example of the 
benefit of the tank. In 1888 the Prince Henriette was 
built at Dumbarton for the Ostend-Dover service of 
the Belgian Government. The ship’s lines were deve- 
loped in the tank and the paddle-wheels were fixed in 
size and position from trial runs with model wheels 
in the tank. She was 300 ft. by 38 ft. by 8 ft. 6 in. 
draught, and the speed on Government official trial 
was 21:09 knots. The previous fastest paddle-boat, 
built in 1885 at the same yard, was of the same length— 
300 ft. by 35 ft. beam and draught 7 ft. 8in.; its speed 
was 15-01 knots. Thus within three years, and largely 
by the aid of the tank, six knots higher speed was 
attained on the same length. The original tank trials 
were made with the same beam as the older vessel, 
viz., 35 ft. but only 193 knots was predicted. It was 
then suggested by the tank staff to try 38 ft. beam, 
thus fining the lines, when an extra knot for the same 
power resulted. Of course, every effort was made, 
both in the hull and in the machinery, to economise 
weight and provide the highest possible power. In 
the compound two-cylinder diagonal machinery, 
designed by the late Mr. Walter Brock, cast-steel en- 
tablatures, wrought-steel guides, and single eccentric 
valve gear were used; the boilers were Navy type: 
straight-through tubular, working under forced draught 
in a closed stokehold. Still, without the tank exper!- 
ments neither the naval architect nor the engineer 
would have had the confidence to proceed or to under- 
take the onerous Government guarantees demanded. 

There are now, besides the Government tank at 
Haslar, the following Froude tanks in this country 17 
the order of age—Denny (Dumbarton), Brown (Clyde- 
bank), William Froude (Teddington), Vickers (5t- 
Albans), and Parsons have also a smaller open-air tank 
at Newcastle: that is six; and there are in Italy, 
Germany, France, Sweden, Russia, Austria, Japan, and 
the United States another eleven, a total of seventeen. 
It may well be claimed that tanks have had more 
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far-reaching effect on design than any other means of 
research. 

And yet, when one considers the research carried out 
on ferrous and non-ferrous metals, that claim may be 
disputed. Time fails me to do more than indicate to 
you the history of mild steel. Great Britain was the 
birthplace of the steel industry and Sheffield was its 
cradle. Bessemer cupola and Siemens-Martin open- 
hearth steels were British inventions, and at one time 
this country held premier place in tons of steel produced 
per annum. It was on the Bessemer converter that 
America built up her vast steel industry, but in ship- 
building and marine engineering Siemens-Martin open- 
hearth steel was the key to success. 

With the considerable reductions in scantlings allowed 
by the Classification Societies, mild steel rapidly dis- 
placed iron in ship construction. But still we were 
warned that it was unreliable if worked at a blue heat, 
and some failures were recorded. Further improvement 
in manufacturing methods, however, finally gave us a 
material of great reliability and easily worked. The 
limits of 28-32 tensile strength and 20 per cent. extension 
in an 8-inch specimen have been standard now for many 
years, though steels of greater carbon content and 
higher tensile strength have been used : and as Young’s 
modulus is practically the same for all ordinary carbon 
steels, these higher tensile steels could be used in con- 
junction with milder steels without disadvantage. 
But there is now another mild carbon steel on the market 
which has a higher elastic limit, the use of which is 
just beginning ; it is claimed that it will ensure further 
advantageous developments in reduction of weight of 
hull. 

Sir Robert Hadfield’s invention of high-manganese 
steel gave a fresh impetus to research in ferrous alloys. 
Among other facts, he found that while 2 per cent. to 
3 per cent. of manganese rendered carbon steel so brittle 
as to be useless, when a 13 per cent. alloy was made 
and properly heat-treated, a material resulted of extreme 
toughness and great resistance to abrasion. All will 
remember Mushet’s old self-tempering steel, but now 
we have alloys of nickel, chromium, vanadium, tungsten, 
and other metals, each with its own special use either 
in construction of ships and their machinery or in the 
machine-shop for tool-steel, thus still further advancing 
the science and art of shipbuilding and marine engi- 
neering. The alloy which appeals most to the domestic 
circle is Firth’s stainless steel, which has largely abo- 
lished knife-boards and knife-cleaning machines. In 
engineering, this and other similar alloys are now coming 
into use, where their non-rusting qualities are of parti- 
cular value; further, they are now under test with a 
view of their employment for important sea structures 
in connection with piers, docks, and harbours. 

Other powerful factors in the development of the 
merchant marine were the Board of Trade, the Classifi- 
cation Societies, and the technical institutions and 
societies. The Board of Trade is charged by statute 
with the duty of seeing that ships are safe and sufficient 
for navigation. The individual surveyor is legally 
responsible, and it is he who must certify safety and 
sufficiency; but, for co-ordination purposes, there is 
a Consultative Branch at Whitehall which issues 
Suggestions and Instructions” to the surveyors as 
to how they should carry out their duties. These 
* buff books ” have in practice largely the same effect 
as the rules and regulations of the Classification 
Societies. Practically every maritime nation has a 
registry or classification body or bodies of its own, 
but in this country that type of organisation developed 
earlier and more fully than in other countries. Lloyd’s 
Registry has a world-wide name, and has had a pro- 
found influence on design not only in this country but 
all over the world. 

When iron superseded wood as the constructional 
material for ships, it required boldness of conception 
to pass from the very ponderable thickness of the 
wooden-skin planking to what must have appeared 
the paper thickness of the iron-skin plating, and from 
the practically solid wood framing to the spidery 
and wider-spaced iron framing. This was not the 
work of any one man; many naval architects were 
©xperimenting and making gradual advances. It was 
inevitable that the only Registry should be criticised 
and dubbed arbitrary, and that shipowners and builders 
should think it desirable to establish another, and this 
was done by the Liverpool Registry, known as the 
“Red Book.” This led to competition in scantlings, 
no doubt in the endeavour to simplify and hence 
“ieapen the structure, but the Registries were accused 
of “ sailing too near the wind ” in weight of scantling. 

Plimsoll’s agitation and the Act which made it obli- 
“atory for the shipowner to place a mark on the sides 
; { his ships showing the maximum draught to which 
ie proposed to load them greatly affected mercantile 
owners, and schemes for fixing a load line were evolved, 
for it should be noted that no scheme was included in 
the Act. The Board of Trade had their ideas of what 
the criterion should be, while Lloyd’s Registry published 


rules. In 1884 the Government appointed a com- 
mittee, the parent of many others, on which were 
representatives of the Board of Trade, Lloyd’s and the 
Liverpool Registries, and others, with Sir Edward 
Reed as Chairman. Sir Digby Murray, Mr. Benjamin 
Martell, Mr. West, and Mr. Wm. Denny were very 
active members. The Board of Trade proposed height 
of platform as the criterion, while Lloyd’s pinned their 
faith to surplus buoyancy; the latter was ultimately 
adopted, though, curiously enough, the former is now 
recognised as the more important factor. 

On the eve of the publication of the report it was 
announced that Lloyd’s had absorbed the “ Red 
Book,” and so the standard of strength, which the 
committee had decided to combine with draught of 
water, was recommended to be Lloyd’s 1885 rules. 
When the Government accepted the report and passed 
the Load Line Act in 1890, the Board of Trade was 
made responsible for its application, Lloyd’s was named 
as an assigning body, and any other similar body 
approved by the Board might be similarly appointed, 
and the Board was to consult such assigning bodies 
before making any modification in the rules which 
experience might suggest. Certain shipowners and 
shipbuilders, having an objection to a practical 
monopoly in the fixing of scantlings and freeboards, 
founded in 1891 the British Corporation Registry, 
with head office in Glasgow, This was recognised by 
the Board under the Act, but only on condition that 
rules for scantlings and a registry book were produced, 
and finally that the controlling committee was so 
constituted as to ensure the influence not only of 
shipowners, but also of shipbuilders, marine engineers, 
and underwriters. That Registry has had a profound 
influence for good, and the question of strength was 
fully assured, as a standard for that was laid down, 
The virility of the younger society, with its modern 
ideas and its constant endeavour to simplify the con- 
struction while maintaining the strength of its vessels, 
reacted on the older society with all its accumulated 
experience, and these two, in consultation with the 
Board of Trade, have done much useful work in 
standardising, while not fossilising, practice through 
research. 

And this leads me to speak of standardisation in 
shipbuilding and engineering, which Mr. Le Maistre, 
secretary of the British Engineering Standards Associa- 
tion, will deal with at greater length. You are all 
aware of the attempts to standardise the design of 
ships and their machinery during the war. In my 
opinion, that was not the wisest proceeding; in 
any case, I do not believe that standard designs such 
as were carried out at that time are suited for peace 
times. But, if we are to maintain our national 
supremacy, I am a firm believer in standardising details 
inshipsand machinery. The first work of the B.E.S.A., 
when it was established in 1901, was the standardising 
of ships’ sectional material. Order was thus brought 
out of chaos, the number of standards, sections of all 
kinds and sizes, was fixed at 175, and the steel- 
makers reported that a saving of at least 5s. per ton 
was the result. A revision in 1918 reduced the 
standard sections to 115. A recent piece of work of 
the B.E.S.A. is the standardising of the tail-shafts 
of ordinary cargo-vessels, which standards may also 
be applicable to many passenger ships. The taper of 
the shaft to take the propeller boss is also fixed. It 
can easily be seen what a saving this would mean in 
the case of damage at a distant out-port, where, 
were these standards adopted, only a few spares need 
be kept, or even the spare of one steamer could be used 
for another with the same diameter shaft, and thus 
in the case of damage the present long delays in an 
out-port waiting for replace parts would be avoided. 
The influence of the Institution of Naval Architects 
on the progress of design cannot be exaggerated. 
Founded in 1860, there has been a constant stream of 
valuable papers read and discussed at the annual 
meetings; naval architects and marine engineers were 
glad of the opportunity of presenting the results of their 
experience to their fellows and of profiting by the 
discussion of their ideas. The Institution is a forum 
where ability and efficiency are highly valued and 
honoured, One of the earliest benefits conferred by 
the Institution on the profession was that, through the 
influence of its members as a body, Government was 
induced to establish the school of South Kensington 
from which such benefits have flowed. And there 
are all over the country—at Liverpool, Newcastle, 
Southampton, Glasgow, and other centres—similar 
institutions, contributing to the advance of the science 
by their meetings and published transactions. 

I have done what I could to ensure chronological 
aceuracy in preparing this address, but, from the 
difficulties I encountered in my inquiries, I am con- 
scious that there may be certain errors. It is sketchy, 
I admit, as the change and progress during the last 
fifty years has been so colossal that one cannot within 
the limits of such an address do more than glance at 


aspect on which I think I should say a few words, 
and that is on the management of the works and the 
personnel. Plan the designer never so well, unless 
the works management and the artisans be efficient 
and work cordially together, the designer plans in 
vain ! 

Fifty years ago, when transport was primitive, the 
staffs and artisans remained largely in the place of 
their birth, education, and apprenticeship. Tradition 
thus grew up in each works, which were generally 
moderate in size and frequently situated in small 
towns, so that everybody knew everybody ; there was 
a clannish feeling and a spirit of emulation between 
works and works; the staffs and artisans were as pleased 
with a technical success as the master, and considered 
that they shared the credit, as indeed they did. Son 
succeeded father in all grades in the works, and, so 
far as discipline and willing service were concerned, 
the manager, if he had any anxiety at all, could yet 
make his calculations as to cost and time of delivery 
with a fair certainty of “‘ coming out.” Trade unions 
there were, but controlled by men with different 
aims from the present. The same held good in the 
local football team, the men were really from the 
locality. And just as professionalism has destroyed 
that spirit in football, so professional agitators and 
politicians have largely destroyed the old spirit of 
‘the works.”” The employer is blamed for not know- 
ing his own men, but every precaution seems to be 
taken to prevent the employer from doing so; the 
individual workman is not permitted to talk things 
over with the individual employer. 

We older men had our own difficulties and troubles 
in the earlier stages of the evolution, but our sons and 
descendants have imposed on them the necessity of 
acquiring a greater mass of detailed and accurate know- 
ledge, combined with immensely greater social difficul- 
ties. May such intelligence and wisdom be granted 
to the present generation that it may be even more 
successful in evolving a satisfactory social system 
than the past generations have undoubtedly been 
successful in evolving highly developed means of 
transport, so that the benefits of the valuable work 
done in the past may not be lost to future generations. 











OLD-STREET UNDERGROUND STATION.—Escalators have 
now been put into service at Old-street Underground 
Station. Particular interest attaches to this installa- 
tion, for the upper chamber of the escalators js directly 
beneath the roadway of the street, which carries a double 
tram-track and a network of gas, water and other mains. 
Girders and steel troughing forming the roof of the 
chamber now support this roadway. A feature of the 
work of construction was that it involved only a slight 
interference with traffic. 


Trrat Tr oF TANK Moror Sup “ Atrantic.”—The 
stee! oil-tank motor ship Atlantic, which was built by 
Sir W. G. Armstrong, Whitworth and Co., Limited, at 
their Armstrong Yard, Walker-on-Tyne, to the order of 
D/S. A/S. Atlantic, Bergen, Norway, recently carried out 
successful trials at sea. The vessel has been constructed 
on the F.K. transverse system under the special super- 
vision of the British Corporation Classification Society, 
and is designed to carry a deadweight of 10,300 tons on 
a mean draught of 26 ft. 5in. The propelling machinery, 
made by the shipbuilders, consists of a six-cylinder 
Armstrong-Sulzer two-stroke oil engine. The auxiliary 
machinery for handling the oil pumps, &c., is steam driven, 
two cylindrical oil-fired boilers working at a pressure of 
180 lb. per square inch, being fitted. 





Frencu Coxe Ovens.—In a recent contribution to the 
Bulletin de la Société des Ingénieurs Civils de France, 
Mr. C. Berthelot stated that all the efforts of coke-oven 
builders were being directed towards the production of in- 
creased daily outputs. In 1913, each oven could deal with 
an average of 5 tons of coal per day. Towards theend of 
the war this figure had increased to 7 tons, and at the 
present time 10 tons was quite a common figure. 
Further increases to 15 and even 18 tons per day might 
conceivably be obtained in the near future. This 
increase in production during the past ten years was 
due to several factors; the width of ovens had been 
diminished while their length and height had been 
increased. The walls were thicker and great pains were 
now taken to reduce radiation losses to a minimum. 


MODIFICATION OF THE BRISTOL FIGHTER AEROPLANE.— 
As a result of full-scale tests of the Bristol Fighting 
machine carried out at the Royal Aircraft Establishment, 
modifications have been made to render it more satisfac- 
tory for inexperienced pilots who may accidentally stall 
near the ground. A balanced rudder of 80 per cent. greater 
area has been fitted, and the upper fin has been modified 
in shape and cambered to remove the turning tendency 
due to the increased height of the rudder. The rudder 
control is rendered more powerful and more in keeping 
with the other controls, and the aeroplane can now be 
brought out of a spin much more quickly. Cambering 
the fin has proved a useful method of neutralising fairly 
small turning tendencies. Details of the modifications 
are given in Report No. 972, presented by the Director 
of Scientific Research, which may be purchased from 
H.M. Stationery Office at 3d. net. 
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MESSRS. BROWN BAYLEY’S STEEL 
WORKS. 
(Continued from page 196.) 

To the account of the construction and method of 
operation of the 74-ton electric furnace may be 
added a figure or two of its working. Including 
heating up and burning in bottoms and (as the run 
of the available figures happens to have it) the 
current for experimental casts, the consumption of 
current for melting the various alloy steels dealt with 
in this furnace is something under 1,000 units per 
ton of ingots, and that of electrodes about 21 Ib. 
The number of casts not satisfactory (blown ingots, 
accidents) was just over 2 per cent. 

Perhaps the most interesting and certainly by 
far the largest part of the melting arrangements is 
found in the Siemens open-hearth plants, the 
three oldest of which will be seen at the left-hand 
bottom corner of Fig. 1 (page 193 ante), and the 
other three or Newhall group between the mills and 
the heat-treatment shops in the upper part of the 
figure. The first three are small furnaces, each of 
25 tons capacity, and of the Batho type. This 
design is seldom seen in modern practice, but in these 
works it has been worked out so carefully, and is 
being so skilfully used to suit the requirements of 
the work, that it may be questioned whether for 
furnaces of the size ir question or thereabouts 
equal results can be obtained with the same economy 
and convenience from designs of a more modern 
date. The general appearance of one of these 
furnaces will be evident from Fig. 20, and Figs. 
21 to 24 on Plate XVI show sections of the furnace, 
a plan, and asection through the casting pit. Each 
furnace is arranged as a single unit, which includes 
two Wilson gas producers (not shown in the figures), 
two gas and two air regenerators, and the necessary 
valves and flues from producers to regenerators, 
furnace and chimney. 

It will be observed that the hearth or. furnace 
proper is elliptical in plan, 16 ft. 6 in, between 
walls along the major axis, and fitted with an 











Fig. 20. 25-Ton Batuo Type Steet FurRNACE. 


elliptical domed roof, which is 9 in. thick. Instead of 
being tied together with buckstays or tie rods the 
firebrick lining of the hearth is securely contained 
within a steel plate container, which is supported on 
rolled steel joists and cross beams, carried on cast- 
iron columns, the structure being quite independent 
and clear of the regenerators. In this way the 
furnace is allowed to expand or “breathe ’’ as between 
its different main parts instead of being held rigidly 
together, the arrangement thus reducing the amount 
of damage through expansion and contraction, and 
enabling the walls, &c., to be repaired conveniently, 
rapidly, and inexpensively. A further advantage 
of the arrangement is that in the event of molten 
steel breaking through the hearth there is little 
danger of the chequer brickwork of the regenerators 
being filled with the liquid steel, and the necessary 
repairs can be made without completely stripping 
the furnace. In a similar way the gas and air 
drops and the regenerator chambers are constructed 
within separate containers, an arrangement that 
not only keeps down the time and expense of 
repairing these parts, but avoids any risk of gas and 
air being mixed or wasted where they meet. This 
part of the construction is found to give a further 
saving in repairs, and in addition to reduce the 
consumption of gas. The regenerator chambers, 
which are vertical cylindrical casings of steel plate, 
are lined with firebrick and filled with regenerator 
bricks supported on piers, which form the dis- 
tributing channels from the inlet and outlet flues. 
The cleaning, repairs, and renewals of the regenerator 
bricks or lining is arranged through suitable openings 
in the side of the casings. The regenerator roofs, 
which are also 9 in. thick and shallow-domed, are 
carried independently of the lining, which can 
therefore be renewed without disturbing the roof. 

The flue arrangements are worth noting. The 
gas generators are on the centre line of the furnace, 
and therefore have only short direct connections 
to the gas ports. Each regenerator chamber has 
a flue connection in its side at the ground level, 
and vertical steel-cased flues lead to the furnace 








from a bullseye in the roof. The flues from the 
air chambers to the air ports of the furnace are 
carried to and over the gas flue and ports, the gas 
ports having a slight downward inclination, while 
the air ports at the junction of the roof and side 
wall have a much greater inclination, so that the 
gas and air ports can thus be quickly dismantled 
when necessary. The gas and main flue and the 
connecting tubes to the valve boxes are made of cast- 
iron plates, and lined with brick. Plain cast-iron 
mushroom valves are used, the gas valves being 
double-faced and the gas regulating and air valves 
being single-faced. Simple hinged-plate valves are 
used for air regulation. 

A special feature of this and other open-hearth 
furnaces in these works is Nutt’s patent door, views 
of which are given in Figs. 25 to 27. In this design 
an inch of sand is left between the bricks and the 
face of the door casting when the door is being 
bricked in, and wher the finished door is lifted to 
the vertical position the sand falls away through 
holes provided at the bottom of the door. Thus an 
inch cavity is left between the bricks and the metal, 
and the brick lining is left free to expand under the 
heat of the furnace without putting any undue 
stress on the door flanges. In practice this door 
is found to have a life of at least ten times as long 
as that of the ordinary doors. 

As a whole, these furnaces seem to be singularly 
well suited for the service in which they are used. 
The works have of late years given increasing 
attention to supplying qualities of alloy and other 
steels differentiated more closely than before in 
their application to individual engineering purposes, 
and are thus called on to produce a very large number 
of different mixtures, some of them, of course, In 
relatively small quantities. It is therefore con- 
venient to have a number of furnaces of relatively 
small size, and readily changed over from one 
mixture to another. The unusual freedom of the 
design from temperature strains, and the facility 
with which extensive repairs of one part can be 
made with comparatively little interference with 
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Fic. 34 40-Ton Sremens Tyre FurRNACE. 





























Fie. 35. THe Scrap YarpD. 


others, makes it, moreover, particularly suitable 
for use where work is required to be as nearly as 
possible continuous, which is, of course, the most 
economical régime. The remarkable economy of 
these furnaces is illustrated by the fact that last 
year the amount of coal used in the producers per 
ton of ingots was under 7} cwt., and the cost of 
repairs to the furnaces 2s. 6d. The output of each 





furnace last year was 13 heats a week, working on 
a three-shift day. 

The furnaces at the Newhall end are considerably 
larger than those just described, consisting of one 
40-ton and two 35-ton. The 35-ton furnaces, one 
of which is basic, are shown in two sections in Figs. 28 
and 29 on Plate XVI, and are of a usual modern 
Siemens type. When its construction is compared 








with that of the Batho furnaces it will be observed 
that it is of the conventional square brick-built 
construction, fitted rigidly together with bolts and 
buckstays, both in the chamber and its supports. 
In view, however, of the considerable cost of repairs 
and renewals to the fabric of these furnaces, it was 
thought desirable in 1923 to rebuild the 40-ton 
furnace on a compromise between its actual design, 
which was similar to that of the 35-ton furnaces, and 
that of the Batho-type furnaces. 

This design, which has been found in practice a 
considerable improvement on its predecessor, is 
shown in front and longitudinal sections, plan, and 
cross-sections in Figs. 30 to 33,on Plate XVI. The 
upper part, containing the furnace chamber and the 
skeleton port blocks, retains the original square form, 
the furnace chamber being 24 ft. between ports and 
10 ft. 6 in. between side walls. The furnace chamber 
and skeleton port blocks are bound together securely 
by buckstays and tie-rods, and the structures 
carrying the port end blocks are quite independent 
of the furnace-chamber structure, so that the whole 
furnace can “‘ breathe” without strain as in the 
smaller elliptical furnaces. The lower port is the 
gas port, and between it and the gas regenerator is 
placed at ground level a slag chamber 8 ft. 3 in. by 
3 ft. in the clear. The roof of this chamber, with 
the gas-flue inlet and outlet, is carried by an inde- 
pendent steel structure, so that the side walls can 
be completely removed, if necessary, in order to 
facilitate the removal of large quantities of slag from 
the chamber. For removal of dust and minor 
cleaning a bricked-up opening is provided in the 
side of the chambers. The regenerative chambers, 
which with the drop follow the Batho lines, are 
13 ft. inside diameter and made of #,-in. steel plate. 
They have openings at the base for flue connections 
to the gas and air valve boxes, and at the side near 
thetop branch tubes are provided 4 ft. 6 in. diameter 
for gas and 5 ft. diameter for air, lined with'9-in. 
firebrick. The regenerator chambers have shallow 
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spherical-domed roofs, and the furnace-chamber roof 
is roughly spheroidal. The valves are similar to 
those in the other furnaces. In this plant the 
furnaces have a common gas main flue, which is 
fed from four Duff producers and a Kerpely revolving- 
grate producer. 

The progress in output and economy of fuel in 
the use of these furnaces is of considerable interest. 

It has arisen partly through the enlargement 
of their capacity, and partly through the intro- 
duction of the three-shift day, but a considerable 
balance remains that can be attributed only to 
improved working. Before the war the old Batho 
furnaces melted on the average 11 heats of 16 tons 
each, while in 1915 the Newhall furnaces, which 
had been built for 25 tons and actually charged 
19 tons to 20 tons, were melting about 200 tons 
a week, Between 1915 and 1917 the Bathos were 
enlarged to 25 tons and the Newhalls to 35 tons 
and 40 tons by reducing the bottoms, and the 
three-shift day was introduced in February, 1919. 
In addition to the larger size of each heat their 
number gradually increased to 14 a week, till 
now the average steel melted per week is 325 tons 
in each 25-ton furnace, and from 410 tons to 
440 tons in the two larger acid furnaces. The 
Batho furnaces have indeed made an aggregate of 
as much as 1,050 tons in a week. The basic furnace 
through the larger volume of slag yields a lower 
output, which at first was about 374 tons per 
week, but it has now been increased up to 420 tons, 
With this improvement in output has gone an 
almost equal improvement in economy of fuel. The 
coal consumption in the Batho furnaces in 1914 
was 13-25 cwt. per ton of ingots, but by last 
year—and, indeed, for some years previously— 
it had fallen to a little under 74 cwt. By reason 
of their larger size and the easier types of steel on 
which they are generally employed, the Newhall 
furnaces show a still greater economy. In 1914 it 
used just over 11 cwt. per ton of ingots, but in 1924 
it fell to just over 6-5 cwt. The conversion of one 
of these furnaces to the Batho type, as described 
above, was followed by no falling off in the economy 
of fuel, and it may be assumed, therefore, that the 
improvement in all furnaces in that respect 
must be due, as suggested above, to improved 
working. 

Figs. 34 and 35 show respectively the mechanical 
charger and the cranes of the Newhall furnaces. 
The charging stage of the furnaces runs alongside 
the scrap yard, which is covered by 5-ton and 
a 7}-ton overhead electric cranes of 105 ft. span. 
These cranes are fitted with electro-magnets, which 
serve to unload the wagons and to fill the charging 
pans with scrap. These pans are weighed after 
loading, and placed on gantries on the edge of 
the charging platform within reach of the charger 
arms, where they are picked up and transferred to 
the furnace. The charger, which was built by 
Messrs. Babcock and Wilcox, is of the overhead 
electric slewing type with five motors, and is 
fitted with hoisting, longitudinal travelling, cross 
traversing, slewing, and bar-turning motions. Each 
motion is controlled from the operator’s cab, 
arranged at the back of the charging bar. The 
cab is fitted also with a hand-locking gear for 
locking the box to the end of the bar, so that the 
whole range of operations may be performed by 
the operator from the one point of control. 


(To be continued.) 








Cross-CHANNEL PASSENGER STEAMER “ TAMAHINE.”’— 
Recently Messrs. Swan, Hunter and Wigham Richardson, 
Limited, launched from their Neptune Shipyard the steel 
twin-screw cross-Channel passenger steamer Tamahine, 
which is being built to the order of the Union Steamship 
Company of New Zealand, Limited. The vessel has a 
length of 275 ft. and a breadth of 40 ft. Accommodation 
for some 270 first- and second-class passengers will be 
provided, and on short excursion runs it will be possible 
to carry over 900 persons. The propelling machinery, 
which is intended to impart a speed of 164 knots to the 
ship, will consist of two sets of four-crank triple-expansion 
engines, balanced on the builders’ well-known Yarrow, 
Schlick and Tweedy system. Steam will be supplied by 
two large boilers working at a pressure of 190 Ib. per 
square inch. They will be arranged for burning either 
oil fuel or coal under forced draught. The Tamahine is 
being built to the requirements of Lloyd’s highest class 
and to conform to the regulations for the Board of Trade 





passenger certificate. 
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CONSTRUCTED BY THE LEA RECORDER COMPANY, LIMITED, MANCHESTER. 
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THE LEA CUBI-METER FOR 
PULVERISED FUEL. 


THE increase which has taken place recently in the 
use of pulverised coal systems lends interest to the 
installation of Lea cubi-meters, for measuring the 
fuel consumed, which we illustrate in Figs. 1 to 3, 
above. The plant shown in these figures is installed 
at the West Bromwich Electricity Works, and is, 
we understand, the first application of the principle 
of the cubi-meter in this connection in this country. 
The pulveriser equipment, which has been supplied 
by the Fraser and Chalmers Engineering Works of 
the General Electric Company, Limited, of Erith, 
consists of two Bettington pulverisers fitted to two 
Babcock and Wilcox boilers. The cubi-meters have 
been supplied by the Lea Recorder Company, Limited, 
of 28, Deansgate, Manchester, and the location of 
these instruments, between the bunker delivery pipes 
and the pulveriser feed hoppers, will be clear from 
the three figures. The construction of the cubi-meter 
has already been described fully in our issue of August 
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31, 1923, and a brief account of their working will, 
therefore, suffice in the present instance. It will be 
recalled that the meters measure the volume of coal 
passing; and it has been found that even when dealing 
with small slack, as in this case, the error in measure- 
ment is negligible. As will be observed from Fig. 3, 
the coal is fed into a hopper, beneath which is a short 
travelling plate conveyor, driven at a suitable speed 
by an independent motor. The quantity of coal 
carried forward by the conveyor is regulated by means 
of a sliding door, which is marked “ regulating door 

in the illustration. The volume of coal passing In : 
given time will evidently be proportional to the spee 

of the conveyor and to the thickness of the layer. 
These two factors are automatically integrated by the 
recording mechanism, in order to register the volume 
of coal passing. The thickness of the layer on the 
belt is measured by means of a hinged flap, resting 
on the surface of the fuel, as shown in Fig. 3, a0 

the connection between this flap and the recording 
mechanism is by means of a link motion which 18 
shown dotted in the same figure. In the view shown 
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SNAP-GAUGE WITH DIAL INDICATOR. 

















Fie. 1. 


in Fig. 1, the hoppers and meters are partially hidden 
behind the pulveriser, but their position will be quite 
clear from Figs. 2 and 3, in which side and end 
elevations of the arrangement are illustrated. As 
already mentioned, the drive for the conveyor is 
obtained from a separate motor, the belt between the 
motor and the countershaft being visible in Fig. 1. 
From the countershaft the drive is taken by a second 
belt to the pulley shown on the meter in Fig. 2, the 
final reduction being by means of the worm and wheel 
visible in the same figure. 








THE SUBITO SNAP GAUGE. 


In our issue of February 6 last, on page 163, we 
illustrated and described an interesting form of 
dial gauge mainly designed for measuring the wear 
of motor-car and aeroplane engine cylinders. The 
special feature of the gauge, which was made by 
Messrs. Hahn & Kolb, of Stuttgart, was the method 
by which the motion of a spring plunger making 
contact with the cylinder walls was transmitted 
through a right angle to actuate the pointer of the 
dial gauge. It will be obvious, since measurements 
to within 0-01 mm. are required, that no backlash 
or looseness of the moving parts can be tolerated, 
and this was avoided by the ingenious method which 
we described at the time, of employing a rod shaped 
to form a quadrant of a circle and finished so as to 
be a nice working fit in a groove formed between two 
blocks of steel. One of the ends of the quadrantal 
rod, which are rounded, rests on the flat rear end 
of the spring measuring plunger, and the other end 
of the rod makes contact in a similar manner with 
a plunger directly connected with the stem of the 
dial gauge. Perfect contact between the ends of the 
rod and the faces of the plungers is ensured by means 
of springs, and it will be clear that, with this arrange- 
ment, any slight movement of the measuring plunger 
will be communicated to the stem of the dial gauge 
and indicated by the pointer of the latter. ; 

_ Exactly the same principle is employed in the 
Subito snap gauge which we illustrate in Figs. 1, 
“ and 3 annexed. The gauge can be used on the 
bench for measuring the deviation from the standard 
dimensions of finished parts, or it can be held in the 
hand for measuring work in a lathe or other machine 
tool. In the former application, the dial gauge 
rests flat on the table, as shown in Fig. 1, but by 
slacking off the screw shown to the left of the dial 
the latter can be turned about the axis of the stem 
into the most convenient position for reading when 
the instrument is held in the hand. As will be seen, the 
frame is fitted with an adjustable anvil at the upper 
end, opposite which is a spring plunger terminating 
in a hardened-steel ball. This steel plunger is connected 
to the stem of the dial gauge by the mechanism 
pee above and clearly illustrated in Figs. 
2 and 3. 

The method of using the instrument will probably 
be obvious from our previous description of the 
renee = gauge, but we may perhaps explain that 
or comparing a number of finished parts, a block 
gauge, or a standard part, would first be placed 
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between the upper anvil and the ball-ended spring 
plunger, the rim of the dial then being rotated 
to bring the zero of the scale opposite the end of 
the indicating pointer in whatever position it may 
have taken up. If the standard part is then removed 
and replaced by the one to be measured, the variation 
of the latter from the standard will be shown by the 
position of the pointer on either side of the zero of 
the scale. When gauging a round bar it is, of course, 
necessary to hold the fixed anvil stationary in contact 
with one side of the bar while moving the ball-ended 
plunger backwards ,and forwards in a plane at right 
angles to the axis in order to obtain a reading on a 
true diameter. The scale is graduated to read in 
hundredths of a millimetre or in thousandths of an 
inch, as required, and it will be noticed that the 
readings run from 0 to 50 units on either side of the 
zero. To read larger discrepancies from the standard 
measurement, up to 100 units, it is necessary to 
observe the direction of rotation of the pointer, 
and to enable still larger differences in dimen- 
sions to be determined the dial is provided with a 
small auxiliary hand which indicates the number of 
complete revolutions of the main pointer up to 10. 
In general, however, the discrepancies to be measured 
would not exceed a few scale divisions, and these 
are shown directly by the position of the main pointer 
on the scale. 

The instruments are made in three sizes having 
ranges from 0 mm. to 60 mm., from 60 mm. to 100 mm., 
and from 100 mm. to 160 mm., respectively, and, as 
in the case of the internal gauge above referred to, 
the agent for these in this country is Mr. Aug. E. 
Menuge, Worplesdon, Surrey. 





SPECIFICATION FOR BRASS SECTIONS FOR FORGINGS.— 
A publication entitled British Standard Specification for 
Brass Bars and Sections Suitable for Forgings and Drop 
Forgings, numbered 218—1925, has now been issued, 
and in it are given a description and the chemical 
composition of brass which complies with standard 
requirements for forging. An appendix included 
contains a dimensioned diagram of approved test pieces, 
metric equivalents of the sizes being stated in all cases. 
Copies of the leaflet may be obtained from the British 
Engineering Standards Association, of 28, Victoria-street, 
London, S.W. 1, at a price of ls. 2d. each, post free. 





Triat Trip or THE §.S. “ Karticr.”—Recently the 
general cargo steamer Kartigi, built to the order of the 
Union Steamship Company of New Zealand, Limited, by 
Messrs. William Gray and Co., Limited, of West Hartle- 
pool, ran successful trials in Hartlepool Bay. The 
vessel is constructed on the top side cantilever frame 
system and has an overall length of 292 ft. 6 in., a 
breadth of 44 ft. 3in., and a depth of 21ft.1jin. Water 
ballast can be carried in the double bottom, top-side 
tanks, and large fore and aft peaks. The superstructure 
comprises poop, bridge, and winch decks, with forecastle. 
Eight steam winches, a warping winch placed aft, 10 steel 
derricks, and 10 coaling gafis are supplied for lifting 
purposes. The propelling machinery consists of triple 
expansion engines, having cylinders 20}, 334, and 55 in. 
in diameter and of 39 in. stroke. Steam is supplied by 
two multitubular boilers operating at a pressure of 
190 lb. per square inch. Steam auxiliaries have been 
fitted by the shipbuilders. 


NOTES ON NEW BOOKS. 


THE treatise on “‘ The Principles of Thermodynamics,” 
by G. Birtwistle, which has just been published by the 
Cambridge University Press at 7s. 6d. net, is based on 
courses of lectures delivered at Cambridge during the 
past two years. The work is perhaps more acceptable 
as a reference book or as a “ coach’s’’ aide memoire 
than as a text-book for the private student. The 
author thinks in terms of mathematics rather than of 
in terms of mechanism, and his expositions suffer 
accordingly. Some of his statements, indeed, are at 
the best misleading, as they stand. Thus it is not true 
that the total heat of a gas is unaltered when it “ rushes 
through a small orifice from a higher pressure to a 
lower.” If this statement were correct the steam 
turbine would have been an impossibility. The 
“throttling process ’’ involves, in fact, a degradation 
of the original kinetic energy of the jet into heat, and 
it is only after this dissipation is complete that the 
total heat of the fluid is restored to its original value. 
Of course, the author knows this perfectly well. but 
his actual statement is well calculated to mislead even 
the clever student. It has also to be observed that no 
demonstration is attempted of many fundamental 
theorems, including Maxwell’s laws as to the dis- 
tribution of velocity amongst molecules, and of the 
equipartition of energy; nor of Boltzman’s relation- 
ship between entropy and the probable state of a gas: 
or, more important still, of Rayleigh’s proof that, 
according to the classical mechanics, the energy of 
radiation should be concentrated in the shorter wave- 
lengths. Those who require mainly a collection of 
formule and results will no doubt find the volume 
useful, and there are ample references to original 
papers. It is but seldom, however, that the pioneer 
discovers the easiest way into new territory, and we 
look to our text-books to make good this drawback. 
The field covered by the treatise is wide, and con- 
siderable space is devoted to questions of the equili- 
brium of heterogeneous mixtures. 





An interesting feature of the development of service 
and civil aviation is the progress made by the small 
nations in this method of locomotion, a fact which 
will be immediately evident from a perusal of 
** All the World’s Aircraft.” The fifteenth annual 
issue of this publication, which has just appeared, 
shows, for example, that Afghanistan is now in 
possession of an Air Force, and that Czecho-Slovakia, 
Esthonia, Finland and Poland are making considerable 
progress in both military and civil flying. Progress, 
however, has been by no means confined to the smaller 
nations, as the large section of the volume devoted 
to the British Empire clearly shows that a remarkable 
increase has been made in the size of the Royal Air 
Force and in the amount of flying done during the 
year covered by the new volume, viz., 1924. Important 
improvements, it also appears, have been made in 
the military and naval aircraft of the United States, 
but recent developments in commercial aerial transport 
in that country have been even more remarkable, 
These are all duly recorded in the volume before us, 
which, as in the case of earlier editions, is divided into 
four main sections dealing, respectively, with aero- 
nautical progress in all countries of the world, British 
and foreign aeroplanes, aeroplane engines and airships. 
There is little progress to record with regard to the 
latter, but all other sections contain much new data 
and many fresh illustrations, the object of the editor, 
Mr. C. G. Grey, being to make each edition a sequel 
to, rather than a revision of, the previous volume. 
Among the new features of the current volume, which 
is published by Messrs. Sampson Low, Marston 
and Co., Limited, price two guineas net, we note that 
a complete list of the air lines of the world has been 
included, together with a list of noteworthy long- 
distance flights, and records of speed, height, duration, 
distance flown, &c., which will doubtless be appreciated 
by users. We are also glad to notice that the names 
of individual machines and engines are now included 
in the index, as well as the makers’ names—a feature 
which will greatly facilitate reference. 





A number of books have appeared recently on electric 
vehicles which appear to have been written more with 
the object of stimulating interest in the subject, than 
as works of reference for those who are concerned with 
the design or utilisation of such vehicles. A typical 
example of a book of this sort, written by Professor 
Umberto Tucci, has been published by Messrs. Ulrico 
Hoepli, Milan, under the title of ‘‘ L’Elettromobile.” 
The price of the book is 15 lire. The contents are 
divided into four parts, and only the last two of these 
can be described as relevant to the subject. The first 
part deals in an elementary manner with natural 
philosophy, and is made up largely of tables embodying 
such data as square and cube roots, the circumference 
and areas of circles, chemical symbols, and a variety of 





other matter which can be readily found elsewhere. 
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The claim for the inclusion of the second part of the 
book is even more slender, as it consists of a discussion 
of the possibilities of utilising natural water-power 
resources. The third part deals with the various types 
of electric vehicle available, and gives a certain number 
of constructional details; while the last part covers 
traction accumulator development and construction. 
The treatment in the latter parts, which constitute the 
justification for the title, is clear and adequate for 
the presumed purpose for which the book is intended. 
The illustrations, of which there are a large number, 
might well have been cut down, as many of them are 
of the type which convey no useful information what- 
ever. A diagrammatic view of a petrol vehicle is 
shown in comparison with a battery vehicle, and the 
lack of thought devoted to the illustrations is typified 
by the fact that the former shows a four-cylinder engine 
with the cranks at 90 deg. 





The Centenary of British railways recently celebrated 
at Darlington lends interest to a new book by Mr. 
Slason Thompson entitled ‘‘A Short History of American 
Railways,” published by the Bureau of Railway 
News and Statistics at the price of 2 dols. Mr. 
Slason Thompson, apart from his previous works 
on American railways and _ railway valuations, 
is well known as the editor of the annual Railway 
Statistics of the U.S.A., which yearly gives valuable 
statistics much in advance of the official Govern- 
ment reports. In reviewing a progress of a hun- 
dred years, it is a somewhat difficult matter to place 
each progressive step in its correct chronological 
position, The author has wisely divided his period 
into decades, and selected for notice the outstanding 
events and improvements which are most likely to be 
of general interest, or which have proved of lasting 
influence. Conditions in America have always been 
widely different from those existing in this country, 
where railways from the beginning have been under 
the regulation of Parliament. In America the railway 
companies had an altogether free hand until a form of 
Government control was introduced in 1887. Another 
difference lies in the fact that railways were used in 
this country to couple up existing towns and cities, 
whereas in many cases the American railways were first 
laid down and the cities sprung up afterwards round 
the stations. This initial freedom has had its effect on 
American railways, as lines were laid on a straighter 
alignment and easier gradients were often possible. 
With the longer runs an earlier call was also made for 
larger and faster engines, and larger rolling-stock to 
deal with the heavy export traffic of grain to the 
seaports. American railways were by no means 
without rivals in the matter of transportation, as the 
large rivers and lakes offered many facilities for the 
successful development of canals and water transport. 
The freedom of the railways also led to the adoption 
of a wide medley of gauges, and later many of the lines 
had to be relaid and the rolling stock scrapped. The 
construction of the first American railway was com- 
menced in 1828, and the first engines were brought 
from England and delivered in 1829. Among the early 
American builders occurs the name of Baldwin, founder 
of the firm of that name, who have continued manufac- 
turing uninterruptedly down to the present day, while 
another American engineer whose early inventive 
genius has had a bearing on all railways was Westing- 
house, the inventor of the pneumatic brake. The 
demand for greater comfort for passengers was more 
imperative on the American railways, owing to the 
long distances compassed, and this gave opportunity 
to Mr. G. M. Pullman, who first converted two old 
carriages placed at his disposal into ten comfortable 
sleeping compartments. The immediate success which 
these cars met with led to the building of the first 
original Pullman cars, which were a foot wider and 
30 in. higher than the old cars. These increased 
dimensions had an important bearing on railway 
construction, for after they had been approved of, 
all stations, platforms, and bridges were built to conform 
to their standard. During the years of the American 
Civil War the railways played no small part in the 
activities of both sides; bridges, culverts, and lines 
were destroyed, rebuilt, and again destroyed many 
times. A gallery of photographs of eminent American 
engineers with an interesting pen portrait of their 
careers is appended. Apart from the numerous illus- 
trations of the book, which alone are history in them- 
selves, the author is to be congratulated on the facile 
way in which the bald facts have been joined together 
to form this comprehensive survey. 

Technical literature for the many and within the 
competency of most young students to purchase has 
been enriched by a recent work on ‘ Mechanics 
and Applied Mathematics,” by W. D. Hills, B.Sc. 
(London), and published by the University of 
London Press (Limited), 17, Warwick-square, E.C., 
at 4s. net. The author has a first-hand knowledge of 
the requirements of young students of mechanics 





and applied mathematics, as Senior Master of Applied 
Mathematics and Mechanics at the Grammar School, 
Dartford, Kent. The present is the first volume and 
Part I of a two-volume work, and discusses ‘‘mechanics”’ 
for students of the matriculation course of the London 
University and similar standards of examination. 
Part II, the companion second volume, will deal with 
‘“* Applied mathematics,” and will complete the course 
for the Intermediate examination. The 18 chapters of 
the present volume of 237 pages are followed by 
questions and problems in the subject-matter of the 
chapters, and answers are given in an appendix. This 
feature, no doubt, will be appreciated by examination 
students, to many of whom the cost of a separate 
publication giving the answers suffices to counteract 
the stimulating effect intended. The questions, too, 
in this volume, obviously, are the sort that students 
should be expected to cope with, being of a more than 
usually practical nature. A supplementary and useful 
feature is an appendix of logarithmic tables, preceded 
by a short explanation and examples of the function 
of “logs.” The book would be improved if space 
could be found for an explanatory treatment of the 
slide rule and its function as a ready-reckoner and 
time-saver for the practical engineer. The subjects 
are treated in the following order: dynamics, statics, 
and hydrostatics ; and there is no stint of illustrations 
and graphs. Many of the mechanical appliances illus- 
trated in this connection were made in the School 
workshop. One may express the hope that this sort of 
practical co-operation may be extended so as to include 
specimens of more advanced mechanism. The text- 
book will appeal to the student who is keen on the 
practical application of principles, and in this respect 
contrasts greatly with older works, which often gave 
very little encouragement to the belief that the matters 
they discussed were of everyday importance. The 
little work is undoubtedly helpful and practical, and 
a good recommendation for the quality of the teaching 
and studentship at Dartford Grammar School. 





BOOKS RECEIVED. 


A Graduated Course in Strength of Materials. Vols. I 
and II. By Epwarp Percy Coston, B.Sc., B.Eng. 
London : Scott, Greenwood and Son. [Price 10s. 6d. 
net each volume. ] 

Mercury-Arc Rectifiers and Mercury-Vapour Lamps. 
By J. A. Fiemine, M.A., D.Se., F.R.S. London: 
Sir Isaac Pitman and Sons, Limited. [Price 6s. net.] 

Bau und Betrieb moderner Konverterstahlwerke und Klein- 
bessemereien. By HuBERTHERMANNS. Halle (Saale): 
Wilhelm Knapp. [Price 13-50 gold marks. ] 

Handbook on Boiler Making. By KENNETH MORRISON. 
London: Constable and Co. [Price 3s. 6d. net. ] 





SwansEA MetaL ExcHANGE MARKET ReEportT.—The 
market report of the Incorporated Swansea Exchange 
for the week ended August 25, 1925, states that, though 
the tinplate market is still in an unsatisfactory con- 
dition, there was a slight improvement in the amount 
of business transacted during the week, and prices had 
a firmer tendency. The prices of galvanised sheets 
remained unchanged. Tinplates, I.C., size 20 by 14, 
sold at 19s. to 19s. 3d. per 112 sheets. 


PowER-OPERATED REAMER DRIve.—A useful machine 
for firmly gripping and operating reamers is at present 
being manufactured by the George H. Blettner Company, 
of Chicago, Ill., U.S.A. This machine consists of a 
chuck mounted on a spindle, the latter being geared with 
the shaft of a }-h.p. Westinghouse’ electric motor. 
Reamer shanks up to 1} in. in diameter can be accom- 
modated in the chuck. The device is sufficiently powerful 
te remove 0-020 in. stock with each pass of the reamer, 
from bronze bushings up to 1} in. in diameter, and 
possesses the advantage of being easily moved about, since 
the total wefght does not exceed 80 lb. The gearing, of 
the balanced reduction type, allows of a regular running 
speed of 38 r.p.m. being obtained, and is entirely enclosed 
in the casing. The machine occupies a space 15 in. long 
and 7 in. wide on the bench. 





Farauities In U.S. Mines DvE TO ExPLosivEs.— 
Statistics compiled by the United States Bureau of 
Mines show that during the past 13 years mining 
accidents due to the use of explosives have caused from 
2-6 to 5-8 per cent. at all fatalities at bituminous coal 
mines, 4-1 to 9-6 per cent. at anthracite mines, 8-7 to 
14-2 per cent. at metal mines, and 13-6 to 27-3 per 
cent. at quarries in that country. The first figure given 
in each case is the lowest of the yearly figures returned 
over the period considered, and the last figure is the 
highest returned in any of these years. Only 1-1 to 
2 per cent. of all injuries at metal mines, and from 
1-7 to 6-3 per cent. of those at quarries, have been due 
to the use of explosives. Fatalities to underground 
employees in coal mines since 1911, omitting 1919, 
show that 37 to 61 per cent. occurred at the anthracite 
mines in Pennsylvania, which produced from 11 to 18 per 


cent. of the coal mined in the United States. The 
anthracite mines usually consume from 52 to 68 per cent. 
of all dynamite and other high explosives used at the 


coal mines in the country. 





TESTS OF SOME RUST-PREVENT- 
ING MATERIALS SUITABLE FOR 
THE PROTECTION OF STORED 
MACHINERY. 


In the article upon this subject, giving the results 
of the investigations by the Engineering Board of the 
Department of Scientific and Industrial Research, 
which appeared in our issue of July 31, pages 123- 
125 ante, the following statement was made with 
regard to the use of pure benzene as a solvent for 
lanoline : 

“Although not so inflammable as petroleum spirit 
or petrol, pure benzene requires care in use, but its 
vapour does not appear to be so harmful as that given 
off by commercial benzole.” 

The Board wish, however, to call attention to the fact 
that benzole and pure benzene are equally harmful to 
health, according to the experiments of Santesson (see 
‘Industrial Poisoning.”” Rambousek. Page 205); and 
the use of benzole has been shown by later experiments 
to be dangerous to health unless proper precautions 
are taken. A high standard of ventilation, with 
extraction at floor level, should be maintained in 
rooms in which benzole or benzene are used, and in 
common with many other solvents benzole and benzene 
should not be used at all in confined spaces. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Cleveland pig iron is in 
only very moderate demand, and though output is 
limited and stocks low, values are distinctly easy. Conti- 
nental competition in markets abroad is as keen as 
ever, and home consumers of foundry pig are buying 
a little foreign iron. There are sellers of No. 1 at 73s. ; 
No. 3 g.m.b. is quoted 69s.; No. 4 foundry is on sale 
at 68s. ; and No. 4 forge is put at 67s. 6d. 


Hematite.—East Coast hematite prices are well main- 
tained, producers being in quite a strong position after 
recent considerable sales which have necessitated sub- 
stantial withdrawals from stocks. With their hands 
thus strengthened they are inclined to advance quota- 
tions, and whilst Nos. 1, 2 and 3 can still be bought 
at 75s. 6d., up to 76s. 6d. is asked. No. 1 is quoted 
sixpence above mixed numbers. 





Foreign Ore.—Imported ore is as unsaleable as ever. 
Consumers are understood to have got well through 
their stocks, but they are not forced to buy as they 
have heavy overdue deliveries to take up against old 
contracts. Nominally, market rates remain on the basis 
of best rubio at 20s. c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is 
little sought after for local use, and prices are weak. 
Good average qualities are on sale at 19s. delivered 
here. 


Manufactured Iron and Steel_—Works have resumed 
operations after the local annual holidays, and in one 
or two departments a fair number of contracts have to 
be worked off, but several branches are characterised 
by slackness. Quite a lot of constructional steel is 
being turned out, rail makers are moderately well 
employed, and galvanised sheet producers are very busy. 
Prices are irregular. The following may be given as 
among the principal market rates: Common iron bars, 
1ll. 12s. 6d.; iron rivets, 137. 10s.; packing (parallel), 
8l.; packing (tapered), 111. ; steel billets (soft), 7/. 10s. ; 
steel billets (medium), 8/.; steel billets (hard), 9. ; 
steel boiler plates, 127. 10s.; steel ship, bridge and tank 
plates, 8/.; steel angles, 7/. 15s.; steel rivets, 131. ; 
heavy sections of steel rails, 8/. 10s.; and galvanised 
corrugated sheets (24-in. gauge, in bundles), 16/. 10s. 





WastTE WATER AND MuD FROM THE RUHR COLLIERIES. 
—In the Ruhr district the treatment of the waste and 
refuse from the collieries and the coke works, &c., con- 
nected with them is left to the Emschergenossenschaft 
(Emscher Association); the Emscher is one of the 
rivers of the district. This association deals with 
domestic and industrial refuse, except the waste waters 
from blast furnaces and coal washeries and the phenolic 
and tarry waters from by-products plants, which have to 
be rendered innocuous by the respective works before 
they may be discharged into the Emscher. In the 
ordinary water treatment the coal dust is first recovered, 
largely by flotation; but the drying of the oily scum 
obtained is not yet quite satisfactory. In several places 
the mud is continuously or intermittently pumped from 
the settling tanks and dehydrated, finally being treated in 
presses, without addition of binders at 40 atmospheres, 
yielding a fair fuel containing up to 20 per cent. of —— 
The phenols, cyanides and sulphur cyanides of ammoniacal 
liquors still cause much trouble, especially to the fens 
Fowler biological purification requiring rather — 
installations, the phenols are now extracted by means 0 
benzene in apparatus made by the Barnag-Moquin an 
the Posseyer works, and the last traces in the water = 
destroyed by the bacteriological process of Bach. +8 
waters are first passed through traps which form large 
basins. The various basins and tanks can deal wit 
40,000 tons of mud annually, yielding about 65 per cent: 
of combustible material. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel_—Despite considerable activity in some 
of the lighter branches, there is no indication of improve- 
ment so far as raw and semi-finished materials are 
concerned. On all sides purchases are at a minimum 
level, and though efforts are being made to stimulate 
confidence, there is no disposition to lay in stocks of iron 
and steel, or to enter into such commitments for future 
delivery as will give furnaces a reasonable prospect of 
steady work. There is a lot of iron and steel plant 
unoccupied or working spasmodically. The general 
trend of prices continues downward, despite frequent 
complaints of unprofitable production. Official quota- 
tions embodying the latest revisions are as follows: 
Hard basic steel billets, 91.; soft basic steel billets, 
7l. 15s.; West Coast hematites, 4/1. 10s.; East Coast 
hematites, 3/. 17s. ; Lincolnshire and Derbyshire No. 3 
iron, each 37. 10s.; Lincolnshire and Derbyshire forge 
iron, each 31. 5s.; bars, 127. 10s.; and sheets, 15/.—in 
each case per ton delivered at local works. The scrap 
position appears to be going from bad to worse. Tran- 
sactions are greatly restricted even in face of recent 
substantial reductions. Supplies are more than adequate 
to meet the reduced needs of steelmakers, who in most 
cases are buying only to cover current output. Pro- 
duction of open hearth and acid steel continues round the 
level of a month ago. Makers of high-speed and other 
special steels are doing good business with British 
engineers, but, owing mainly to increased tariffs and 
currency obstacles, make little headway in foreign 
markets in which a considerable demand formerly existed, 
Sales of colliery equipment are suffering from the un- 
settlement in the coal trade. Wagon builders are badly 
in need of orders. More active lines are those devoted to 
the production of railway carriage furnishings, builders’ 
ironwork, constructional parts for motor cars, and, in a 
lesser degree, engineers’ castings. 

South Yorkshire Coal Trade.—The present period 
maintains its reputation for being one of the slackest in 
the year as far as coal sales are concerned. A fair 
tonnage of best steams is moving inland, but export 
business is distinctly dull and collieries are again facing the 
problem of dealing with excess output. An improvement 
is anticipated next month. Cobbles and nuts are easier, 
and there is less inquiry for washed fuels. Stocks of 
house coal are accumulating at depots owing to paucity 
of orders. Quotations: Best hand-picked branch, 31s. 
to 34s.; Barnsley best Silkstone, 27s. to 29s.; Derby- 
shire best brights, 22s. 6d. to 25s. 6d. ; Derbyshire best. 
house, 22s. to 24s.; Derbyshire best large nuts, 18s. to 
20s.; Derbyshire best small nuts, 12s. 6d. to 14s. ; 
Yorkshire hards, 18s. to 22s.; Derbyshire hards, 18s. 
to 22s.; rough slacks, 10s. 6d. to 13s.; nutty slacks, 
8s. 6d. to 9s. 6d. ; smalls, 3s. 6d. to 5s. 6d. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—An indication of the depressed 
condition of the Welsh coal trade may be gathered from 
the fact that exports of coal and coke from the principal 
South Wales docks in the eight months ended August 9, 
amounted to only 16,740,125 tons, compared with 
19,365,092 tons in the corresponding period of last year, 
and 23,867,152 tons in the first eight months of 1913. 
Compared with a year ago, the coal and coke trade shows 
a decline of 2,624,967 tons, and with the year 1913-14 
7,127,027 tons. Shipments from Cardiff were reduced 
from 4,777,290 tons in 1924 to 4,074,752 tons this year ; 
at Swansea from 1,986,523 tons to 1,924,848 tons; at 
Newport from 3,581,813 tons to 3,332,098 tons; at Barry 
from 5,749,698 tons to 4,562,511 tons; at Port Talbot 
from 1,391,309 tons to 1,252,319 tons; and at Penarth 
from 1,878,459 tons to 1,593,597 tons. The anthracite 
trouble has been settled and the men have returned to 
work. Of the 20,000 who came out on strike less than 
half have been able to make an immediate start, as it 
will be some time before the damage done to the pits 
during the stoppage can be repaired. The general 
demand for steam coal remains as quiet as ever, and, 
though temporary stoppages are frequent and numerous, 
the reduced output is still ample to meet the demand. 
Since the beginning of the month selling prices have 
fallen 2s. 6d. to 58. per ton, yet business is not being 
attracted and buyers appear indifferent as to whether 
they take supplies or not and are still discounting 
quotations which are on the basis of 24s. 6d. to 25s. for 
best Admiralty large, and 12s. 6d. to 13s. for best steam 
smalls, The commercial committee of the South Wales 
Coal-owners’ Association have considered the question 
of the subsidy and contracts, as contractors have been 
asking for a cancellation of contracts or amended prices. 
Che owners take the view that, as the subsidy is given to 
wages, it does not entitle the contractors to claim the 
protection of the Government direction clause, and the 
coal-owners have been advised to insist on the fulfilment 
of contracts at the stipulated prices. » Exports of coal 
as cargo foreign from South Wales last week amounted 
to 309,390 tons, compared with 284,320 tons in the 
previous week. Shipments from Cardiff totalled 203,500 
tons, from Newport 67,500 tons, from Swansea 14,530 
tons, and from Port Talbot 23,860 tons. Exports to 
Argentina amounted to 58,050 tons, to Brazil 28,050 tons, 
to Egypt 14,600 tons, to Italy 40,650 tons, and to Spain 
20,930 tons. Mr. Henry G. Lewis and Mr. D. G. Hall, 
of Messrs. Hall, Lewis and Co., Limited, Cardiff, have 
purchased the Brynhenllys Colliery, owned by the Bryn- 
henllys Colliery Company, Limited, for approximately 
100,000/. The property is situated at Gwys, Breconshire, 
and has an output of about 150 tons of best anthracite 
coal per day, giving employment to about 300 men. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 21,355 tons, against 21,880 tons in the 
previous week. Shipments of tin plates and terne plates 
totalled 11,988 tons, against 7,261 tons; black plates 
and sheets to 3,423 tons, against 3,564 tons; galvanised 
sheets to 5,176 tons, against 3,938 tons ; and other iron 
and steel goods to 768 tons, against 7,127 tons. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade have varied little over the week. The reduction 
of 20s. per ton in the price of boiler plates has failed to 
bring out much fresh business as yet, but it is hoped that 
it will tend to stimulate buying very soon. Consumers 
are meantime not in a position to order much forward, 
and it will be a little time before the reduction may bring 
forth fruit; ship plates and sections are moving very 
slowly, but structural material overall is just a shade 
better. Active conditions continue in the black sheet 
trade, and a goodly tonnage has been fixed up for the 
Far East among other places. Producers are all fairly 
well booked forward, and particularly so for galvanised 
sheets, which are higher in price and have an upward 
tendency. Quotations except for sheets, which are 
firmer, are nominally unchanged and are as follows :— 
Boiler plates, 11/. 10s. per ton; ship plates, 8/. 10s. per 
ton; sections, 81. per ton; and sheets, ~ to 4 in., 11. 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable-iron trade there has been little movement, and 
certainly no improvement during the past week. Con- 
sumers are only specifying for their bare requirements, 
and none seem p Me nse to fix anythingforward. Inquiries 
are of a limited nature and do not point to the approach 
of any revival in business. Re-rolled steel branches are 
a trifle better, but orders are only secured with very 
keen prices. Crown bars are quoted ‘without change 
at 111, 12s. 6d. per ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—In the local pig-iron trade 
very little business is passing as buyers are few, and 
inquiries are not encouraging. The output at present 
is small, but despite that stocks are gradually increasing. 
Deliveries to home consumers are on a small scale, while 
the export trade continues to be exceedingly poor. The 
current prices are barely steady and are being shaded 
when required to secure anything on offer. The 
following are the market quotations :—Hematite, 
41. 2s. 6d. per ton, delivered at the steel works ; foundry 
iron No. 1, 41. 4s. 6d. to 41. 7s. 6d. per ton, and No. 3, 
4l, 2s. to 41. 58. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 22, amounted to 612 tons. 
Of the total 584 tons went overseas and 28 tons coast- 
wise. For the corresponding week of last year the 
figures were 617 tons to foreign destinations, and 77 tons 
coastwise, making a total shipment of 694 tons. 





CALIBRATION OF CARBURETTOR JETS.—The absence 
of an agreed standard of reference as a basis for marking 
carburettor jets has led to a diversity of practice as 
between different makers in the past, and the difficulties 
experienced by users due to this cause have been accen- 
tuated by the difference in performance of similarly 
marked jets. At the request of the Air Ministry and other 
users, the British Engineering Standards Association have 
taken the matter up, and have now issued a specification 
on a flow basis. The Association recommends that the 
standard method of calibrating commercial carburettor 
jets be by the comparison of the flow of petrol at 60 deg. F. 
through the jet, with the flow through a reference jet. 
It is suggested that all reference jets should be calibrated 
upon the standard master jet calibration machine which 
has been installed at the National Physical Laboratory, 
and be marked by the Laboratory Authorities with the 
laboratory monogram, the year of calibration, a reference 
number, and the flow in cubic centimetres per minute. 
Full particulars of the standard method of calibration 
are given in publication No. 5030-1925 of the British 
Engineering Standards Association. 





TENDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, S.W.1, has announced 
that the Administration of the South African Railways 
and Harbours invites tenders, to be presented in South 
Africa by October 22, 1925, for the supply of approxi- 
mately 324 short tons of antifriction grease.—The 
Ministry of War, Brussels, invites tenders for the supply 
of 4,500 km. of field telephone cable. Offers, whic 

will be examined on September 23, 1925, should be 
addressed to the Directeur Général de la 3e Direction 
Générale du Ministére de la Défense Nationale, 10, rue 
du Méridien, Brussels—The Egyptian Quarantine 
Board invites tenders, to be oul at Alexandria by 
October 30, 1925, for two petrol engined motor boats and 
two similarly fitted ocean patrol boats.—Tenders are 
invited for the supply of materials for and the construction 
of the Matahoura and Waikoan bridges on the Napier- 
Wairoa Railway, New Zealand. Offers must be pre- 
sented by November 17, 1925, at the offices of the Public 
Works Department, Wellington.—The Christchurch 
Drainage Board, New Zealand, invites tenders, to be 
presented not later than January 5, 1925, for the supply, 
delivery, and installation of three electrical centrifugal 
sewage pumping plants. All inquiries regarding these 
tenders should be addressed to the Department of 
Overseas Trade. 


NOTICE OF MEETING. 


THe InstirvuTe or Merats.—Autumn meeting, 
Tuesday, September 1, Wednesday, September 2, and 
Thursday, September 3, at the Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. Tuesday, September 1, at 8 p.m., Fourth 
Autumn Lecture, by Sir John Dewrance, on “ Education, 
Research, and Standardisation.”” Wednesday, September 
2, at 10 a.m., General Meeting ; papers to be read and 
discussed: ‘‘ Colloidal Separations in Alloys,” by 
Professor J. H. Andrew and Mr. R. Hay. “The 
Influence of the Time Factor on Tensile Tests Conducted 
at Elevated Temperatures,”’ by Mr. J. S. Brown. “‘ Zinc- 
Cadmium Alloys: a Note on their Shear Strengths as 
Solders,” by Mr. R. B. a ** Thermal Conductivities 
of Industrial Non-Ferrous Alloys,”’ by Mr. J. W. Donald- 
son. “On the Constitution of Zinc-Copper Alloys 
containing 45 to 65 per cent. of Copper,” by Dr. Marie 
Gayler. ‘The £-Transformations in eee 
Alloys,”’ by Dr. J. L. Haughton and Mr. W. T. Griffiths. 
“The Physical Properties of the Copper-Cadmium Alloys 
Rich in Cadmium,” by Mr. C. H. M. Jenkins. Thursday, 
September 3, at 10 a.m., ‘‘ The Effect of Low-Temperature 
Heating on the Release of Internal Stress in Brass Tubes,”’ 
by Messrs. R. J. Anderson and E. G. Fahlman. “ Passi- 
fication and Scale Resistance in Relation to the Corrosion 
of Aluminium Alloys,’ by Mr. L. H. Callendar. ‘‘ The 
Influence of Pouring Temperature and Mould Tempera- 
ture on the Properties of a Lead-Base Anti-friction 
Alloy,” by Professor O. W. Ellis. “‘The Effect of 
Temperature on the Behaviour of Metals and Alloys in 
the Notched-Bar Impact Test,” Dr. R. H. Greaves 
and Mr. J. A. Jones. ‘“‘ On the Constitution of Alloys 
of Aluminium, Copper, and Zinc,” by Dr. D. Hanson 
and Dr. Marie Gayler. ‘‘The Properties of Some 
Aluminium Alloys,” by Dr. H. Hyman. ‘“ The High 
Temperature-Tensile Curve: (a) Effect of Rate of 
Heating; (6) Tensile Curves of Some Brasses,” by 
Mr. D. H. Ingall. ‘‘ The Primitive Copper Industry of 
America,”” by Mr. G. B. Phillips. ‘‘ The Alpha-Phase 
Boundary in the Copper-Tin System,” by Dr. D. 
Stockdale. 





Inp1AN Surprpinc.—The tonnage of vessels entering 
British India and cleared outwards with cargoes from 
and to foreign countries and British Possessions during the 
month of June, 1925, amounted, respectively, to 568,000 
and 718,000, as against 564,000 and 734,000 in May, 1925, 
and 517,000 and 680,000 a yearago. The tonnage entering 
and cleared from British India during the three 
months ending June, 1925, was 1,706,000 and 2,167,000 
respectively, as compared with 1,701,000 and 2,115,000 
in the corresponding period last year. 


THE Kaye Ort Freper.—The firm of Messrs. Joseph 
Kaye and Sons, Limited, of Lock Works, Leeds, may be 
included in a small group of old-established British 
concerns, whose products are to be found in all parts of 
the civilised world. There can, in fact, be few practical 
engineers who are not familiar with the oil feeders, 
distinguished by their serrated joints and the letter 
“K” on the sides, which are manufactured by this firm. 
Such a position is only achieved by a firm having an 
output of the highest —— and that this is being fully 
maintained will be admitted by anyone who examines 
the latest oil-feeder which Messrs. Kaye have put on the 
market. The new oil can is of the forced-feed type, 
which is replacing the older gravity feeder for many 
purposes. A spring-return —— pump is inserted in 
the body of the oil can, which feeds direct into the spout, 
and this pump is operated by a straight plunger termi- 
natingin a thumb-button in the usual position. Asteady 
pressure on this button ensures a jet of oil being forced 
instantly to the spot where it is required. The body 
and top of the feeder are formed from steel pressings, 
joined together with the maker’s standard serrated joint. 
The handle is riveted to the body, and the spout is 
double-wrapped by a process which results in it 
being practically seamless. Various sizes of the feeder 
are manufactured, varying from 4 to 2 pints in capacity, 
and these may be obtained in either steel, polished 
copper, or brass. It is interesting to note that Messrs. 
Kaye have just received a considerable order from the 
Admiralty for oil-feeders of this type. 





ProcressivE New ZEeALAND.—The British Empire 
Exhibition at Wembley has undoubtedly been of immense 
service in providing vivid and accurate information on 
the trade, social conditions, and future possibilities of 
the Empire. In the case of New Zealand, progress 
in the widest sense has been so rapid within the last 
half century, that it is not surprising that an exhaus- 
tive and substantial volume dealing with every phase of 
national life of that country and endorsed by the highest 
authorities, should have been considered an advisable, 
indeed necessary, adjunct to the Wembley pavilion. 
“Progressive New Zealand” is the title under which 
such a work has been published by Mr. Vivian E. Page, 
of 202, Hereford-street, Christchurch, N.Z. In it is 
contained a large number of illustrated articles which 
give much information on the geography, history, 
trade, and life of the country. The principal pursuit 
of the people is, of course, agriculture, and consequently 
a considerable part of the book is devoted to an account 
of this subject from many viewpoints. The growth of 
industry is fully dealt with, while the mineral resources 
are detailed in an easily-assimiliated and interesting 
manner. Power is largely supplied by hydro-electric 
installations, and the great developments impending in 
this direction and in irrigation works are described. 
Short notes on the principal cities and ports, including the 
dock facilities available at the latter are provided. 
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HYDRAULIC POWER. 


Ir is curious how history repeats itself. Engineers 
built effective and fairly efficient steam engines 
long ere the science of thermodynamics had its 
foundations laid, and to-day hydraulic engineers 
are constructing very satisfactory turbines guided 


‘lonly by theoretical considerations of the most 


general character. Mathematical hydrodynamics 
has been marvellously developed, but for the most 
part these elaborate studies have been quite useless 
to the water-power engineer. Indeed, it has been 
said that the science of hydrodynamics is that which 
has no reference to the motion of real fluids. To 
some extent this reproach has been removed by 
the discovery that aeroplane support is due to 
“circulation ” round the wing, and it is of interest 
to note that this conclusion was first brought 
forward by an engineer, and not by the physicist. 
As matters stand, no corresponding advance has 
been made in the mathematical theory of the 
turbine and centrifugal pump. What we do know 
is that the losses are far greater than can readily 
be accounted for by ordinary pipe friction, and the 
proportioning of both is based largely on empirical 
co-efficients devoid of any really rational basis. 
One important point seems, however, to have 
been definitely established, viz., that Froude’s 
law of comparison is accurately applicable to 
geometrically similar turbines. This in itself is 
sufficient to show that losses by surface friction 
must be relatively small, and the major portion of 
the waste of energy is accordingly to be attributed 
to discontinuities in the motion of the fluid. Froude’s 
law, in fact, applies only when the losses are pro- 
portional to the square of the velocity, and this is 
not the case with true surface friction. Where the 
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latter is important the§law of comparison becomes 
more complicated, and, as is well known, tank - 
experiments on ship resistance require a correction 
Apparently no such correction 
is required in the case of turbines. At the World’s 
Power Conference last year, Dr. Thoma, of Munich, 
was very definite on this head, and at the recent 
Grenoble conference particulars were given of 
many experiments confirming this. This is fortu- 
nate, as it makes it possible to proportion machines 
of the largest size on the basis of small-scale experi- 
ments. Thus, in the case of the very large turbines 
of the propeller type (developing each some 
10,000 h.p. under a 22-ft. head) installed at the 
Lilla-Edet power station by the Swedish govern- 
ment, preliminary tests were made with models 
lm. in diameter, the full-sized wheels being 
19 ft. 8 in. in diameter. In such experiments care 
must, however, be taken that the conditions of 
geometric similarity are not violated. As actually 
constructed turbines with small runners have 
often proportionately thicker vanes than larger 
turbines of the same general type. Strictly 
speaking, perfect geometric similarity would imply 
that the model should be given a smoother 
surface than the full-sized wheel, but if Froude’s 
law applies as accurately as reported, this refine- 
ment should be unnecessary. 

The striking feature of recent developments in 
hydraulic power station practice has been the 
introduction of the propeller type of runner. This 
has been brought about by the desire to generate 
large powers under low heads. For such heads, 
reaction wheels alone are suitable, but with the 
well-established types of but a few years back, 
a large power under a low head meant slow speeds 
of rotation and correspondingly heavy and costly 
electric generators. 

According to Mr. J. P. Hogan, M.Am.Soc.C.E., 
with a 30-ft. head a Francis turbine developing 
1,330 h.p. would run at 170 r.p.m. A 10,800 h.p. 
unit would, however, have to run at but 55 r.p.m. 
Steam turbines of nearly double this output have, it 
should be noted, been run at 3,000 r.pm. The 
difference in generator costs is thus very great, and 
in fact it was commercially impracticable to develop 
really large powers under low heads with the older 
type of turbine. It is still costly, since the intro- 
duction of the propeller type of wheel has not done 
much more than double or at best quadruple the 
“specific”? speed of the turbine. The method 
by which the change to the high-speed type 
has been brought about affords an interesting 
illustration of the engineer’s habit of proceeding by 
small steps at a time. The vortex wheel of James 
Thomson (the elder brother of Lord Kelvin) was a 
purely radial flow machine. Its success led to the 
development of the Francis turbine in America, 
in which the water entered the wheel radially and 
was delivered from the vanes in an axial direction. 
This Francis wheel was for long the standard re- 
action turbine. When the demand arose for 
higher specific speeds the first step taken was to 
increase the interspace between the guide blades 
and the runner. In the annulus thus provided the 
water behaved as in a “ free circular vortex,” and 
automatically increased its tangential speed as it 
moved in towards the vanes of the runner. The 
speed of the latter could therefore be increased. 
By further successive steps the vanes of this runner 
were modified until the propeller type of wheel was 
at length arrived at. The advantage gained is that 
a high efficiency can be combined with a speed of 
revolution about twice as high as was practicable 
with the most speedy of its predecessors. The 
drawbacks accompanying the change have been a 
great reduction in the range of load over which a 
high efficiency is secured, and the necessity of 
providing very carefully designed draft pipes. 
Such pipes are now commonly constructed as 
what is known as “ hydrocone regainers,’’ which 
in essentials embody the features of the diffuser, 
introduced many years ago by Messrs. C. A. Parsons 
in connection with their turbine blowers. 

All these modern propeller-type turbines are 
fitted with the movable guide blades, which formed 
one of the most notable peculiarities of the original 
Thomson vortex wheel. The system was not gener- 
ally retained in the Francis turbine on account of 
































































its relatively high first cost, but it is of interest 
to note that its intrinsic merits have compelled 
its reintroduction into modern turbine practice, 
though few seem to know the name of the originator. 

In this country, unfortunately, we are but ill- 
provided with opportunities for developing water 
power on a large scale. At best it would seem 
that not more than some 375,000 h.p. are com- 
mercially available, whilst our power requirements 
are of the order of 7,000,000 h.p. per annum. 

The development of tidal power might, no doubt, 
add largely to our “ white coal” resources, but it 
has not yet been shown that this is practicable, 
and the difficulties are not wholly economic. The 
introduction of the propeller-type of turbine has 
increased the prospects of success, as with it the 
cost of developing low heads is very materially 
reduced. Tidal heads are, however, not merely 
low but varying, and this complicates the problem. 
Possibly the Kaplan type of runner might have 
advantages here. In this type the blades are 
movable and can be “feathered,” an arrangement 
which makes it possible to maintain a high efficiency 
over a much wider range of load than with fixed 
blades, and some similar advantage should attach 
to the system if applied to varying heads. As 
matters stand, however, there seems little prospect 
of any very large extension of hydro-electric power 
plants in this country. We must for the most part 
continue to rely on coal, and as is well known very 
striking advances have been made of late years in 
increasing the efficiency of steam plants. 

Although the home market for turbines cannot 
be very large owing to the lack of suitable natural 
conditions there is a wide field open in the 
rest of the Empire, and there is no good reason 
why the machinery required should not be made 
here rather than on the Continent or in America. 
This desideratum, however, will certainly not be 
forwarded by buying up foreign drawings and 
patents. If we have not sufficient enterprise or 
ability to develop our own designs we shall 
deserve to be beaten in the competition. 








THE BOILER CLAUSES OF THE 
PROPOSED FACTORY ACT. 


THE Home Office, in preparing the draft of the 
new factory bill, took into consultation the principal 
boiler insurance companies, but omitted from their 
conference the Manchester Steam Users Association, 
which has been the principal pioneer in improving 
the design of land boilers. The Association was 
founded by Fairbairn seventy years ago, when 
boiler explosions were frequent and looked on as 
inevitable, and when coroners juries accepted the 
evidence of “experts” that explosions might 
occur with the safest of boilers, and were to be 
regarded, more or less, as an “‘ act of God ” very much 
in the same way as damage by lightning. At the date 
in question boiler insurance was illegal, but owners 
were greatly concerned at these frequent explosions. 
Fairbairn was convinced that most of the disasters 
originated in ignorance, and that observation and 
experiment should show the way to improve matters. 
It was, in fact, with the assistance of the Manchester 
Association of boiler owners that he made his 
classical experiments on the collapse of flues, which 
have since governed practice the world over. 

The Association started the practice of boiler 
inspection by experts, with the result that in 
the 70 years of their history, during which they 
have issued over half a million certificates of 
safety, not a single boiler holding one of these 
certificates has exploded from preventable causes. 

Up till 1882 moreover, the Association conducted 
unofficial inquiries into boiler explosions, a work 
which was then taken over by the Board of Trade, 
who, with the characteristic distrust of the 
official for ‘“‘the man who wants to know you 
know ” have entrusted the work to lawyers, whose 
lack of technical knowledge has repeatedly led to 
a failure to extract the more valuable items of 
evidence. In this country boiler insurance com- 
panies have, of course, done excellent work, but in 
other countries they appear to be run too exclusively 
on purely commercial lines. A proper boiler 
inspection is an expensive matter, and where the 
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law places no responsibility on the companies, the 
latter are apt to regard it as cheaper to average 
risks en the basis of experience rather than to insist 
on adequate inspection. 

In America, for instance, a single company 
reported 753 boiler explosions within the last three 
years. Our own yearly average is 33. On the 
Continent insurance is little practiced, but there are 
minute and often impracticable official regulations, 
Officials, in fact, always play for safety for them- 
selves, as was strikingly brought out at the Titanic 
inquiry, and in the early days the Austrian regula- 
tions were such as to prevent for long the introduc- 
tion of steam boilers into the country. 

There are many cases in which a boiler or vessel 
exposed to pressure may well be known to be quite 
safe, even although the conditions may make an 
internal examination impossible. The Association 
is desirous that competent engineers shall be 
permitted to certify such boilers as safe, but it may 
be difficult to secure the assent of the Home Office 
to this. What the official likes is a definite rule 
and regulation, which can be literally applied, and 
he abhors being either compelled to exercise his 
own independent judgment or to permit others 
to do so. 

In protest of this disregard of the steam users 
associations a well-attended meeting was held at 
Manchester last February, and the official report of 
this has now been published by the Manchester Steam 
Users Association. It was then decided to appoint 
a representative committee to interview the Home 
Secretary, who thereupon suggested that a few 
experts should discuss the boiler clauses of the 
proposed bill with the Home Office officials. This 
has now been done, boiler users being represented 
by Mr. C. E. Stromeyer, owners of low pressure 
steam vessels, by Mr. G. Higginbotham, of the 
Calico Printers Association, whilst Mr. Hebbleth- 
waite, of the British Dyestuffs Corporation, Limited, 
put forward the views of those operating chemical 
vessels under high pressure. 





TRADE IN SWITZERLAND. 


THE creation of an Imperial Research Committee 
similar in the civil field to the Imperial Defence 
Committee, has recently been decided on by the 
Government. This decision should lead to 
important trade facilities within the Empire, but 
it is necessary that traders and manufacturers 
should be ably represented on any such Committee to 
ensure that the true objective of trade be keptin view. 
The need of some such body has been repeatedly 
pointed out for a long while by various repre- 
sentative Chambers of Commerce in the Provinces, 
and the demand for new markets and sources of 
supply has been intensified by the stagnation and 
slump in trade during the past few years. Commer- 
cial men have long realised the need and importance 
of more detailed particulars and a more systematic 
collection of information of the requirements and 
resources of India, and the Dominions overseas. 
Up till recent times there has been practically no 
recognised medium through which these facts could 
be ascertained, though an effort has been made by 
the department of Overseas Trade to furnish trade 
reports ; but the latter’s efforts, have, however, been 
hidden in a great measure by their lack of publicity, 
and of detail in the information obtained. Though 
figures and statistics, which have been given them 
by the countries dealt with, are set out at length 
and tabulated, yet the actual facts and information 
that would appeal to the manufacturer, showing 
that such a country was a possible field for 
expansion, are in many cases omitted. 

Although the reports of the Department of 
Overseas Trade may not usually succeed in giving 
precisely the information that a manufacturer 
would wish, they, none the less, usually contain 
much matter bearing on the trend of trade in some 
particular country which may usefully be studied. 
British firms doing business with any country, or 
attempting to build up such a business will find 
much general information in these reports, which it 
is well for them to have, and may possibly find 
specific data of considerable value to them. The 





recently published “ Report on the Economic and 


Financial Conditions in Switzerland,” for instance, 
states that French manufacturers of motor-cars 
give their agents 25 per cent. discount, and American 
manufacturers 30 to 35 per cent. discount. Infor- 
mation of this class should be useful to any British 
manufacturer, who is attempting to obtain a 
footing in this trade, if there are such. There seems 
to be no good reason why, if France could supply 
2,386 cars in 1924, Italy 1,412, the United States, 
1,269, and Germany 255, our import should have 
been restricted to 45 cars. 

The report points out the steady though not 
sensational growth of Swiss prosperity in 1924, 
showing that trade as a whole, bank deposits, 
clearing house returns, have all increased. The 
export figures indicate that while the British 
Empire is by far the best customer of Switzerland, 
England in return, supplies only a small proportion 
of the Swiss imports, the bulk of which are supplied 
by Germany, France, and Italy. As Switzerland 
has few metalliferous mines, the only one of import- 
ance being a Hematite mine, which employs 250 men, 
she is entirely dependent on other countries for the 
raw materials necessary for her steel and machine 
industries, which are of a very high standard. 
Among the imports of raw materials are pig iron, 
raw steel, coal, and nickel. The semi-manufactured 
goods include tin plates, black plates, terne plates, 
steel wire, while finished goods include steel tools, 
stainless steel articles, cutlery, emery cloth, fire-proof 
and acid-proof bricks and pipes, and garden 
implements. 

British goods are well known in Switzerland, and 
their quality appreciated. Foreign competition is, 
however, keen, and success depends chiefly on the 
quotation of competitive prices, and the suitability 
of the articles for local requirements. It is pointed 
out that firms are best represented by resident 
agents conversant with the languages, difficulty 
being met with from the English commercial 
travellers point of view in Switzerland, as French, 
German, and Italian, are spoken in the different 
areas, all of which he should be familiar with. 
Among the heavy imports, coal figures 
highest ; the total imports for 1924 were 1,693,986 
tons, of which Germany contributed nearly 700,000 
tons, France 520,000 tons, and Great Britain only 
190,000 tons. Germany also supplied the majority 
of coke, Great Britain supplying 16,000 tons only. 
The slump in British exports from previous years, 
was entirely due to the high prices quoted by 
British producers, and high freights. This has, 
apparently, now been overcome, and English 
merchants are again able to compete in the open 
market. 

As the price of iron dropped in the autumn, the 
Swiss iron trade, especially the machine industry, 
covered their requirements largely in the third 
quarter, and there was a considerable increase in 
imports of metals generally. Imports of pig-iron 
also showed a marked rise, being nearly a third more 
than those of the previous year; the principle 
purveyor was France, Great Britain again only 
contributing a small proportion amounting to 
16,000 tons. The increase in copper imports was 
attributed partly to an increase in Swiss exports 
of semi-manufactured metal goods, mostly to France, 
and partly to electrification works on the Federal 
Railways. 

There was a slight increase in the imports of 
boilers, spinning and knitting machinery, of which 
Germany contributed the larger portion, while there 
was a decrease in imports of dynamo-electric 
machines, but those from Great Britain were three 
times the previous year’s supply, the loss being 
represented by the fall in German exports. A 
further increase in the imports of machine tools 
also took place, Germany again supplying practically 
the whole of the trade. Dealing with motor-cats, 
the report states that there is a market in Switzer- 
land for light cars of 7 h.p. to 10 h.p., retailing at 
4,500 francs to 6,500 francs ; they should have @ 
very efficient cooling system, be well sprung and 
strongly built, as Swiss road conditions are trying, 
and, on account of the hilly nature of the country, 
four-wheel brakes are an advantage. Competition 
for medium-powered cars is very keen, and the 
appointment of a sales agent, in addition to Press 
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trials and motor shows is recommended. The 
question of an adequate supply of spare parts to 
meet all reasonable demands should also receive 
very careful attention. 

As regards finished goods such as cutlery, tools, 
&c., where the majority are produced in one district 
from a number of small works, a scheme suggests 
itself whereby the different works might contribute 
a percentage of their output of uniform standard 
quality and under one common trade-mark. One 
agent would then be able to deal with the whole 
trade of the country, and the common trade-mark 
would be a guarantee that no particular works were 
pushed more than another. The extra output would 
then help to reduce costs, and only one central dis- 
patching warehouse would be required. The manu- 
facturers would draw a fixed price of so much per 
dozen, and the profit could be distributed in the 
form of a bonus, proportionate to the goods supplied 
by the various works. A scheme such as is outlined 
above would be helpful in negotiations under the 
new customs tariff, which has been drafted and con- 
sidered by the Federal Council, the basis being 
specific rather than ad valorem rates. It is to be 
noted that those countries with which Switzerland 
has concluded treaties also possess specific rates, 
and the rates set out will be open to negotiation with 
the various countries, 

That Swiss trade in general is in a very healthy 
state is shown by the labour market ; the number 
of unemployed has decreased so rapidly since 1923 
that unemployment relief was suspended in June, 
1924, and the figures, month by month, have since 
been reduced. The rate of emigration has also 
fallen rapidly, not only as compared with 1923, but 
also with the pre-war years of 1912 and 1913, the 
1924 figures bejng only about two-thirds of the 
pre-war figures. The figures and statistics show 
that there is a great amount of business to be done 
in Switzerland, a country which is financially sound 
and of good standing; but it would have been of 
advantage if the report had given more detailed 
particulars on the types of machinery required, as 
was done in the case of the automobiles, in order 
that manufacturers in this country might determine 
whether their machines were in any way suitable 
for the Swiss market. 





AERONAUTICAL RESEARCH IN 
1924-25. 


DuriNG the war there were one or two instances 
in which a pilot made a perfect landing in spite of 
the stalling of his aeroplane. Such incidents 
showed that there were conditions in which it was 
possible to manage a stalled machine, and the experi- 
mental study of the question was taken up accord- 
ingly by the Aeronautical Research Committee, 
who are able in their report* just issued to announce 
that a gratifying measure of success has been 
attained. Insufficient rudder power was found 
to be the main cause of fatal spinning dives. 
The ailerons commonly fitted do not make good 
the defect stated, since when applied they cause 
the machine to turn, and in so doing, neutralise 
their effect on roll. Ailerons are, however, re- 
quired to secure adequate lateral control, and 
the attempt was made to discover an arrangement 
which would be effective. The best results so 
far have been obtained with a combination of 
a Handley-Page slot on the leading edge of the 
wing with a balanced aileron of the Bristol-Frise 
type. The arrangement in question was fitted 
to a standard Avro machine, and resulted in a 
greatly improved control when the machine stalled. 
Spin, either in the initial stage or when fully 
developed, could be stopped, using the ailerons 
alone. It would seem that the success of the plan 
depends upon the circumstance that by opening 
out the Handley-Page slot the stalling angle of 
the wing is increased and consequently the aileron 
recovers control. Further work is in progress on 
the fore and aft control of stalled aeroplanes, 

A good deal of work has been carried out during 
the year on wing sections. In one case a ratio of 
lift to drag of 22-9 was attained. With the’ same 








* Report of the Aeronautical Research Committee for 
the year 1924-1925, H.M. Stationery Office. 1s. 6d. net. 





section the maximum lift coefficient was 0-460. 
Of special interest are some of the results recorded 
with thick wings, with which a low minimum drag 
was in some cases attained. 

Years ago a leading gas engine patent case turned 
on the question as to whether stratification of the 
charge was of advantage. The opinion now held is 
that in ordinary gas engine practice stratification 
is objectionable. This circumstance lends a special 
interest to the fact that the Committee have been 
led to the conclusion that stratification may be 
useful in aeroplane engines. Very good running 
has, in fact, been secured with engines in which air 
is admitted just above the piston at the com- 
mencement of the compression stroke. This air 
may either be supplied above atmospheric pressure 
or the normal charge may be throttled. The 
tests in question were made at the works of Messrs. 
Ricardo and Co., Limited. 

The Bristol Aeroplane Company is stated in the 
report to have obtained very good results with a 
high compression engine (7 to 1). The plan adopted 
is to use a different fuel at higher altitudes than near 
the ground. In this way detonation has been 
avoided in spite of the high compression. Deto- 
nation can, it is stated, also be eliminated by vary- 
ing the valve timing so as to adjust the compres- 
sion to the altitude of the machine. 

The report notes that castings of the Y-aluminium 
alloy can be improved by allowing the melt to cool 
slowly in the furnace till it solidifies and then re- 
melting it, with careful stirring immediately prior 
to pouring. This procedure eliminates much of 
the dissolved gases and thus promotes soundness. 
Good results have also been obtained by passing 
nitrogen through the melt. Experiments with heat- 
treated wrought Y-alloy have shown that prolonged 
exposure to a temperature of 150 deg. C. increases 
the hardness and tensile strength of the material. 

A new dope based on the use of cellulose ether is 
being studied. This is soluble in mixtures of 
benzol and alcohol, whilst the cellulose acetate 
commonly used requires less easily obtainable 
solvents. 

Some interesting notes cn the reliability of engines 
are contained in the report. The Imperial Airways, 
Limited, normally run their engines at a speed 
corresponding to 80 per cent. of the nominal engine 
rating. Inquiry amongst engine builders shows 
that amongst them there is a consensus of opinion 
that they would not expect reasonable reliability 
from their engines if these cruised at more than 75 
to 80 per cent. of their nominal rating. All agreed 
that any increase over this would result in greatly 
augmented maintenance costs. In order to secure 
greater reliability, planes with three independent 
engines are now on order and will be tried out by 
the Imperial Airways, Limited. 

It is proposed to construct a high-speed tank at 
Teddington, since the speeds attainable at the 
existing William Froude tank are insufficient for 
seaplane purposes. A good deal of work has been 
done during the year in connection with the hull 
form of seaplanes, and it has been found possible 
to shift the maximum beam forward, which gives a 
lighter tail and enables the weight to be better 
distributed. 

Much experimental work has been undertaken 
to improve the lighting of aerodromes and to secure 
greater safety in landing at night or in fog. The 
report states that the problems of alighting safely 
in all conditions is near solution. Wireless will 
give the pilot the direction of the aerodrome, and 
a leader cable will enable him to determine the 
exact position of this aerodrome and his height 
above it, whilst neon lamps will aid him to make the 
actual landing. Two lines of such lamps are being 
installed at the Croydon Aerodrome and will be 
thoroughly tested during the ensuing winter. 

In conclusion, we may add that during the year 
the Aeronautical Research Committee has had its 
terms of reference widened. This committee was 
originally instructed to report on the scientific 
and technical problems involved in the construction 
and navigation of aircraft. For the future it will 
advise the Secretary of State on all the scientific 
problems involved in aeronautics. In virtue of this 
alteration, membership will in future be confined to 
men of scientific standing, and direct representation 





of various interests will cease. To maintain 
touch with manufacturers and users, provision is 
made for a six-monthly discussion of research 
programmes at joint meetings of the Committee 
and of the Society of British Aircraft Manufacturers. 





THE BRITISH ASSOCIATION MEETING 
AT SOUTHAMPTON. 


THovucH the Romans built a fort known as 
Clausentum on the left bank of the Itchen, on the 
site of Southampton, for the protection of the 
then navigable channel up to Venta Belgarum 
(Winchester), the first authentic mention of South- 
ampton, or Hantun, as one of the two chief towns 
of Wessex—Winchester was the capital—dates 
from about 500 a.p. The walls, which enclosed a 
rectangle near to Southampton Water, go back to 
Saxon and Norman times ; parts of these picturesque 
walls, in grey limestone, the Arundel and God’s 
House Towers, the Bridewell Gate, Westgate and 
the Bargate, the northern entrance to the old city, 
are still well preserved. King Athelstan estab- 
lished a mint in Southampton; Canute demon- 
strated the rise of the tidé to his courtiers when 
sitting on the shore not far from his palace there. 
Henry II gave the town its first charter, and 
Henry VI a charter of incorporation. During the 
wars with France armies embarked at Southampton, 
which the French sacked in 1338 and attacked 
again in 1432 and at other times. Henry V also 
collected his army there in 1415, and the Earl of 
Cambridge (his cousin), Lord Scrope and Sir Thomas 
Grey were there tried for treason in the Red Lion 
Inn, which still exists, and were executed. The 
Mayflower sailed from the West Quay, South- 
ampton, on August 15, 1520. The docks were 
opened in 1843, the South Western Railway having 
been extended to the town in 1840. We shall 
notice in due course the papers being read at the 
meeting on the port and on the Ordnance Survey. 
The Southampton School of Arts dates from 1856 ; 
the University College was incorporated in 1902. 
The population of Southampton is now estimated 
at 165,000 inhabitants ; in 1882, when the Associa- 
tion held its second meeting there, the town proper 
had a population of 61,000, but the incorporated 
borough had 87,000 inhabitants. The extension of 
the town has been north of Bargate. 

The badges of members this year entitle them to 
the free use of the municipal tramways, a privilege 
whichis appreciated because the Section rooms are 
somewhat scattered, as we pointed out last week. 
A few papers have been added to the agenda, and 
we have further to mention intended visits to the 
Post Office automatic telephone exchange (one of 
the first on the Strowger system, installed by 
Messrs. Siemens Brothers), to the training ship 
Mercury, the Calshot Aerodrome, and the Agwi 
Petrol Works, the Anti-Gas School at Tipnor, the 
Avro works at Hamble, and the Supermarine Avia- 
tion Works at Woolston. Excursions have also been 
arranged to Salisbury and Stonehenge and to 
Winchester. It will, as usual, be very difficult for 
members to make use of all these facilities for 
seeing works and places of historical and general 
interest, and at the same time to attend the 
meetings of their sections. 

The official inauguration of the meeting took 
place at 8.30 p.m. on Wednesday in the Central Hall, 
when the Mayor of Southampton welcomed the 
Association. Sir David Bruce, the retiring presi- 
dent, after returning thanks for the cordial wecome 
extended, introduced his successor to the presidential 
chair, Professor H. Lamb, well known as a mathe- 
matician and physicist. Professor Lamb on assum- 
ing office delivered his presidential address, which 
we reproduce in abridged form on page 267 of this 
issue. Subsequently a vote of thanks to the 
President was proposed by Sir Arthur Schuster. 
This was seconded by the Treasurer, Dr. Griffiths, 
who announced that up till that time 1,515 members 
had registered as joining in the meeting. The pro- 
ceedings were commendably brief and businesslike, 
the whole occupying only one hour and a quarter. 

On Thursday the work of the Sections opened in 
the morning, and these meetings are continuing 
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next week. These we shall report, as is our custom, 
in due course. In the meantime in this issue will 
be found (on page 252), in addition to Professor 
Lamb’s address already referred to, the presidential 
address (abridged) of Sir Archibald Denny, Bart., 
delivered before Section G, Engineering, on Thurs- 
day morning, and also, on page 269, one of the two 
papers read subsequently at yesterday’s meeting, 
viz., Mr. E. R. Mumford’s contribution on ‘‘ The 
Experiment Tank in Relation to Ship and Propeller 
Design.”’* 





LITERATURE. 


—_>———_ 


Mechanical Design of Overhead Electrical Transmission 
Lines. By E. T. Parnton, B.Sc., A.M.I.E.E. London: 
Chapman and Hall. [Price 21s. net.] 


ALTHOUGH there are few examples of overhead 
transmission in Great Britain, this branch of 
electrical engineering is of considerable import- 
ance to British consultants and manufacturers. 
Many important power-transmission schemes in 
the Dominions have been engineered from this 
country, and we may expect that with the 
growing demand at home for cheap power in 
industrial areas, involving the linking up 
of generating stations, greater use will be made of 
overhead lines transmitting large powers at higher 
pressures than have hitherto been employed. The 
designer and the consulting engineer for whom this 
book has been written will find in its pages not only 
an account of the bare mechanics of line design, 
but a compendium of carefully correlated data of 
modern practice, and operating conditions. General 
tendencies in design and particularly in the design 
of constructional details, are the outcome of cumu- 
lative experience, to the requirements of which it 
is the duty of the designer and manufacturer to 
adapt their respective products. The author realis- 
ing this, has drawn freely upon the extensive but 
scattered literature relating to overhead lines. 
Broadly, the study of the mechanical features 
resolves itself into those relating to the conductor, 
the details of line construction, and the methods of 
tower erection. Following this sequence, the 
mechanical properties of the several materials used 
for the line conductor are investigated. Comparison 
is made between the behaviour under stress of 
stranded copper, aluminium and such composite 
conductors as steel-cored aluminium and copper-clad 
steel. The effect of the choice of material extends 
beyond the mere cost of the wire which will fulfil 
the electrical conditions. It influences the design 
and the cost of all the other parts of the trans- 
mission line. Taking account of all the factors, it 
is fairly definitely established that in comparison 
with copper, plain aluminium is uneconomical for 
small conductors. The superiority of aluminium is 
manifest only where the line is bound to be in any 
case an expensive one—involving large conductors 
with the breaking stress far removed from any 
working tension to which the line can be adjusted. 
The mechanical properties of steel-cored aluminium 
are better than those of copper, however. This 
material is most advantageously employed where 
the spans are long and the increased cost of each 
individual tower can be offset by the reduction of 
cost due to the smaller number of towers and insu- 
lators with their erection and maintenance charges. 
Data which have been hitherto unpublished are given 
of this class of conductor, the introduction of which 
has resulted in the marked modifications to be 
observed in recent practice. Problems of sag and 
stress are treated fully ; and typical calculations are 
made of sag and reactions at supports under speci- 
fied conditions of loading and temperature change, 
taking into account the effects of elasticity, relative 
heights of span-supports and inequality of span 
length. In connection with steel-cored aluminium 
cables, the effect of temperature rise in transferring 
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* As we go to Press, Mr. Mumford has drawn our 
attention to a correction which should be made in some 
of the figures which appear on page 273 at the top of the 
first column. The figure of 23 1b. given in line 3 should 
be 0°26. The 12 in the same line should be 14, and the 
— of 42 ft. per sec., line 6, should be 46 ft. per sec. 

nfortunately the page of this issue on which these figures 
appear had n printed off before the corrections were 
received.—Ep. E. 


the stress from the aluminium to the steel core is 
noted and the appropriate method of calculation 
developed. In these calculations it is assumed that 
the shape of the curve is a parabola, which is justi- 
fiable unless the sag is to be more than about 10 per 
cent. of the span length. The exact expression of 
the hyperbolic functions is most conveniently 
handled by the graphical method of P. H. Thomas, 
and this the author explains and recommends. 

In the general design of supports, the factor of 
safety in Great Britain of 2 is considered satisfactory 
from the point of view of security, always provided 
that the assumed loading conditions are sufficiently 
severe. Actually, a larger factor of safety may be 
more economical in practice, since the strength and 
the cost of a rigid tower can be reduced if the sag 
of the conductor is adjusted to give a smaller frac- 
tion of the ultimate stress. Succeeding chapters give 
design methods with typical calculations for wooden 
and steel structure supports, including a new method 
for foundation design; some notes on the manu- 
facture of insulators, of value in appreciating some 
of the possible causes of failure; and methods of 
erection and constructional details. Attention may 
be called to the success attending the employment of 
mechanical excavators in recent American practice 
in which augers up to 42-in. diameter have been used 
and the foundation grillage of the towers adapted 
for circular holes. In the appendix, a mathematical 
method is given for calculating the effect of broken 
conductors on flexible supports, which leads without 
laborious calculation to a strictly accurate solution 
of the problem. The practical and scientific qualifi- 
cations of the volume justify its cordial recom- 
mendation. 





Steam Condensing Plant in Theory and Practice. By JAMES 
Sim, B.Se. London: Blackie and Son, Limited. [Price 
18s. 6d. net.]} 

“Or the making of many books there is no end ” 
exclaimed the bored and disillusioned author of 
Ecclesiastes, and the moan might well be re-echoed 
by those who have to deal with the ever-growing 
flood of text-books and treatises of merely average 
merit. The pleasure is the greater therefore when 
the reviewer encounters a work which constitutes a 
really new and valuable addition to technical 
literature. This status may fairly be claimed 
for the work under notice. The author, Mr. James 
Sim, B.Sc., has long been associated with Messrs. 
G. and J. Weir, Limited, and has thus had unrivalled 
opportunities for studying condenser problems. 
This firm, it will be remembered, were amongst the 
earliest and most successful of those who undertook 
the task of improving the surface condenser. The 
need for this became imperative only with the 
introduction of the steam turbine, since a poor 
vacuum was a matter of small moment to the 
reciprocator. Mr. Sim gives a very clear exposition 
of the series of resistances, which oppose the transfer 
of heat from the steam to the cooling water, but 
in addition he is able, on the basis of his very 
exceptional experience, to fix definite figures for the 
various coefficients involved. 

The value of the data in question is very great, 

and will make it less easy for the enterprising 

foreigner to persuade British consultants and 
manufacturers that he has discovered some new 
variation in the setting of the tubes, or the like, which 
is going to revolutionise condenser construction. 
Relatively, few engineers know what has already 
been done here in the matter of securing high rates 
of heat transmission. The few makers who have 
really studied the problem au fond, have published 
little or nothing as to the maximum rates of trans- 
mission achieved. Possibly, they were in part 
actuated by a fear that station engineers might 
demand these rates in daily service, or base on them 
their estimates of the area of cooling surface required. 

The two main factors which limit heat transfer in 

practice are air in the condenser and dirt in or on 

the tubes. Sir Charles Parsons showed us how to 


deal with the first, and his use of the steam ejector 
has been copied by engineers of all nationalities, 
some of which have patented small variations in 
detail for which they succeeded in persuading certain 
of our manufactuers to pay them royalties. 

Mr. Sim states that the resistance to the transfer 


little as 0-48 (in the arbitary units he adopts) in 
the case of the tubes near the inlet port, and as 
high as four in the lower rows. Deposits of dirt 
and scale may add an additional resistance which 
is almost unlimited. He gives particulars of a 
tube removed from a steamship condenser, which, 
as tested against a clean tube, showed only about 
one-third of the normal conductivity. At the 
same time, the scale increased very materially the 
frictional resistance experienced by the circulating 
water. He adds some valuable data as to the 
losses of head observed in actual condensers. 

In his treatment of heat transfer, the author 
speaks throughout in terms of resistances to heat 
flow rather than in terms of conductivities, as is 
favoured by Continental writers, whose example has 
been followed with almost bovine imitativeness by 
too many of our own writers. It is. undoubtedly 
easier to visualise the impediments in the way of 
heat transfer, when these are regarded as resistances, 
than it is when they have to be translated into 
conductivities. 

Mr. Sim gives the following as good average 
values between the temperature of the ingoing 
steam and the outgoing cooling water. 

8 deg. to 12 deg. F. 
40 deg. to 50 deg. F. 
15 deg. to 20 deg. F. 
12 deg. to 15 deg, F. 
25 deg. to 30 deg. F. 


Land power stations 

Torpedo boats sae 

Battleships and cruisers . sig 
Merchant vessels (turbines) re 
Merchant vessels (reciprocators) ... 

The large temperature differences permitted in 
sea service are mainly attributable to a desire to 
cut down the space occupied. 

In some of the early turbine installations there 
was quite a large pressure drop between the top and 
bottom of the condenser. By good design this 
has been reduced to as little as 0-2 in. of mercury 
even with a 29-in. vacuum, and in fact Mr. Sim is 
able to quote still lower figures as actually recorded 
in practice. 

With the very complete data given by the author, 
the proportioning of condensers to suit the most 
varied conditions ought to be within the powers of 
any good draughtsman, who will find equally 
valuable his discussion of details of design. Several 
examples are worked out at length. Considerable 
space is devoted to the discussion of air ejectors 
and air pumps. The theory of the ejector has 
yet to be completed, being so far little more than 
a first rough approximation, and a large empirical 
element enters accordingly into the proportioning 
of these accessories. Much valuable information 
based on actual experience is given in this work. 

It should be added that other forms of condenser 

than the surface type are discussed, and that 
descriptions of many standard makes of these and 
their accessories, are included in the volume, which 
ends with a comprehensive section on feed heaters 
and cognate matter. 
In regard to some physical minutiz we are not 
in agreement with the author, but these are very 
minor matters, which detract in no way from the 
utility of Mr. Sim’s treatise. 





Marine Engineering Repairs. Including Adjustments and 
Maintenance. By Engineer-Captain F. J. DRovER, R.N. 
London : Chapman and Hall, Limited. [Price 9s. 6d. net. | 

Tue large increase within recent years in the 
number of ships propelled by internal-combustion 
engines raised the question of the supply of suitably- 
trained men to run them, and although that question 
does not concern us here, it brought to notice the 
work of a large body of men who, year in, year out, 
faithfully serve the ocean-travelling public. It is 
usually only at some unexpected moment, when the 
throb or purr of the engines ceases, that the passengeT 
on deck realises how much he is dependent upon 
the watchfulness and skill of the men below. n 
his part, the sea-going engineer must know his 
engine as McAndrew knew his, and must keep 
himself fully qualified to deal with any emergency 
which may arise in the machinery rooms at sea or 
in port, “. Their lives are on my head, 

McAndrew meditates, 

‘Mine at the last—when all is done, it 
all comes back to me, 

The fault that leaves six thousand ton 
a log upon the sea.” 

It is with a view to spreading a knowledge of how 

to anticipate such circumstances and how to deal 
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with them when they arise that Engineer-Captain 
Drover has written his latest book. 

It is not possible in a work of this kind to do more 
than indicate the general principles to be observed 
in dealing with the care, management and mainten- 
ance of machinery in a ship, and to give a few 
typical examples of repairs. Nor can one do 
more than lightly touch upon the close association 
that exists between theory and practice and the 
reaction of failure upon the design or material of 
machine parts—leading as it often does to a new 
adaptation in subsequent work. In these respects 
the author has been quite successful, whilst feeling 
called upon here and there to give some descriptive 
matter relating to the construction or functioning 
of an auxiliary or fitting, which may lead to a better 
understanding of its troubles. The examples 
chosen are confined to repairs and experiences met 
with by the author in the ambit of his own career 
or coming within his knowledge. Problems special 
to steam reciprocating machinery, steam turbine 
machinery and Diesel engines, and some problems 
common to all these types of main engines, are dealt 
with in succession in the opening chapters, and are 
followed by others relating to piping arrangements, 
condensers, and the more important auxiliary 
engine units. Defects peculiar to boilers, points 
to consider in connection with the hull and under- 
water fittings, together with the addition of some 
notes and tables of general interest, bring the book 
to a close. 

It is clear from the text that the author is more 
intimately acquainted with Naval practice than 
with that obtaining in the Merchant Service, and 
on that account, it is probable that engineers in 
the latter service will miss in the book much that 
they may expect to find. In dealing with failures 
of crankshafts, for example, no mention is made of 
built-up shafts with webs shrunk on, a design which 
is almost universal in the Merchant Service, in 
contradistinction to shafts forged in one with the 
webs, as is usual in the Navy; and similarly in 
many other parts of the book, there is a want of 
direct application to mercantile practice. The 
special features and troubles of the Diesel engine 
are very meagrely dealt with in a few pages. The 
importance and increasing adoption of this type of 
engine for the propulsion or ships, calls for much 
fuller treatment of the subject to bring it abreast of 
current practice. The introduction of the steam 
turbine, as the author points out, with its call for 
a high vacuum, is mainly responsible for the 
specialised attention devoted to the design of the 
condenser to-day in marine installations, and some 
consideration is given to the special troubles to 
which this important unit is subject. The import- 
ance of keeping the auxiliary engines in good o1 ler 
is emphasised, especially those upon which the 
main engines are dependent, when running, and 
some useful information about their needs is given. 
This section, however, requires to be amplified 
to include consideration of the more important 
auxiliaries necessary in a motor ship, such as 
scavenging air blowers for two-stroke cycle engines, 
fuel injection air compressors and pumps, oil-driven 
electric generators and others of equal consequence 
to be found in these modern types of vessels. In 
the repairing of boilers, especially those of the 
multi-tubular type, welding is now much used, 
and various welding processes in common use for 
that and other purposes are described in some detail 
- . couple of chapters towards the close of the 
book. 

A good feature of the book is the emphasis laid 
upon the necessity for constant care and watchful- 
hess on the part of the engineers on watch. When 
things are going well, men are easily “lulled into 
a sense of false security,” and this must be guarded 
against. Prevention is better than cure, as the 
proverb has it, and the continuous exercise of 
forethought and attention to cleanliness—the 
anticipation of failure, in fact—does more to prevent 
breakdown, and is worth more in every way, than 
the very best method of repair. But even in the 
most carefully-nursed engine-room, the machinery 
in time grows old, and the knowledge of how to deal 
in &@ general way with the more common types of 
wastage and failure should be possessed by all sea- 
going engineers, A perusal of this book will help 





towards that end, but the modern touch, which 
would have made it much more valuable as a work 
of reference for the times, is not sufficiently in 
evidence. Sixty figures have been added to illus- 
trate the text, and a fairly comprehensive index 
is given at the close. 





GEOPHYSICS.* 
By Proressor Horace Lams, D.Sc., LL.D., F.R.S. 


THE primary aim of science as we understand it is to 
explore the facts of Nature, to ascertain their mutual 
relations, and to arrange them as far as possible into a 
consistent and intelligible scheme. It is this endeavour 
which is the true inspiration of scientific work, as 
success in it is the:appropriate reward. The material 
effects come later if at all, and often by a very indirect 
path. We may, I think, claim for this constructive 
task something of an esthetic character. The pro- 
vinces of art and science are often held to be alien and 
even antagonistic, but in the higher processes of 
scientific thought it is often possible to trace an affinity. 
The mathematician at all events is at no loss for illus- 
trations of this artistic faculty. A well-ordered piece of 
algebraical analysis has sometimes been compared to a 
musical composition. This may seem fantastic to those 
whose only impression is that of a mass of curious 
symbols, but these bear no more resemblance to the 
ideas which lie behind them than the equally weird 
notation of a symphony bears to the sounds which it 
connotes or the emotions which these evoke. And it is 
no misplaced analogy which has led enthusiasts to 
speak of the poetical charm of Lagrange’s work, of the 
massive architecture of Gauss’s memoirs, of the classic 
perfection of Maxwell’s expositions. The devotees of 
other sciences will be at no loss for similar illustrations. 
Is it not the case, for instance, that the widespread 
interest excited by the latest achievements of physical 
science is due not to the hope of future profit, though 
this will doubtless come, but to the intrinsic beauty as 
well as the novelty of the visions which they unfold ? 

It is possible, I trust, to insist on these aspects of the 
scientific temperament without wishing to draw a sharp 
and even mischievous antithesis between pure and 
applied science. Not to speak of the enormous import- 
ance in our present civilisation of the material advan- 
tages which have come in the train of discovery, it 
would be disloyal to science itself to affect to depreciate 
them. 

But perhaps the most momentous consequences of 
the increased scientific activities of our time have been 
on the intellectual side. How profound these have 
been in one direction we have recently been reminded 
by the centenary of Huxley. Authority and science 
were at one time in conflict over matters entirely 
within the province of the latter. The weapons were 
keen, and the strife bitter. We may rejoice that these 
antagonisms are now almost obsolete; one side has 
become more tolerant, the other less aggressive, and 
there is a disposition on both sides to respect each other’s 
territories. The change is even reflected in the sermons 
delivered before the Association. The quarters where 
we may look for suspicion and dislike are now different ; 
they are political rather than ecclesiastical. The habit 
of sober and accurate analysis which scientific pursuits 
tend to promote is not always favourable to social and 
economic theories which rest mainly on an emotional 
if very natural basis. Some of us, for instance, may 
remember Huxley’s merciless dissection of the theory 
of the social contract. There is hence to be traced, I 
think, a certain dumb hostility which, without ven- 
turing an open attack, looks coldly on scientific work 
except so far as it is directed to purposes of obvious and 
immediate practical utility. 

There is a more open kind of criticism to which we 
are exposed, which we cannot altogether ignore, though 
it again rests on a misconception of the true function of 
science. It is to be met with in quarters where we 
might fairly look for countenance and sympathy, and 
is expressed sometimes with great force, and even 


eloquence. The burden is one of disappointment and 
disillusion; we even hear of the “ bankruptcy of 
science.” It seems to be suggested that science has at 


one time or other held out promises which it has been 
impotent to fulfil, that vague but alluring hopes which it 
has inspired have proved delusive. The attitude which 
I have been trying to describe is put very forcibly in a 
quotation from President Wilson which I saw not long 
ago, although its date is not very recent :— 

“Science has bred in us a spirit of experiment and a 
contempt for the past. It made us credulous of quick 
improvement, hopeful of discovering panaceas, con- 
fident of success in every new thing. I should 
fear nothing better than utter destruction from a revo- 
lution conceived and led in the scientific spirit. Science 





* Abstract from the Presidential Address to the 
British Association, delivered at Southampton on 
August 26, 1925. 





has not changed the laws of social growth or betterment. 
Science has not changed the nature of society, has not 
made history a whit easier to understand, human nature 
a whit easier to reform. It has won for us a great 
liberty in the physical world, a liberty from super- 
stitious fear and from disease, a freedom to use nature 
as a familiar servant; but it has not freed us from 
ourselves.” 

The tone is one of bitter disillusion, but we may ask 
why should science, as we understand it, be held 
responsible for the failure of hopes which it can never 
have authorised ? Its province as I have tried to define 
it, is vast, but has its limits. It can have no pretensions 
to improve human nature; it may alter the environ- 
ment, multiply the resources, widen the intellectual 
prospect, but it cannot fairly be asked to bear the 
responsibility for the use which is made of these gifts. 
That must be determined by other and, let us admit it, 
higher considerations. Medical science, for instance, 
has given us longer and healthier lives ; it is not respon- 
sible for the use which we make of those lives. It may 
give increased vitality to the wicked as well as the just, 
but we would not, on that account, close our hospitals 
or condemn our doctors. 

Passing from these reflections which are, I hope, not 
altogether inopportune, it is expected that the President 
for tho time being should deal with some subject in which 
he has himself been interested. For a mathematician 
this obligation is a specially difficult one, if he is not to 
overstrain the patience of his audience. I propose 
to speak briefly and mainly from the mathematical 
and physical standpoint, about some branches of geo- 
physics, and in particular those relating to the consti- 
tution of the earth. It is a subject which in the past 
has often engaged the attention of the Association ; 
I need only recall the names of Kelvin and George 
Darwin, and the controversies with which they are 
associated. Historically, it is of special interest to the 
mathematician and the physicist, for it was in his 
researches on the figure of the earth that Laplace 
initiated the theory ofits potential, with its characteristic 
equation, and so prepared the way for Poisson, Green, 
Cauchy, and a host of followers, who developed the 
theory of electricity and ultimately that of light. To 
go further back, it was in this connection that Newton 
found an important verification of his law of gravity. 
Quite recently, the whole subject has been reviewed in 
a valuable treatise by Dr. Jeffreys, who arrives at con- 
clusions which are at all events definite, and maintained 
with great ability. 

The accurate investigation of the figure of the earth 
is intimately connected with the variation of gravity 
over its surface. In view of the local irregularities, 
some convention was necessary as to what is meant by 
the shape of the earth as a whole. The usual definition 
is that it is a level surface as regards the resultant of 
true gravity and centrifugal force: often that particu- 
lar level surface of which the sea forms a part. I need 
not dwell on the immense amount of theoretical and 
practical labour which has been devoted in various 
countries to the determination of the geometrical 
surface which most nearly satisfies this requirement. 
Of more recent interest are the irregularities in the 
intensity of gravity, which have been found to exist 
over wide areas, by the highly trained Survey of India, 
by the Coast and Geodetic Survey of the United States, 
and by various observers on the continent of Europe. 
Briefly the general result is this, that in mountainous 
regions the observed value of gravity is abnormally 
low, whilst on oceanic islands. and so far as can be 
ascertained on the sea, it is abnormally large, when all 
allowance has been made for altitude and the normal 
variation with latitude. The fact that this has been 
found to be the case in so many different places, shows 
that we have here to deal with no casual phenomenon. 
The accepted explanation, originated by Archdeacon 
Pratt, of Calcutta, in 1859, and since developed especially 
by Hayford and Bowie, of the U.S. Survey, is that if 
we imagine a level surface to be drawn at a depth of 
about 100 kilometres, the stratum of matter above 
this, though varying in density from point to point 
is approximately uniform, in the sense that equal areas 
of the surface in question bear equal weights. The 
altitude of the mountains is held to be compensated 
by the inferior density of the underlying matter, whilst 
the oceanic hollows are made up for by increased density 
beneath. Leaving aside the technical evidence on 
which this hypothesis is based, there are one or two 
points to be noticed. In the first place it suggests, as 
is highly plausible on other grounds, that the matter 
in the interior of the earth, below the stratum referred 
to, is in a state of purely hydrostatic stress, i.¢c., of 
pressure uniform in all directions. Sofaras this stratum 
is concerned, it might be floating on an internal globe of 
liquid, although no assertion is really made, or is neces- 
sary, to this effect. But in the stratum itself, shearing 
forces must be present, and it is necessary to consider 
whether the actual material is strong enough to with- 
stand the weight of continents and mountains, and the 
lack of lateral support due to the oceanic depressions. 
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The researches of Professor Love and others show that 
this question can fairly be answered in the affirmative. 

The accurate determination of the acceleration of 
gravity at any place is, of course, a matter of great 
delicacy. Not to mention other points, in the pendulum 
method the yielding of the support due to the reaction 
of the pendulum as it swings to and fro affects the time 
of oscillation. It may be recalled that so far back as 
1818 Kater, in his absolute determination of the length 
of the seconds pendulum in London, was on his guard 
against this effect, and devised a test to make sure that 
it was in his case negligible. In a portable apparatus, 
such as is used for comparative determinations, it is 
difficult to give sufficient rigidity to the support, and 
a correction has, in some way, to be applied. Recently, 
Dr. Victor Meinesz, of the Dutch Survey, who has car- 
ried out an extensive survey in Holland, has sought to 
minimise this effect by the use of pairs of pendulums 
swinging in opposite phases, and so reacting on the 
support in opposite senses. This has opened out a 
prospect of accurate gravity determinations at sea. 
The use of a pendulum method on a surface vessel is 
hardly possible, but a submarine when sufficiently 
immersed offers comparative tranquility, and it is 
hoped that the small residual horizontal motions may 
be capable of elimination, and the diminished vertical 
oscillation allowed for. The methods previously 
employed at sea which could claim any accuracy are 
those of Hecker. In one method, the pressure of the 
atmosphere is found in absolute measure from the 
boiling point of water and compared with the gravi- 
tational measure afforded by the barometer. Ina more 
recent method, also devised by Hecker, and followed 
with some modifications by Duffield, the idea is to carry 
about a standard atmosphere, #.e., a mass of air at 
constant valume and prescribed temperature, whose 
pressure is measured gravitationally by the barometer. 
Both methods are highly ingenious, but cannot compete 
as regards accuracy with the pendulum method if this 
should be found practicable. 

It is a matter of regret that the observational side 
of geophysics has, of late, been so little cultivated in 
this country. It is, therefore, some satisfaction to 
record that a modest beginning has been made at 
Cambridge by the institution of a Readership in 
Geodesy, and that when the requisite pendulum 
outfit is complete, it is hoped that a gravity survey 
of these islands may be initiated. The physical 
features are hardly so rugged that sensational results 
such as were found in India are to be expected, but 
it is desirable that the work, which will involve 
comparatively little labour and expense after the 
initial steps, should be carried out. The example of 
Holland shows that in a country which has no out- 
standing features at all a survey may reveal peculiarities 
which are, at all events, of considerable interest. 

The distribution of the intensity of gravity over 
the surface of the earth gives by itself no positive 
information as to the distribution of density throughout 
the interior, though the contrary view has sometimes 
been held. For example, a spherical globe with a 
uniform intensity of gravitation over its surface would 
not necessarily be homogeneous, or even composed of 
spherical strata each of uniform density, however 
plausible this might be on other grounds. Conse- 
quently, there is room for hypothesis. There are 
certain tests which any hypothesis has to satisfy. 
It must account for the observed distribution of 
gravity, and having regard to the phenomena of 
precession, it must give the proper relation between 
the earth’s moments of inertia about a polar and an 
equatorial axis. It may be added that it should be 
fairly consistent with the ascertained velocities of 
seismic waves at different depths, and the degree of 
elasticity which it is allowable to assign to the material. 
The somewhat artificial laws of density adopted by 
Laplace and Roche, respectively, mainly on grounds 
of mathematical convenience, have lost much of their 
credit. A more natural law, suggested indeed by 
Thomson and Tait in 1867 in their book on Natural 
Philosophy, has since been proposed in a more 
definite form by Wiechert. On this view the earth 
is made up of a central core of about four-fifths the 
external radius, of high density, about that of iron, 
surrounded by an envelope of about the density of 
the surface rocks. This is, of course, only to be taken 
as a rough picture, but it satisfies the requirements 
I have mentioned, and is apparently not incompatible 
with the seismic data. 

In all speculations on the present subject, considera- 
tions as to the thermal history of the earth and the 
present distribution of temperature in the interior play 
an essential part. The apparent inconsistency between 
the requirements of physics and geology was long a 
matter of controversy, and has given rise to keen 
debate at these meetings. Lord Kelvin’s historic 
attempts to limit the age of the earth by consideration 
of the observed temperature gradient as we go down- 
wards from the surface lost their basis when it was 
discovered that the rate of generation of heat in the 


processes of radioactive change was amply sufficient 
to account for the present gradient, and would even 
be far more than sufficient unless the amount of 
radioactive material concerned were strictly limited. 
Assuming an average distribution of such material 
similar to what is found near the surface, a stratum 
of some 16 km. in thickness would provide all that 
is wanted. Radioactive speculation has gone further. 
A comparison of the amounts of uranium, and of the 
end-products associated with it, has led to estimates 
of the time that has elapsed since the final consolidation 
of the earth’s crust. The conclusion is that it must 
lie definitely between 10° and 10 years. The figure 
is necessarily vague owing to the rough value of some 
of the data, but even the lower of these limits is one 
which geologists and biologists are, I believe, willing 
to accept, as giving ample scope for the drama of 
evolution. We may say that physics has at length 
amply atoned for the grudging allowance of time 
which it was once disposed to accord for the processes 
of geological and biological change. The radioactive 
arguments on which these estimates are based are 
apparently irrefutable; but from the physical point 
of view, there are reasons why one would welcome an 
extension even of the upper limit of 101° years, if this 
could possibly be stretched. For if this barrier be 
immovable, we are led to conclusions as to the present 
internal temperature of the earth which are not quite 
easy to reconcile with the evidence as to rigidity to 
be referred to in a moment. In the space of time 
I have mentioned, enormous as it is, the great mass 
of the earth could hardly have cooled very much 
from the temperature when it was in a state of fusion. 
The central portion, whatever its nature, and however 
high its thermal conductivity, is enclosed by a thick 
envelope of feebly conducting material, just as a 
steam boiler, for instance, may be jacketed with a 
layer of asbestos. To take a calculable hypothesis, 
we may assume with Wiechert that we have a central 
core of three-fourths the earth’s radius, with an outer 
shell of rock. We may give the core any degree of 
conductivity we like, for mathematical simplicity we 
may even regard it as infinite. Then, if the outer 
layer consists of material having some such conductivity 
as the surface rocks, the internal temperature would 
take to fall to one-half its original value a period of at 
least ten times the limit I have named. It is obvious 
that the details of the assumption may be greatly 
varied without affecting the general conclusion of a 
very high internal temperature. 

The question as to the degree of rigidity of the earth 
has so often been dealt with that a brief recapitulation 
will suffice. It was about the year 1862 that Kelvin 
first pointed out that if the earth as a whole were only 
as rigid as a globe of glass, or even steel, it would yield 
so much to the deforming action of the solar and lunar 
tidal forces as seriously to affect the amplitudes of the 
oceanic tides, which are a differential effect. Unfor- 
tunately, the tides are so much complicated by the 
irregular distribution of land and sea that a comparison 
of the theoretical amounts, which they would have on 
the hypothesis of absolute rigidity, with the actual 
values is hopeless. The fortnightly tidal component, 
due to the changing declination of the moon, is probably 
an exception, but the difficulty here is to extract this 
relatively minute component from the observations, 
and the material is consequently imperfect. The 
problem was attacked in a different way by G. and 
H. Darwin in 1881. The horizontal component of the 
lunar and solar disturbing forces must deflect the 
apparent vertical, and it was sought to measure this 
effect by a pendulum. The quantities to be deter- 
mined are so excessively minute, and the other dis- 
turbing forces so difficult to eliminate, that the method 
was only carried out successfully by Hecker in 1907, 
and subsequently by Orloff in Russia. The results, 
on the whole, were to the effect that the observed 
deflections were about three-fifths of what they ought 
to be if the earth were perfectly unyielding, and were 
so far in accordance with estimates previously made 
by Darwin and others, from the somewhat imperfect 
statistics of the fortnightly tide. There was, however, 
a discrepancy between the results deduced from the 
deflections in the meridian and at right angles to it, 
which gave rise to much perplexity. The question was 
finally set at rest by Michelson in 1916. He conceived 
the idea of measuring the tides produced in two canals 
(really two pipes half filled with water) of about 500 ft. 
long, extending one north and south, the other east 
and west. These tides are, of course, of a microscopic 
character, their range is of the order of one-hundredth 
of a millimetre, and they could only be detected by the 
refined optical methods which Michelson himself has 
devised. The observations, when plotted on a magni- 
fied scale, exhibit all the usual features of a tide-gauge 
record, the alternation of spring and neap tides, the 
diurnal and semi-diurnal lunar tides, and so on. The 
theoretical tides in the canals can, of course, be calcu- 
lated with great ease, and the comparison led to the 
result that the ratio which the observed tides bore to 





the theoretical was about 0-69, being practically the 
same in both cases. The whole enterprise was as 
remarkable for the courage of its inception as for the 
skill with which it was carried out, and was worthy of 
the genius which has accomplished so many marvels 
of celestial and terrestrial measurement. The per- 
plexing discrepancy in the results obtained by Hecker 
at Potsdam is, no doubt, to be explained by the attrac- 
tion of the tidal waters in the not very remote North 
Sea, and by the deformation due to the alternating 
load which they impose on the bottom. In Chicago, 
near the centre of the American Continent, these 
influences were absent. 

The question may be asked, what is the precise 
degree of rigidity which is indicated by these observa- 
tions, or by others which have been referred to ? 
Various answers have been given, based on observa- 
tions of the tides, of the lunar deflation of the vertical, 
and of the period of the earth’s Eulerian mutation, on 
which I have not touched. The estimates have varied 
greatly, but they are all high, some of them extremely 
high. That they should differ among themselves is 
not surprising. The material is certainly not uniform, 
either in its elastic properties or the conditions to 
which it is subject, so that we can only speak of the 
rigidity of the earth as a whole in some conventional 
sense. Larmor and Love have shown that all the 
information that can be gathered, whether from the 
tides or from the Eulerian mutation, can be condensed 
into two numerical constants. This leaves a large 
degree of indeterminateness as to the actual distribu- 
tion of elasticity within the earth. It is at all events 
certain that in regard to tidal forces the great bulk 
of the material must be highly rigid. 

Within the last twenty years or so light has come on 
the elastic properties of the earth from a new and 
unexpected quarter, viz., from a study of the propaga- 
tion of earthquake shocks. It is pleasant to recall 
that this has been largely due to efforts especially 
fostered, so far as its means allowed, by this Associa- 
tion. To John Milne, more than to anyone else, is 
due the inception of a system of widely scattered 
seismological stations. The instruments which he 
devised have been improved upon by others, notably 
by Galitzin, but it is mainly to his initiative that we 
are indebted for such insight as has been gained into the 
elastic character of the materials of the earth, down, at 
least, to a depth of half the radius. It may be remarked 
that the theory of elastic waves, which is here involved, 
was initiated and developed in quite a different con- 
nection, in the persistent but vain attempts to con- 
struct a mechanical representation of the luminiferous 
ether which exercised the mathematical physicists of 
a generation or two ago. It has here at length found 
its natural application. One of the first problems of 
seismologists has been to construct, from observation, 
tables which should give the time an elastic wave of 
either of the two cardinal types—viz., of longitudinal 
and transverse vibration—takes to travel from any 
one point of the earth’s surface to any other. It has 
been shown by Herglotz and Bateman that if these 
data were accurately known it should be possible, 
though naturally by a very indirect process, to deduce 
the velocities of propagation of the two types through- 
out the interior. Such tables have been propounded, 
and are in current use for the purpose of fixing the 
locality of a distant earthquake when this is not 
otherwise known. They are, however, admittedly 
imperfect, owing to the difficulty of allowing for the 
depth of the focus, which is not always near the surface, 
and is sometimes deep seated. This uncertainty 
affects, of course, the observational material on which 
the tables are based. Some partial corrections have 
been made by Professor Turner, who almost alone in 
this country, amidst many distractions, keeps the 
study of seismology alive, but the construction of 
accurate tables remains the most urgent problem in 
the subject. Taking, however, the material, such as 
it is, the late Professor Knott, a few years ago, under- 
took the laborious task of carrying out the inverse 
process of deducing the internal velocities of the two 
types of waves referred to. Although it is possible 
that his conclusions may have to be revised in the 
light of improved data, and, it may be, improved 
methods of calculation, they appear to afford a fairly 
accurate estimate of the wave velocities from the 
surface down to a depth of more than half the earth’s 
radius. Near the surface the two types have velocities 
of about 7-2 and 4 km. persecond, respectively. These 
velocities increase almost uniformly as we descend, 
until a depth of one-third the radius is reached, after 
which, so far as they can be traced, they have constant 
values of 12-7 and 6-8 km. per second, which, by the 
way, considerably exceed the corresponding velocities 
in iron under ordinary conditions. The innermost 
core of the earth, i.e., a region extending from the 
centre to about one-fourth of the radius, remains 
somewhat mysterious. It can certainly propagate 
condensational waves, but the secondary waves are 
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are from the source of disturbance. Knott himself 
inferred that the material of the central core is unable 
to withstand shearing stress, just as if it were fluid, 
but this must at present remain, I think, uncertain. 

It should be remarked that the wave-velocities by 
themselves do not furnish any information as to the 
elasticities or the density of the material, since they 
involve only the ratios of these quantities. The rela- 
tion between the two velocities is, however, significant, 
and it is satisfactory to note that it has much the same 
value as in ordinary metals or glass. 

Even on this rapid review of the subject it should be 
clear that there is an apparent inconsistency between 
the results of two lines of argument. On the one hand, 
the thermal evidence points to the existence of a high 
temperature at a depth which is no great fraction of 
the earth’s radius, so high, indeed, as to suggest a 
plastic condition which would readily yield to shearing 
stress. On the other hand, the tidal arguments, as 
well as the free propagation of waves of transversal 
vibration at great depths, indicate with certainty 
something like perfect elasticity in the mathematical 
sense. The material with which we are concerned 
is under conditions far removed from any of which 
we have experience; the pressures, for instance, are 
enormous; and it is possibly in this direction that the 
solution of the difficulty is to be sought. We have 
some experience of substances which are plastic under 
long-continued stress, but which behave as rigid 
bodies as regards vibrations of short period, although 
this combination of properties is, I think, only met 
with at moderate temperatures. It is conceivable 
that we have here a true analogy, and that the material 
in question, under its special conditions, though plastic 
under steady application of force, as, for instance, 
centrifugal force, may be practically rigid as regards 
oscillatory forces, even when their period is so long as 
a day or a fortnight. But beyond that we can hardly, 
with confidence, go at present. 
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The Polytechnic, Regent Street, London, W.1.—Four 
leaflets have just been published containing particulars 
of courses of instruction in engineering to be given at 
the Polytechnic, 309-11, Regent Street, London, W.1., 
during the session 1925-26. Both day and evening 
classes will be held in mechanical, civil, electrical, 
and automobile engineering, and those students who 
complete three years’ day courses to the satisfaction 
of the Board of Studies, will be awarded Polytechnic 
Diplomas. In the case of persons who have passed the 
Matriculation Examination of the University of 
London before commencing such courses it is permis- 
sible for them to proceed to the degree of B.Sc. in 
engineering of that University as external candidates. 
Those who have not passed the matriculation or other 
exempting examination must submit to a special 
examination, to be held at the Polytechnic in Septem- 
ber, and which must be passed before they commence 
Diploma courses. It is of interest to mention that 
a wireless and high-frequency engineering laboratory 
will form part of the equipment available to students of 
electrical engineering during the ensuing session. 
Evening courses extending over five years are available 
to students desirous of securing diplomas in the above 
subjects, but who cannot attend classes during the 
day-time. At these evening classes wireless and 
high-frequency engineering and aeronautical engineer- 
ing diplomas may be obtained. Finally, part-time 
courses are given in electrical engineering, in which 
students attend for instruction at the Polytechnic on 
certain evenings each week throughout the Autumn 
and Spring terms, and on Saturday mornings through- 
out the session, All inquiries regarding these studies 
should be made to the Principal by September 15. 

Technical College, Bradford.—The prospectus of the 
Technical College, Bradford, for the session 1925-26, 
just issued, gives particulars,amongst other information, 
of the courses available to those desirous of studying 
civil, mechanical, electrical or automobile engineering. 
Full-time attendance during a period of normally at 
I ast three, and not more than four, years is required 
from students who desire to secure a Diploma, but 
shorter courses can be arranged. Classes in metallurgy 
form a regular part of the instruction given. The 
requirements of the University of London degree 
examination are covered by Diploma courses. Facilities 
are provided for the study of engineering and other 
subjects at evening courses detailed, particulars of 
which may be had on application to the Principal. 
Since registration commences on September 15 all 
inquiries should be made as early as possible. 

_ University College, South Wales.—Leaflets have been 
issued by the University College of South Wales and 
Monmouthshire, and the South Wales and Mon- 
mouthshire School of Mines, giving details of the courses 


of instruction to be given during the session 1925-26 
at these institutions. By arrangement a four years’ 
diploma course in coal mining is given by both institu- 
tions. Diplomas are also obtainable in civil, mechani- 
cal and electrical engineering, metalliferous mining, 
metallurgy and assaying, and in chemical engineering, 
at University College. Classes commence on Septem- 
ber 29, at the latter institution and on September 28 
at the School of Mines. 





FEDERATED MALAY STATES 
RAILWAYS. 


Some interesting particulars of the progress made 
during 1924 are contained in the recently published 
Annual Report of the General Manager of the Fede- 
rated Malay States Railways for that year. On Decem- 
ber 31, 1924, the total length of running lines open was 
1,071 miles, and the length of running lines and sidings 
1,236 miles, compared with 1,044 miles and 1,202 miles 
respectively in service at the end of 1923. New rolling- 
stock placed in commission during the year comprised 
four inspection saloons, 14 fish vans, 20 eighteen-ton 
goods brake vans, 20 twelve-ton wooden high-sided 
trucks, and 20 ten-ton wooden firewood trucks. The 
total length of railway telegraph, telephone, tablet, 
bell, and repeater wires was increased by 224 miles to 
4,379 miles during last year. Work carried out by the 
Construction Department included the extension of the 
Coast Section from both the Northern and Southern 
railheads. It is hoped that this section will be com- 
pleted by the end of 1927, when the direct route from 
Singapore to Kelantan via Pahang will thus be opened 
up for traffic. An important stage in this development 
was reached when Guillemard Bridge, the largest in the 
Peninsula, was opened in July, 1924. The bridge 
spans the Kelantan River and is 2,166 ft. long, being 
composed of five spans of 250 ft., and five spans of 150 ft. 
The height from the river bed to the underside of the 
girders is 55 ft. 

Another development was completed with the open- 
ing of the Johore Causeway, which has greatly facilitated 
railway transport, but due to the fact that it also pro- 
vides a motor road between Singapore and the main- 
land, the railway revenue has not benefited. The total 
net profit of the entire system during the year was 
3,278,428 dols., compared with 1,710,349 dols. in 1923. 
The increase resulted from the better trade conditions 
in the country during 1924. On July 1, 1924, second- 
and third-class passenger fares were reduced to the 
old standard rates of 3 cents and 2 cents a mile, i.e., 
0:84 and 0-56 pence. As a result, the number of 
long-distance passengers increased. Receipts from 
goods traffic showed a total increase of 1,347,950 dols., 
or 20 per cent., over the previous years returns. Fur- 
ther, a slight reduction in expenditure was recorded, 
and the percentage of expenditure to total traffic receipts 
decreased from 86-22 per cent. in 1923 to 78-62 per 
cent. in 1924. A profit of 254,179 dols. was earned on 
docks, harbours and wharves during 1924, compared 
with a loss of 6,240 dols. registered in 1923. It is to be 
concluded that a better balance sheet will be returned 
for 1925 in view of the increased demand for the 
country’s produce and minerals, which must result in 
increased profits being earned by the railways. 





INTERNATIONAL GEOLOGICAL CoNGRESS.—The Four- 
teenth International Geological Congress is to be held 
at Madrid in May and June, 1926. Papers on subjects 
of interest will be read and discussed, and numerous 
excursions have been planned. Full particulars may be 
obtained from the Secretary of the Organising Committee, 
Spanish Geological Institute, Plaza de los Mostenses, 2, 
Madrid. 





PERSONAL.—It is announced that the name of the 
Aircraft Disposal Company, Limited, of Regent House, 
Kingsway, London, W.C.2, has been altered to A.D.C. 
Aircraft, Limited. The change has been made on 
account of the firm now designing and manufacturing, 
in addition to selling aircraft, engines and spare parts. 
—The Mining Engineering Company, Limited, lately of 
Meco Works, Moorfields, Sheffield, has announced that 
their new works have now been completed at Worcester. 
The office and works staff have removed to Meco Works, 
Worcester.—Automatic and Electric Furnaces, Limited, 
have opened a branch office at Birmingham. Mr. Alfred 
Vincent, who has been representing the company abroad, 
will be in charge of the new offices, which are at Guildhall - 
buildings, Navigation-street, Birmingham. — Messrs. 
James Turnbull and Company, electrical and mechanical 
engineers, of 3, New-street, Birmingham, have been 
appointed Birmingham and Midland agents for Messrs. 
E. Jopling and Sons, Limited, of Pallion Steel Works, 
Sunderland. The latter firm manufactures steel castings 
of all descriptions.—The National Gas Engine Company, 
Limited, will transact business on and after September I, 
at their New Offices at Australia House, Strand, London, 
W.C.2. The present address is 75a, Queen Victoria-street, 
London, E.C.4, 





PAN. 


On February 27 last a steam-jacketed soup pan in use 
at the works of Messrs. E. Lazenby and Son, Limited, 
at 36, Grimscott-street, Bermondsey, London, exploded 
and the contents scalded the cook nearby. An investi- 
gation into the matter was made on behalf of the 
Board of Trade by Mr. W. E. McConnell, and in a 
Report of the Preliminary Inquiry just published, he 
states that the pan which failed was made of aluminium, 
} in. in thickness. The pan consisted of two cylinders, 
each 2 ft. 7} in. in diameter, the lower part fitting into 
a cast-iron steam jacket, to which it was attached by a 
flange at its upper edge, while the upper part, 16} in. 
deep, had a similar flange at its lower edge and was 
attached to the casting by §-in. iron bolts at a pitch of 
34, in.; the joint was supported by a mild steel ring. 
The apparatus was used for boiling soup. An iron 
pipe, 2 in. in bore was fitted to the bottom of the pan 
for drawing of the contents. This pipe was screwed 
into an iron flange attached to the pan by eight iron 
bolts, } in. in diameter, and the pipe was made steam- 
tight at the face of the cast-iron jacket by a nut and 
joint of the usual type. Steam was supplied to the 
jacket from a main, which also supplied 11 similar pans 
and a number of food boilers. The pressure in this 
main was reduced from the boiler pressure of 100 Ib., to 
60 Ib. per square inch, by means of a reducing valve. 
A relief valve was provided on the 60-lb. main, which 
was found to blow freely at 64 Ib. per square inch : 
it was of the spring-loaded type, and out of the control 
of the cooks. The steam inlet to the jacket was 1 in. 
in bore and there was a drain pipe } in. in bore pro- 
vided, which had an open end close to, and immediately 
behind, the pan, the drainage water falling into an 
open funnel, through which the condensate was 
conducted to the main drainage pipe. This drain was 
controlled by a cock provided with a by-pass hele, 
3 mm. in diameter, so that an orifice was always 
available to the condensate. 

The apparatus was thought to be at least 18 yeais 
old. No repairs or inspections had been made and no 
insurance had been effected. The accident was caused 
by the bottom of the pan being forced upwards, 
and the metal surrounding the bolts at the bottom 
joint with the flange of the draw-off pipe torn away 
fromthem. Steam at a pressure of 60 lb. per square 
inch was admitted into the open pan, from the jacket, 
and the contents violently expelled. The cause of 
failure is stated to be due to the deterioration of the 
aluminium of which the pan was made. There was 
no corrosion or wasting, though in the course of years 
the repeated stresses, due to the effects of-expansion 
and contraction, are stated to have been productive of 
fatigue. The metal was known to have shown signs 
of yielding before it collapsed. The side of the pan 
had had an indentation, over the full depth of the 
lower part, about 12 in. wide and 2? in. deep for 
some time previous to the explosion, a definite symptom 
of fatigue in this material. Only four aluminium 
pans of this type were in use, the others being made 
of nickel ; all four are being replaced by nickel pans. 





InpIAN TRADE RETURNS FoR JUNE.—The trade returns 
of British India for the month of June, 1925, show, as 
compared with the preceding month, an increase in the 
value of exports and re-exports and a decrease in the 
imports. The imports of private merchandise totalled 
Rs. 16,32 lakhs in June, and showed a decrease of 
Rs. 2,61 lakhs, as compared with May. The value of the 
exports of Indian produce and manufactures rose from 
Rs. 32,58 lakhs in May, 1925, to Rs. 33,10 lakhs in June, 
1925, whilst re-exports increaced by Rs. 14 lakhs to 
Rs. 104 lakhs. 





AMMONIUM NITRATE ExpLostons.—One of the con- 
troversial points in the discussions on the still obscure 
disastrous explosion of the Oppall works was the question 
whether or not ammonium is itself an explosive. Two 
recent accidents bring this question up again. In the 
first case two cars, each carrying 220 barrels of 
ammonium nitrate from the Muscle Shoals Works, 
Alabama, were destroyed by fire while in transportation. 
The nitrate had been packed, six years ago, in new flour 
barrels lined inside with Manila paper ; the barrels had, 
though sheltered, been exposed to the weather, and it is 
assumed in a report by C. E. Munroe of the National 
Research Council, Washington, that the wood of the 
barrels had become impregnated with the nitrate and 
that the friction between barrels had caused the fire. 
Other shipments of the same material had not exploded. 
The second explosion occurred in the ammonium nitrate 
evaporating pans of the Hercules Powder Plant at 
Emporium, Pennsylvania, while the solution was being 
evaporated in cast-irons pans fitted with steam coils. 
Reprocessing was going on, and it is suggested that the 
salt crust had become coated with organic matter which 
was explosive at the crystallising temperature of 276 
or 278 deg. F.; one man was killed and the shed 
demolished. Neither case can be regarded as adequately 





explained. 
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LABOUR NOTES. 


Some time ago we gave the gist of several resolutions, 
dealing with the “duties of General Councils,” which 
are to be proposed at the forthcoming Trades Union 
Congress. The most interesting has been sent in by 
the National Union of Vehicle Builders, and is in full : 
“That this Trades Union Congress is of the opinion 
that the time is now ripe for definite powers to be given 
to the General Council as follows: (1) To take steps 
to summon all unions of a like character to a Conference 
under the Chairman of the General Council to arrange 
rules, &c., so as to unite all such unions; (2) To have 
power to levy all affiliated members (a) to assist any 
union on strike, (6) to assist any affiliated union for 
organisation purposes, (c) to assist Trades Councils as 
local agents of the General Council. (3) It resolves 
that the General Council be given powers to call for a 
stoppage of work, by an affiliated organisation or part 
thereof, in order to assist a union defending a vital 
trade principle, and also have powers to arrange with 
the C.W.S. to make provision for the distribution of 
food, &c., in the event of strike or other action calling 
for same. (4) That this Congress calls on all organi- 
sations to make such alteration to rules to regularise the 
above position.”” Another resolution—its proposers 
are the National Brass and Metal Mechanics—is much 
briefer and more to the point. It seeks to declare :— 
** That this Congress believes that the G.C. of Trades 
Union Congress should have power to call on all 
affiliated societies in the event of a dispute to either 
down tools or render financial aid.”’ 

Two amendments, which should ensure an interesting 
discussion, have now been intimated. The National 
Laundry Workers’ Union proposes to leave out of the 
larger of the resolutions the words ‘‘ To have power to 
levy all affiliated members.”” The London Society of 
Compositors is responsible for the other counter- 
proposal which is very efficiently phrased and meets the 
issue raised by the Vehicle Workers fairly and squarely. 
It is as follows :—‘‘ That this Congress, while welcoming 
all efforts to consolidate the trade unions into more 
effective units of organisation and to co-ordinate the 
aims of the movement generally with a view to securing 
the greatest possible economic results for the workers 
as a whole, deprecates any proposals having for their 
object the merging of all the affiliated bodies in one 
big union, the interfering with the right of affiliated 
societies to secure alteration of their working conditions 
without consent of the General Council, or the sub- 
stituting of the principle of the general strike in place 
of the present method of each industry proceeding in 
the way best suited to its own needs and possibilities.” 





The programme of the National Minority Movement 
—whose annual meeting is, by the way, being held 
this week-end in London—has apparently undergone 
revision. An increase of ll. per week on all existing 
rates and, eventually, a minimum of 4l. per week, 
is still its wages demand, but the paragraph relating 
to hours now reads, ‘‘A 44-hour working week for 
all trades, except in the mining industry, where a 
6-hour day is demanded.” The rest of the revised 
programme is purely political. Nationalisation of 
mines, railways, the chief heavy industries engaged 
in engineering, shipbuilding, banks and land is desired 
‘** without compensation and with workers’ control.” 
On the question of unemployment the Movement calls 
for the “application of the joint demands of the 
General Council of the Trades Union Congress and 
the National Unemployed Workers’ Committee Move- 
ment as embodied in the Six Point Charter, with the 
addition of the confiscation of all idle land and factories 
by the Government, with the workers’ control. On 
the subject of housing, the demand is for “‘ the carrying 
out of an adequate scheme for housing, therequisitioning 
of all empty houses, large and small, and the suspension 
of all forms of luxury building until sufficient new 
houses to accommodate all in need are built.’? The 
Movement also has, it seems, a foreign policy—which is 
to all intents and purposes that of the Communist 
Party. It includes (a) The repudiation of the Ver- 
sailles Treaty, and, in particular, the Dawes Report ; 
(6) The ratification of the Anglo-Russian Treaty, the 
extension of the Trades Facilities Act to Soviet Russia, 
and the granting of long-term credits ; (c) The appoint- 
ment of a trade unionist as the representative of 
Britain in Soviet Russia; (d) Repudiation of the 
conception that the British Empire is of any regard 
to the British workers. The Movement is invited to 
pledge itself to work in close connection with the 
workers of all the countries which comprise the 
impire, and to assist them in their struggle to over- 
throw British Imperialism. 





At a meeting in Swansea on Monday, delegates repre- 
senting the Welsh anthracite miners, who have been on 
strike for nine weeks, accepted the settlement terms, 
provisionally arranged by the Executive Committee 
of the South Wales Miners Federation with repre- 
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sentatives of the coal-owners. It was agreed to resume 
work immediately. The terms were (1) That work be 
resumed at the collieries to-morrow (Tuesday), the wages 
and other terms prevailing at the several collieries 
before the stoppage to be continued. (2) That all 
the workmen employed at the date of stoppage be 
reinstated as soon as possible in their former employ- 
ment. (3) That upon the workmen undertaking to 
observe the agreement for tendering notices before a 
stoppage in future, no proceedings shall be taken for 
alleged breach of contract upon this occasion. An 
undertaking was given by a representative of Anthracite 
Collieries, Limited, that as the Ammanford No. 1 Col- 
liery is not to be reopened for work, every endeavour 
shall be made by the company to employ the workmen 
rendered idle by this decision at the other collieries of 
the company. 





The Ministry of Labour states that on August 17> 
1925, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,298,400—999,000 men, 40,600 boys, 224,000 women, 
and 34,800 girls. On August 10, 1925, the number 
was 1,269,450—972,100 men, 38,311 boys, 224,751 
women, and 34,288 girls; and on August 18, 1924, it 
was 1,122,315—845,554 men, 38,937 boys, 204,570 
women, and 33,254 girls. 





Asimultaneous unofficial strike of seamen and firemen, 
here and in Australia, against the 20s. per month 
reduction of wages recently agreed to by the Maritime 
Board, has caused considerable inconvenience to British 
shipping. Vessels outward bound from British to 
Australian ports have been delayed, but no sailings 
have had actually to be cancelled. At the other end, 
however, ships have been, and are being, held up, and, 
in order to maintain ocean transport services, the 
Commonwealth Government has promised to take 
drastic action against promoters of the trouble—who 
are chiefly outsiders. According to representative 
“* Reds,” the Communist organisation has nothing to 
do with the strike, but it is tolerably clear, both here 
and in the Commonwealth, that if its leaders did not 
project the movement they are actively supporting it. 





The report and balance sheet of the National Union 
of General and Municipal Workers, for the first half of 
the current year, states that the membership of the 
organisation is now 311,767—a decrease of 1,966, as 
compared with the position at the end of December, 1924. 
There has been, however, an increase of over 3,500I. 
in the receipts during the past half year, while the total 
funds of the Union have increased by 58,258]. At 
the end of June, the total was 371,8801. 


TuHE second ballot in the selection by members of 
the Amalgamated Engineering Union of two further 
Parliamentary candidates has resulted in a rather 
serious reverse for the National Minority Movement. 
Not only did its chairman, Mr. Tom Mann, fail to 
secure election, but the two candidates who beat him 
are members of the executive council of the A.E.U.— 
a body about which the N.M.M. and its leaders have 
frequently very unkind things to say. For Mr. W. H. 
Hutchinson 18,732 voted, for Mr. J. Kaylor 16,767, 
for Mr. Mann 15,418, and for Mr. David Adams 14,802. 
Mr. Hutchinson, who went to the headquarters of the 
A.E.U. from Manchester, is a member of the executive 
of the Labour Party and has been for a term its chair- 
man. Mr. Kaylor came up from Coventry, and has 
been on the executive since 1913. 





The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in July, was45. In addition, 33 disputes, which began 
before July, were still in progress at the beginning of 
the month. The principal dispute occurring in July 
was that involving workpeople in the wool textile 
industry in the West Riding of Yorkshire and part of 
Lancashire. The number of workpeople involved in 
this dispute cannot, the Department says, be stated 
at present, but, excluding this dispute, the number of 
workpeople involved in all disputes in July (including 
workpeople thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was approximately 51,000, as 
compared with 34,000 in the previous month. The 
estimated aggregate duration of all disputes during 
July (excluding the wool textile dispute) was about 
732,000 working days, as compared with 281,000 days 
in June. 





According to the bulletin which is issued monthly 
by the Industrial Commissioner of New York State, 
the only metal industries which did not follow the 
general downward movement in June were some of 





the factories making instruments and office equipment. 
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division, but earnings fell as summer hours were put 
into effect. Batteries, bolts, hardware, castings, 
upholstery, brass and copper accessories all declined. 
Manufacturers of automobiles and parts (reporting to 
the State) let a thousand employers goin June, although 
not all factories began to curtail operations. Those 
who remained on the pay rolls averaged 1-20 dols. 
less than in May. While railroad equipment factories 
on the whole showed a much smaller loss in June, 
employees in the several equipment districts were 
seriously affected by the changes that occurred within 
the plants. There were fewer engaged in railroad 
repair work. Shipyards were less active. 





The report of the General Federation of Trade 
Unions for the second quarter of the current year 
states that the total number of affiliated societies 
is now 116, of which 73 are on the higher scale, 
40 on the lower scale, and 3 on both scales. The 
gross membership of the affiliated societies is 764,080— 
455,065 on the higher scale and 309,015 on the lower— 
and the total membership on which contributions 
are being paid, 732,798—434,821 on the higher scale 
and 297,977 on the lower. During the period to 
which the report relates the funds of the Federation 
increased from 149,9411. to 165,6911. The contri- 
butions received amounted to 13,047/., and the benefits 
paid out to 1,134. 





Dealing with the subject of unemployment in the 
course of his quarterly report, Mr. Appleton, the 
General Secretary of the General Federation of Trade 
Unions, says that resolutions whose terminology 
indicates the imperfect understanding which the 
draughtsmen have of their subject are being put 
forward at expensively constituted congresses, and 
regulations are being laid on the table of the House 
of Commons. Not 1 per cent. of these resolutions 
and regulations, in Mr. Appleton’s opinion, really 
go to the root of the subject. Such a shirking of 
real issues he regards as damaging to British trade 
prospects and to the interests of the British worker, 
and it would be a good thing, he suggests, if the 
resolutionists gave themselves a holiday from talking 
until they had clearly thought out the causes of 
unemployment and the possible remedies. Condemning 
everybody, Mr. Appleton declares, helps nobody. The 
only thing that is of real use is constructive suggestion. 
From the beginning of the crisis, he points out, the 
General Federation of Trade Unions has insisted 
that high taxes and high rates have been a potent 
factor in the perpetuation of unemployment. These 
all have to go on selling price, and, by raising the 
price, make selling more difficult. They also interfere 
with the accumulation of new capital and the commence- 
ment of new business. Many mistakes have been 
made and are being made, he goes on to remark, in 
connection with the assembly and use of capital, 
and they are not all being made by the workers. 
A very common error during the boom period was, 
he says, to capitalise on the basis of profits earned 
during the abnormal years. That tendency to increase 
nominal capital without increasing actual value is 
having, and may continue to have, very serious 
effects upon trade, not the least of which arises from 
re-assessments for rates and taxes on the higher 
values indicated, but not necessarily existing. ‘The 
burdens created by that treatment of intangible 
wealth must, in some way, Mr. Appleton argues, 
be passed on to the poor producer. 





Tue EcoLte CenTRALE.—The Croix de Guerre was 
recently awarded to the Ecole Centrale des Arts et 
Manufactures, the famous French engineering school. 
This action on the part of the French Government 1s 
to commemorate the services rendered, during the 
European War, by graduates of the school, many of 
whom served as artillery officers. 


SPECIFICATION FOR STEEL ROLLER CHAINS AND CHAIN 
WHEELS.—A new specification issued by the _British 
Engineering Standards Association, of 28, Victoria- 
street, London, 8.W. 1, at a price of ls. 2d. per copy, 
post free, gives standard requirements for two kinds of 
chain, namely, the long-pitch and short-pitch types: 
for each of which two widths of chain and chain wheel are 
provided. The work bears the number 228—1925, and 
has been based upon a report drawn up by the Associa- 
tion of British Driving Chain Manufacturers. A table of 
dimensions for the roller diameters and widths for chains 
having pitches from 'in. to 3 in. is supplied. Further, 
formule for calculating the profiles of the teeth of the 
chain wheels and complete dimensions of cutters require 
for making them are included. A further table gives 
the pitch diameters for chain wheels possessing from 
9 teeth to 100 teeth. A standard method of measuring 
the lengths of chains has been incorporated in the 
specification, together with the tolerances allowed on the 
nominal length. It is particularly worthy of mention 
that, for the convenience of those in countries where 
the metric system is used, approximate equivalent 





Employment did not go down in the heating apparatus 





dimensions in this system are supplied in all cases. 
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170-B.H.P. THREE CYLINDER OIL ENGINE. 
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MACHINEFABRIEK BOLN 


S, ENGINEERS, BOLNES, HOLLA) 











170-B.H.P. THREE-CYLINDER BOLNES 
OIL ENGINE. 


In dealing with the bucket dredge for the Nus River 
Gold Mines in our issue of June 5 last, reference 
was made to the two Bolnes engines, manufactured 
by the N.V. Machinefabriek ‘‘Bolnes,” of Bolnes, 
Holland, which were employed for driving the bucket 
ladder and auxiliary gear respectively. Through the 
courtesy of Mr. A. R. Brown, of 54, New Broad-street, 
E.C.2, who is the agent for these engines in this 
country, we are enabled in this issue to illustrate 
nother of the Bolnes engines, in this case with three 
cylinders, which has been supplied by the makers 


recently for a sand pump dredge in the Argentine. We | 


have referred to engines of this make from time to 
time in our columns, and it will be recalled that they 
are of the two-stroke hot-bulb type, with mechanical 
injection. They are fitted with crossheads, and a 
characteristic of the design is that the air for scaveng- 


ing is compressed in a cast iron base chamber and | 


in the hollow supporting columns instead of in the 
crankease. One of the advantages resulting from 
this arrangement is that the moving parts in the latter 
ire rendered easily accessible for examination and 
adjustment. 

Xeferring to the annexed figure, it will be seen 
that the engine illustrated is fitted with a reversing 
gear. In addition to this, however, the engine itself 
is made direct reversing, as it serves the double 
purpose of driving the sand pump and _ propelling 
the dredge. The bedplate, which is of box section 
and cast in one piece, is extended at the after end 
hy means of two hollow cast-iron beams, which carry 
the reversing gear. These two beams are tied together 
®v means of the cast-iron block which forms a bearing 
for the shaft. The cylinders, which are separate 
castings, are carried with the base chamber on four 
columns at the front, and three at the back, all of cast- 
iron, As already explained, the space within the 
interior of the rear columns is in communication with 
that below the piston, to form the scavenge air space, 
which is entirely separated from the crankcase. A pack- 
ing gland of the usual type is provided for the piston rod, 
The air suction valves are fitted on the rear columns. 
The hot bulb is formed in the cylinder covers, the 
latter being partially cooled by a water jacket which 
's In communication with the cylinder jacket. The 
pistons, which are of the usual design with a deflector 


are fastened to the piston rods with a flange and 





four bolts, and at the lower end the rods are fixed 


pins are hardened and ground. The crosshead shoes 
| and guide strips are both of cast-iron. The connecting 
|rods are of cast steel with phosphor-bronze bearings 
| at the top, the crank-pin bearings being of gun-metal, 
|lined with white metal. The crankshaft is of mild 
| steel, and is made in one piece, the three cranks being 
}at 120 deg. ‘The flywheel is at the forward end of 
|the engine, and forms part of the friction coupling 
| for connecting the engine to the sand pump. 

| Turning now to the auxiliaries, the air compressor, 
which is mounted on the opposite side from that shown 
|in the illustration, is driven by an eccentric off the 


} 
be the crossheads with taper and nut. The crosshead 
| 





| 
| which the smaller reservoir, shown in the illustration | 
| 











auxiliary shaft, and is operated by the lever shown 
passing through a quadrant at the left-hand end. 
By moving this lever the cams are put into connection 
with the three air-admission valves mounted on the 
front columns. In conjunction with this operation the 
main air valve is opened by the foot lever seen on the 
left-hand side of the engine, immediately above the 
auxiliary shaft. Each cylinder is lubricated by two 
mechanical pumps, which supply oil to the cylinder on 
opposite sides. The various shaft bearings are supplied 
from a receiver through drip sight-feeds, oil being 
delivered to the receiver by another pump which draws 
its supply from the bedplate sumps. The consumption 


| of lubricating oil is exceptionally low for this class of 
crankshaft, and charges the main reservoir, with | engine, as oil cannot escape to the bilges of the vessel. 


In conclusion, we may mention that the engine develops 


mounted on the front of the after column, is connected. | from 165 to 170 brake horse-power at 280 r.p.m. 


This smaller reservoir contains sufficient air for starting 
the engine, and is provided to prevent the accidental 


The engine is provided with six fuel pumps, two to 
each cylinder, three of which are visible in the 
figure mounted on the front columns. All six pumps | 
are driven from an auxiliary shaft, which can also be 
seen in the illustration, extending across the front 
of the engine parallel with, and a short distance 
|above, the bedplate. This shaft receives its motion 
from the crankshaft by means of three spur wheels, | 
which also serve for the drive to the governor shaft. 
|The auxiliary shaft carries three cranks, which are 
| partly hidden behind covers in the view shown, and 
|; connecting rods of the usual type convey the motion 
|from these cranks to three rocking levers. The fuel 
pumps are situated at the two ends of these levers. 
| The three front pumps serve to inject the fuel into 
|the hot bulb at the end of the compression stroke, 
the rear pumps being brought into operation only 
when the engine is running light, in which case they 
jare arranged to inject the fuel at a later point in 
|the stroke. A variable lift cam is mounted on the 
| foot of each pump plunger, and the governor regulates 
|the pump stroke by rotating these cams by means 
|of a suitable link mechanism. The stroke can also 
| be altered by means of a hand wheel when required. 

| In addition to the fuel pump cranks, the auxiliary 
|shaft carries two sets of cams, which are used 





| respectively for controlling the air admission valves 
| when the engine is being started up in the forward 
| direction, and when it is reversed. The reversing 
| shaft can be seen in the illustration in front of the 








loss of the whole of the air supply when starting up. | THE EXPERIMENT TANK IN RELA- 


TION TO SHIP AND PROPELLER 


DESIGN.* 

By EF. R. Mumrorp. 

Ix undertaking to prepare a paper on this subject 
the author scarcely realised the magnitude of the task 
until he commenced to review his long experience of 
experiment tank work, especially that gained during 
the last 43 years while in charge of Messrs. Denny’s 
tank at Dumbarton. So much valuable data has been 
acquired during that long period in relation to econo- 
mical propulsion of ships of all sizes, speeds and services, 
that it is impossible to describe the whole of it in 
detail within the compass of a single paper. It is 
hoped, however, to show that the experiment tank 
has a very high value, not only in securing the best 
possible designs for given conditions of size, speed and 
service, but that it also enables speed and power 
for any conditions to be predicted accurately within 
narrow limits. 

The building of ships is a very ancient industry, 
which has not always relied on the preparation of 
complete formal designs and calculations before 
commencing actual construction. Such haphazard 
methods have not been unknown in this country even 
down till quite recent times, though accumulated 
experience, notwithstanding such absence of method, 





* Paper read before Section G of the British Associa- 
tion, at Southampton, August 27, 1925. 
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has enabled skilled craftsmen to construct many 
ships, of moderate speeds, especially sailing ships, 
which have given satisfactory service. The design 
of a sailing ship involves the provision of a 
greater degree of stability than is sufficient for an 
engine-driven ship, combined with lines formed to 
give the best result when the ship is heeled to a 
considerable angle by the pressure of the wind on 
the sails. The relatively large area of water plane 
required in order to secure sufficient stability is 
unfavourable to the adoption of a design for a com- 
mercial sailing ship that will require minimum power 
to drive it at sailing-ship speeds on even keel. The 
problem of sailing-ship design is therefore mainly one 
of the relation of wind-pressure moment to moment 
of stability, so that little has been done at experiment 
tanks in connection with the designs of commercial 
sailing ships. Some experimental investigations, how- 
ever, have been made at the Dumbarton Tank in 
connection with sailing yachts which have an unusually 
large sail area and a very heavy and deep keel, and 
also do a considerable proportion of their racing on a 
nearly even keel with very little lee-way drift. In 
such cases the influence of the experiment tank investi- 
gation is of considerable value. 

During the early years of the application of the 
steam engine to ship propulsion the powers of the 
engines, and the speeds attained, were so low that the 
resistance to propulsion consisted principally of the 
friction of the water along the immersed surface of the 
ship, a relatively small percentage of the total resistance 
being due to wave-making; thus, form of lines did 
not have the same effect as was found when higher 
powers became possible. Estimates of speed and 
power, for many years, were implicitly based on 
the Admiralty coefficient or “constant,” as it was 
erroneously called, which is as under :— 


(displacement)? x (speed)* 
Indicated horse-power ~~" 





If it were true that indicated horse-power did always 


vary as (displacement)? x (speed)*, then for vessels 
of about the same length, C would be practically 
constant for constant propulsive efficiency ; but that is 
far from being the case, though it might be taken to 
be nearly constant for similar vessels of not very 
different lengths at corresponding speeds, assuming the 
same propulsive efficiency in each case. The Admiralty 
coefficient can therefore be useful, to some extent, in 
estimating speed and power for a proposed ship from 
the results obtained with a somewhat similar ship, but 
it can give no indication as to whether the design dealt 
with is good or bad, or of the direction to follow in 
order to improve the design so as to reduce the power 
required for the same speed. 

With the progress made in the design of the steam 
engine, increased power and speeds became possible, 
and this involved an increase in the ratio of the wave- 
making resistance to the total. This element proved 
very susceptible to change of form of lines, and change 
of speed in relation to length, so that, in the absence 
of exact knowledge, and in the presence of numerous 
erroneous theories, many ships were built which proved 
unsatisfactory as to the speed attained in relation to 
the designed speed, or in that excessive power was 
required to attain the designed speed. The need, 
therefore, developed for a more reliable method of 
estimating speed and power, and of finding the design 
of lines that would fulfil all other requirements, and 
enable the desired speed to be obtained with the 
minimum power. The late Dr. Wm. Froude, of 
Torquay, most brilliantly supplied the need by estab- 
lishing a covered experiment tank, 250 ft. long, near 
his own residence, where he experimented with ship 
models of large size up to 20 ft. in length. He received 
the valuable support and encouragement of the Chief 
Constructor of the Navy, and ultimately proved the 
accuracy and reliability of the ‘‘ Law of comparison ”’ 
of model and ship resistance by towing H.M.S. Grey- 
hound and comparing the results (as corrected from 
acquired data for roughness of immersed surface) with 
his model results. This was done in 1871,* and has 
led to the establishment in many maritime countries 
of experiment tanks, which have proved to be of 
incalculable value in securing the utmost economy in 
the propulsion of ships of all kinds. 

The Law of Comparison may be stated thus : Wave- 
making resistances of similar forms are in the ratio 
of the cubes of corresponding dimensions at speeds 
which are in the ratio of the square root of correspond- 
ing dimensions. 

In order to ascertain the force required to overcome 
the friction of the water along the immersed surface 
of a ship or model, Froude experimented with thin 
varnished planes of different lengths and speeds, up 
to a length of 50 ft., and a speed of 600 ft. per minute. 





* See Transaction of the Institution of Naval Archi- 
tects, vol. xv. 


He thus obtained curves of surface friction per unit 
area in terms of length, for various speeds, and extra- 
polated the curves to ship lengths and speeds in a 
manner that has proved to give satisfactory results 
in their practical application during the last half- 
century. Froude also ascertained the effect of roughen- 
ing the surfaces of the planes by calico, and fine and 
coarse sand, and the results are valuable in showing 
the importance of securing as smooth a surface as 
possible on the immersed surfaces of ships. The 
results of these investigations were embodied in two 
reports made by Froude to the Admiralty in 1872. 

Froude deducted the surface friction, as estimated 
from his experimental results, from the total measured 
resistance of the model, and treated the difference as 
being wholly due to wave-making. This involves the 
deliberate neglect of such eddy-making resistance as 
there may be, and also assumes that the friction of the 
immersed surface of a formed hull creating waves is 
identical with that of a thin plane of the same length, 
area and speed. There is doubtless a slight error 
due to the admittedly imperfect treatment; but it is 
of a negligible order, especially in relation to other 
factors that affect the ship results, such as variations 
in the condition of the immersed surface, and in the 
speed and direction of the wind as affecting air 
resistance. 

A suggestion has recently been made that Froude’s 





fitted with brackets, or bosses, in the case of twin or 
multiple screw propellers, and measure the shaft 
power in each case when the thrust of the propellers 
corresponds to that required for the ship. The thrust 
of the ship’s propellers is invariably greater than the 
tow-rope force because of the action of the propellers 
in reducing the forward pressure of the water on the 
stern. The shaft power thus obtained, in the absence 
of cavitating conditions in the ship, agrees very closely 
in practice with the actual shaft power of the ship as 
indicated by reliable averaging torsion-msiers which 
measure the torsional deflection of the ships calibrated 
shafting. When only the I.H.P. of the ship is avail. 
able, the S.H.P. can be estimated by deducting a 
suitable amount for the mechanical efficiency of the 
engines, and this is found to agree closely with the pre- 
diction from the model.* A comparison of mcdel 
and ship results over a wide range of speeds with pro- 
pellers well immersed, and therefore not drawing nir 
from the surface, shows a relatively gradual increase 
of ship’s shaft power, compared with that deduced 
from the model. There is no sudden break in the 
power and efficiency curves due to cavitation which 
is not caused by air being drawn from the surfare. 
This is illustrated in Fig. 1. 

In connection with experiments with model screw 
propellers, it is not only found that, for some condi- 
tions, the shaft power of a hull form that requires the 
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surface-friction data should be checked, and extended 
by large-scale tests to cover much longer lengths, 
and higher speeds than Froude actually dealt with, 
and also to find the effect of form on surface friction. 
Consideration of the difficulties associated with such 
large-scale tests as have been proposed, and of the 
uncertainties as to the limits of possible error in the 
results ultimately arrived at, is unfavourable to incur- 
ring the expenditure of time and money involved in 
adopting and pursuing the suggestion, especially in 
view of the fact that Froude’s surface friction data 
have been proved to be very satisfactory in enabling 
trustworthy predictions of speed and shaft power, 
within narrow limits, to be made for ships having 
good immersed surface, when tried under favourable 
weather conditions. More variation in ships’ measured- 
mile trial results is caused by differences in the condi- 
tion of the immersed surface, and in weather condi- 
tions, than is caused by any possible error in applying 
Froude’s surface friction data and method. 

The wave-making resistance of the full-sized ship is 
obtained by applying the Law of Comparison to the 
wave-making resistance of the model. The calculated 
surface friction of the ship, based on Froude’s data, is 
added to the wave-making resistance thus obtained, 
the total giving the force that would be required to 
tow the ship at the various corresponding speeds. 
Various designs for the same proposed ship can be 
tried out in models. The results thus obtained fre- 
quently show large differences in the resistances of 
forms that would all appear suitable, in other respects, 
for the proposed ship. This gives valuable information 
so far as it goes, but it does not follow that the form 
which requires the least tow rope force will also require 
the least shaft power applied to a propeller driven 
from within the ship itself. It is therefore, highly 
necessary to test the model propeller or propellers, 





in suitable positions in relation to the ship model, 





greater tow-rope force is less than that of a form of 
considerably less tow-rope force, but it is also found 
that considerable variation in the shaft power of a 
particular form can be caused by varying the design of 
the shaft bosses and relative position and direction of 
rotation of propellers, as well as by altering the design 
and proportions of the propellers themselves. The 
sum total of the effects of permissible alterations to 
an apparently suitable original design of ship and pro- 
pellers results, in very many cases, in a considerable 
economy in shaft power, notwithstanding the applica- 
tion of accumulated experience to the preparation of 
the original design. Any one who has had practical 
experience of experiment tank work isimpressed almost 
daily by the great value obtained from securing econo- 
mical propulsion, not only with fast ships, but also with 
ships of moderate speed. 

The foregoing deals only with the main purpose of a 
commercial experiment tank, namely, the testing of 
ship models and model propellers in deep smooth 
water. There are, however, many other problems 
that can be, and are, dealt with very profitably in 
an experiment tank, some of which may now be 
referred to. 

Effect of Systematic Variation of Dimensions and 
Form.—It is often desired to know the effect of varying 
the beam, draught and prismatic coefficient while 
adhering to the same general design of lines. This can 
always be done for a particular proposal by making 
and testing several models; but in a commercial 
establishment the time limit for tendering does not 
often permit of exhaustive experiments; it is there- 
fore desirable to investigate these problems experl- 
mentally with a special series of models, and 5° 
determine the values of the indices in the following 





* See Transactions, Institution of Naval Architects, 
vol. xlv, p. 127. 
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formula for a standard length over a wide range of 
speeds :— 
Resistance o (beam)% x (draught)y x (prismatic 
coefficient )2 


When midship-area coefficient is the only variable, it 
may be considered as a partial beam variation, i.c., 
a variation of the beam of the underwater lines only, 
so that the value of the index “x,” which is applicable 
to variation of beam at the waterline with constant 
midship coefficient may be applied to midship-area 
variation by varying the midship-area coefficient. 
Thus resistance o (midship area) for the same length, 
beam, draught and prismatic coefficient. 

Beam and draught can both be varied by expansion 
or contraction of the lines. The variation in the 
prismatic coefficient should be made so as to maintain 
the longitidunal position of the centre of buoyancy. 
The values of these indices have been ascertained 
from tests of a series of models at the Dumbarton 
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Tank, and found to change with change of each dimen- 
sion and with change of speed—specimen curves of | 
indices are shown in Fig. 2, to illustrate the nature of 
the changes. 

BE, When the rate of variation of resistance in terms of 
variation of beam, of draught and of speed, respec- 
tively, is known, either from acquired data or from 
tests of special models, it becomes an easy matter to | 
find the effect on resistance of altering the length | 
without altering beam, draught, fulness or speed. 
For example, assume that the resistance of a ship 
of given length, breadth, draught, displacement and 
speed is known, and that it is desired to ascertain 
the effect on the resistance of increasing the length 
by 10 per cent. without altering beam, draught, 
fulness of lines or speed. If it be ascertained, either 
from progressive speed and power trials of the ship, 
or from tests of the model, that the resistance varies 
as the fourth power of the speed in the region of the 
required speed, and it is also known from data acquired 
from tests of models of various proportions that, in 
the particular case, resistance will vary as beam and as 


(draught)§, then, the speed of the longer ship being 
identical with that of the shorter ship, corresponds 


to (1:1)72 times that of the original length, at 
which speed the resistance of the shorter ship is (1-1)-2 
times its resistance at the original speed. This resist- 
ance (omitting correction for surface friction which is 
negligible as to amount, though it favours the longer 
length) must be multiplied by (1-1)3 for a similar ship 
having 10 per cent. greater beam and draught, and 
corrected to resistance for the original beam by multi- 
plying by (1-1)-1, and for the original draught by 
multiplying by (1- 178. 

Thus the resistance of the longer ship at the original 
speed is (1-1)-2 multiplied by (1-1)3 multiplied by 








on 
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(1-1)-1 multiplied by (1-1)? = (1-1)-8 times the 
resistance of the shorter ship, i.e., fully 6 per cent. less 
resistance at the same beam, draught, fulness and 
speed with 10 per .cent. more displacement. This 
result seems paradoxical, but it is nevertheless correct, 
and similar gains are frequently secured in practice. 

Considerable reduction of power can also frequently 
be made by increasing the beam and fining the lines, 
by making use of the ascertained relative values of 
the indices “a” and ‘‘z”’ in Resistance « (Beam)? x 
(Prismatic Coefficient). Except for ships having fine 
lines, the value of ‘‘ z” is usually much more than that 
of ‘“‘2,” so that a saving of power is obtained by 
increasing beam and fining the lines when other 
conditions permit. 

As already stated, the resistance also varies with 
variation in the longitudinal position of the centre of 
buoyancy. Expanding one-half of the body of the 
design for a ship and contracting the other by changing 
the longitudinal position of the ’midship section, often 
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Fig. 5. EFFECT OF WAVES ON SHIP 
MODEL RESISTANCE. 


— Resistance of Ship Model in Still Water. 
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shows the nature of the change in resistance in a parti- 
cular case obtained by this means, but the kind and 
direction of the change varies with dimensions and speed, 
and can only be ascertained by testing models. 

Screw Propellers.— A vast amount of useful work 
has been done at various experiment tanks in investi- 
gating the variation of model-screw propeller efficiency 
in open water (i.e., without a ship model in front), in 
relation to variation of pitch ratio, slip ratio and other 
variations of design, and much of this valuable work 
has been published in the transactions of technical 
societies. The results show the variation in propulsive 
efficiency due to variation in the ratio of pitch to dia- 
meter, and slip ratio (7.e., the ratio of the speed of the 
slip of the propeller to that of its race) diameter of boss, 
and number, thickness, area and smoothness of blades, 
are other factors of some importance as affecting pro- 
pulsive efficiency. Area of blades and immersion be- 
come very important factors when the conditions compel 
the adoption of small diameter in relation to speed and 

wer, especially when there is a danger of cavitation 

y air-drawing, or otherwise, in the case of the ship. 
The effect of each factor has been investigated to some 
extent; but much remains to be dealt with, for al- 
though the results obtained from experimental in- 





vestigations with model screw propellers in open water 
are very valuable, they cannot be relied upon for syn- 
thetic construction of the propulsive efficiency of a ship, 
in association with the wake, and with the resistance 
of the hull as augmented by the action of the screw or 
screws at the stern of the ship. In open water, the 
directions and speeds of the lines of flow of the water 
towards the screw are symmetrical with regard to its 
disc, the centre line of flow being in line with the axis 
of the screw. Such is not the case when the screw is 
in position behind a ship or its model. In many cases, 
the actual propulsive efficiency differs to a large extent 
from that arrived at by a synthetic treatment of aug- 
mented resistance, wake and screw efficiency in open 
water. Such synthetic treatment can give only an 
approximation to the propulsive efficiency in the case of, 
for example, a ship having a fine after body and a 
central single screw. A change of the direction of 
rotation of twin screws may affect the propulsive 
efficiency to a large extent. For example, in one par- 
ticular case of a twin screw ship 285 ft. long, having a 
speed of nearly 19 knots, model screws were tried at the 
Dumbarton Tank in proper positions behind the model 
hull in both directions of rotation, and it was found 
that when turning outwards on top, the propulsive 
efficiency was much higher than when turning inwards 
on top. The experiment was then made with the ship 
when it was found that the power required for going 
ahead with screws turning outwards on top was fully 
10 per cent. less than that required when the screws 
were turning inwards on top, the result being a confirma- 
tion of that predicted from the model results. These 
considerations show the imperative necessity for testing 
model ships and model screws in their proper position 
relative to each other, in order to ascertain the shaft 
power required at corresponding speeds and thrusts. 
When the propulsive efficiency of model screws! working 
behind a model ship is found to be bad, or not so good as 
was expected, it is usual to alter the design of the shaft 
bosses or brackets, or the shape of the stern lines of the 
hull, until a satisfactory improvement in propulsive 
efficiency is secured. 

Shoal Water—A problem that very frequently has 
to be solved at an experiment tank is to ascertain the 
effect of shoal water on the speed and power of a pro- 
posed ship. For this purpose, an adjustable wooden 
bottom is ballasted and suspended at any desired height 
above the bottom of the tank. A large amount of data 
on the effect of various depths of water on the resistance 
of ship models of various forms and speeds have been 
acquired at experiment tanks. The effect of shoal water 
on the speed and power of full-sized ships has also been 
tested, and found to confirm the results obtained from 
model trials; much of this information has been pub- 
lished. Fig. 4 is given here as an example showing 
the effect on the resistance of a model of full form when 
tried in 15 in. depth of water, as compared with the 
resistance in deep water. It will be seen that, at 
moderate speeds, the resistance in shoal water is greater 
than in deep water, while at high speeds the reverse is 
the case. 

Shaft Excrescences.—These necessary features, if 
badly designed, may add very considerably to the 
resistance of the hull; they have been known to in- 
crease the resistance by fully 25 per cent. It has been 
said that owing to the undue amount of eddy-making 
associated with such excrescences, the law of compari- 
son of ship and model resistances cannot accurately 
be applied to such a large addition to the resistance. 
Actual experience, however, shows that whatever error 
there may be in the application of the law it is of a very 
small order, for it is not apparent in passing from 6 ft. 
to 20 ft. lengths of models. In good modern practice, 
the resistance due to excrescences on a model should not 
exceed 8 per cent. of the hull resistance, and in many 
cases of high-class ships the percentage is very much 
less. In some cases it is only 1 to 2 per cent., but such 
favourable results can only be obtained by trying 
various designs on the models, the amount of the per- 
centages being found very sensitive to alteration of 
design, making it impossible to secure the best results 
by any other means than by model experiment. 

Periscopes on Submarines.—The same kind of remarks 
may be applied to the periscopes of submarines, as 
those already applied to shaft excrescences. The resist- 
ance of the two periscopes which are not housed in a 
suitably-shaped casing extending above the water 
surface, is very considerable—say, about 17 per cent. 
of the hull resistance—but with suitable housing, the 
resistance of the latter is only about 7 per cent. 

Resistance in Waves.—It is sometimes desired to 
know the effect on speed and power of the waves 
which a particular ship meets during part of her service, 
in order to ascertain if their effect can be reduced by 
modifying the form of the bow to some extent. In 
such cases, it is necessary to determine the dimensions 
of the waves, and this information can only be obtained 
from the deck officers engaged on the service, and is 
probably only approximately correct; but assuming 
it to be accurate, the corresponding period of waves of 
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similar length for the model is determined, and recip- | 
rocating wave-making apparatus is made to act in 
accord with such period. The effect of the waves 
thus created is then found by measuring the resistance 
of the model while advancing against the waves. 
Fig. 5 shows how much the resistance of a model was 
increased by advancing against waves corresponding 
with those met with in the Indian Ocean during the 
monsoons. 

Rudders.—Well-shaped rudders of ordinary size add 
very little to the hull resistance when in line with the | 
direction of the flow of the water meeting them; but | 
there are exceptional cases which call for experimental | 

| 





investigation, and it has been found possible to reduce 
the shaft power, in some such cases, by as much as 
10 per cent. by improving the design of the rudder and | 
post. The turning moment on the rudder stock, and 

steering efficiency of a rudder, are frequently tested on | 
model and ship. In the case of the ship, the turning | 


| ship at full, or service, speed. 


| but over all the surface of the water in which the wheels 





note that in the days before elaborate sail rigging was 
abolished from steamers, the problem of air resistance 
was experimentally dealt with at the Dumbarton Tank 
by measuring the air resistance of a fully-rigged model 
of a liner at various speeds. It was found that air 
resistance was a much more serious factor in such a 
case than it is now that steamers do not carry rigging 
for full sail. 

Paddle Wheels.—It is important in the case of side 
and stern paddle wheels to secure the most favourable 
immersion of the paddles in the waves created by the 
In this connection, it 
is the practice to take measurements of the heights and 
hollows of the waves not only at the skin of the ship, 





are to work. In the case of side-paddle steamers it is 
sometimes necessary, and permissible, to change the 
longitudinal position of the wheels as first designed in 
order to secure the desired immersion more easily than 


these various novel designs have not succeeded, save 
for the notable exception of the vane-wheel design in 
its application to vessels of moderate draught. When 
the draught is limited in relation to speed and power, 
various alternative methods have been adopted for 
propulsion: (a) Screw, or screws, of so small a disc 
area as to give a relatively low propulsive efficiency ; 
(6) Tunnels, or flaps, so designed as to permit of the 
application of a screw, or screws, having a larger 
diameter than the draught of the ship without air- 
drawing; (c) Side paddle-wheels; (d) Stern paddle- 
wheels; (e) Hydraulic devices; (f) <Air-propellers. 
None of these devices gives a highly-satisfactory pro- 
pulsive efticiency, and, in many cases, they have proved 
extremely unsatisfactory. The vane-wheel design 
consists essentially of two screw propellers of large 
size, but only partially immersed at a suitable distance 
abaft the stern of the ship. The centre, or boss, is 
usually above the surface of the stern wave; but the 


Fig. 6. PROFILE OF WAVE DEDUCED FROM MODEL OF AJO5FT. PADDLE STEAMER. SPEED 10-4 KNOTS. 
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moment on the rudder stock is found by fitting a suit- 
able torsionmeter, and it agrees closely with that 
deduced from the model results when proper allowance 
is made for the friction of the bearings in each case. 
Air Resistance-—In present-day steamers, the air 
resistance of hull, superstructures, funnels, masts and 
rigging is small in relation to the water resistance. 
For example, when there ‘s no wind, the total air 
resistance of say, a 25-knov cross-channel steamer is 
only about one-fiftieth of the water resistance, while 
against a 20-knot wind it is about one-fifteenth. The 
increase in air resistance due to a head wind of 20 knots 
causes a reduction of about 0-25 of a knot in speed. 
A following wind of 20 knots causes an increase of 
speed of about 0-10 of a knot, so that the net reduction 
of speed on measured-mile trials with and against a 
20-knot wind, is only about 0-17 of a knot (omitting 
consideration of the effect of waves due to the wind). 
In a 12-knot cargo steamer of, say, about 450 ft. length, 
against a 20-knot wind, it is about one-sixth of the 
water resistance, equivalent to about 0-5 of a knot 
reduction of speed. 


is about 0-15 of a knot. It is perhaps interesting to 


With the wind, the gain in speed | 


the original design permitted. Fig. 6 shows the profile 
of the wave at the side of a river paddle steamer, 105 ft. 
by 16 ft. at a speed of 10-4 knots. 
paddle wheel was at the crest of a wave. Fig. 7 shows 
three sections of the wave in which the wheels of a 
300-ft. paddle steamer work when driving the ship at a 
speed of 20$ knots. In this case, the water surface at 
| the side of the ship was about 11 in. below the still 
water level; but the average level of the water surface 


in which the wheels worked was only about 6 in. below | 
By thus measuring the waves | 


the still water level. 
| of a paddle steamer, it is possible quickly to arrive at 
the most suitable immersion for the experimental 
investigation of the propulsive efficiency of the wheels. 
The same remarks may be applied to stern-paddle 
| wheels. 
| Vane Wheels—Many novel designs of propeller have 
been tried at experiment tanks with a view to securing 
a better propulsive efficiency than is obtainable from 
screw propellers of ordinary design and suitable dimen- 
sions for the speed and power, or from paddle wheels, 
when the draught of the vessel does not permit of the 
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In this case, the | 


| 
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higher than it is possible to obtain with any other 
form of propulsion of vessels of moderate draught. 

Cavitation —This term has usually been understood 
to refer to the discontinuity, or formation of cavities, 
that sometimes occurs in the flow of water induced 
by a well immersed propeller which is not drawing air 
from the surface. The phenomenon is associated 
with excessive speeds of slip, in relation to the com- 
bined head of atmosphere and water, and therefore, 
with excessive thrusts in relation to the size, speed of 
rotation, and speed of advance through the water, of 
the propeller. This condiion of cavitation has been 
investigated, to some extent, at the Dumbarton Tank 
by various experimental methods, but much remains 
to be done when time and opportunity permit. 

The first method was one of observation of sea water 
placed under the glass bell of an air pump in order to 
ascertain the reduction of pressure required to cause 
an appreciable quantity of gas to be occluded from the 
water. It was found that bubbles of gas were formed 
when the pressure was reduced by 6 Ib. per square inch, 
which pressure difference, at a propeller, would create 
a speed of flow of about 30 ft. per second. The bubbles 





application of screws of suitable dimensions. Hitherto, | of gas increased in size and total volume 
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pressure was further reduced until violent ebullition 
took place. The pressure of water vapour at 60 deg. F. 
is about 24 1b. per square inch, which is fully 12 1b. 
less than atmospheric pressure. <A pressure difference 
of this order, at a propeller, would create a speed of 
flow of water of about 42 ft. per second. 

The second method was also one of observation 
applied to non-advancing model propellers of 43 in. 
diameter, and various pitches of driving face, all 
having the same ratio of projected blade area to disc 
area. The propellers were immersed to a depth of 
3 ft. in 9 ft. depth of still water, and then driven at 
high speeds of slip up to a uniform speed of slip of the 
Uriving face of over 50 ft. per second. By means of a 
stroboscope, bubbles were seen to begin to form at 
each propeller when the speed of slip of the driving 
face was sufficiently high; but this speed varied with 
the pitch, the bubbles commencing at much lower 
speeds of slip of the driving face of propellers of small 
pitch ratio than was the case with those of large pitch 
ratio. For example, propellers of unity pitch ratio 
formed small bubbles when the slip of the driving face 
was about 14 ft. per second, and those having a ratio 
of pitch to diameter of 2 to 1 did not form bubbles 
until the speed of the slip of the driving face was about 
22 ft. per second. In every case, the bubbles were 
seen to persist in a spiral train in the race of the pro- 
peller, and to increase in size and total volume as the 
specd of the slip was increased. 

The third method of experimental investigation 
was the measurement of thrust and power of screw 
propellers of various diameters and pitches driven at 
progressive speeds of slip of driving face up to, and 
beyond, cavitating speeds. Fig 1. shows the results 
obtained with a non-advancing propeller of 3 in. 
diameter, having a large pitch ratio, and a small blade 
area, immersed to 26 in. in 9 ft. depth of water. The 
diagram shows that the rate of increase of thrust in 
terms of increasing rotational speed became gradually 
less than the normal rate when the propeller was 
driven beyond 3,700 r.p.m., i.e., beyond a slip of the 
driving face of about 30 ft. per second. The thrust 
never becomes less with increase of rotational speed, 
but continues to increase, and the experiment therefore 
does not support the view that this condition of cavita- 
tion causes a sudden reduction of thrust. The diagram 
also shows that the rate of reduction of ratio of thrust 
to power was only gradually increased. It is not 
improbable that very small bubbles having no measur- 
able effect on the thrust and power were formed at a 
smaller speed of slip of the driving face than 30 ft. 
per second, 

In the absence of complete knowledge of the value 
of the various factors that combine to cause the con- 
dition of cavitation, and in consideration of the fact 
that screws liable to cavitate are usually of moderate 
pitch ratio, work in a turbulent wake, develop more 
thrust on service for a given speed than when tried 
under measured mile conditions, and that, in some 
cases, the rotational speed varies considerably during 
each revolution, a limiting speed of slip of the driving 
face of 16 ft. per second has been arbitrarily chosen in 
order to avoid undue loss of propulsive efficiency 
from the condition of cavitation. When circumstances 
compel the adoption of such diameter and moderate 
pitch ratio in relation to speed and power as to involve 
a higher speed of slip of the driving face than 16 ft. 
per second with blades of moderate area, the slip may 
be reduced and the loss of propulsive efficiency mini- 
mised by adopting a large ratio of projected blade 
area to disc area. 

A limiting pressure of 13 Ib. per square inch of 
projected blade area has also been arbitrarily fixed, 
and widely adopted, in designing propellers to avoid 
the condition of cavitation. This has been found 
useful in general practice, though it also disregards 
the effect of other variable factors. In cases of very 
high and uniform rotational speed, much higher 
pressures can be associated with satisfactory propulsive 
efficiency. Fig. 8 gives an example of good propulsive 
efficiency up to about 18 lb. of thrust per square inch 
of projected-blade area, and, although the efficiency 
commenced to fall rapidly at still higher thrusts, the 
ratio of the effective horse-power of the naked hull 
to the shaft horse-power was not less than 50 per cent. 
when the pressure per square inch of projected blade 
area exceeded 21 Ib., and the speed of the slip was 
about 20 ft. per second. 

It is possible to estimate from acquired data the 
speed of the slip of the driving face of propellers in 
the wake of a proposed ship, but the factors affecting 
the estimate are so numerous and variable that it 
can only be made between rather wide limits. In 
such cases it is, therefore,.very advantageous, when 
possible, to resort to experiments with model screws 
working in proper position behind the ship model, 
in order to ascertain the speed of the slip in the wake 
of the ship model, and if it be found that it corresponds 
to such a high speed of slip for the ship’s propellers, 
in relation to the pitch ratio, as to cause undue loss 





from cavitation, the indication may be regarded as a 
reliable warning to increase the diameter, or blade 
area, until a satisfactory speed of slip for the ship is 
secured. 

Rapid erosion of the material of the propeller blades 
is occasionally associated with extreme cavitating con- 
ditions, and is probably due to short-period vibrations 
of small amplitude developed in the blades by alterna- 
tions of pressure when they are rotating in an irregular 
and turbulent wake. The vibrations cause the blades 
intermittently to lose touch with the adjacent water 
so rapidly as to create minute cavities of practically 
zero pressure. These cavities collapse almost as soon 
as they are created, causing violent hammering on the 
material of the blades, with consequent erosion.* It 
is improbable that the propulsive efficiency is affected. 
to any measurable extent, by these minute cavities 
because they do not persist in the race of the propeller, 
and therefore do not reduce the mass of water acted 
upon per unit time; but they are certainly very 
destructive to the material of the blades. In extreme 
cases, extensive erosion of parts of the blades has 
developed in a few hours at full speed. 

A condition which creates large cavities in the flow 
of water to a propeller is not usually described as 
cavitation, though it really is the most serious condition 
of cavitation in its effect on thrust and efficiency. It 
occurs when air is drawn from the surface by the 
pressure difference at the propeller, and is probably 
much more common than is generally suspected, 
because it is not easily observable owing to the turbu- 
lence of the wake and the partial concealment of the 
propeller under the stern of the ship. It is, however, 
associated with a large and abrupt fall in thrust and 
propulsive efficiency, and may be diagnosed as the 
cause of extremely high slips and low propulsive 
efficiencies of many vessels of moderate draught and 
fairly high values of pe. Fig. 9 shows the effect of 

JL 
air-drawing on the thrust of two model propellers. 

In addition to the ordinary work of an experiment 
tank, as described in this paper, other special problems 
are sometimes dealt with for solution by experiment, 
including those connected with submarines and hydro- 
planes, towing, effect of temperature variation, condi- 
tion of paint surfaces of immersed hull and fouling of 
same, testing of devices for reducing rolling, and many 
other devices for special purposes. It is hoped, how- 
ever, that this review has proved the high value of the 
work, not only to naval architects in enabling them to 
foretell with confidence the speeds and powers of ships 
they design, but also to shipowners in providing them 
with economical ships, and therefore to the general 
public, who must ultimately participate, to some extent, 
in the extra profits derived from the greater economy 
which is secured. 








THE INTERNATIONAL HYDRO- 
ELECTRIC CONGRESS AT GRENOBLE. 


(Concluded from page 242.) 


We conclude below the summaries of selected papers 
and reports considered by the Production sub-section 
of the Technical Section of the International Hydro- 
Electric Congress held recently at Grenoble. 


Tue LINKING UP OF GENERATING STATIONS. 


A paper by M. Leclerc du Sablon, entitled “ La 
Conjugaison des Usines et 1’ Utilisation des Réservoir 
pour Régulariser la Puissance,’”’ showed that an 
electric distribution system was generally supplied 
by hydraulic generating stations of different types, 
according to circumstances and the choice of location 
possible. Several generating stations in the Pyrenees 
were quoted in illustration of this, and the paper 
described the manner in which their working could be 
combined to meet frequently-recurring high demands 
for current, and to secure a regular supply over a 
long period. The generating stations were classified 
under four headings. Those having intakes on rivers 
and practically no storage should be on constant 
supply at their full power, since the available water, 
if not utilised, was entirely lost. Those having intakes 
on rivers and a considerable capacity for short time 
regulation and storage and with pressure conduits, 
were easily able to meet sudden, hourly requirement 
above the normal. The stations supplied from a 
reservoir under a low head were able to deal with the 
high demands for current occurring over somewhat 
longer periods, whilst those connected to reservoirs 
by a pressure conduit could meet every requirement, 
and, owing to their superiority over all others, should, 
where possible, be considered as a standby rather than 
be kept on constant supply. 





* See paper by Sir Charles Parsons and Mr. Stanley 
8. Cook in vol. lxi of the Transactions of the Institution of 
Naval Architects; also ENGINEERING, vol. evii, p. 515. 





TrpaL AND WaAveE-Power UTILISATION. 


A report put forward by M. de Rouville, entitled 
‘** La Houille Bleue,” stated that the successful harness- 
ing of tides and waves for the production of electrical 
energy was subject in a high degree to inherent 
difficulties of regulating the output and of meeting 
the first cost of the necessary installations. Irregu- 
larity in the amount of energy produced over a given 
time, together with the cost of plant per unit of power 
put down, were therefore the two main points which 
both economists and commercial firms had specially 
to take into account in the matter of the installations 
here referred to. 

In regard to tides, the variation in the energy 
available at any specified time was due at least to 
three causes. There were in the first place the slack- 
water periods during which the production of energy 
might become nil. The amount of energy produced 
during the working period might again vary at times 
within very wide limits. Lastly, the exceedingly 
great difference between neap-tides and spring-tides 
had further to be 1eckoned with. These variations 
were probably no larger than those which occurred 
in the case of rivers subject to floods. They also 
succeeded each other at well-defined periods, but the 
periodic occurrences were closer together than in the 
case of rivers, and this aggravated their effect. The 
first class might be met to some extent by a combina- 
tion of cycles, namely, by the building of reservoirs 
connected together .and operating during both flow 
and ebb, although this might circumscribe to some 
extent: the output possible during the working period. 
The third class, and the most objectionable of the 
three, namely, that due to the lunations, still remained 
to be solved. 

The question was often asked as to whether it was 
worth while to make an installation more complicated 
and more costly than otherwise would be the case, 
in order to gain a small, partial and momentary 
regulation, or whether it was preferable deliberately 
to abandon this. The regulation here referred to was, 
of course, that at the generating plant. Views were 
divided on the point. Schemes had been propounded 
to meet the case by combining together reservoirs 
located at a distance from each other, at points between 
which there was a difference of a few hours in the time 
of the tides, but it was believed that such a combina- 
tion was not likely to find any very ready application, 
since the differences in the times were frequently 
accompanied by differences in amplitude of the tides, 
and this was not conducive to regularity. Other 
schemes had consisted in providing for setting apart 
some of the turbines in the tidal power station for 
delivering water into a reservoir at a higher level than 
those supplied by the tide. From the theoretical point 
of view and at first glance this measure was attractive, 
but when the results it would yield were analysed it 
was found to be of doubtful efficacy. A compensating 
reservoir located at no great height above sea-level 
would require the service of pumps and turbines of 
large capacity, and the stored energy would be found 
not to smooth out more than the smallest depressions 
in the main production curve. A standby reservoir 
was a serviceable adjunct only when it operated 
under a head of the order of that of rivers in hilly 
districts, .e., 90 ft. or so. The stored energy in the 
conditions here alluded to, the volume of water in the 
compensating reservoir being relatively small, would 
be found to be insufficient also to compensate for the 
differences experienced at the periods of neap-tides 
and spring-tides which lasted over several days. For 
this there would be required a compensating reservoir 
of a capacity much larger than that of the main basin 
operating the turbines. Such compensating reservoirs 
were seldom to be had close to the sea-shore, unless 
the locality were hilly. If they were available, their 
stored-up energy could be used directly for the produc- 
tion of current. In the case of artificially filled com- 
pensating reservoirs, the cost of pumping and trans- 
mission losses also came in. Only one-half or even one 
quarter of the energy expended in providing a reserve 
of water was ultimately recovered. On the other hand, 
however, this small balance of energy should not be 
ignored if it tended to improve the market for elec- 
trical energy; such low efficiencies as this were not 
foreign to the working of other classes of installations. 

Certain advocates of  tidal-power installations 
regarded them as the means of producing the largest 
possible amount of electrical energy obtainable, and 
did not ‘feel any concern over the irregularity of supply, 
since this could be offset either by existing engine- 
driven generating stations, by generating stations to be 
built on water courses, or, again, by a general linking-up 
system connecting together the important French 
power installations of all classes, a system which was 
now being taken in hand, and one in which tidal-power 
stations might well play an important part, notwith- 
standing their irregular working. 

With regard to the actual cost of tidal-power 











276 


ENGINEERING. 


[Auc. 28, 1925. 








installations, judging from work now in progress, a 
barrage, embodying at the same time a power station, 
would cost from 80,000 francs to 150,000 francs per 
metre-length, according to the amplitude of the tides 
and local conditions. Provision according to size 
might have to be made for, say, 120 h.p. to 300 h.p. 
per unit of length, and this would correspond to a 
first cost of from 500 francs to 1,000 francs per horse- 
power. Under the same conditions, the turbines might 
cost from 250 francs to 1,000 francs per unit of energy, 
varying with their power and especially with the head, 
the regulating gear not being included. Taking into 
account the sluices, the alternators, control gear, &c., 
a plant of medium size may be reckoned to cost between 
3,000 and 4,000 francs per horse-power. In regard, 
however, to installations for the utilisation of tidal 
power it was preferable to take as a basis for estimates 
the number of kilowatt-hours supplied annually. On 
this basis the first cost would work out at 1-60 francs 
per kilowatt-hour per annum for a small or medium- 
size plant, down to probably 0-50 francs for a large size 
one. With regard to the cost of generating a kilowatt- 
hour, this would probably vary from 0-20 francs in 
the smaller power plant down to 0-05 francs in the case 
of a large industrial output. These two figures applied 
to the gross kilowatt-hour; the adoption of more or 
less complete regulation might increase them by 50 
per cent. to 150 per cent. These prices could hardly 
bear comparison with those for large installations in 
mountainous districts, but they compared more 
favourably with the cost of a kilowatt-hour produced in 
an engine-driven station in Brittany—the French pro- 
vince where tidal-power plants were being investigated 
—or, again, with the sale price of the kilowatt-hour for 
lighting supplied by the small distribution systems of 
that province. Considering, further, the distance 
which separated Brittany from the nearest French 
mountainous region, the transmission costs from which 
would come to about 0-10 france or 0-15 franc per 
kilowatt-hour, the equipment of Brittany with tidal- 
power plants appeared to be a sound commercial pro- 
position. Similar remarks would apply also to other 
sea-shore provinces at a distance from mountains and 
from large rivers. As regards the transmission of 
current over wide areas, in order to facilitate the regu- 
lation of the supply, this could only be contemplated 
in the case of installations which were economical by 
reason of their large size and, in the event of a concen- 
tration of demand, raising slightly the price with 
the increase of the radius of the producing zone 
involved. 

It was undecided as yet whether these general con- 
siderations might or might not be rendered ineffective 
as a result of relatively high maintenance costs. The 
installations now being planned in Brittany would help 
to clear up this point. 

With reference to the possibility of producing elec- 
trical energy from the waves, various devices were still 
in the trial stage. They generally comprised floats 
combined with more or less ingenious and complicated 
transmission gear; hydraulic rams; inclined planes up 
which the wave flowed, having on their upper surface 
a channel, whence the water fell from a height of a few 
metres upon a turbine; or again, a system of hanging 
float boards under a pier structure, operated by the 
motion of the waves. It would be premature to 
pronounce an opinion upon the chances of success of 
any of these devices. 





ABRASIVE GARNETS IN THE UNITED STaTES.—Garnets 
are complex silicates of calcium, magnesium, aluminium, 
chromium, and iron and manganese, the latter occurring 
in both the bivalent or trivalent state. Garnets are 
found in granite, gneiss, schists, sepentine and crystalline 
limestone and are utilised when bright and massive as 
gems. About 90 per cent. of the garnets of the United 
States are, according to Bureau of Mines Serial No. 2691, 
on ‘* Recent Developments in the Production and Con- 
sumption of Abrasive Garnet’? (by W. M. Mayers and 
O. O. Anderson) manufactured into surface-coated abra- 
sives. The garnet is washed, accurately graded, and fixed 
on paper (Manila or rope paper) or cloth (drills, jeans and 
twills). The crushed garnet is showered upon the backing 
which has passed through rolls and through glue; after 
shaking off the excess gernet powder and drying, a 
second coat of glue is applied. The abrasive is used 
chiefly for polishing the hard wood of superior furniture, 

ianos, radio-cabinets, &c., also for floors, handles and 

oot heels; metal castings and valves are cleaned and 
ground with the abrasive ; the finest paper is used for 
finishing felts and silk hats and for dental work. The 
production has risen, particularly during the last years, 
from 4,231 short tons in 1914, valued at 145,500 dols., 
to 8,290 tons, of 674,175 dols. value in 1924. Garnets 
now find application also for stone polishing and for 
facing tiles and concrete. The liquids of high density 
used in the assaying of garnets are methylene iodide 
(density 3-3), diluted with benzene, an aqueous solu- 
tion of cadmium-boro-tungstate and of thallium-silver 
nitrate. This last substance has the density 4-8 but 
can be diluted with water in all proportions yielding 
liquids of a wide range of density. 





THE SAFOAM FIRE EXTINGUISHING PROCESS. 








SSAFOAM FIRE-FIGHTING 
APPLIANCE. 


THE advantages of foam when dealing with fires 
caused by the ignition of oil, petrol, and other highly 
inflammable substances, has been recognised for some 
considerable time. The majority of the fire services 
in the larger towns include a foam engine, or hand foam- 
producing appliances, amongst their equipment for 
dealing with fires of this type; but the primary objec- 
tion to such apparatus in the past has been that, once 
the foam-producing elements are exhausted, the 
apparatus becomes useless until such times as it can 
be recharged. In the case of highly combustible 
materials, the delay involved in the recharging process 
may be very serious, and to overcome this- defect, 
Messrs. Extinguishers, Limited, of Craig’s Court 
House, Whitehall, S.W.1, have introduced the new 
appliance which we illustrate on this page. The 
apparatus, which has been given the distinguishing 
name of ‘‘Safoam,” is not an extinguisher in the 
ordinary accepted sense, but is intended to be used in 
conjunction with an ordinary fire engine, hydrant, 
or other source of water under pressure. Under these 
circumstances it becomes capable of continuous opera- 
tion, as new charges of foam-producing elements can 
be introduced while the apparatus is actually in use. 
The consistency of the foam can also be varied to 
suit the working conditions in dealing with any par- 
ticular fire. 

The illustration shows a battery of three ‘‘ Safoam ” 
portable units, coupled up to a Dennis motor tre 
engine, and it will be observed that the three units 
are inserted in parallel on the delivery hose from the 
engine. Only one unit is in use at any given time, 
and when this is exhausted, the second and third 
units are brought successively into action, the exhausted 
unit being recharged in the meantime. A unit can be 
recharged in from 20 to 30 seconds, and asthe chargelasts 
over a minute, no difficulty whatever is experienced 


in keeping the apparatus in continuous action. The | 


unit consists of a strong outer cylinder with a smaller 
inner cylindrical container suspended from a flange 
at the top, and reaching about half-way down the 
outer vessel. A hinged top, with a quick-acting lock- 
ing device, seals both vessels at the same time. When 
the top is opened the inner vessel can be lifted out for 
discharging the exhausted material. The foam- 
producing elements consist of bicarbonate of soda and 
a foam salt in powder form, which are supplied in 
sealed tins, each containing sufficient for one charge. 
As dry powders are used for both elements, which are 
not wetted until the apparatus is put into operation, 
the charges may be kept indefinitely without deteriora- 
tion. To charge up a unit, it is only necessary to 
throw the contents of the two tins, which have distinc- 
tive colourings, into the outer and inner containers 
respectively. The lid being closed down, the unit is 
then ready for instant operation. The water from the 
engine, or hydrant, first passes down a pipe to the 
contents of the outer container, where it commences 
to dissolve the powder; and the solution so formed 
rises until it flows through suitable openings into the 
inner container, where the two elements combine to 
produce the foam, which is carried out by the water 
through the delivery pipe. It may he mentioned that 
it is not necessary to eject the exhausted powder in 
the outer container, as this is entirely dissolved, and the 
new charge may be thrown directly into the water. 

In conclusion, we may say that at a recent demon- 














stration of the “‘Safoam” apparatus at Elstree, a 
tank 22 ft. in diameter, containing upwards of 500 
gallons of crude oil and petrol, was ignited, and 
allowed to burn until the liquid commenced to boil 
over the sides of the tank. Two batteries of portable 
units were then brought into action, and the fire was 
completely extinguished in some 70 seconds. Only 
one unit in each battery was actually employed, as the 
fire was put out before the necessity arose for bringing 
the second unit into action. Equally convincing 
demonstrations were given with fires having bases of 
wax, tar, and cinematograph films. 





CATALOGUES. 


Battery-Charging Equipment.—A list of small con- 
verters and accessories for battery-charging has been 
issued by Messrs. 8. G. Leach & Co., Limited, 30, Artillery- 
lane, London, E.C. 


Temperature Recorders.—Priced lists of temperature 
recorders are to hand from Messrs. Siemens Brothers, 
Limited, Woolwich, London, S8.E. 18. These recorders 
can be calibrated for use with distance thermometers or 
with thermo-electric pyrometers. 


Telephones.—The Telephone Manufacturing Company, 
Limited, West Dulwich, London, S.E. 21, have sent us a 
new catalogue explaining their internal communication 
equipments, which are made to suit small and large 
numbers of points. They include loud-speaking units 
and special instruments for noisy rooms. 


Machine Tools.—Catalogues of small machine tools, 
including milling, shaping and drilling machines and 
lathes up to 7-in. centres, as well as two catalogues of 
lathe attachments, have been received from Messrs. 
Drummond Brothers, Limited, Guildford. The illus- 


| trations, technical particulars, &c., are given fully and 


clearly, and prices are stated. 


Extraction Steam Turbines.—The paper on extraction, 
or pass-out, steam turbines read by Mr. J. P. Chittenden 
and Mr. W. S. Burge a few months ago at the Yorkshire 
and North Western Branches of the Institution of Mech:- 
anical Engineers, has been published in full with complete 
illustrations by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2, and will 
prove of particular interest to engineers in the textile, 
dyeing, paper making, leather working and other indus- 
tries in which large quantities of heating steam must 
be provided economically. 


Tools.—A very comprehensive catalogue of hand and 
machine tools used in the engineering and kindred 
mechanical trades, and also by wood workers, is to 
hand from Messrs. T. C. Jones and Co., Limited, 
Shepherd’s Bush, London, W.12. The catalogue 
extends to over 480 quarto pages, and is clearly illustrated 
and priced throughout. In addition to hand and machine 
tools, it deals with many cutting, lifting and gripping 
appliances, and machines of the type used in repair, 
erecting and other work outside the workshops— 
appliances for which there must always be a considerable 
demand. 





IncomE-Tax Srwpuirrep.—The eighth edition of 


““Income-Tax Simplified,” compiled by Arthur and 
E. Ewart Fieldhouse, and published by Messrs. Simpkin, 
Marshall and Co., Limited, of 17, Ave Maria-lane, 
London, E.C.4, at a price of ls. 6d. per copy, probably 
constitutes the most simply-explained work of its size 
on the subject of Income-Tax. The book contains 
75 pages of reliable and comprehensive information, 
including fully-worked examples of the application of the 
law to many specific cases, such as earned and unearned 
income, super-tax, company taxes, and incomes derived 
from new businesses, farms, waterworks, &c. The book is 
extremely useful. 
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PETROL-DRIVEN CONVERTIBLE SHOVEL AND CRANE. 


THE BROWN HOISTING MACHINERY 
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PETROL-DRIVEN CONVERTIBLE 
SHOVEL AND CRANE. 


THE needs of contractors for excavating and lifting 
plant are exceedingly varied, and separate machines 
can only be made use of for each type of work when 
continuous operation is possible. This, however, is 
rarely the case, and it is therefore common practice 
to install portable plant of a convertible type, so that 
the immediate needs can be met and conversion for 
other classes of work can be resorted to when 
necessary. A machine designed for use either as 
& power shovel or as a crane is illustrated, as used in 
the first-mentioned capacity, in Fig. 1 on this page, 
While an idea of the mechanism used for effecting the 
motion of its caterpillar track is afforded by Fig. 2. 
This combination shovel and crane is a product of 
the Brown Hoisting Machinery Company of Cleveland, 
Ohio, U.S.A., who have their London offices at 
25, Victoria-street, S.W.1. 

As a power shovel this machine has a capacity of 
half a cubic yard. It has some interesting features of 
construction, apart from the simplicity of its design, 
such as a pivot steering system which enables it to 
be turned in a very small space, and in addition it 


may be quickly converted from use as a dipper shovel 
to a crane for service with a grab bucket or simple 
block and hook. The general lay-out of the equipment 
may be appreciated from Fig. 1, which also shows the 
position of the shovel when different classes of work 
are undertaken. It is fitted with a boom of 16 ft. 
length, and a dipper stick of 12 ft. 6 in. With the 
boom set at an angle of 40 deg., it is possible with 
this machine to cut above ground to a height of 
12 ft. 9 in. at a radius of 23 ft. 9 in.; dig to a depth 
of 5 ft. 3 in. below the ground level; or work on the 
surface at a radius of 14 ft. 8 in. Other settings of 
the boom are, of course, possible, and the height to 
which work can be carried should the boom be set 
at 60 deg. to the horizontal is 18 ft. 9 in. Sufficient 
has been said of the capacity of the plant in the 
various types of work to which it can be applied 
as a dipper shovel to indicate its serviceability to 
a contractor. The drive from the petrol engine is 
taken through a train of gear wheels to the drums 
and motions. Generally speaking these gears, com- 
prising only 18 wheels in all, are slow running except 
those immediately in association with the engine 
which are enclosed and run in oil to reduce their 


but few parts, the constructors have wisely decided 
to take advantage of the space available and make 
the gear wheels as large in diameter and as wide in 
the face as possible, and so ensure easy working and 
a long life. 

The pivot steering system is one of the new features 
of the design for this type of machine. To illustrate 
this a view of the underside of the truck is provided 
in Fig. 2. A vertical shaft carries the drive through 
the floor of the driver’s cabin, and on the bottom end 
of this there is a bevel wheel, the teeth of which 
engage with those of the two shown in the illustration. 
From the shafts on which these bevel wheels are 
mounted a chain drive is taken to each track system. 
The endeavour of the designer was to make a truck 
with a caterpillar track of such a design as would 
permit manceuvring in very narrow spaces. This has 
been successfully accomplished by arranging that the 
power is equally applied to each driving track, but 
in opposite directions. The resulting motion is such 
that the tracks run in circles of very small radii around 
some imaginary pivot. It will be appreciated that a 
distinct improvement in the space required for 
turning is obtained by having the two tracks running 
in opposite directions, over what is necessary when 
one is run and the other kept stationary. A jaw 
clutch operated by means of a lever in the driver’s 
cabin enables the change to be made from driving 
the tracks in the same direction for ordinary travel 
and making them run in the opposite direction for 
steering. A pair of clutches in the crab mechanism 
used for the purpose, enable reversal of the tracks 
to be made under any condition of running. The 
improvement in steering possible with this power 
shovel is obtained without complication and, indeed, 
the whole of the gear is of the most simple character. 
The sprockets used are of a non-clogging type, and 
the treads of the track are very wide for the size of 
machine, in order that the pressure on the ground 
may be kept low and thus permit the use of the 
shovel on almost any type of surface. The rotating 
ring for the turntable is made of 7-ft. diameter. 

A feature of this power shovel is that its forcing 
into the bank or crowding is obtained by the use of 
a rope motion entirely independent of that for the 
dipper hoist. Flexibility in working is, by this means, 
assured, as the dipper can be crowded in or out to 
suit the conditions while the shovel is digging, under 
its normal dipper hoist movement. It should be noted 
that it is not necessary to change the drums when the 
conversion from shovel to crane is made, and the 
complete change is effected in just over an hour. 
With a 30-ft. boom the crane is capable of dealing 
with a load of 10,000 lb. at 10 ft. radius, and other 
values in proportion, to 4,000 lb. at 25 ft. This shovel 
crane of half a cubic yard capacity is a piece of equip- 
ment for general contractors work of a medium size 
which must prove of great service and value because 
of its easy convertibility, flexibility, simplicity and 
reliability. 





Pig-IRoN PRODUCTION IN FRANCE.—According to the 
Comité des Forges de France, the production of pig-iron 
in France amounted to 5,431,787 tons in 1923, an in- 
crease of 3-9 per cent. over the 1922 total. In 1923, 
some 78,000 tons were made in the electric furnace, the 
remainder of the year’s output being produced in the 
blast furnace. 


LauncH oF ss. ‘‘ NIGERIAN.’’—Messrs. Barclay, 
Curle and Co., Limited, recently launched from their 
Clydeholm shipyard, at Whiteinch, the single-screw 
awning deck steamer Nigerian, which is being built to 
the order of the African and Eastern Trade Corporation, 
Limited. The vessel has a length of 332 ft., a breadth 
of 46 ft., and a depth of 30 ft., while the gross tonnage 
is 3,550. Cargo will be carried in four holds provided 
with five hatches and served by ample derricks and 
other lifting gear. Passengers will be accommodated 
amidships. The propelling machinery, which has been 
constructed by the shipbuilders at their Stobcross Engine 
Works, consists of a set of triple-expansion engines, 
the steam for which is supplied by two main boilers and 
an auxiliary one. The vessel is intended for service in 
the tropics. 


Triat Trip oF THE SS. ‘“ GrenRoss.’’—Recently a 
successful trial trip was carried out by the steamer 
Glenross built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, at their Wallsend Yard. The 
vessel is intended for service on the Canadian Lakes 
and the River St. Lawrence, and has a length between 
perpendiculars of 248 ft., a moulded breadth of 43 ft. 
6 in., and a moulded depth of 25 ft. The hull is 
provided with a double bottom, extending fore and aft 
in which water ballast can be carried. Forward and 
after peaks may be used for a similar purpose. Four 
cargo hatches have been fitted. Steam heating has 
been adopted. The engines, which drive a single screw 
propeller, were constructed by Messrs. MacColl and 
Pollock, Limited, of Sunderland. The ship has been 
built to the requirements of Lloyd’s Registry for her 








wear to a minimum. Since the mechanism consists of 


class. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 

illustrated. 

here i ti are ted from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2., at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ** Sealed"’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 

GAS ENGINES, PRODUCERS, HOLDERS, &c. 

234,953. A. A. M. Durrant, Chiswick, London, 
O. W. J. Watson, Bedford Park, London, and The 
London General Omnibus Company, Limited, West- 
minster, London. Carburettors. (4 Migs.) April 12. 
1924.—The invention relates to means for controlling the 
air supply to the carburettor of an internal-combustion 
engine. According to the primary feature of the inven- 
tion, a regulating device is provided which is characterised 
in that it comprises a closéd piston 23, whereof one fact 
is exposed to the suction in the engine induction pipe, 
and the opposite face of the piston has a sleeve-valve 
extension 24 which controls the supplies of both the 
cool and heated air. The interior of a barrel 10 is formed 
with two cylindrical portions 11, 12. On the upper end 
of the barrel is attached a pipe 13 leading to the car- 
burettor, and on the lower end is attached a cap 14 
with a conduit 15 leading to the engine induction pipe. 
The walls of the part 11 of the barrel 10 are formed with 
six ports, whereof four, indicated by the numeral 16, lie 
towards one side of the barrel, and the other two, indi- 








cated by the numeral 17, lie towards the other side. The 
ports 16 are for cool air and are situated two each on two 
different levels, while the two ports 17 are for heated air 
and are situated at an intermediate level. The outer 
face of the barrel 10 adjacent to the cool air ports 16 is 
open to atmosphere. The outer face of the barrel 
adjacent to the ports 17 is enclosed by the end of a pipe 
20 leading from a muff surrounding the engine exhaust 
pipe. The piston 23 is received in the smaller cylindrical 
bore 12 and the sleeve-valve extension 24 is received in the 
larger cylindrical bore 11. The sleeve-valve extension 24 
is formed with six ports, whereof four, indicated by the 
numeral 26, are intended to co-operate with the ports 16 
and the remaining two, indicated by the numeral 27, are 
intended to co-operate with the ports 17. Extending 
upwardly from the cap 14 is a tubular extension 31, 
whereof the interior communicates with the conduit 15. 
The extension 31 reaches a considerable distance up the 
smaller cylindrical bore in the barrel, and it is surrounded 
by two coiled springs 32, 33, one inside the other. 
(Accepted June 17, 1925.) 
LIFTING AND HAULING APPLIANCES. 

233,441. Stothert and Pitt, Limited, Bath, and 

C.M. Toplis,Bath. dJibCranes. (2 Figs.) February 
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4 yo 
(233, $41 

12, 1924.—The invention consists in the combination 

of a crane jib having its lower end bifurcated, a machinery 

house between the two branches of the lower end of the 





jib, and means for operating the jib. A is a jib which is 
pivoted at B to a mast C carried by a rotatable table or 
platform D on which is erected a machinery house E. 
The tail of the jib A is bifurcated, its two branches a, a 
being arranged one at each side of the house E and 
being so weighted that the jib is balanced about its 
pivot B in all positions. A swivelling nut F is on the 
jib A. A screw G works through the nut F and has at 
its end a bevel wheel actuated by an electric motor K. 
When the screw G is turned by the electric motor K, 
the jib A is luffed. (Sealed.) 


MOTOR ROAD VEHICLES. 


234,657. L. A. Legros, Acton, London. Flexible 
Tracks for Wheels. (4 Figs.) June 30, 1924.—The 
invention relates to flexible tracks of the type incor- 
porating elements capable of being driven positively by a 
driving sprocket. The invention consists in a flexible 
track having a plurality of rigid ribs embedded trans- 
versely in the belt and mutually coupled in the direction 
of the length of the belt by wire, wire cord or wire rope. 
In carrying the invention into effect in one form by way 


























of example, a plurality of rigid transverse circular ribs a 
is provided. The central portions of the ribs engage a 
driving sprocket b, two guide flanges c, d being formed 
on each rib in order to locate the ribs in relation to the 
teeth of the sprocket, and two more flanges e, f being 
provided at the extreme ends of the ribs. The ribs are 
interconnected by means of steel wire which, in order to 
possess the desired flexibility, may be wire cord or wire 
rope formed of a plurality of wires of small diameter. 
(Accepted June 10, 1925.) 


234,868. Tilling-Stevens Motors, Limited, Maid- 
stone, H. K. Whitehorn, Maidstone, and N. E. 
Kearley, Maidstone. Electric transmission for 
Vehicles. (2 Figs.) February 6, 1924.—The invention 
relates to electric transmission systems of the kind in 
which a generator is driven by a prime mover and 
supplies current to drive a motor or motors. The main 
improvement is the inclusion in such asystem of an exciter 
or auxiliary generator having two rotatable elements 
(yoke and armature) one of which is driven at a speed 
depending upon dynamo or engine speed and the other 
at a speed depending upon motor or road speed. An 
internal-combustion engine drives a dynamo G and free 
from mechanical driving connection therewith is mounted 
a motor M which is coupled to the cardan shaft trans- 
mitting the drive from the motor to the road wheels of a 
vehicle. The yoke 1] of the auxiliary generator E is driven 
at dynamo speed by a flexible shaft 2 from the dynamo 
shaft 3; and its armature 4is driven from the motor shaft 




















(234 868) 


5 by means of a flexible shaft 6. The brushes 8, 8 rotate 
with the yoke 1, and the current is conveyed from the 
machine (and field connections made where necessary) 
by means of insulated slip rings 9, 9, 9 carried by the 
yoke, in contact with which are the stationary brushes 
10, 10,10. The motoris arranged to run in the same direc- 
tion as the dynamo for forward running of the vehicle 
and each is shown with normal field coils m and g 
respectively. Auxiliary field windings ml and gl are 
provided to both dynamo and motor and are so connected 
to the armature circuit of the auxiliary generator that 
current from the latter tends to weaken the dynamo field 
and strengthen the motor field so long as the dynamo is 
running faster than the motor. The exciter armature 
is connected in series with the auxiliary dynamo and motor 
field coils gl and ml. The exciter field is fed from a 
battery. At starting the engine is run up to full speed 
while the motor is stationary ; accordingly the effective 
speed of the exciter is engine speed and the dynamo 


field is weakened and the motor field strengthened to 
the maximum degree, resulting in heavy current and 
maximum torque for starting. As the motor starts tli 


when the motor is running at engine speed, the exciter 


increases further, the relative direction of rotation between 
yoke and armature of the exciter is reversed because t} 
armature speed exceeds that of the yoke. This causes 
reversal of the exciter current, tending to strengthen the 
dynamo field and weaken the motor field, so giving the 
desired condition for high speed running of increased 
voltage and less current from the dynamo. (Accepted, 
June 17, 1925). 


RAILWAYS AND TRAMWAYS 


234,871. S. Thomas, London, and The Peckham 
Truck and Engineering Company, Limited, Lon- 
don. Spring Suspension. (2 Figs.) February 3, 
1924.—The invention relates to the springing or spring 
suspension or support of bodies on the undercarriages 
or frames of rail vehicles of the type in which longi- 
tudinal oscillatory movement is counteracted or damped 
by an arrangement of levers and springs. In applying 
the invention to a four-wheel tramear truck, the end a 
of the truck side is provided with a housing al, which 








encloses a pair of arcuate seatings for a block 6 in which 
the strap 61 of alaminated spring arm c is rigidly mounted. 
This block 6 has arcuate contact surfaces to conform to 
the shape of the seating surfaces in the housing a. The 
spring on one side (the inner) of its pivot is stiffer than 
that of the outer portion. Adjacent to the inner end 
of the spring is a support d adapted to serve as a seating 
for the supplementary coil spring. The spring e has 
its abutment at its upper end against the car body upon 
a member f by amember g. (Accepted June 17, 1925.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


232,666. A. W. Bennis, Bolton. Chain Grates. 
(22 Figs.) January 21, 1924.—The invention relates 
to chain grates for furnaces of the type where detachable 
and renewable grate bars or links are provided in the 
grate. Eachintermediate removable grate bar 6 engages 
with the usual pivotal pins 1, 2 by means of open slots 3, 
which may be relatively disposed to each other at any 
desired angle; in the drawings these slots are shown 
disposed substantially at right angles to each other, 
but this need not necessarily be the case, as any angle 
may be used or the slots may be parallel to each other. 
By this means each intermediate renewable or detach- 
able grate-bar may be rapidly detached or attached upon 
its pivotal pins whenever it is desired to remove a link 





or replace a broken link. Side locking or clamping links 
8 are also provided with holes 4 and slots 3 for engaging 
with the pivotal pins, as is shown in Fig. 2, while the 
intermediate driving links are provided with circular 
holes 4 for this purpose, as shown in Fig. 3. A locking 
bar 5 is used to lock the intermediate renewable grate 
bars and clamping links in position and is adapted to 
be operated in a key hole slot 15. The locking bar 5 
is turned through an angle of substantially 90 deg. 
about a horizontal axis whereupon the intermediate 
detachable links 6 can be immediately lifted off the 
pivotal rods 1, 2 and be replaced. The turning move- 
ment of the locking bar 5 is shown as taking place 
between the position shown in full lines and that shown 
in dotted lines. (Sealed.) 








Sorr Hackx-Saw Btapes.—Many mechanics view 
soft hack-saw blades with suspicion, as they have found 
from experience that such blades frequently contain, 
hard portions which are liable to break off. Messrs. 
Fry’s (London) Limited, of 46, Upper Thames Street ,E.C.4, 
have devoted considerable attention to the problem ol 
overcoming the difficulties associated with the manu- 
facture of soft blades, and have recently perfected a 
machine which produces a blade free from the detects 
mentioned. The new blade is called the ‘ Enox-Flex, 
and it is possible to bend one of these saws into a coil of 
about 1 in, in diameter, without fracturing any portion O! 





the blade. They appear to be a valuable introduction. 


effective speed of the exciter is gradually reduced, until, 


is substantially ineffective. As the speed of the vehicle 
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THE STAVE FALLS DEVELOPMENT, 
BRITISH COLUMBIA. 


Tr frequently happens that very promising hydro- 
electric schemes are faced with the problem of how 
to survive the early years before the sale of power 
has developed sufficiently to cover and provide a 
profitable margin over capital and other charges. 
In fact the materialisation of many schemes is 
indefinitely delayed by the fact that a first instal- 
ment would be saddled with disproportionate 
capital costs if subsequent expansion formed part 
of the project. It will be readily realised—the fact 
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has frequently been noticed in our pages—that 
certain essential works in the case of hydro-electric 
works, can only be arranged for subsequent enlarge- 
ment at heavy cost. It may be easy enough to add 
a pipe line, or a generating set in a power station, but 
permanent works arranged to allow for extension 
even in these cases are comparatively costly, while 
such structures as dams, canals or tunnel con- 
duits, if constructed to serve the fully developed 
scheme, may be prohibitively costly, while at the 
Same time subsequent enlargement of capacity 
may also involve very expensive and inconvenient 
arrangements. The choice is often therefore one of 
great difficulty. Frequently the decision has been 
taken, and in many cases, we are glad tosay, justified, 
to. provide the margin for expansion which investiga- 


tion proves possible and which enterprise may be 


¥3 | 471,000 acre-ft. 


expected to turn to a probability. ory 

The Stave Falls hydro-electric scheme in British 
Columbia is an example of works which were 
originally planned and built on a relatively small 
scale, with an eye to subsequent extension. The 
growth, however, has exceeded the original plans 
and has necessitated the incorporation in the scheme 
of greatly enlarged works and a fresh watershed. 
As built originally by the Stave Lake Power Com- 
pany and completed in 1912 by the Western Power 
Company of Canada, Limited, the plant consisted of 











two units of 13,000 h.p. each, operating under a 
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head of 105 ft. The plant was situated at Stave 
Falls, 6 miles above the junction of the Stave and 
Fraser Rivers at Ruskin, B.C., and was about 
36 miles distant in an easterly direction from Van- 
couver, as will be seen from Fig. 1 herewith. The 
two original turbines were 63-in. Escher-Wyss 
machines of the horizontal type, with single runners, 
working at 225r.p.m. and direct coupled to Canadian 
General Electric alternating-current, three-phase, 
60-cycle generators, delivering current at 4,400 volts, 
the units having a capacity of 8,825 kv.-a.each. By 
1916 the demand had increased to such an extent 
that a third unit was installed and the capacity of 
the plant brought up to 26,475 kv.-a. This unit 
was identical with the earlier couple. At the close cf 
1920 control of the Western Power Company was 
acquired by the British Columbia Electric Railway 
Company, and plans were set on foot for further 
developments. A fourth unit was installed as soon 
as possible, to the same designs as befvre, all these 
having been put in in accordance with the original 
plans, which provided for the extension on these 
lines. 

At this stage the station had a capacity of 
35,300 kv.-a. The watershed area above the Falls 
amounted to about 400 square miles, and the area 
of the impounded water was about 12 square miles. 
The capacity of the storage amounted to 171,000 
acre-ft. The average annual flow of the river is 
about 4,000 cusecs and investigations showed that a 
regulated flow of 3,550 cusecs could be relied upon. 
It was decided therefore to increase the storage 


resulting in a reservoir capacity of approximately 
This has not only permitted the 
installation of a fifth unit, in this case of an output 
of 13,125 kv.-a., but, owing to the increased head, 
it was found possible to get increased output from 
the four earlier turbines installed, and the generators 
for these have consequently been rebuilt to take 
advantage of this. All four of these units have 
been brought up to a capacity of 13,125 kv.-a. 
each, so that the station output has been advanced 
to 65,625 kv.-a. 

Further enlargement of the plant is in hand, a 
neighbouring valley and watershed being added to 
the scheme. The map, Fig. 2, shows the district 
involved, with the situation of the Stave Falls 
power plant approximately midway between the 
lake and the junction with the Fraser River. The 
neighbouring area now being included in the scheme 
is the watershed draining into the Alouette Lake to 
the west of Stave Lake. The flow from this lake 
has previously been into the Pitt River, as indicated 
in Fig. 1, but the works undertaken in connection 
with the Stave Falls scheme include a dam at the 
lake outlet and a tunnel conduit traversing the 
narrow neck between the Alouette and Stave lakes. 
The water impounded will be passed through this 
conduit into the Stave Lake, being utilised to 
generate power in a station on the shore of the lake 
before the water is discharged. This additional 
source of power, and the increased supply, which will 
then serve the main power station will enable the 
annual total output to be brought up to 250,000,000 
kw.-hours, as compared with the 150,000,000 of 
the development when the first three units were in 
operation. 

The Alouette Tunnel is only about 3,600 ft. in 
length. It is being constructed with a sectional 
area of 178 sq. ft. The diversion will increase the 
mean annual flow at Stave Falls from the figure 
given previously up to some 4,250 cusecs. A still 
further development is feasible, viz.,.at Ruskin, a 
point between the present Stave Falls: plant and the 
Fraser River. Here another dam can be built to 
add yet more to the total before the possibilities of 
the area have been exhausted. Through the 
courtesy of Mr. W. G. Murrin, Vice-President of 
the British Columbia Electric Railway Company, 
we are now able to give details of the later 
developments. 

The original intake dam consisted of a mass 
concrete structure only 160 ft. in length and of a 
height of 55 ft. It was constructed with a view to 
the possibility of it being ultimately heightened, 
and for this reason was no less than 40 ft. wide at the 
crest, while checks and bonding bars were left 
in the top surface. In continuation of the intake 
dam there was a sluice dam of five openings, closed 
by means of stop logs. The intake dam was fitted 
with large sector gates 19} ft. in width, 20 ft. in 
height, and weighing some 23 tons apiece. These 
controlled the entrance to four 14 ft. 6 in. diameter 
penstocks leading to the power house, about 200 ft. 
down stream. 

The development has entailed the heightening of 
the intake dam, the closing and raising of the 
original sluice dam to form what is now known as 
the main dam, and, concurrently, the construction 
of a new sluice dam placed across the large channel 
about a quarter of a mile north-east of the rest of 
the works, as shown in Fig. 3. This channel was, 
in the old scheme, closed by a small timber-crib 
rock-filled dam with ten 14-ft. sluice ways, the 
sills of which were 6 ft. below normal working 
level. 

In this article we propose to confine ourselves to 
the alterations involved at the maindam. These are 
illustrated in Figs. 4 to 27, Plates XVII, XVIII and 
XIX, and on pages 280 and 281. .The dam is well 

shown in the two views, Figs. 4 and 5, Plate XVII, 

taken from the up and down-stream sides, respec- 

tively. The general arrangement will be clear from 

the plan, elevations, &c., given in Figs. 6 to 9, on 

Plate XVIII. From these it will be seen that the in- 

take dam, which is on the west bank, now serves four 
large turbine units, while two smaller lines connect. 
with exciter sets. On the east of the fore-bay lies 

the main dam, now a solid structure and running 

out into high ground with a core wall and earth 





capacity by impounding to an additional 22 ft., 


banking. The main dam accommodates, as wilh 
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be seen from Fig. 8, the valve for, and mouth of, the 
additional penstock running to the fifth turbine set. 
The new set is being accommodated in the power 
house on the west side nearest the bank (i.e. at 
the bottom of Fig. 8), and to reach this, the pipe 
line swings round after leaving the dam and passes 
under the previously laid lines ending at the west 
end of the power house which abuts on high rocky 
ground. 

Dealing first with the intake dam, as originally 
arranged the sluices here were controlled by 
the large sector gates already mentioned opera- 
ting in wells. They were worked by 8-hp., 
125-volt, direct-current motors in a temporary 
house built on what was then the top of the dam 
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at elevation ‘of 325 ft. above datum. Stop logs 
could be placed in front of the sector gates in case 
of emergency. In the reconstruction it was found 
necessary, in order to secure mass enough for the 
new conditions, to fil the wells with concrete. 
The sector gates were therefore removed and 
replaced by roller sluice gates, provision being made 
for protection by stop logs, when necessary. The 
small section, given in Fig. 9, shows the recon- 
structed intake dam, while the enlarged section, 
Fig. 16, not only makes the details plainer, but 
shows the outline cf the original 325-ft. level dam 
now incorporated in the larger structure. 
Reference should also be made to Figs. 22 to 24, 
which give details of the new arrangement. Fig. 22 
shows plans and horizontal sections of the dam and 


| the gate being brought to rest a few inches above 





indicates the arrangements made for the penstock 


connections and intakes, with details of the rein- 
forcement. Fig. 23 shows the reinforcing work of 
the bellmouth and at other parts, while Fig. 24 
gives details of the decking. 

The new roller gates are 20 ft. by 21 ft. They 
are constructed of 24-in. joists with }-in. plate 
riveted to the downstream face. The gates are 
furnished on each side with thirteen 12-in. diameter 
rollers having 4-in. width of face. A 12 in. by 
12-in. flap valve is also incorporated in the gates 
for priming. The gates are operated from a fixed 
steel gantry frame. This is shown in Fig. 16, and 
is also to be seen in the views reproduced in Figs. 4 
and 5, but best of all in Fig. 20, Plate XIX. In 
elevation a part of itis shown in Fig. 26, page 291. 





It has a length of 112 ft. and carries a 15-h.p. motor 
located at about the centre and driving a 3}-in. 
shaft which passes through four winches, one being 
placed over each gate. Any winch can be engaged 
as required by jaw clutches. The winch drums are 
held when free by band brakes, in addition to which 
centrifugal brakes are provided, which come into 
action on the drum rim if the lowering speed 
exceeds 50 r.p.m. A third protective device takes 
the form of a governor control of an air valve, 
which starts an air motor and operates the brake 
automatically. This gear is fitted with limit trips, 


the sill, the remainder of the travel being controlled 
by hand. : 
In front of the sluice gates, grooves are provided 


joists and channels with steel cover plates. Each 
log so built up is 4 ft. deep by 21 ft.inlength. They 
are filled with concrete. These logs are handled by 
a travelling gantry shown test in Fig. 16. This 
appliance consists of a main frame running on a 9 ft, 
gauge track on the reinforced concrete deck of the 
dam structure. The track extends over the four 
gate openings and the gantry can be traversed in 
order to operate over any one as desired. On the 
main frame is a second crab frame having an up- 
and down-stream movement of about 8 ft. This 
makes it possible, after lifting a log, to traverse it a 
short distance clear of the line of the log grooves, 
and to stack it on a platform on the main frame, as 








for stop logs. The five logs consist each of 15 in. 


shown by the dotted outlines in Fig. 16. The gantry 
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thus carries with it from place to place the stock of 
logs required to block any particular opening. 

Suspended by cables from the crab winch is & 
heavy master log fitted at each end with a strong 
catch. By means of this the stop logs can be 
placed or withdrawn under any conditions. The 
catches are operated by a secondary cable. They 
work automatically with the hoisting gear. The two 
hoisting drums are worked by a 15-19 h.p. two-speed 
motor fitted with solenoid brake, which comes into 
play in case of excessive speed, the current being 
simultaneously cut off. 

In front of the sluices, trash screens are installed. 
These are the original screens extended to cope 
with the new conditions. They are made up ™ 
sections of 5 ft. in height by 11 ft. 6 in. long, com 
posed of 4 in. by 3 in. angle bars spaced 14 in. apart. 
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The sections are supported at an angle of 45 deg. 
on a framework built of joists fitted with Tee-slides. 

As regards construction, the bulk of the work is 
mass concrete, reinforcement being used in the 
decking and the beams carrying this, as well as at 
certain other points, as, for instance, in the curtain 
wall above the sluice openings and in the diaphragms 
placed in the penstocks and in front of the gates, 
and so shaped as to give the flow a good run into 
the pipe line proper. On the down stream side of 
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the gates each penstock is furnished with three 
vents, These vents have 3 ft. by 2 ft. 3in. openings 
facing down stream below the parapet. They 
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priming and also take care of surges set up by 
the emergency closing down of the stop valves at 
the turbines. 
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As already explained, the forebay also serves 
two small penstocks for exciter sets in the station 
below. These lines are only 46 in. in dia., and are 


the dam at one of the two small sector gates by which 
the flow to these sets is controlled. These valves 
are operated by motor from a small concrete build- 
ing added as a superstructure at this end of the dam, 
as seen in Fig. 5. This building also accommodates 
a motor generator set, &c., for operating the gate 
controls. 

The main penstocks, 14 ft. 6 in. in diameter, are 
constructed of }-in. to }-in. steel plate, with double 
and triple riveted joints.and «re stiffened by 5-in. 
by 5-in. by }-in. angles. The water velocity is about 
8 ft. per second. 

Extending east from the intake dam is the main 
dam consisting of the old sluice dam reconstructed 
and extended in height, and 66 ft. in length. The 
old dam, shown in Fig. 18, Plate XIX, consisted 
of four concrete piers and two abutments on, rock 
foundation, with battered cut-waters up stream, 
and stepped on the downstream side. Grooves 
were provided for taking stop logs. The old struc- 
ture was finished at El. 320, as shown in Fig. 13. 
The work in this instance consisted in filling in 
between the piers, thus turning the dam intoa 
solid structure of gravity-section, and of raising it 
to meet the conditions of increased storage. As 
shown in Fig. 13, the solid section between the 
piers thus became one of about 45 ft. 6 in. at the 
base, tapering to a parallel wall 6 ft. thick in the 
upper part. The deck is finished as a reinforced 
concrete roadway 16 ft. wide between parapets. 
The dotted rectangles in Fig. 13 represent key 
blocks bonding the old and new work. Fig. 25 
gives up- and down-stream elevations of the new 
main dam. Beyond the concrete structure eastward, 
the dam is continued in the form of anembankment 
with core wall, as shown in Fig. 8 and in section in 
Fig. 11. This is topped by the continuation of the 
roadway above referred to, as will be seen in 
Figs. 4, 21, etc. A Howe truss bridge carries the 
road across the forebay for the main group of 
sluices, as will be seen in Figs. 4 and 6. 

In the second bay of the main dam, as shown 
in Fig. 8, the fifth main set penstock is taken off. 
Fig. 10 shows a small section at this point. This 
penstock is 20 ft. in diameter. It is provided with 
vents similar to those already described, and is 
controlled by a large roller gate similar in con- 
struction to those installed in the intake dam. 
The stop log grooves of the old sluice dam were 
extended to roadway level and arranged to accom- 
modate a set of trash screens built of sections 
similar to the others, but, of course, placed verti- 
cally. The sluice valve is handled by machinery 
on a fixed tower, which can just be seen in Fig. 5, 
behind the right-hand end of the machinery house 
on the intake dam, and can also be seen in Fig. 4. 
The trash screens are handled by a light traveller 
running on a frame which spans the roadway, 
and capable of movement up and down stream, 
so that the sections may be moved to storage re- 
cesses. Fig. 19 shows the commencement of the 
20-ft. penstock and the dam during reconstruction, 
with the flow at that stage of the work being 
allowed to pass temporarily through the last of the 
stop log openings of the old structure. 

In reconstruction, the bulk of the concrete was 
placed behind the old stop logs, which, however, 
were by no means watertight. To deal with 
leakage a thin bulkhead was built about 2 in. 
away from the down-stream face of the logs. 
The space enclosed was coupled by means of cocks 
to wooden drains, the valve stems being carried in 
wooden shafts up to the original dam level. When 
the concrete was in place the boxes were grouted 
in. On account of fissures in the rock of the 
foundation, relief pressure holes were placed at 
about 3 ft. from the up-stream face, three 3-in. 
holes about 10 ft. deep being provided in each bay 
and connected with drains, as shown in Figs. 13 
to 15, running out to the dam toe. The propor- 
ticns of the concrete used forthe mass construction 
were 1: 23:5, and for those parts in which 
reinforeed concrete was adoptd, 1: 2: 4. 

An interesting adjunct to which reference must 
be made is the shingle bolt chute built into the 
dam, to serve the logging firms operating on the 
Stave Lake watershed. This is unfortunately not 


ai can be seen in Fig. 17 and very clearly in the view, | supplied through an opening in the intake dam wall | shown in any of our sections. The chute proper 
‘ Fig. 5, Plate XVII. These vents are provided for! to be seen in Fig. 16. Fig. 12 shows a section of | is a tunnel carried on a slope of 11 per cent. through 
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the dam; and continued down stream as an‘open 
trough flume of. steel plate carried on concrete 
piers. This runs as far as the power house tail 
race, Qn the up stream side of the dam provision 
has been made for working the chute at all states 
of the water level by projecting a mouth out from 
the dam face, in reinforced concrete. This is 
fitted with stop log panels. The latter can be 
adjusted to suit the water level, to within a few 
inches, the logs being 12 in. deep, with the excep- 
tion of one which has a depth of only 6 in. The 
chute takes about 25 cusecs of water and 10,000 
bolts can be put through it in eight hours, the chute 
section being 5 ft. by 5 ft. in the dam itself. Below 
this is a:run of 400 ft. of flume 6 ft. wide, followed 
by a 6 ft. by 6 ft. tunnel 420 ft. long through rock, 
to the tail race. 

The raising of the dam necessitated additional 
protection on the west side where the rock sub- 
stratum fell sharply away, rock only being found 
in some cases at from. 100 ft. to 150 ft. depth. A 
small-wall had been built on this side for the original 
scheme. The new wall, which embodied and 
formed an extension of the old, is shown in the 
plan, Fig. 8, and in the view reproduced in Fig. 27. 
The new wall was built behind the old, which was 
250 ft. long and 15 ft. in height. It tapered from 
7 ft. bottom width to 3 ft. 6 in. at the top. The 
new wall is about 50 ft. high and 22 ft. wide at 
the base running out to 2 ft. 6 in. wide at the top. 
This wall is battered on both faces for the upper 
part and stepped on the back for the lower. It is 
supported on rock for a length of about 160 ft. 
from the intake dam abutment. Behind the wall 
the fill was made by the hydraulic method for the 
lower 10 ft., spoil being washed in direct from the 
adjoining bank. Above this spoil was dumped 
from ;small cars. The fill amounted to about 
20,000 cub. yards. 

The fifth turbine unit is, as already stated, 
accommodated at the west end of the power house. 
It is placed in an extension which has required the 
removal of 7,000 cub. yards of rock, making an 
addition possible to the building of about 36 ft. 
in width by 130 ft. in length. A further 4,000 cub. 
yards of rock excavation has been required for the 
machine foundations, tail race, &c. The fifth pen- 
stock is, as will have been gathered, much longer 
than the others, having in fact a length of 324 ft. 
It is carried on piers with expansion saddles at the 
bend. The unit is an Allis-Chalmers double 
runner horizontal type of 15,000 h.p. direct coupled 
to a Canadian General Electric generator of 13,125 
kv.-a. 

(T'o be continued.) 





THE BRITISH ASSOCIATION MEETING 
AT SOUTHAMPTON. 


SECTION G.—ENGINEERING. 


IN our issue of last week (page 264 ante) we 
referred to the opening proceedings of the Brilish 
Association meeting at Southampton. We now 
commence our report of the sectional meetings which 
commenced on Thursday, the 27th ult. As is our 
custom, we deal first with the meetings of Section G, 
Engineering. These were held in the Central 
Hall. On Thursday morning the chair was taken 
by the president of the section, Sir Archibald Denny. 
The first item on the programme was the president’s 
address, which Sir Archibald proceeded to read in 
abstract, giving brief explanations of the portions 
omitted. He mentioned, in reference to the early 
oscillating steam engines referred to in the address 
as printed, that he had received a letter pointing out 
that the invention of this type of engine should be 
credited to John Penn. A long abstract of the 
address will be found on page 253 of our last issue, 
so.that we need not deal here with the subject 
matter. The vote of thanks to the president for his 
address, proposed by Professor G. W. O. Howe and 
seconded by Professor T. Hudson Beare, was carried 
with acclamation, and in acknowledging it, Sir 
Archibald said he had chosen the period of fifty 
years over which to trace the developments in naval 
architecture and marine engineering because that 
was practically the length of his own experience. 
The address, he added, was open for discussion, 








but he suggested that any points should be raised 
in connection with the various papers which would 
follow, covering particular subjects in greater detail. 


Ture EXPERIMENT TANK AND ITS WORK. 


Before calling on Mr. E. R. Mumford to read his 
paper on “ The Experiment Tank in Relation to Ship 
and Propeller Design,” the chairman referred to the 
recent death of Mr. Sydney Barnaby, suggesting 
that the members present should stand in silence 
for a few moments in honour of his memory. When 
this had been done, Mr. Mumford read a short 
summary of his paper, which we reprinted in full in 
our last issue on page 271. At the invitation of the 
chairman, the discussion on this paper was opened 
by Sir John Biles, who remarked that ship resistance 
lay at the root of the whole question of the com- 
mercial efficiency of ships. They had heard from 
the author something of what had been done to 
obtain better results by work on models, but he 
would like Mr. Mumford, if possible, to say what had 
been the total saving due to Messrs. Denny’s experi- 
ment tank over the last forty or fifty years. He 
did not quite agree with the author’s views 
on the subject of full-scale tests to check Froude’s 
surface-friction data, and thought that such tests 
would be of value. With regard to cavitation, Sir 
John said he thought the results given in the 
author’s Fig. 8 were characteristic of the first ship 
to be fitted with a direct-turbine drive. At that 
time it had been necessary to produce a compromise 
between turbine efficiency and propeller efficiency. 
The result achieved by the compromise was that, 
while a good speed was obtained without cavitation 
in trials on the measured mile, when the ship got 
into a head sea and experienced increased résistance, 
the cavitation was such that the speed maintained 
was not so good as that of a similar ship with 
reciprocating engines. This result, he added, 
had been largely instrumental in leading to the use 
of geared turbines, with which system of propulsion 
it was possible to obtain the best speed for both 
turbines and propellers. 

Mr. E. Wilding, who continued the discussion, 
said he had served under the late Mr. R. E. Froude. 
and remarked that he thought the arrangements at 
the Denny tank were somewhat similar to those 
used by Froude at the Chelston Cross tank at 
Torquay, which, he added, had now completely 
disappeared. In connection with the saving effected 
by model experiments, Mr. Wilding stated that in 
the work on the model of the vessels which eventually 
became the Lusitania and Mauretania, the saving 
over the builders’ estimates had amounted to from 
15 per cent. to 20 per cent., and on the matter of 
full-scale experiments on surface friction expressed 
agreement with Sir John Biles that such tests would 
be of value. They might not, he concluded, greatly 
alter existing data, but they would at any rate 
render those who made use of the data more sure of 
their ground. 

Sir Richard Paget called attention to the value 
of experimental tank work carried out during the 
war in connection with paravanes, high-speed 
craft, &c., and Mr. J. G. W. Aldridge inquired 
what was the difference in carrying capacity of 
ships otherwise similar but fitted with , turbines 
and reciprocating engines, respectively. Mr. W. 
Dunn recalled a visit of the members of the Junior 
Institution of Engineers to the Denny tank, and 
Mr. J. S. Wilson referred to the improvements 
in accommodation and other factors affecting the 
comfort of passengers on steamers, that had been 
made during his own lifetime. 

The next speaker, Professor F. C. Lea, asked 
if it would be possible to estimate the economic 
value of Dr. Froude’s work in convincing ship- 
builders that they might safely rely on model 
experiments for the design of ships. The more 
recent developments in the design of aeroplanes 
and airships, he added, were made possible by 
the recognition of the fact that confidence could 
be placed in the law of similarity, upon which 
wind-channel experiments in aerodynamics were 
based. With regard to the full-scale experiments 
on skin friction referred to by previous speakers, 
Professor Lea expressed the view that these could 
not add much to existing knowledge, since antici- 
pations based on model experiments in ship design 





were so nearly realised in practice. Confidence 
in the law of similarity was further justified by 
model experiments in connection with the design 
of hydraulic turbines, as well as by work on the 
flow of fluids through orifices and over weirs. 

Dr. J. S. Owens inquired whether there was any 
break in the law of similarity due to the formation 
of air bubbles in the water, and the last speaker, 
Mr. C. le Maistre, asked the president whether he 
could give the date at which iron might be said 
to have superseded wood as a material for ship- 
building. 

The chairman then called upon Mr. Mumford 
to reply to the discussion, and, in doing so, referred 
to the value of the facts and diagrams it contained, 
especially to the younger naval architects. The 
discussion on cavitation, while not final, was 
distinctly helpful in finding a criterion as to the 
circumstances in which the phenomenon was bound 
to occur. He was unable to give an exact answer 
to Mr. Le Maistre’s question, but pointed out that 
the change from wood to iron was a gradual one, 
composite vessels, in which both wood and iron 
were employed together, representing an inter- 
mediate stage. He thought, however, that the 
information was given in Mr. Foster King’s paper. 

Jn the course of his reply, which was then given, 
Mr. Mumford said, in answer to Sir John Biles, 
that he was unable to give the aggregate saving 
due to the work of the Denny tank. In individual 
cases the saving in horse-power effected by model 
experiments very commonly amounted to from 
10 per cent. to 15 per cent. and sometimes to 
30 per cent. In an extreme case of a very bad 
design, the saving was actually 70 per cent. There 
was considerable difference of opinion as to the 
value of full-scale experiments on surface friction, 
but his own view was that the difficulty of the 
measurements were so great that the work would 
not be worth the large expenditure involved. There 
was such good agreement between model experi- 
ments and the results obtained with ships, that 
there was no necessity to check Froude’s work. 
In answer to Dr. Owens, the speaker said he had 
not found any departure from the law of similarity. 
Air bubbles, theoretically, would cause some 
departure from the law, but the departure did 
not appear in practice. It was only in the region 
of cavitation that any discrepancies were observed, 
but these were due to the fact that the law of 
similarity was not followed with respect to atmo- 
spheric pressure. 


ScanTLING DEVELOPMENTS IN MERCHANT SHIPS. 


After a vote of thanks to Mr. Mumford had been 
proposed by the Chairman and duly carried, Mr. J. 
Foster King was called upon to read his paper, 
entitled ‘“‘ Scantling Developments in Iron and Steel 
Merchant Ships,” which we reprint, in an abridged 
form, on page 305 of this issue. Mr. W. J. Berry 
was the first speaker in the discussion on this paper. 
After congratulating the author on the excellent 
résumé he had given of the subject, Mr. Berry 
remarked that scantling developments in the case 
of warships were much the same as those of merchant 
ships. In 1870, a warship 400 ft. in length had an 
iron outer bottom 1 in. in thickness. About this 
time the method of obtaining the longitudinal 
strength of ships by calculating on the girder system, 
had been commenced, and he might mention that 
no ship had shown signs of structural weakness for 
the last 20 or 30 years. The fact that, in the case 
of a destroyer 300 ft. in length, drawing 10 ft., and 
having a freeboard of about 5 ft., the bottom 
plates had a maximum thickness of only jin. 
reduced at the ends to almost }-in., was good evidence 
that the method of determining scantlings referred 
to was helpful in design. A saving in weight 
also resulted from the fact that larger plates, in 
absolutely reliable material, were now obtainable, 
and it was natural therefore for the allowable stress 
to be raised as circumstances permitted. Stresses 
were, in fact being raised at the present time, 
owing to further advances in the quality of steel, 
and, in comparison with what was being done only 
10 years ago, the saving in weight amounted to from 
7 per cent. to 10 per cent. 

The discussion was continued ‘by Sir J. Biles, who 
first remarked that he could not remember the 











mn 


n, 





SEPT. ;4,;1925.] 


ENGINEERING. 





»283 








statement attributed to him by the author to the 
effect that the true factor of safety could only be 
found by building weak ships. The paper, however, 
was exceedingly interesting to those associated with 
the development of the mercantile marine, in which 
it was necessary to pay constant attention to the 
question of weights and scantlings. After referring 
to some vessels he had designed many years ago, 
with scantlings that were not acceptable to Lloyd’s 
on account of their lightness, Sir John gave some 
particulars of the scantlings of the Teutonic and of 
the City of Paris and City of New York, mentioning 
that, in the latter vessel, the beams were 6 in. zeds 
and the frame spacing 33 in. The only trouble ex- 
perienced had been right forward where the frame 
spacing was increased and the plating reduced ; 
in this part some signs of compression appeared. 
He thought, however, that such light beams had 
not been put into any ships since that time. The 
stage had now been reached when no ship would 
be sent to sea with scantlings that did not satisfy 
calculations based on the girder theory, they did 
not now rely only on the rules of a registration 
society. 

Prof. F. C. Lea, the next speaker, said he had 
been interested in the development of the girder 
theory and was astonished to find it had not been 
used earlier by shipbuilders. In 1849, a Royal 
Commission had reported on the use of wrought 
iron for railway structures, and in 1854 Fairbairn 
had contributed papers to the British Association 
and the Royal Society: giving an account of various 
experiments on the beam theory. He thought the 
theory had been accepted by other engineers long 
before 1870. They were, however, not sure of the 
stability of the available material under compressive 
stress, and he suggested that this might have 
affected the adoption of the theory. 

The only other speaker, Prof. Robertson, said he 
thought the late Sir William White had made a 
statement to the effect that the weight of the Great 
Eastern, with iron plates, was about the same as 
would be required for a modern vessel of similar 
dimensions and he asked the author if this statement 
was correct. 

In the course of his reply, which was then given, 
Mr. Foster King first expressed his appreciation of 
the reception accorded to his paper. He had been 
interested to hear from Mr. Berry that they continued 
to raise stresses at the Admiralty, this matter being 
of importance at the present time when the use 
of high-tensile steel was under consideration. There 
were certain obvious advantages in this material, 
but he trusted that the mistakes made in assigning 
values of area, &c., when passing from iron to steel 


‘ would not be repeated now that a stronger material 
‘ was available. With regard to Mr. Berry’s remarks 


on the thickness of plates, Mr. Foster King pointed 
out that there must be a larger margin for wear and 
tear in the case of merchant ships than was necessary 
for naval vessels. In reply to Sir John Biles and 
Prof. Lea, he would say that he had endeavoured in 
his paper to show that the era of iron shipbuilding 
was not initiated by shipbuilders. Brunel and 
Fairbairn had built successful ships, but tradition 
had prevented the results obtained with these vessels 
from affecting the design of ordinary ships. It 
had taken three generations for the practical and 
mechanical theories to become welded, but, at 
the present time, ordinary ships were being built 
with as full an appreciation of mechanical principles 
as was possessed by the leading men of 60 years ago. 

A vote of thanks to the author, proposed by the 
Chairman and duly carried, concluded the business 
for the morning meeting and in the afternoon the 
members visited the Southampton Docks. 


Quay WALLS. 


The programme of the section for Friday, 
August 28, included a joint discussion with Section 
B (Chemistry) on the subject of the ignition of 
gases. This we deal with on page 284, continuing 
in the first instance with the further proceedings 
of the main section. In this, the first paper taken 
was that by Mr. F. E. Wentworth Shields, 0.B.E., 
entitled “‘ The Quay Walls of Southampton,” which 
we reproduce in full on page 303 of this issue. 
After the paper had been read by the author, the 
chairman, Sir Archibald Denny, said the paper 


was of particular interest in that it gave a full and 
frank account of the accidents and troubles experi- 
enced in connection with the quay walls of the 
Southampton Docks. The author had shown that 
the main difficulty was the lack of the necessary 
information on which to base calculations, and he 
supported the suggestion made in the paper that 
a committee of the British Association should be 
appointed to consider the matter. 

The first speaker in the discussion, Dr. J. 8S. 
Owens, said the paper clearly indicated the necessity 
for co-operation between scientists and engineers, 
and in the course of his remarks stated that of the 
various unknown factors connected with the design 
of retaining walls he proposed to deal with one 
only, viz., the effect of water on the angle of friction 
of solid material. 

Dry sand weighing 81 lb. per cubic foot, he said, 
would have its weight increased to 112 lb. per 
cubic foot by the addition of just sufficient water 
to fill the interstices between the grains and what 
was, in effect, a new material would result from the 
mixture. The effect of larger proportions of water 
was interesting, and could be demonstrated by 
putting some sand in the bottom of a hydrometer 
glass filled with water, and then shaking up the 
sand. While the latter was in suspension in the 
water, the hydrometer would give the same specific 
gravity reading as if the sand had been dissolved 
in the water. The effect; however, could best be 
skown with whiting in place of the sand, as the 
former material, being finer, remained in sus- 
pension longer. A similar effect, he suggested, 
would take place when water permeated the material 
behind a retaining wall, a heavier liquid being 
produced by the mixture. The author had stated 
in the paper that certain sand was fine enough to 
form a quicksand, and in connection with this 
Dr. Owens pointed out that the mere presence of 
water was not alone sufficient to produce a quick 
sand. It was necessary for the water to be moving 
upwards through the sand at a velocity sufficiently 
high to prevent the grains from sinking through it. 
The mixture would then behave as a heavy liquid, 
and some such action might take place behind a 
retaining wall in certain circumstances. In con- 
cluding, Dr. Owens endorsed the author’s sug- 
gestion about the need for experimental investiga- 
tions on the subject of the effect of water on earth 
pressure. 

The next speaker, Mr. J. S. Wilson, referred to 
a lawsuit in connection with the stability of certain 
dock walls, in which large sums were spent in 
obtaining expert opinion in support of both litigants. 
Opinions, however, were of but little value, and the 
author desired not to be dependent upon the weight 
of opinion, but to obtain the required information 
by actual experiments. It would surprise some 
persons to know that such knowledge was lacking 
at the present time, and that retaining walls could 
not be designed with certainty, but such was the 
case, and he thought careful consideration should 
be given to the proposal to appoint a committee 
to investigate the matter. 

Professor T. Hudson Beare, who followed, 
referred to the uncertainty about the assumptions 
to be made in connection with the design of retain- 
ing walls and to some of his own experiences in 
this connection. He agreed that more accurate 
experimental data were needed, and suggested that 
the proposed committee should gather and sift the 
whole of the information available from the work 
of the late Sir Benjamin Baker to the most recent 
investigations. Something was needed, he con- 
cluded, to enable an ordinary engineer to know 
that the data he was using were reasonably accurate. 
The last speaker on this paper was Professor F. C. 
Lea, who, after congratulating the author on his 
work, endorsed the remarks of previous speakers as 
to the futility of elaborate calculations made on 
uncertain premises. Calculations of the forces on 
a wall could, of course, be made, but the possible 
errors were so great that they might just as well 
be guessed at. The author had made no definite 
suggestion about the experimental work required. 
It did not follow that the problem would be solved 
by studying earth pressures only as a wall might 
fail by sliding, and it was therefore important to 


and the ground. In this connection the nature of 
the material under the wall had to be considered. 
In a case within his own experience, a river 
wall had been designed some twenty -years ago, 
to be backed by a. certain specified hard filling 
material, but, instead of using this, the filling had 
been carried out with river mud; : The wall moved 
out into the river, as he had predicted it would, 
but after having been rebuilt to the original 
design and backed with the proper filling it had 
proved quite stable and was‘ still in éxistence. 
He fully sympathised with the author’s suggestion 
about the need for further data, but pointed out 
that it might be difficult to interpret the experi- 
mental results and apply them to practical con- 
ditions. We now knew fairly well what the limiting 
conditions were, as the figures and diagram in the 
paper showed. He was not sure that we should 
ever be able to proceed with certainty in this par- 
ticular matter, but there was undoubtedly a neéd 
for further information. 

In his reply, which was then taken, Mr. Went- 
worth Shields said he had not much to answer 
as speakers had all expressed general agreement 
with his suggestion that further experimental work 
was needed. He agreed, however, that it would 
not be possible to eliminate all uncertainty, but the 
uncertainty would be reduced if more data were 
available for the calculation of retaining walls— 
especially those immersed in water and ‘backed 
up with flooded material. He had been interested 
in Dr. Owen’s .explanation of the ‘effect of water 
on the backing material, and agreed with Professér 
Lea that the resistance to sliding ‘was also in doubt. 
He had not wished; however, to suggést too large 
a programme for the consideration of the ‘Asso- 
ciation. The: meeting, he thought, agreed that it 
would be useful for a committee of the Association 
to organise the collection of information and after- 
wards to carry out certain experiments to clear up 
the unknown elements in the problem. He wished 
it to be borne in mind that the large sums spent 
on retaining walls were wasted in the event of a 
failure, and that there was also a waste of money 
if more material were employed in the construction 
of the walls than was really necessary. 

The chairman then proposed a vote of thanks 
to the author, and, in doing so, stated that the 
Sectional Committee would certainly: consider the 
question as to whether some such investigation 
as had been suggested should be taken up. . He 
then called on Mr. W. G. Turner to read his paper 
on the electricity undertaking of the County 
Borough of Southampton, which formed the next 
item on the programme. : 


Tue Evectricity Suppty oF SOUTHAMPTON. 


Mr. Turner’s paper gave a fully detailed account 
of the development of the undertaking and its 
present position, describing the coal and ash- 
handling plant, boiler plant, generating machinery 
and auxiliaries, switchgear and distribution systems. 
Pressure on our space, however, prevents us from 
giving more than a few particulars of the present 
plant. The power station was built in 1903-4 
on the foreshore of the River Test, and was gradually 
extended until, in 1920, it contained generating 
plant of 9,060 kw. capacity. Since then it has 
been modernised and enlarged, three machines, 
of 1,300 kw. capacity in all, having been removed 
and two generators with an aggregate capacity 
of 11,000 kw. having been substituted, so that the 
total capacity of the plant is now 18,760 kw. 
Sufficient room is, however, available for the exten- 
sion of the station to a capacity of over 65,500 kw. 
An additional 10,000 kw. machine is now on order, 
and four others will follow later. The boiler house, 
at present, contains eight Babcock and Wilcox 
boilers suitable for a working pressure of 200 lb. 
per square inch, and having a total equivalent 
evaporative capacity of 274,400 lb. per hour. 
Integral superheaters are fitted, giving the steam 
a superheat of 150 deg. F. Ultimately the boiler 
house will be capable of accommodating 18 boilers 
with a total equivalent evaporation capacity of 
842,000 lb. per hour. 

In addition to some smaller turbine and recipro- 
cating sets, the engine room now contains two 
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kw. and 3,000 kw. capacity, respectively, generating 
2-phase, 50-cycle current at 2,200 volts, one 5,000 
kw. Metropolitan-Vickers set and one Parsons 
6,000 kw. set, both generating 3-phase current at 
6,600 volts and 50 cycles. The condensers, it 
may be mentioned, are provided with Kent’s 
Venturi water meters to measure and record the 
quantity of condensate, and, in the case of the 6,000 
kw. set, an efficiency indicator constructed by Messrs. 
Nalder Brothers and Thompson, Limited, is com- 
bined with the water meter. This instrument 
shows at a glance the load carried by the set and 
also the actual, as compared with the guaranteed, 
steam consumption at that load. If the steam con- 
sumption is shown to be too high and is not accounted 
for by low pressure or temperature, or by a poor 
vacuum, the need for an investigation as to the 
cause is indicated. A similar instrument will be 
fitted on the 10,000 kw. machine, above referred to, 
which is being built at the Fraser and Chalmers 
Engineering Works of the General Electric Company. 

As in the case of many of the earlier undertakings, 
a number of different supplies are maintained at 
Southampton, the original direct-current, three- 
wire system giving pressures of 400 volts and 200 
volts being still continued. Direct current is also 
supplied to the Corporation’s tramway system at 
550 volts. Single-phase and two-phase current at 
2,200 volts and 50 cycles is also supplied and for 
large consumers and outlying districts three-phase 
current is generated and transmitted at 6,600 
volts, 50 cycles, rotary converter and static trans- 
former substations being installed for distribution 
purposes. There are thus four systems of genera- 
tion, but it is not necessary to run separate plant 
for each system, it having been arranged so that all 
of them can be supplied either from the two-phase 
or the three-phase plant, but generally from the 
latter alone. This is accomplished by the inter- 
position of Scott-connected transformers between 
the two-phase and three-phase systems and by the 
installation of motor generators and rotary con- 
verters for the direct-current supplies. 


Tuer ELEectRIC SuPPLY AND PLANT OF SOUTHAMPTON 
Docks. 


At the conclusion of Mr. Turner’s paper, the 
Chairman called on Mr. H. Wauchope to deliver his 
paper on the electric supply and plant of Southamp- 
ton Docks, remarking that the two papers, being 
similar in character, could be discussed together 
subsequently. Mr. Wauchope’s paper showed how 
the use of electricity in the Docks had increased 
during the past 15 years until, at the present time, 
about 1,000 kw. is used for lighting, operating 
cranes, &c.; while 1,200 kw. is required for the 
60,000-ton floating dock, 2,500 kw. for pumping 
four graving docks, and 300 kw. for driving hydrau- 
lic pressure pumps ; the whole supply is now taken 
from the Corporation. A detailed account of the 
electrical plant was given, of which we can only 
mention that for pumping the No. 6 dry dock. 
For this purpose, two 48-in. centrifugal pumps, 
each giving an average discharge of 450 tons per 
minute against a head ranging from 0 to 37 ft., 
and one 48-in. impounding pump are installed. The 
latter is designed to deliver 200 tons per minute and 
is used to raise the level of the water in the dock to a 
maximum of 10 ft. above that of the tide. One of 
the de-watering pumps is driven by a direct-current 
variable-speed motor of 1,200 brake horse-power, 
running at from 210 to 245 r.p.m. and the other is 
driven by a 6,600-volt asynchronous-synchronous 
motor of 1,200 brake horse-power, giving a leading 
power factor of 0-9 on full load. The impounding 
pump is driven by a motor of the same type, but 
of 350 brake horse-power. The motors are stopped 
and started automatical!y by push-button contactor 
gear, arranged so that the machines start up as 
ordinary induction motors and are automatically 
changed over to synchronous running when full 
speed is reached. 

In dealing with the crane equipment of the docks, 
the author stated that most of the wharf cranes 
were of the level-luffing type supplied by Messrs. 
Stothert and Pitt, Limited, of Bath. Some of the 
most recent additions to the equipment, we may 
mention, were illustrated and described in our 
issue of June 13, 1924, on page 762. For heavy 





lifts, a 50-ton travelling jib crane is available 
and a 150-ton floating crane has recently been 
provided. Electric-battery trucks are used for 
handling goods in the docks and warehouses. 

A brief discussion, in which four speakers took 
part, followed the reading of these papers, but 
owing to the short time available the speakers 
confined their remarks to a few requests for further 
information and to expressions of appreciation of 
the authors’ work. Both authors suitably res- 
ponded and the meeting then adjourned. Visits 
to the Southampton Waterworks and to the Cunard 
liner Aquitania lying in the Docks were arranged 
for the afternoon. 


Tue IG@nrTIon oF GASES. 


The joint discussion of the Engineering and 
Chemistry Sections was held in the latter Section, 
under the presidency of Professor Desch and occu- 
pied the whole Friday morning. In opening the 
discussion, Professor H. B. Dixon, of Manchester, 
stated that, if he had been aware of the intended 
participation of the engineers he would have made 
his paper more practical. Before giving an account 
of the experiments he had been conducting for the 
last three years for the Safety in Mines Research 
Board, he briefly reviewed the history of the gas- 





Fie. 1. 


ignition problem. {Bunsen had been under the 
erroneous impression that the spread of the flame 
was synchronous with complete combustion. Mal- 
lard and Le Chatelier observed that mixtures of 
hydrogen and oxygen and of methane and oxygen 
behaved differently ; in the former case the ignition 
point was lowered as the oxygen percentage was 
increased ; in the latter case the ignition point was 
raised. Those experiments on spark ignition were 
made in tubes and cylinders ; in tubes the initial 
normal. phase of combustion was followed by an 
irregular phase of higher velocity. The explosive 
wave was first invisible and, Professor Dixon 
found, started quite slowly, the pressure wave 
running quicker than the flame ;. the sound wave 
was reflected by the walls and at the end, and 
might cross the photographic record several times. 
The position of the ignition point was very im- 
portant ; a spark right at the end of a wide tube, 
100 ft. long, would not start a flame at all, as had 
been observed at Eskmeals. The gas surged in the 
tube. The part played by electrons in these pheno- 
mena was not yet clear; Professor Dixon had not 
been able to observe any effects due to a magnetic 
deflection of the electrons, but strong electric 
fields might stop the flame. 

The photographs obtained with ignition by rapid 
adiabatic compression were quite different from 
those of spark ignition. The combustion was so 
gradual that its beginning and the ignition point 
were indistinct, and there were hardly any cross 
waves. Producing by means of a piston the 
amount of compression which would just fire a gas 
mixture contained in a cylinder, Professor Dixon 
found that further advance of the piston must be 








stopped as soon as ignition occurred, and Tizard 
had then pointed out that recoil of the piston must 
also be prevented. The latter was not so easily 
managed. Professor Dixon let the weight actuating 
the piston fall on a lead disc (fixed to the outer 
end of the piston); this disc was stopped by a 
collar, the position of which was determined by 
preliminary experiments, and flattened out by the 
impact whilst the piston was arrested. His later 
horizontal. toggle-joint machine was somewhat 
of the Ricardo type. With these machines it 
was again observed that with 1, 2, 4 volumes of 
oxygen to 2 volumes of hydrogen, the ignition point 
was lowered from 521 deg. C. to 488 and 452 deg., 
whilst in methane-oxygen mixtures the ignition 
point was raised from 406 to 430 deg. With 
methane-air mixtures the ignition point was slightly 
lowered as the air percentage increased from 90-5 
(volume for complete combustion) to 93; after 
that the ignition point rose rapidly. Ethylene 
behaved like hydrogen. With electrolytic gas, a 
rapid self-heating mixture, the clamping of the 
piston had.a small but measurable effect ; with a 
slow self-heating mixture (methane-air) the clamp- 
ing of the piston made an important difference 
because the gas had time to work on the piston 
during the self-heating period. 





Fia. 2. 


The exact determination of the ignition point 
being difficult in these machines, experiments were 
also made with concentric tubes, the inflammable 
gas escaping as a jet from the orifice of a vertical 
tube within a silica tube filled with the other gas, 
both the gases being preheated. The whole was 
contained within a cylindrical furnace which was 
protected by a steel case. The inflammable gas 
could be turned on suddenly when the furnace 
was at the desired temperature; the gas pressure 
could be raised to 7:5 atmospheres and lowered to 
75 mm. Below this pressure no explosion would 
take place in methane and oxygen mixtures; at 
100 mm. methane would ignite with a distinct time 
lag, and the lowering of the pressure lowered the 
ignition point, from 631 deg. at 760 mm. to 500 deg. 
at 75 mm. But the maximum ignition point rose 
with most gases, notably with hydrogen, first as the 
pressure was increased, and then fell with a further 
increase of pressure. When the furnace was cooled 
the ignition lag increased up to 15 seconds in some 
cases, with ethylene-oxygen from 0-5 to 10 seconds. 
Incipient combustion before visible combustion 
was observed in many gases, but only carbon 
disulphide and ether had so far proved suitable 
for these studies. ‘ 

Professor W. T. David, of Leeds, who read the 
second paper on the “Expulsion of Gases, 
emphasised that nitrogen did not pass unchanged 
through the internal combustion engine, and that 
radiation had to be considered. When radiations 
from an electrically-heated wire coil were pé 
through an ethyl chloride-air mixture in a clos 
vessel, the time of the explosion was less than 
when fired by adiabatic compression without 
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radiation, sometimes by 10 per cent., and the ex-/ argon, CO, oroxygen. The most remarkable point 

sriments he had made in conjunction with Messrs.|in these results was perhaps the different wave- 
S. G. Richardson and W. Davies indicated that the| lengths of the radiations, which proved active in 
introduction into the reacting system of infra-red | the CH, and CO mixtures. If the nitrogen oxides 
radiation speeded up the combustion provided} which certainly were formed during the combustion 
that radiation was of the kind absorbable by the | were the inhibiting factor, the same type of radia- 





observations. Whilst in almost all of his explosive 
mixtures the pressure curve rose almost instan- 
taneously, the pressure rise was very slow in the 
mixture 2 CO + O, + 4 N,, where the full pres- 
sure was only reached after an interval which 
increased as the pressure increased (to half a second 





Fia. 3. Frame DEVELOPMENT OF 14°3 PER Cent. Mixture or CO anp Arr. 


A after 0-204 seconds. 
D , 06:373 = 
G ” 0-34 ” 


combustible gas, and that nitrogen was present. 
Thus, combustion mixtures of CO, oxygen 
and nitrogen was speeded up by radiation of 
4-4 » wave length (which was absorbed by the 
CO), whilst a mixture of methane CH, oxygen and 
nitrogen was speeded up by radiation of 3-2 p 
( which was absorbed by the CH,). Such radiation 
did not affect the combustion of hydrogen, which 
had no absorption periods; nor was any speeding 
up observed when the nitrogen was replaced by 





B after 0-408 seconds. 


tion should always be effective. The explanation, 
Professor David suggested, was that some kind of 
temporary association between nitrogen and the 
combustible gas normally took place during the 
explosion, and that this association tended to be 
inhibited when the combustible gas was stimulated 
by radiation. Some of Bone’s recent work at high 
pressures might be explained on these lines if 
the association were a function of temperature. 
But Bone had made one extraordinary series of 





C after 0-612 seconds, 
F ,, 0-68 ” 
yr 5, @<aee pA 


at 175 atmospheres), whilst in other cases this 
interval decreased as the pressure increased. Bone 
accounted for this peculiarity by suggesting that 
the nitrogen was activated at higher pressures and 
absorbed a radiation emitted by the burning 
CO. To test that suggestion Professor David 
exploded a mixture of similar type in a polished 
vessel and in a black-lined vessel; in the former 
the radiation temperature would be higher, and 
the rate of combustion should be higher; but he 
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observed no difference ; a difference was, perhaps, 
hardly to be expected, it might be objected. 
Professor David also gave some figures on the 
variation with pressure of the spontaneous ignition 
temperature of methane-oxygen mixtures (with 
26-5 per cent. of methane) ; at initial pressures of 
0-25, 0-5, 0-75, 1-Oaumosphere, the minimum final 
pressures at which ignition was observed were 
10-25, 13-2, 15-75, 21-0 atmospheres, and the 
ignition temperatures 475, 400, 370, 355 deg. C. 
thus decreasing as the pressure increased: The 
firing was by adiabatic compression, compressed 
air being introduced into the inflammable mixture. 


PHOTOGRAFHIC £TUDY OF THE PRODUCTION OF 
FLAME IN CLOSED VESSELS. 


Dr. O. C. de C. Ellis followed with a contribu- 
tion: of this title from the Safety in Mines 
Research Board. He showed a very large number 





of very striking photographs taken with the snap- 
shot apparatus of Dr. R. V. Wheeler under whose 
direction he is working at Sheffield. Series of 
photographs, he explained, were taken with expo- 
sures of a decimal of a thousandth of a second, 
either on separate plates or on the same plate on 
which the development of a flame would then be 
marked, by series of more or less concentric rings. 
The flame of methane, being yellowish-red, had 
to be photographed through quartz on a plate— 
Ilford iso-zenith plates were alone found serviceable 
—at the temperature of boiling salt water. 

When ignition occurred in a closed vessel. the 
rate at which the flame began to spread was com- 
pounded of the rate at which ignition was communi- 
cated from layer to layer of the mixture, and of the 
rate at which the mixture just about to burn 
moved under the expansive force of the already 
burning portion. An envelope of cool mixture 
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surrounded the small flame nucleus of highly 
rarified hot gas which was emitting heat and light. 
Many extraordinary shapes were assumed, as in 
Fig. 1, which shows a carbon disulphide aif 
mixture of 1-7 per cent. ignited at the bottom 
of a glass sphere of 3 litres volume, after 
intervals of 0-086, 0-252, 0-43 second. A small 
rotating berry rose first from the spark, the calyx 
then lengthened, the brim became a rotating basin, 
which was depressed by the convection currents, 
and finally flattened and descended. — Fig. 3 
illustrates the flame development in a 14-3 per cent. 
mixture of CO and air ignited at the base of 4 
sphere of 4 litres. Exposures of 1/40 second were 
employed. 

In tubes the phenomena was different. In 
weak mixtures the flame travelled along the roof of 
the gallery in the zone of weakest gas concentration, 
The shape of the vessel and the position of apertures 
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determined the shapes of fast moving flames ; 
the expansion was greatest in the direction of least 
resistance, and the movement therefore quicker 
towards the further end, as in Fig. 2, where the point 
of ignition was not central. Asymmetric ignition 
gave oval flames. 

The presence or absence of an enclosure had 
little influence on the first spreading of a 
flame. Very soon, however, the influence of the 
enclosure became apparent. As already pointed 
out, the flame movement was towards any 
opening ; in small vessels particularly, the second 
phase was then observed. The third effect, pro- 
nounced in rich mixtures, was noticeable as a glow 
occupying the space through which the flame had 
passed during its first phase. A dark zone lay 
between the flame point and the glow at the 
core; when the flame reached the boundary the 
dark zone cooled, contracted, and the glow filled 
the whole vessel. 

These effects were not dependent upon the 
presence of nitrogen and were not manifesta- 
tions of changes in the water-gas equilibrium. 
The glow was very marked and of considerable 
duration in some of the mixtures used by Bone 
in his researches, and the glow could thus hardly 
be explained as a dissociation effect ; but Mr. Ellis 
remarked that his experiments (at normal pressure) 
were hardly comparable with those of Bone (at high 
pressures).  After-burning, 7.e., burning in the 
mixture after the flame had passed through it, 
might explain the glow. Some gas certainly escaped 
the passage of the flame, and the burning of this 
gas might set up the radiations which affected the 
photographic plate. In the case of CO this residual 
gas was CO itself; in the case of CH, it might 
also be CO and hydrogen; experiments with 
cyanogen supported this assumption. 

In the course of the discussion, which turned 
mainly on the part played by the nitrogen and 
radiation, the Rev. H. V. Gill, of Dublin, referred to 
experiments made five years agu in Messrs. Nobel’s 
works with ether, rushing through a tube into a 
partly exhausted air vessel with sufficient speed 
to raise the temperature to the ignition point of 
the ether. Dr. E. K. Rideal (Cambridge) suggested 
an alternative to the association between the 
nitrogen and the combustible gas which Professor 
David had proposed in order to explain his 
phenomena. Referring to the work of Saka, 
Dr. Rideal pointed out that nitrogen could by 
energy of absorption be activated to several 
stages. 

The activation might excite the nitrogen to 
levels at which the energy of its combustion 
was higher than under ordinary conditions. Dr. 
A. C. G. Egerton (Oxford) mentioned that he had, 
in detonating acetylene-oxygen mixtures, found 
that nitrogen had a greater delaying influence 
than argon. Captain J. H. Shaxby, of Cardiff, drew 
attention to a communication which Professor 
R. W. Wood (Baltimore) had on the previous 
day made in Section A, viz., that when small 
quantities of nitrogen were mixed with mercury 
at low pressure, certain mercury lines flashed up 
strongly. 

Professor Dixon, in replying to the discussion, 
welcomed the fact that these problems were now 
studied by various investigators. Some gas, perhaps 
1 per cent., undoubtedly escaped the flame com- 
bustion in most cases, partly owing to the cooling 
effects not only of the walls, but also of the expanding 
gases, 

Many gases would begin to glow or ignite 
under the conditions mentioned by Mr. Gill. 
Professor David pointed out that the radiation 
he had spoken of was all infra-red, and in that region 
nitrogen had, he believed, no absorption bands. 
When he had referred to association he had not 
meant chemical combination; he had purposely 
used a vague term, and would not go beyond 
speaking of some kind of interaction. Professor 
E. C. C. Baly, of Liverpool, had asked what would 
take place when a radiation of 4-4» entered CO gas 
in the absence of nitrogen. Professor David did 
not reply to this question, and Dr. Baly added 
that the nitrogen spectrum did show absorption 
of waves longer than 4-4 yp. 


(To be continued.) 





THE BOMBAY BACK BAY RECLAMA- 
TION SCHEME. 
(Concluded from page 220.) 

Two dredgers are being. employed to obtain the 
filling material. One of these, the Sir George 
Lloyd, was specially built for the contract by 
Messrs. Wm. Simons and Co., Limited, of Renfrew, 
and is the largest of its type ever made. The 
vessel is of the cutter suction type, and is capable 
of dredging 2,000 cubic yards per hour, at a depth 
of 70 ft., and discharging the material through a 
floating pipe line 42 in. in diameter and 5,000 ft. 
long. Two sets of compound surface condensing 
engines are used for the propulsion of the dredger, 
while the large centrifugal suction and discharge 
pump is driven by a triple-expansion steam set. 
A compound engine drives the spiral cutter on 
the lower end of the suction frame. 

The most advantageous position for dredging 
on the harbour side was some 6,000 ft. from the 
shore, and an auxiliary floating pumping station, the 
ss. Colaba, was therefore placed about 1,800 ft. 
from the shore, and serves to pass the material 
delivered by the Sir George Lloyd on to the reclama- 
tion area. The pipe line is carried across the penin- 
sular in a trench below the level of the ground. 
The material obtained from the harbour is being 
deposited on the southern portion of the area. The 
second dredger, the ss. Kalu, is located in Back 
Bay sufficiently close to the shore to make an inter- 
mediate pumping station unnecessary, and this 
vessel is delivering material through a second pipe 
line directly on to the northern portion of the 
reclaimed area. Ultimately an intermediate pump- 
ing station will be worked in conjunction with this 
dredger also. The pipe lines are made up in 
sections 48 ft. long, each section being carried 
on two floats, 45 ft. long and 58 in. inside diameter. 
The pipe line has been supplied in part by Messrs. 
William Simons and Co., Limited, and in part by 
Messrs. Braithwaite and Co., Limited, of West 
Bromwich. We illustrate one of the sections in 
Figs. 25 to 27, and from these it will be seen that 
each section forms a complete unit with its support- 
ing floats. Double-purchase anchor winches are 
mounted at each end of the section, and by paying 
out or taking in anchor cable from the winches the 
configuration of the pipe line can be altered as 
required, Each pontoon is also provided with a 
hand pump, by means of which the degree of sub- 
mergence, and therefore the fall in the pipe line, 
can be regulated. Hand rails, consisting of 3-in. 
diameter wire rope run through suitable supports, 
are carried along each side. The pipe connections 
between the various sections are made by means 
of ball and socket joints, details of which are given 
in Figs. 28 to 38. It will be observed that the 
sections are held together by means of a gymbal 
ring to permit of alterations in the pipe-line contour 
and that the ball joints are sealed by packing 
rings, held in position by a detachable ring. 

Fig. 29 illustrates the general construction of 
the joint, and it will be seen from this figure that 
the inner and outer portions of the ball joint’ are 
formed by means of two cast-steel pieces, riveted 
on to the respective ends of the pipes. The working 
surfaces of the two pieces are machined. The 
gymbal ring is shown in Figs. 28 and 30. The 
bosses, in which the bearings for the two vertical 
pins are found, are cast with the outer portion of 
the ball joint, as shown in Figs 37 and 38, while 
those for the two horizontal pins are made in the 
form of an eyebolt, with the hole elongated in the 
vertical direction. This eyebolt, as shown in 
Figs. 34 to 36, is made with a taper shank having 
a rectangular cross section. This shank fits into 
a corresponding tapered recess in the bracket 
illustrated in Figs. 31 to 33, which is in turn riveted 
to the inner portion of the ball joint. This construc- 
tion enables the joint to be locked in the horizontal 
plane, while leaving the pipe line free to alter its 
vertical configuration under the action of the waves. 





InstTrTUTION oF Navat ArcuitEects.—The Royal 
Commissioners for the 1851 Exhibition Post Graduate 
Research Scholarship in Naval Architecture (1925) have 
awarded this to Mr. William Sprague, of the Royal 
Naval College, Greenwich, formerly holder of the Elgar 
Scholarship in Naval Architeeture (1922). 





ECONOMICS OF HIGHWAY 
ENGINEERING.* 


By Lt.-Col. H. T. Tupssmry, M.C., R.E. (T.), 
M.Inst.C.E., M.Inst.T. 

THE scope of this subject is so large that for the 
purposes of a short introduction to a discussion on 
certain aspects of it my paper must necessarily be 
somewhat limited. I pro here to confine my 
remarks to the problem with which highway engineers 
are more particularly faced, and leave for discus- 
sion the many matters which, although allied to 
engineering, are not primarily to be solved by the 
engineer. 

It will be out of place here to describe all the many 
details of the various designs and methods of con- 
struction employed in highway engineering in the 
broadest sense. The object of a memorandum of this 
kind would appear to be more the suggestion of methods 
which are likely to give economical results under stated 
conditions, and to indicate economies in outlay, so that 
the total expenditure is commensurate, in each case, 
with the benefit derived, and, finally, to offer suggestions 
for deriving the greatest benefit from expenditure 
already incurred. 

In this memorandum I propose to deal with the 
matter under two main sections :— 

(1) Traffic matters. 

(2) Design, construction and maintenance of roads. 

In reading the enormous amount of relative matter 
in the technical papers and perusing the books written 
by a great number of men of successful achievement on 
this subject, one is struck by the infinite variety of the 
methods employed in design and construction which 
are attempted by these engineers, and to no less an 
extent by the unblushing readiness with which they 
are prepared to embark on experiments. It must be 
remembered that the ratepayer has to bear the cost of 
such enterprise and foot the bill for all failures. It 
will be readily agreed that experiment is essential to 
progress, but a large number of failures and much over- 
lapping would be saved if research work on highway 
engineering problems were co-ordinated by some 
central authority, such authority keeping a watch over 
experimental work generally and disseminating all 
successful results through the profession by means of 
pamphlets which could be issued from time to time. 
Such control as is here outlined would in no way 
interfere with local initiative and experiment. 

With the ever-increasing importance of roads and 
the heavy cost of building and maintaining them, the 
highway engineer should be of very much higher 
capability and more highly trained than has been 
necessary in the past. The highway engineer of to-day 
must have knowledge of all the ordinary subjects which 
have been looked upon as the natural field of roadmen, 
but, in addition, he must be thoroughly conversant 
with the method of manufacture of the materials he 
uses, the natures of various stones which are required 
as aggregates in concrete, and he must know the correct 
principles of their grading. In addition to these, he 
must have a fairly intimate knowledge of the many 
points in the design of vehicles, which have a very near 
relation to the damage which may be done to road 
surfaces. In short, the highway engineer of to-day 
must be guided by exact scientific knowledge where 
rule of thumb was held very largely to be good enough 
in the past. 

It will not be out of place to mention one other 
matter here, and it is an important one. The scienti- 
fically-trained highway engineer is not to be attracted 
to and kept in this particular branch of civil engineering 
unless adequate rewards are offered for his services. 
America and France appear to hold much more ad- 
vanced views on the real economic value of a highly- 
trained engineer than is common in this country. 
When one calls to mind the advertisements in the 
technical papers of persons and corporations seeking 
the services of highly-trained men and the salaries 
that are in many instances offered, it is hardly to be 
wondered at that some of the work done up and down 
the country is either not good enough or extravagant. 

Traffic Increase.—In the year 1900, the total number 
of motor-cars in the world was given as 11,000, of 
which 5,000 were French and only 700 belonged to the 
U.S.A. In 1922, in Great Britain, 979,000 motor 
vehicles were in use, 315,000 being motor-cars, 378,000 
motor-cycles, and 78,000 motor hackneys. The num- 
ber of horse-drawn vehicles licensed was 237,342, of 
which 199,613 were private carriages and 37,729 
hackneys. In the U.S.A., for the corresponding period, 
registrations numbered 12} million vehicles, the 
greater proportion of which were motor-cars. The 
proportion was one automobile to each nine persons. 

In view of the exceptional interest at present centred 
on London traffic, a list of ten of the chief traffic 
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centres is given in Table I, together with the tonnage 
of vehicular traffic passing at each as deduced from 
police censuses taken in 1912, 1923 and 1924. Further 
columns have been added giving the percentage increase 
in the 12-year period and also the annual increase. 

It will be observed that the average annual increase 
in vehicular traffic over a 12-year period varied from 
2 to 7? per cent., and it will be noted that such increase 
is less where the existing facilities have been already 
in use up to nearly their limit, e.g., at Elephant and 
Castle. The average annual increase for the whole of 
the above is just under 2} per cent. over the period of 
12 years. It is a point of interest that the increased 
tonnage has not brought with it a similar increase in 
traffic density, owing to the supplanting of horse- 
drawn vehicles by mechanically-propelled vehicles. 
Indeed, in many cases, the additional tonnage has only 
been made possible by the quicker and more flexible 
motor-propelled vehicles. 

Next let us look at vehicular traffic increase on 
provincial roads; two illustrations are given in 
Table II, one in Buckinghamshire and one in Lanca- 
shire. 

The total tonnage here is very small indeed, com- 
pared to the figures quoted for London traffic, but it 
will be noted that the average percentage of increase, 
62 per cent., is roughly twenty times as great as in the 
case of London. The moral is, when planning new 
roads it is better to err on the generous side, as any 


TABLE I.—IncreaseE 1N 


2x am 4-8d., being an increase of 2-8d. per mile, 
equivalent on a “ton-mile” basis to * = 0-933d. 
Converting to cost per “foot of rise” of gradient 
the figure becomes 0-933 x 42, = 0-00707d. 

With regard to a falling gradient, it has been 
ascertained that the saving in petrol would amount 
to not more than 15 per cent. on a falling gradient 
of 1 in 30, as compared to the consumption on the 


level. 
This leaves us with the following unit costs :—- 


Cost per Lorry Mile. 
On level in country .... 12-5d. total. 
ms a i 2-0d. for petrol. 

Add for 1 in 40 rise .... 2-8d. for extra petrol. 
Deduct for 1 in 40 fall 0-33d.forsaved petrol 
Cost per Ton-Mile. 

4- 16d. total. 
5 a ses 0-67d. for petrol. 

Add for 1 in 40 rise .... .... 0-93d. for extra petrol. 
Deduct for 1 in 40 fall (say)... 0-11d. for saved petrol. 
Cost per Foot of Rise or Fall. 

Per ton, add : 0-00707d. for extra petrol. 


On level 





Per ton, deduct for falling 


gradient 0-00076d. for petrol saved. 


Lonpon Street TRAFFIC. 




















—————_—____———__3———— 
| 1912. | 1923. 1924, Percentage Increase. 
Site. (ee? SP OC ee he Es a ES 
| Tons passing in 12 hours. In 12 Years. Per Annum. 
} 
Elephant and Castle .. one see 125,618 138,881 155,083 23-4 2 
Hyde Park Corner os oC 99,714 128,485 139,963 | 40-5 34 
Trafalgar Square ES ae ae 85,344 111,790 127,184 49-0 4 
Piccadilly Circus - a2 ; -| 92,259 104,545 117,122 27-0 2} 
Angel, Sitesten 7 | 79,371 98,515 103,038 30-0 24 
Oxford Circus .. a se 77,405 87,219 97,111 26-0 24 
Hammersmith (Broadway) .. 48,715 70,451 | 76,968 58-0 45 
Edgware Road (Praed Street) | 51,780 | 61,588 71,845 38°5 34 
Shepherd’s Bush Green ‘i ‘a 37,173 59,002 71,608 93-0 73 
Notting Hill Gate - A ; .| 37,248 42,137 49,028 31°5 23 
| Average 32:7 Average 2-72 





additional margin allowed for future development is 
not likely to remain long unused. The necessary width 
to allow for subsequent widening of any road can be 
obtained at the inception of the scheme for a fraction 
of the cost that must be paid later on when buildings 
line the road side. The real economy is to spend 
money at the right time, which is at the beginning. 

Cost of Running.—The cost of running traffic varies 
enormously, even for the same vehicle. The lowest 
cost per vehicle-mile occurs on long and level country 
runs, where traffic delays would be at a minimum. If 
there are hills to be negotiated, fuel and oil costs will 
rise almost in proportion to the heights to be climbed. 
Wind and wet also tend to reduce speed and increase 
cost. Journeys in London, with its many traffic 
delays, frequent starting and stopping, have been 
found to increase the vehicle-mile costs to as much as 
three times those for country runs. 

The following costs relate to country runs of a fleet 
of ten 4-ton motor lorries :— 





Item. Cost per 

Lorry-Mile, Per 

pence. cent. 

Petro! and oil _.... ae or 1-84 14-9 

Wages .... me ee = 4-33 35-1 

Tyres... aes ae = 0-89 7-2 

Repairs .... es ae sit 1-50 12-2 
Depreciation and overhead 

charges 7a Ge vets 3-76 30-5 

Total ... 12-32 100-0 


Taking the average load per lorry as 3 tons, the cost 
2 = 4-1ld. As stated above, 


the cost per lorry-mile, under certain conditions, may 
rise to three times thut for country runs. The figures 
tabulated must, of course, be adjusted in accordance 
with previous experience and judgment, in order to 
arrive at a proper figure per lorry-mile under any 
particular conditions that it may be desired to 
investigate. 

If the cost of petrol is taken as 1s. 6d. per gallon, 
and the distance travelled as 9 miles per gallon on 
the flat, where it is commonly assumed that the 
resistance to traction is 40 lb. per ton, the cost of 
petrol would be 2d. per mile. On a gradient, the 
resistance will increase in proportion to the steepness 
of the gradient. Taking a 1 in 40 gradient the 
2,240 

0 


per ton-mile equals 


additional resistance would be = 56 lb. per ton 


or 96 1b. total, and the miles per gallon fall to 9 x $ = 3}. 
The cost per “lorry mile’? would rise from 2d. to 











TaBLeE II.—Trafic Increase in Buckinghamshire 
and Lancashire. 




















| Tons passingin7 | Ini12 | Per 
Bite daysof16hourseach.| Years. Annum. 
1910. 1922. | Per Cent. Increase. 
London Bath | 
Road just west! 
of Slough .. 4,354 39,755 767 64 
= - i oe | 
1911. | 1922. Years. Annum, 
Liverpool-Pres- | | 
ton Road at | 
Tarleton oe 3,759 | 28,602 661 60 








Turning now to the road side of the question. The 
upkeep of the road, although not paid for directly 
by the road user (as is the case with railway companies 
who provide and maintain their own track), is never- 
theless one of the expenses theoretically chargeable to 
road travel. The Ministry of Health returns show 
that the cost of maintenance, improvement and 
cleaning of the roads for the year ended March, 1914, 
was 16,914,189/, while for the year ended March, 1923, 
it was 30,480,000/. In comparing these figures it is 
well to remember the increased cost of labour and 
materials. This, in the last completed year ended 
March, 1925, was 81 per cent. above that of 1914. 
Over this same period of ten years from. 1914 to 
1924-25, of the general district rates in 54 counties 
of England and Wales, 42 counties showed increases 
of from 3d. to 1s. and 11 showed reductions while 
one was the same, allowance being made in these 
figures for the 81 per cent. increase in labour and 
material. Compared with the medieval period, the 
most striking developments of road transport are, 
on the one hand, the great decrease in the cost of 
transit, and, on the other hand, the great increase in 
speed of conveyance. Cost and speed, within limits 
of safety, are vital factors of road transport. 

The economical running of traffic, so far as track is 
concerned, obtains when the traffic is able safely to 
keep up a high speed continuously at low cost. This 
will be best attained on a suitably surfaced non-slippery 
road of adequate width, free from sharp curves, steep 
gradients, congested districts and level crossings. 
Probably the most costly item in urban districts is 
the provision of an adequate road width, but in country 
areas this first cost will generally be negligible, and 





the avoidance of sharp gradients, which, in some 
cases, would call for cuttings and embankments as 
alternatives to lengthy detours, will be the most 
serious financial charge. Since local traffic may cause 





obstruction to long-distance high-speed traffic, it jigs 
of advantage to keep an arterial road sufficiently far 
from towns and villages to discourage local traffic 
from using it. Level crossings often cause much 
delay, and where the volume of traffic warrants it, 
should be replaced by bridges, even though this may 
unfortunately involve approach gradients. ’ 

Proper regulation of traffic, where its volume is 
large, is essential in order to get it through rapidly, 
It is important to keep slow-moving and fast-moving 
traffic in separate streams, otherwise the speed of the 
fast traffic will be lowered to that of the slow-moving 
traffic. All the above-mentioned points have their 
economic value, which cannot be assessed in exact 
figures, but the value of the benefits derived from the 
small expenditures involved many times outweighs 
the cost. 

Traffic Delays and their Cost.—With regard to time 
lost in traffic delays, it is of interest to quote figures 
relating to lorry traffic in the dock districts of East 
London. A 10-ton steam lorry employed by a firm 
of haulage contractors and doing journeys between 
the Royal Albert Dock and certain depots in Aber- 
feldy Road and Bow Common Road was selectéed, 
and a man placed on it whose duty was to record 
exact particulars of each journey showing the route 
taken, the time spent on the journey and the duration 
of delays with their cause, e.g., police hold up, level 
crossings, swing bridge, street turning, &c. From these 
particulars the length of journey, the percentage of 
time spent in delays, the average speed and the net 
travelling speed were calculated. Broadly, the results 
are as follow :— 

On Route A (Docks to Aberfeldy-street Depot) the 
distance was 2-73 miles, and six journeys were logged. 
The average time taken was 26} minutes, of which 
9 minutes was spent in delays, or 34 per cent. 

On Route B (Docks to Bow Common-lane Depot) 
the distance was 4-50 miles, and five journeys were 
logged. The average time taken was 36 minutes, of 
which 12 minutes was spent in delays, or 33 per cent. 

On Route E (Bow Common-lane Depot to Docks) 
(south side) the distance was 4:9 miles and three 
journeys were performed. The average time taken 
was 48 minutes, of which 18} minutes were spent in 
delays, or 39 per cent. 

The above facts represent the average conditions 
under which lorry running in this district obtains. 
One fact is very clear; it is that at least one-third of 
the lorry’s time when on the road is consumed in delays. 
In other words, if delays could be eliminated two 
lorries would do the work which now requires three. 
This would mean, if we eliminate other items, such as 
loading times and varying destinations, &c., a saving 
of one-third the cost in capital expenditure and labour, 
also considerable saving in fuel, oils and stores and 
depreciation costs. Such savings would be reflected 
by a fall in the cost of transport, and a decrease in 
traffic congestion. The cost of hiring such a lorry is 
(approx.) 51. for 10 hours, and the cost of delays may 
therefore be put at 10s. per hour. 

One further example of delay can be noted; this 
time not in the Dock district. A very well-known 
catering firm stated that traffic delays cause the 
50 heavy vans which they used for fetching supplies 
to lose 150 hours per week, and the 300 delivery vans 
to lose 900. hours per week. If it be assumed that 
each of the above is on the road some 50 hours per 
week, the delay is equivalent to the loss of the use of 
three heavy vans and 18 delivery vans per week. 
Stated in the converse way, three heavy vans and 
18 delivery vans have to be constantly run in order 
to make up for the time lost in delays of the firm's 
other motor vehicles. At 10s. per hour for the large 
vans and 6s. per hour for the smaller vans, the weekly 
cost of traffic delay to this one firm works: out at no 
less than 3451. 

(To be continued.) 








Unitep States METAL PRODUCTION IN 1924.— 
According to figures published by the United States 
Buroau of Mines considerably less iron ore, pig -!ron, 
and ferro alloys were produced and shipped in the 
United States in 1924 than in 1923. The iron ore 
mined last year amounted to 54,267,419 gross tons, 
which shows a decrease of 22 per cent. when compared 
with the figures returned for the previous year. , The 
shipments of iron ore in 1924 amounted to 52,083,376 
gross tons, valued at 151,307,105 dols., a decrease of 
25 per cent. in quantity and 37 per cent. in value, 
compared with the figures for the year before. Pig- 
iron shipments in 1924 amounted to 31,064,129 gross 
tons, valued at 665,078,972; -these returns show @ 
decrease of 19 per cent. in quantity and 30 per cent. 1m 
total value compared with the corresponding figures 
for 1923. Ferro alloy shipments decreased by |4 per 
cent. in 1924, to 497,244 tons, valued at 43,249,948 dols. 
Metals were recovered from secondary sources and 
amounted to 814,330 short tons in 1924, valued at 
198,888,600 dols. These figures show a decrease 0 
over 6,500,000 dols., compared with the earlier year, 
when the production was 833,611 short tons. 
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LABOUR NOTES. 


Jupeine from the memorandum which has _ been 
prepared in view of next week’s Trades Union Congress 
at Scarborough, the Sub-Committee of the General 
Council, which was appointed after the Hull gathering 
to investigate the structure of Trade Unionism with a 
view to re-organisation, has found the task an extremely 
difficult one. Regarding the practicability at present, 
of the one big union for all industry, the sub-committee 
say that the very magnitude of the idea makes its 
realisation difficult. ‘‘It seems,’”? the memorandum 
proceeds, “‘so far removed that one runs the risk of 
being called a visionary in seriously contemplating it. 
The task of its achievment would be enormous. It 
would mean nothing more or less than the complete 
amalgamation of all existing unions into one huge 
aggregation. Amalgamations could proceed without 
any guiding direction: there would be no trouble as 
to whether workers were being correctly amalgamated 
in group order, and the great aim would be to obtain 
all workers into one union by any or every means. 
It does not require much consideration to see that the 
one big union is a long way from being realized. The 
difficulties already experienced in the way of amalga- 
mating existing unions do not encourage one to believe 
that any wholesale amalgamation of unions is likely 
to meet with success for many years. The Trades 
Union Congress has several times rejected resolutions 
having for their aim the amalgamating of all unions 
into one. Nevertheless, the conception of its structure 
might usefully be borne in mind as the direction in 
which efforts towards developing trade union organi- 
zation should be made. The central fact to be recog- 
nized,” the memorandum concludes, “ is that all unions 
are not in the same state of development, and it is 
almost impossible to dogmatize as to what form 
of organization should be adopted. Each industry 
requires separate examination. The more the problems 
of organization by industry are considered the more 
evident it becomes that this task is of such momentous 
importance to the trade union movement that it should 
be tackled in a comprehensive manner. It may not 
be possible wholly to carry into effect the Hull resolution 
forsome time. This makes it essential that the organi- 
zation committee, having embarked upon this task, 
should do it in a thorough-going manner. A complete 
survey of the trade union movement on its organization 
side is required.” 

Accordingly, the sub-committee has decided to 
recommend to the General Council that this task be 
undertaken, and that the duties of the committee 
shall be as follows: 1. To examine the structure of 
the trade union organizations. 2. The relative impor- 
tance of trade unions to their respective industries, 
including the number of workers organised in comparison 
with the total number of workers employed. 3. To 
summarize experience as to the manner in which amal- 
gamations have been negotiated and effected. 4. To 
investigate the experience of trade unions in relation to 
workshops organization, shop stewards, &c. 5. To 
collect by correspondence information regarding 
methods of trade union organization in other countries. 





The unofficial partial strike of seamen in Australia, 
South Africa, and British ports, unhappily, continues, 
and considerable dislocation of overseas transport 
services has taken place. The success of the irregular 
movement in British ports is, however, much less than 
the extremists would have us believe, and well-informed 
people predict an early collapse. The position in 
South Africa is, at the time of writing, somewhat 
obscure, while in Australia, the dispute seems to be 
becoming a question of high Labour politics through 
the decision of the Commonwealth Government to 
deal with two of the principal trouble-makers under 
the Deportation Act. Shipowners, whose valuable 
vessels are tied up, are showing great forbearance 
without any visible affect on the strikers, but it is 
tolerably clear that before long they will be obliged to 
take action of some kind in the direction of asserting 
their rights. 





It is understood that the ballot of the unions affiliated 
to the National Federation of Building Trades’ Opera- 
tives—from which, of course, the organisations of the 
bricklayers and plasterers have seceded—has resulted 
in acceptances of the new national wages agreement. 

nder the new arrangement, the present wages and 
conditions Council comes to an end, and a National 
Joint Council is set up for the building industry. 


Minority Movement, which took place on Saturday 
and Sunday last in Battersea Town Hall, proceeded 
from beginning to end on familiar lines. Mr. Tom 
Mann, who presided, Mr. Saklatvala, M.P., Mr. Harry 
Pollitt, the Movement’s general secretary, and Mr. 
Hannington, whose special charge is, or was vntil 
recently, the Unemployed Workers’ Committee, did 
much of the talking which, as was to be expected, 
related more to political than to purely labour 
questions. The majority of the labour, as distinct 
from the political, resolutions -passed obviously sought 
to give effect to objects of the Communist Party. One 
proposed the,enrolment of all young workers by the 
trade unions with “full rights at lower dues.” The 
promoters of the Young Communist League aspire to 
bring about much the same result. Another resolution 
declared that the responsibility for the present terrible 
situation rested with the capitalists and called upon 
the workers to close their ranks and face with a united 
army the present capitalist offensive rendered inevitable 
in view of the economic situation. The same idea— 
which, bluntly stated, is that the trade unions should 
fall into line with Moscow and the Red International— 
was much less guardedly expressed in a motion pledging 
the conference to work increasingly for the unity of 
the national and international trade union movement, 
believing that no lasting success can be gained by the 
workers or future defeats be staved off, unless their 
ranks are closed in a single international, uniting and 
directing all the struggles of the world trade union 
movement. 

On the proposal of Mr. Pollitt, a resolution was passed 
in favour of organising the working masses of Great 
Britain for the overthrow of capitalism and the estab- 
lishment of the Socialist Commonwealth, of carrying 
on a wide agitation and propaganda for the principles of 
the revolutionary class struggle, and of working within 
the existing organisations of the workers for the purpose 
of fighting for the adoption of the programme of the 
National Minority Movement and against the present 
tendency towards a false peace and class collaboration. 
A resolution for which Mr. Quelch was responsible, 
urged all active workers to form factory and workshop 
committees where they worked if none already existed, 
to reorganise, strengthen, and make militant those 
already in existence, to assist in building up the Trades 
Councils, and to aim at securing 100 per cent. trade 
union membership, without regard to age, sex, or 
occupation. Mr. Hannington seconded this proposal, 
which was, as a matter of course, adopted. An 
emergency resolution, which was also adopted, stated 
that in view of the open threats of violent suppression 
which were being made against the workers by various 
reserves of capitalism inside and outside the Govern- 
ment, it was necessary immediately to establish a 
Workers’ Defence Corps in order that the working- 
class movement should not be left at the mercy of any 
form of violence that the ruling class could resort to in 
its efforts to crush the workers. The immediate 
establishment of such corps in the districts was urged. 

According to Mr. Saklatvala, the indications aie 
that within the next couple of years the Minority 
Movement is going to be the Majority Movement. 
How its friends will fare at next week’s Trades Union 
Congress is not easy to foretell, but signs are not 
wanting that the stable majouity of the rank and file 
have had just about as much as they can stand of 
the N.M.M.’s wild men. 





The strike of Belgian metal-workers, which began 
in the middle of June, virtually came to an end early 
this week. Analysis of the results of the referendum on 
the proposed terms of settlement by the men’s National 
Committee showed that un Liege, Central Belgium, 
Charleroi, Mons, and Brabant the men were in favour 
of a resumption of work. In Ghent there was a strong 
majority against the proposals, but as 67 per cent. 
of the total votes approved them, they were formally 
declared carried by the workers’ representatives. 
The strike of blast-furnacemen in the Charleroi district 
continues. 





The Ministry of Labour states that on August 24, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,343,700—1,044,600 men, 43,000 boys, 221,700 
women, and 34,400 girls. On August 17, 1925, the 
number was 1,298,285—999,004 men, 40,625 boys, 
223,913 women, and 34,743 girls—and on August 25, 
1924, it was 1,149,098—866,784 men, 39,987 boys, 
207,785 women, and 34,542 girls. 





Wages are to be reviewed annually in January of each 
year, and adjustments made on the average, cost of | 
living figure over a yearly period. The present wage | 
tates are to be based on a cost of living figure of 78 

per cent. above the 1914 level, and with every rise or | 
fall of 64 points, there is to be an increase or reduction 

of a half-penny an hour. 





The second annual conference of the National 





An emergency meeting of executive representatives 
of the shipyard trade unions was held on Tuesday at 
the Midland Grand Hotel, St. Pancras, for the purpose 
of receiving and considering an interim report of the 
Joint Committee of employers and trade unionists, 
which is investigating the state of the industry and the 
effects of foreign competition. At the close, it was 


with two phases of the industry : (1) wages and working 
conditions ; (2) the financial position. Other factors 
outside the control of the industry, such as taxation, 
local rates, transport charges, &c., had yet to be 
investigated by the Joint Committee. After discussion, 
it was decided to refer the interim report to the various 
executive councils concerned, and to meet again on 
October 6 to receive reports and arrive at agdecision 
on it. 





On Tuesday, the anthracite miners in Eastern 
Pennsylvania went on strike in order, if possible, to 
enforce demands for, amongst other things, higher 
wages. The principal items in the programme which 
is being pressed are an advance of a dollar a day in 
the mine labourer’s wages, the employment of none 
but union men, and the deduction by the employers 
of trade union dues from the pay of workers. The 
owners are firm in their refusal of the demands—which 
would, they contend, involye an addition of 
100,000,000 dols, a year to the cost of production in an 
industry which, as matters stand, finds it difficult 
to keep going in the face of acute competition. Wages 
must come down, they declare, if the competition is 
to be met. 





The branches of the Transport and General Workers’ 
Union are balloting this month on the proposal to 
join with the miners, railwaymen, engineers and other 
trade unions in forming a new industrial alliance. 
Copies of the proposed constitution have been circu- 
lated by the executive who, in an accompanying 
memorandum, indicate the amendments which will 
be necessary in the union’s rules if the constitution 
is adopted. “We gave careful consideration,” the 
executive state, ‘‘ to the question as to what form the 
government of the alliance should take, and divergent 
views emerged as to whether societies with their full 
executives sitting in general conference would under- 
take the liability which a strike or other movement 
would involve, or whether it would weaken the alliance 
if such a method was adopted. On the other hand, 
it was felt that unless the actual sanctioning power 
was the full executive councils, there would be great 
difficulty in the carrying of the societies in a united 
movement. In any case there would need to be 
almost general unanimity in order to carry out such 
a great undertaking, but in the event of a difficulty 
arising we have provided for proportional voting, 
which is clearly set out, and in any case a vote must 
be given for the whole society, thereby preventing the 
society from being able to give a divided vote, and once 
the conference had decided to take one or other of the 
steps provided for under the constitution, the authority 
should then pass into the hands of the executive council 
to give effect thereto. Every executive council,” 
it is added, “‘ must examine its position before entering 
into that alliance. It is deliberately provocative, but 
we are satisfied that no alliance could work unless each 
executive was prepared to hand its powers over for 
the purpose of obtaining a definite objective.” 

The Iron and Steel Trades Confederation has been 
invited to join. The Electrical Trades Union has also 
agreed to consider the proposals with a view to coming 
in. The Amalgamated Engineering Union, on the 
other hand, is known to be preparing amendments to 
the draft constitution. The General Workers have 
reserved their decision until after the Trades Union 
Congress at Scarborough, and the N.U.R. refuses to 
accept the constitution in any form until a successful 
effort has been made to bring about unity of all the 
railway unions and as a corollary the amalgamation 
of the present transport workers’ organisations into one 
composite body. 





TeNDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, 8.W. 1., has announced 
that the Belgian Ministry of National Defence invites 
tenders, to be received by September 22, 1925, for the 
supply of a cutting and flanging press, with inclinable 
base.—The Postmaster-General’s Department, Mel- 
bourne, Australia, invites tenders for sulphate of copper ; 
these must be presented by October 6, 1925.—The New 
South Wales Government Railways and Tramways 
Commissivners invite tenders, which will be received 
until October 7, 1925, for the supply of a 20,000-kw. 
turbo-alternator for service at White Bay Power House. 
—The New Zealand Public Works Department invites 
tenders, to be received at Wellington by October 20, 
1925, for the supply of a crude-oil engine alternator 
set.—The State Electricity Commissioners of Victoria, 
Australia, invite tenders, to be presented by November 9, 
for a supply of lead-covered and armoured cable.— 
The Administration of the South African Railways and 
Harbours invites tenders for a supply of red-oxide paint 
in paste and also for motor spirit required during the 
period January 1 to June 30, 1926.—The Postmaster- 
General’s Department, Melbourne, Australia, invites 
tenders, to be presented by October 27, 1925, for tele- 
phone transmitters and associated parts. Tenders are 
also invited for telephone receivers and associated parts 





stated that the report presented had dealt exclusively 





and should be presented by November 10, 1925. 
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THE BRISTOL JUPITER AERO- 
ENGINE AND ITS MANUFACTURE. 


TuosE of our. readers who have followed the 
development of aviation for the last decade will 
remember that in the later stages of the war, when 
the limit of the capacity of the air-cooled rotary 
aero-engine had been reached, a demand arose for 
a higher-powered engine having the same charac- 
teristics with respect to manceuvring power, com- 
pactness, and low weight as the rotary engine, 
together with the reliability and economy of the 
water-cooled engines available at that time. Several 
designs of static radial air-cooled engines were 
produced to meet this demand, but, although good 
power-weight ratios were secured, the engines of 
this type failed, in general, with respect to reliability. 
Since the war, however, static radial air-cooled 
engines have been through a somewhat long and 
tedious, but successful, process of development, so 
that there are now available high-powered engines 
of this type which will compare quite favourably 
with water-cooled engines on the grounds of relia- 
bility, durability, and fuel consumption. 

One of the best known static radial aero-engines, 
viz., the Bristcl Jupiter, has already been illus- 
trated and described in our columns,* and the 
excellent performances of this engine, both in long 
continuous runs on the bench and also in the air, 
have been referred to on several occasions. The 
results obtained, of course, depend very largely 
upon the production of a satisfactory design and 
the employment of suitable materials of construc- 
tion, but these alone are not sufficient to ensure a 
satisfactory performance under the exacting condi- 
tions in which an aero-engine is required to work. 
It is necessary, in addition, for the manufacturing 
operations to be carried out so as to ensure the 
maintenance of an exceptionally high standard of 
excellence with respect to the accuracy and finish 
of all essential parts if the desired characteristics of 
durability and reliability are to be secured in service. 
These points are fully realised by aero-engine 
manufacturers as well as by the Air Ministry, whose 
inspectors are responsible for the acceptance of the 
engines required for the Royal Air Force and the 
British commercial air services. 

In view of the importance which thus attaches to 
the production side of aero-engine manufacture, 
we propose to give some account of the opera- 
tions as carried on at the Filton works of the 
Bristol Aeroplane Company, Limited, where the 
Bristol Jupiter, Lucifer, and Cherub engines are 
manufactured. Of these engines, the first men- 
tioned is of the static radial, air-cooled type with 
nine cylinders and a rated output of 400 h.p., while 
the Lucifer, which is of the same type, has three 
cylinders giving a rated output of 120 h.p. The 
Cherub engine, which was designed for use on 
light aeroplanes, has two opposed air-cooled 
cylinders, and the rated output of the latest model 
is 30 h.p. On this occasion, however, we propose 
to confine our attention to the Jupiter engine, 
but before dealing with the manufacturing opera- 
tions in connection with this engine it is desirable 
to give some account of its design and construction, 
for which purpose the illustrations, Figs. 1 to 4, 
on th’s page and opposite, and Figs. 5 to 6, on 
page 294, have been reproduced. 

From the front and rear views of the engine given 
in Figs. 1 and 2, respectively, it will be seen that the 
nine cylinders are arranged at equal angular distances 
around a crank-case, the two main parts of which 
are formed by aluminium-alloy castings joined in 
the plane of the cylinder axes and secured by 
through bolts. The cylinders are of mild steel 
turned from solid billets and attached to the crank- 
case by studs passing through flanges, as will be 
clear from the illustrations referred to. The design 
of the cylinders themselves is best shown in the 
longitudinal section, Fig. 5. The bore is 5} in. 
and the piston stroke 7} in. Slipper-type pistons, 
cast from aluminium alloy, are fitted, each being 
provided with two gas-rings and a scraper ring. 
The gudgeon-pins, which are hollow, as shown in 
Fig. 3, are of air-hardening steel and are free to 
turn in their seatings in the piston, as well as in the 





* See ENGINEERING, cxvii, page 551. 
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bushed small-ends of the connecting rods. The 
latter are of nickel-chrome steel machined from 
stampings and very highly finished. The master 
rod is coupled to a single-throw crankshaft, and 
the eight remaining articulated rods work on wrist- 
pins carried by the big-end of the master rod or its 
cap, as will be clear on reference to Figs. 3 and 4. 
The big-end bearing consists of a bronze shell lined 
with white metal, carefully bedded on to the 
crank-pin by a method which we shall refer to 
later. 

Chrome-nickel steel is used for the crankshaft, 
which is hollowed, as shown in Fig. 5, for lightness, 
use being made of the hollow spaces for supplying 
lubricating oil to the crankpin and other parts. It 
will be noticed that the crank webs are extended in 
the direction opposite to the crankpin, and that 
balance weights are secured to the extensions by 
means of bolts. Three roller bearings are used to 
carry the radial load on the crankshaft, and the 
thrust of the propeller, which is mounted on the for- 
ward end as will be clear from Fig. 5, is taken ona 
double ball-thrust washer, also clearly shown in the 
figure. The shaft is tapered and splined at the forward 
end to transmit the torque to the propeller hub, 
and at the rear end, from which the magneto and 
oil pump drives are taken, it is supported in a plain 
bushed bearing. From an annular groove in this 
bearing, oil, supplied by a pump, passes through 





holes into the interior of the crankshaft, through 





Fie. 1. Front View or ENGINE, 


which it flows to the crankpin and timing gear ; we 
shall, however, describe the lubrication system of the 
engine more fully later. 

The timing gear comprises a drum on which are 
formed four cams for the inlet valves and four for 
the exhaust valves, the drum being rotated by 
epicyclic gearing at one-eighth the speed of the 
crankshaft. Roller tappets, working in bronze 
guides, are operated by the cams, their motion being 
communicated to the valve rockers on the cylinder 
heads by means of hollow push rods shown in Fig. 1, 
and illustrated in detail in Fig. 5. A compensating 
device provided serves to keep the tappet clearance 
constant irrespective of the alteration in the length 
of the cylinder due to expansion. A plan of the 
valve rockers is given in Fig. 6, from which it will 
be seen that there are two inlet and two exhaust 
valves to each cylinder. The valves, which are of 
nickel-alloy and cobalt-chrome-alloy steel, work in 
bronze guides fitted into the cylinder head, this 
being an aluminium-alloy casting, attached by means 
of studs to the end of the steel cylinder body in 
which the seats are formed. To provide an easy 
path for the transmission of heat, the joint between 
the cylinder head and body is hand-scraped. ; 

The exhaust gases escape through short pipes 
connected with the ports in the cylinder heads, the 
arrangements calling for no special comment, but 
the induction system forms a particularly interest- 
ing feature of the design. This has already been 
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Fic. 2. Rear View or ENGINE, 
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briefly described in the previous article above- 
mentioned, but we may refer to it again as, in 
conjunction with Fig. 2, the sectional drawing now 
reproduced in Fig. 5 renders the arrangement more 
easy to follow. Referring first to Fig. 5, it will be 
seen that an annular chamber is formed by a recess 
in the back of the crankcase and a cover of semi- 
circular section. In this chamber is fitted an 
aluminium-alloy casting in the form of a ring of the 
cross section shown in the illustration, so that when 
the cover is in place the chamber is divided into 
three sector-shaped channels. Actually these chan- 
nels are helical, since the casting by which they are 
formed is twisted about its axis, and the pitch of the 
twist is such that the channels make three turns in 
completing the course of the annular chamber. The 
three carburettors with which the engine is pro- 
vided are connected to the annular chamber so 
that one communicates with each of the helical 
channels. Radial induction pipes, shown in Figs. 
2 and 5, having breeches pieces at their upper 
ends, connect the inlet ports on the cylinder heads 
with the annular chamber, and as there are nine 
of these pipes, spaced at equal angular distances, it 
follows that, of each set of three adjacent induction 
pipes, one will communicate with each of the three 
helical channels. Thus each carburettor supplies 
three cylinders separated by 120 deg., so that mutual 
interference between the cylinders as they draw in 
their charges is avoided, and the effects of any 
variations in mixture strength arising from differ- 
ences in carburettor adjustment are reduced to a 
minimum. Moreover, the arrangement enables the 
engine to run on six, or even on three, cylinders 
with one, or two, of the carburettors out of action. 

The lubrication system of the engine can best 
be followed by examining Fig. 5, in which the 
gear-type duplex oil-pump is shown on the right. 
Oil supplied from a tank located in any convenient 
part of the aeroplane is delivered by the lower 
part of the pump, at a pressure of 40 lb. per square 
inch, to the annular groove in the rear bearing of 
the crankshaft previously referred to. The oil 
passing through holes into the interior of the hollow 
crankshaft escapes through holes in the crankpin 
for the lubrication of the latter and of the wrist pins 
of the articulated rods. The oil thrown off by 
the wrist pins serves to lubricate the cylinders and 
gudgeon pins on the splash system, but that from 
the crankpin is directed by the nozzles and channels 
shown in Fig. 5 into the lower part of the crank-case, 
whence it runs into the sump. Part of the oil 
from the interior of the crankshaft passes out 
through a hole for the lubrication of the timing 
gear and the main and thrust bearings, this oil 
also finding its way back into the sump after use. 
From the sump, the oil is drawn by the upper 
portion of the pump and returned through a filter, 
to the supply tank. 

The normal output of 400 b.h.p. is obtained 
at a speed of 1,575 r.p.m., but the engine 
develops a maximum of 436 h.p. at 1,750 r.p.m. 
The fuel consumption at the normal output is 
0-57 pint, and the consumption of lubricating oil 
is 0-03 pint, both per brake horse-power per hour. 
At the normal output, the weight per horse-power 
works out at 1-95 1b., the total weight of the engine, 
without fuel or oil, being 780 Ib. 

A comparatively recent development to which a 
brief reference may now be made, is the incorporation 
in the design of a variable-timing gear for increasing 
the output of the engine at considerable altitudes, 
Towards the end of the war it was suggested by 
Mr. H. Ricardo that, by using a high-compression 
ratio and closing the inlet valve late near the ground 
level, the timing could be gradually advanced by 
the pilot as the machine ascended, until it became 
normal at some considerable height. In this way, 
it was pointed out, ground-level power could be 
maintained up to the height at which the timing 
became normal, after which the power would 
gradually fall off, as in the case of engines employing 
the usual compression ratio, but with the high- 
compression variable-timing engine there would be 
a notable increase of horse-power at all altitudes, 
as well as a marked economy of fuel. 

On the Bristol Jupiter engine it has been possible 
to give practical effect to this suggestion, since the 
epicyclic timing gear can readily be arranged to 
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allow the period of opening of the valves to be 
changed. while the engine is running, and also 
because, with the stroke-bore ratio of the engine, 
viz., 1-3 to 1, it has been possible to re-design the 
cylinder to give a compression ratio of 6-3 to 1, 
insteed of the normal ratio of 5: 1, without obtaining 
an inefficient combustion chamber. In the Bristol 
variable-timing gear, a double worm gear is 
employed to control the position of the stationary 
annulus of the epicyclic gear, which is normally 
attached to the crank-case as shown on the left 
of Fig. 5. No moving parts of the engine are 
affected, so that its reliability is in no way reduced 
and the added weight amounts only to 4 lb. 
Extensive tests of the device have now been 
carried out, both on the bench and in the air, the 
bench tests with the variable timing retarded 
showing that the engine maintained ground-level 
power at normal consumption, and that the gear 
could be operated satisfactorily and with but little 
effort throughout the whole of its range. The 
same engine was then mounted in a Bristol 
Bloodhound two-seater fighting aeroplane, very 
careful performance tests of which had previously 
been made with a standard engine. Numerous 
tests carried out with this machine showed a 
marked improvement in performance to result 
from the use of the high-compression variable- 
timing gear, the time required for a climb to 
18,000 ft. being reduced by 11 minutes and the 
speed at 15,000 ft. being increased by 8 m.p.h. 


(To be continued.) 





THE LATE MR. A. H. BASTOW. 


THE death took place on June 7 last, at his residence, 
“Struan,” Wayne-avenue, Lower Sandy Bay, Tas- 
mania, of Mr. Arthur Henry Bastow, M.A., M.Inst.C.E., 
late Chief Engineer to the Public Works Department, 
Travancore State, India. Mr. Bastow, who was 
responsible for much important work, was born 
on March 16, 1869. He received his scientific training 
at Melbourne University, Australia, during the years 
1885-1890, after which he served a pupilage of two years 
under Mr. H. R. Bastow, Chief Architect to the Public 
Works Department, Victoria. Following a further 
two years spent as an assistant to Mr. W. Davidson, 
M.Inst.C.E., Mr. Arthur Bastow became connected, 
and was engaged for five years, with the Public 
Works Department of Victoria, gaining experience in 
much office and field work, mainly on surveys, 
swamp reclamation, road-cutting, bridge  build- 
ing and harbour work. Opportunity was afforded 
him in this occupation of thoroughly qualifying him- 
self for his next position, that of Executive Engineer, 
Second Grade, with the Public Works Department, 
Travancore. 

Here he had charge of the Trivandrum Division and 
was responsible for the workshops of the Department 
throughout the entire State. After very extensive 
practice in bridge building, road making, extending 
canals, and erecting sea erosion protection works, andgas 
and water works, Mr. Bastow was promoted to be First 
Grade Engineer in 1902. Only three years later his 
abilities and experience were found to merit his 
appointment as Chief Engineer, in which capacity he 
superintended all work in six divisions of Travancore 
State. During his tenure of service, the Kothayar 
irrigation project for the watering of 50,000 acres of 
land was carried out, the main dam being finished in 
1906 and the channels and 2,400 miles of roadway later. 

Mr. Bastow was elected a Member of the Institution 
of Civil Engineers in April, 1909. Essentially a man 
of education, he possessed in a rare measure the ability 
to apply his knowledge to practical ends, and the works 
he has left testify to his value as an engineer of unusual 
merit. 





THE LATE MR. MAX. R. LAWRENCE. 


To his many friends the news of the death of Mr. 
Maximilian Robert Lawrence, of the!Sterling Telephone 
and Electric Co., Limited, which occurred in a London 
nursing home on Saturday, August 29, will be received 
with the deepest regret. 

Mr. Lawrence was born in 1872, and after receiving 
his general education in Wimbledon and Buntingford, 
entered the School of Electrical Engineering and 
Submarine Telegraphy, Hanover-square, London, to 
obtain his professional training. On the completion 
of these studies in 1890, he became a pupil of Mr. S. W. 
Johnson in the locomotive works at Derby, of the 
Midland Railway. Five years later, his abilities were 
afforded recognition by his appointment as assistant dis- 





trict locomotive superintendent at Manchester for the 
same railway company, and he did successful work in 
this capacity for two and a-half years, prior to joining 
the staff of Messrs. Joshua Buckton and Co., Limited, 
of Leeds, as assistant works manager. From here he 
went to the Stanningley Iron Works, where he was 
mechanical engineer to Messrs. Butler and Company’s 
Trustees. In 1900, Mr. Lawrence made another 
change, and for the following four or five years was 
works manager to the Lanchester Motor Co., Limited, 
at Birmingham. Following on this he was appointed 
in a similar capacity at the Crayford branch of the 
Wolseley Tool and Motor Car Co., Limited. In 1912 
he established the business of Max. R. Lawrence and Co. 
in Manchester and represented the Wolseley Company 
in that city. He continued this activity until the 
outbreak of war in 1914, when he returned to the 
Birmingham works of the Wolseley Company as super- 
intendent. Not only in this capacity were his services 
applied to the acceleration of production during the 
period of the European War, for appreciation must be 
given of the good work he did from 1917 onwards as 
superintendent of the National Projectile Factory at 
Lancaster. When the war ended, Mr. Lawrence became 
manager of Messrs. Burton, Griffiths and Co., Limited, 
of London, and in 1922 he entcred the service of the 
Sterling Telephone and Electric Co., Limited, at 
Dagenham, as works manager, the position he held 
up to the time of his death. 

Mr. Lawrence, having a wealth of engineering 
experience and the ability to impart it to others, was a 
frequent contributor to the columns of ENGINEERING, 
and was the author of some very valuable papers, which 
he presented to the institutions with which he was 
associated, an example of great merit being “ Some 
Points in Jig-Making,” read at a meeting of the 
Manchester Association of Engineers in December, 1914. 
Mr. Lawrence was a member of the Institution of 
Mechanical Engineers, a vice-president and chairman 
of both the Birmingham and Manchester Centres of the 
Institution of Automobile Engineers, and a past 
president of the Institution of Production Engineers. 





BOOKS RECEIVED. 


Metalliferous Mine Surveying. By FREDERICK WINI- 
BERG. London: Mining Publications, Limited. [Price 
15s. net. ] 

Aluminium Overhead Conductors. London: The British 
Aluminium Company, Limited. [Price 10s. 6d.] 

Elementary Guide to Reinforced Concrete. By ALBERT 
LAKEMAN, M.I.Struct.E. London: Concrete Publica- 
tions Company, Limited. [Price 2s.] 

Anuario de Mineria, Metalurgia, Electricidad y Demas 
Industrias de Espana (Anuario de la Industria Esp- 
afiola). Edited by Dons ADRIANO CONTRERAS, 
Roman Ortot and Luis Ortot. Madrid: Sucesores 
de Rivadeneyra (S8.A.). [Price 8-50 pesetas. ] 

Geological Maps : Their Study and Use. By A. NELSON, 
London: Colliery Guardian Company, Limited. 
[Price 7s. 6d. net.] 

Heat Engines. Steam, Gas, Steam Turbines and their 
Ausiliaries. By JoHN R. ALLEN and JosEPH A. 
Burstey. Third edition. London: McGraw-Hill 
Publishing Company, Limited. [Price 20s. net.] 

Strength of Materials. By ALFRED A. PoORMAN, 
London : McGraw-Hill Publishing Company, Limited. 
[Price 15s. net.] - 

Hydraulics. By R. L. Dovuanerty. Third edition. 
London: McGraw-Hill Publishing Company, 
Limited. [Price 15s. net.] 

Sampling and Testing of Highway Materials. By Wm. 
H. Barton, Jr., and Louis H. Doane. London: 
McGraw-Hill Publishing Company, Limited. [Price 
17s. 6d. net.] 

A Text Book of Ore Dressing. By Rosert H. RicHarps 
and CHartes E. Locke. Second edition. London: 
McGraw-Hill Publishing Company, Limited. [Price 
27s. 6d. net. ] 





SaLonica INTERNATIONAL Farr.—It is announced by 
the Greek Legation, of 51, Upper Brook-street, London, 
W.1, that the Salonica International Fair, of which we 
gave some particulars on page 186 of our issue of 
August 14 last, will not be held this Autumn, as pre- 
viously stated, but will take place at a later date, 
probably in the Spring of 1926, which will be announced 
in due course. 





Tue Minin Institute oF ScoTtanp.—By permission 
of the Lothian Coal Company, Limited, the Council 
of the Mining Institute of Scotland have been enabled to 
arrange a visit for members of the Institute and members 
of the Scottish Branch of the National Association of 
Colliery Managers, to Newbattle Collieries, Newtongrange, 
Midlothian, on Saturday, September 12. Luncheon will 
be provided by the Lothian Coal Company, Limited, at 
the conclusion of which a general meeting of the Institute 
will be held. Arrangements have been made with the 
London and North Eastern Railway Company to issue 
tickets for the double journey at single fare from points 
where parties of 12 or more are travelling. Those 
intending to be present should inform the Secretary of the 
Institute, Mr. G. L. Kerr, at the Royal Technical College, 
Glasgow, and make application to him for railway tickets 
not later than Wednesday, September 9. 








NOTES FROM SOUTH YORKSHIRE. 


rid SHEFFIELD, Wednesday. 

Iron and Steel_—If consumption of pig-iron, hematites, 
scrap, and alloys is a reliable criterion of the condition 
of the local heavy trades—and it is usually considered 
so—their depressed state tends to become aggravated 
rather than to improve. One certain fact is that great 
headway must be made before anything Seroeching 
normal working is restored. The current difficulty is 
largely due to the record extension of works and the 
inconsiderable tonnage specified in the majority of con. 
tracts. Taking the district’s gross output of semi-manu- 
factured iron and steel, this would, in pre-war times, have 
represented substantial activity, but to-day orders are 
not only executed in quicker time, but require to be 
spread over a much wider basis of production. Makers 
of open-hearth steel need more orders if they are to 
maintain a forward se Prices are favourable from 
the standpoint of buyers, but competition for new 
business is exceptionally keen, and confidence in the 
future is qualified by the threat of labour disturbances in 
allied branches. Makers of acid steel are doing a big 
trade with British engineers. Costly special steels are in 
steady demand for inland consumption, especially in the 
more robust engineering branches and constructional 
trades, but the paucity of foreign orders, due to tariffs 
and the depleted purchasing powers of former customers, 
is keenly felt. On the whole, the lighter trades are doing 
well. The motor trade is taking large supplies of 
magnets and fittings for commercial lorries, light cars, 
and chars-d-bancs. Castings for the building trade are an 
active line, and in some directions there is pressure on the 
output of hand tools. 


South Yorkshire Coal Trade.—Improved business in 
house coal is anticipated this month. A more active 
demand will find collieries and depots well prepared, their 
main difficulty for several weeks having been to dispose of 
outputs and stocks. Current indications are not too 
favourable, but there is ample time for developments. 
Export business in hards is difficult to negotiate despite 
cheaper rates. Inland sales are maintained at a fair 
level. The existence of stocks acquired for emergency 
purposes is holding up business in slacks. Cobbles and 
nuts are both on the weak side. Quotations: Best 
branch handpicked, 30s. to 33s. ; Barnsley best silkstone, 
27s. to 29s. ; Derbyshire best brights, 22s. 6d. to 25s. 6d. ; 
Derbyshire best house, 22s. to 24s.; Derbyshire best 
large nuts, 18s. to 22s.; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 18s. to 22s. ; Derby- 
shire hards, 18s. to 22s.; rough slacks, 10s. 6d. to 13s. ; 
nutty slacks, 8s. 6d. to 9s. 6d. ; smalls, 3s. 6d. to 5s. 6d, 








Tue Late Mr. HuBert BEwLay.—The death occurred 
on August 28 last at 76, Alcester Road, Moseley, of 
Mr. Hubert Bewlay, senior director of Messrs. Thomas 
Piggott and Co., Limited, of Atlas Works, Spring Hill, 
Birmingham. The deceased gentleman was born in 
Birmingham in 1843, and after leaving school became an 
erticled pupil with Messrs. Thomas Piggott and Co., 
Limited. His active connection with that firm extended 
over 60 years and continued until his death ; his direc- 
torate dated from 1892. Mr. Bewlay was a member of 
the Institution of Civil Engineers. He took a deep 
interest in social and philanthropic work. At one time 
an active figure in the political life of the district, he 
entered the City Council on the extension of Birmingham 
in 1911. He served on the Gas and Water Committees, 
only retiring from the council two years ago. Durirg 
the period of the War, Mr. Bewlay was closely associated 
with hospital work. 





City oF BrrmMincHAM ELEcTRICITY UNDERTAKING.— 
A statement of accounts of the City of Birmingham 
Electricity Undertaking for the year ended March 31, 
1925, has now been published. For the twelve months 
reviewed, the capital expenditure amounted to 5,621,657l., 
compared with 4,780,090/. in 1924. A total of 193,370,748 
units were sold at an average price of 1-468d. per unit, 
compared with 171,152,590 units sold at an average price 
of 1-556d. during the previous year. The gross revenue was 
1,182,6211., and the gross profit 445,766l., the corre- 
sponding figures for the earlier year being 1,110,028/. 
and 441,831/., respectively. The contribution to 
reserve is 104,441/., compared with 129,140/. in 1924, 
and 69,9371. has been placed to the renewal fund, com- 
pared with 130,385/. a year earlier. Sinking fund 
repayments amounted to 2,166,386/., compared with 
1,988,7377. Lamp connections numbered 659,666, and 
motor horse-power supplied, 206,160, increases of 103,598 
and 19,233, respectively, over the previous year’s figures. 


German Export Bovunries.—According to the 
Cologne Press the Price Committee formed by the 
Ingot Steel Association, in conjunction with the Avi 
(Associated Finishing Industries) met on August 18 
last, at Diisseldorf, to consider the bounties to. 
granted for the month of September to the finishing 
industries for the iron content of exported goods. The 
finishing industries demanded a considerable increase 
of the export bounties in view of the sharp fall in world 
market prices and of the fact that, owing to the con- 
solidation in the formation of associations in the iron- 
producing industry during the last month, inland prices 
were increased. Compared with August bounties, those 
for September show an increase from 5 to 10 marks per 
ton in the case of raw ingots, and 5 to 15 marks in the 
case of blooms. Those for sections increased from 
17 to 20 marks per ton, for bar iron from 15 to 20, and for 
heavy railway track material from 12} to 25 marks per 
ton. The bounty for transformer and dynamo sheets was 
nereased from 25 to 40 marks per ton. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Keen Continental compe- 
tition in markets abroad continues to very largely 
confine transactions in Cleveland pig-iron to sales for 
home purposes, and to some extent foreign makers 
are supplying consumers in this country who used 
to draw practically all their requirements from Cleveland. 
A feeling is growing that prices have about touched 
bottom, and that they are likely to remain at round 
about the levels to which they have now sunk. Inquiries 
show some little improvement, but customers are still 
cautious in their dealings. No. 1 is 73s.; No. 3 g.m.b., 

69s.; No. 4 foundry, 68s.; and No. 4 forge, 67s. 6d. 


Hematite.—East Coast hematite producers are in a 
stronger position than for some time past, current 
output being just about sufficient for needs, and stocks 
having been reduced to quite small proportions. A 
few more sales to both home and foreign customers 
have been made, and the outlook is regarded as 
distinctly more encouraging than it has been. Nos. 1 
2 and 3 are 75s. 6d. to 76s.; and No. 1 is quoted 6d. 
above mixed numbers. 

Foreign Ore.—Sales of foreign ore are as difficult as 
ever to arrange. Prices show no change, market rates 
being still based on best rubio at 20s. c.i.f. Tees. 

Manufactured Iron and Steel.—A few sales of semi- 
finished iron and steel have been put through notwith- 
standing the underselling in the home markets by 
Continental firms. Constructional steel is in fairly good 
demand, and sheet makers are heavily sold. Quotations 
are unsteady. Among the principal market figures 
are: Common iron bars, ub 12s. 6d.; iron rivets, 
131. 10s.; packing (parallel), 8/.; packing (tapered), 
1ll.; steel billets (soft), 77. 10s. ; steel billets (medium), 
8l.; steel billets (hard), 9/.; steel boiler plates, 12/. 10s. ; 
steel ship, bridge and tank plates, 8/.; steel angles, 
7l. 15s.; steel billets, 13/.; heavy steel rails, 87. 10s. ; 
and galvanised corrugated sheets, 161. 10s. 


Iron and Steel Shipments.—August shipments of iron 
and steel from the Tees totalled 79,879 tons composed 
of 28,498 tons of pig-iron, 6,913 tons of manufactured 
iron, and 44,468 tons of steel. Of the pig-iron despatched 
15,784 tons went abroad, and 12,714 tons went coast- 
wise ; of the manufactured iron loaded 1,704 tons went 
abroad, and 5,209 tons went coastwise; and of the 
steel shipped 33,428 tons went abroad, and 11,040 tons 
went coastwise. Scotland was again the largest receiver 
of pig-iron, taking 11,394 tons ; the Cape of Good Hope, 
with an import of 1,082 tons, was the biggest buyer of 
manufactured iron; and India was by far the heaviest 
purchaser of steel, importing 9,242 tons. 


. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—There has been a little move- 
ment in the Scottish steel trade over the week, and 
although inquiries are better, contracts lately fixed up 
are on the small side. Buyers are not coming forward 
with any sign of confidence, and are only specifying 
for their actual requirements, which in most cases are 
of meagre tonnage. With the outlook in the ship- 
building industry for the oncoming winter so poor, the 
possibility of a continued spell of dullness in the steel 
works is not unlikely. Some producers are optimistic, 
and are of the opinion that with the lower tendency of 
prices a moderate revival in buying may be looked for 
before long. Foreign competition continues very 
keen, but as the trade of the world improves the local 
producers will come into their own. In the black sheet 
trade active conditions are being well maintained, and 
most of the works are going Sull-cheamn ahead. The 
overseas demand for galvanised sheets continues, and 
steady running of plant is already assured for some 
months to come, and prices are firmer. The general 
tendency of prices is, however, in the opposite direction, 
and although quotations are nominally unchanged this 
week, it is almost certain that any good line offered 
could be placed on very favourable terms. The following 
may be taken as to-day’s market quotations :—Boiler- 
plates, 117. 10s. per ton; ship plates, 8/. 10s. per ton ; 
sections, 81. per ton ; and sheets, 7 in. to 4 in., 111. per 
ton—all delivered Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade a depressed state is still prevalent, 
and dealings are no better this week. The inquiry is 
not encouraging, and the immediate outlook is not very 
bright. In the steel re-rolling branches a dullness is 
general, and the flow of orders is rather limited. The 
price of “‘ Crown ” bars is 111. 12s. 6d. per ton delivered 
Glasgow. 

_Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, August 29, amounted to 462 tons. Of that 
total 422 tons went overseas, and the balance of 40 tons 
went coastwise. For the corresponding week of last 
year the figures were 370 tons to foreign destinations 
and 91 tons coastwise, making a total of 461 tons. 


_ Scottish Pig-Iron Trade.—There is no change to report 
in the state of the Scottish pig-iron industry, and a dull 
tone prevails all round. ew business is not comin 

along in any volume, and most demands are for smal 
tonnage. Export lines are scarce and difficult to pick 
up. Prices are inclined to get easier again, and quota- 
tions would be sheded for any lot of decent tonnage. 
The following may be taken as the market quotations :— 
Hematite, 41. 28. 6d. oo ton delivered at the steel 
works; foundry iron, No. 1, 41. 48. 6d. to 4l. 7s. 6d. 


per ton, and No. 3, 4/. 2s. to 41. 5s. per ton, both on 
trucks at makers’ yards. 

Shipbuilding.—If the prosperity of the Scottish ship- 
building industry could measured by the figures 
of the monthly output all would be well, but that, 
unfortunately, is not the case, as few contracts are bein; 
booked to replace the new vessels being launched, an 
work on hand is gradually getting less. During the past 
month only some six or seven new vessels were placed 
with shipbuilders and 21 were launched. 

The totals of the output for the month of August 
are as under :— 





Vessels. Tons. 

The Clyde... aie sat 16 55,345 

The Forth ... aa zee 3 652 
The Tay ee ae xe _— —_ 

The Dee and Moray Firth ... 2 580 

Total ... Poe 21 56,577 


The Clyde total is the third highest for the year to 
date, and brings the year’s output up to 153 vessels 
of 389,731 tons. The latter is the largest total for the 
first eight months of any year since 1920, when the 
figures were 142 vessels of 440,174 tons. In the last 
decade this year’s total has only been bettered on six 
occasions for the same eight months. 


Shipbuilding Contracts.—The following are the most 
recently-placed contracts :—Messrs. Ferguson Brothers 
(Port-Glasgow), Limited, to build a twin-screw passenger 
and cargo vessel for the Crown Agents for the Colonies. 
The builders are to supply the propelling machinery, 
and the vessel is intended for service on the coast of 
East Africa. Messrs. G. L. Watson & Co., naval archi- 
tects, Glasgow, have placed a contract with the Ailsa 
Shipbuilding Company (Limited), of Troon and Ayr, 
for a twin-screw yacht with Diesel engines. This vessel 
will be built and engined at the firm’s Troon works. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Prices for Welsh coal are at the 
lowest levels touched for at least two years. The demand, 
however, remains negligible, and despite numerous pit 
stoppages outputs are more than sufficient to meet the 
requirements of consumers who are following a hand-to- 
mouth policy in connection with purchases. Shipping 
also is in poor supply, and this aggravates the difficulties 
of collieries, inasmuch as they cannot secure empty 
wagons promptly enough to keep the pits going. Best 
Admiralty large coal is now available at 24s. 6d., com- 
pared with a minimum figure of 27s. 3d. in 1924; second 
Admiralty large at 23s., against 258. 6d ; best dry 
large, 23s. 6d., against 26s. 6d.; best steam smalls 
12s. 6d., against 15s.; cargo smalls, 10s. 6d., against 
13s. 6d.; and No. 2 through, 18s., against 20s. The 
present prices are from 2s. to 3s. below the lowest prices 
for 1924 and from 6s. to 10s. 6d. less than the maximum 
levels reached last year. Even so, business is not being 
attracted, and the outlook is anything but encouraging. 
Here and there salesmen are endeavouring to resist the 
downward trend, but so far their efforts have not met 
with success, and prospective buyers appear indifferent 
and continue to discount values. In the true sense there 
are no quotations, for generally salesmen while mention- 
ing a price also invite offers, and these are invariably 
at figures less than the nominal list values. Two Welsh 
colliery companies who have just issued their reports for 
the year ended June 30 last show considerable losses, 
and in both cases the loss is the first in the history of the 
respective concerns. Messrs. Insoles, Limited, the 
owners of the Cymmer Colliery, show a loss of 37,000/., 
and the Fernhill Collieries, Limited, a loss of 24,000/., 
which in both cases is attributed to the abnormal depres- 
sion in the coal industry, combined with the high mini- 
mum wages payable under the 1924 wages agreement. 
Exports of coal as cargo foreign from South Wales in 
the past week amounted to 341,250 tons, compared with 
309,390 tons in the preceding week. Shipments from 
Cardiff amounted to 251,200 tons, from Newport 44,060 
tons, from Swansea 25,910 tons, and from Port Talbot 
to 20,080 tons. Of the total 40,000 tons were despatched 
to the Argentine, 52,510 tons to France, 40,510 tons to 
Italy, 12,610 tons to Algeria, 16,900 tons to Egypt, 
15,750 tons to Greece, 11,000 tons to India, 18,800 tons 
to Spain, and 11,500 tons to Tunis. The strike of 
anthracite miners in the United States is not expected 
immediately to benefit the Welsh coal trade, but if it is 
prolonged or spreads to the bituminous miners, then 
some business should come this way. 

Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 26,731 tons, an increase of approxi- 
mately 5,000 tons over the previous week. Shipments 
of tinplates and terneplates amounted to 10,059 tons, 
against 11,988 tons, blackplates and sheets to 10,143 
tons, against 3,423 tons, galvanised sheets, 2,140 tons, 
against 5,176 tons, and other iron and steel goods to 
4,389 tons, against 768 tons. The demand for Welsh 
tinplates is very limited, with prices from 19s. to 19s. 3d. 








Contracts.—Messrs. Howden-Ljungstrém Preheaters 
(Land), Limited, of 133, Helen-street, Govan, Glasgow, 
have received an order from the East Lancashire Paper 
Mill Co., Limited, of Radcliffe, for one large preheater 
to work in conjunction with a battery of seven Lancashire 
boilers.—Messrs. Yarrow and Co. (1922), Limited, of 
Scotstoun, Glasgow, have recently secured an order for 
four Yarrow water-tube boilers fitted with Yarrow 
superheaters and air heaters for power station service in 
London. Each boiler will have a maximum output of 





100,000 lb. of steam per hour. 


NOTICE OF MEETING. 


Tue Iron anv Street InstrruTe.—Autumn Meeting, 
Wednesday, September 9, to Friday, September 11, at 
the ‘University, Edmund-street, Birmingham. Papers 
to be submitted: ‘‘ The Dilatation of Cast Irons during 
Repeated Heating and Cooling,” by Dr. J. H. Andrew 
and Mr. R. Higgins. ‘ Equilibrium at High Tempera- 
tures in the Iron-Carbon-Silicon System,” by Mr. M. L. 
Becker. ‘High-Frequency Induction Furnaces,” by 
Mr. D. F. Campbell. “The Chromium-Iron Equili- 
brium in Carbides Recovered from Annealed 2-23 per 
cent. Chrome Steels,” by Prof. E. D. Campbell and 
Mr. J. F. Ross. ‘‘ Steel Moulding Sands and their 
Behaviour under High Temperatures,” by Mr. A. L. 
Curtis. ‘‘ The Tensile Properties of Single Iron Crystals 
and the Influence of Crystal Size upon the Tensile 
Properties of Iron,” by Prof. C. A. Edwards and Mr. L. B. 
Pfeil. ‘‘The Orientation of Crystals Produced by 
Heating Strained Iron,”’ by Miss C.F.Elam. “ Ancient 
Iron from Richborough and Folkestone,” by Dr. J. 
Newton Friend and Mr. W. E. Thorneycroft. ‘‘ The 
Effect of Temperature on the Behaviour of Iron and 
Steel in the Notched-Bar Impact Test,” by Dr. R. H. 
Greaves and Mr. J. A. Jones. ‘‘ Notes on the Iron- 
Nickel and Iron-Cobalt Equilibrium Diagrams.” b 
Mr. L. Grenet. ‘‘ Reduction of Iron Ores by Hydrogen,” 
by Mr. H. Kamura. ‘“ Blast-furnace Practice in India, 
with Special Reference to Economy in Coke Consump- 
tion,” by Mr. J. L. Keenan. ‘The Davis Steel Wheel 
and its Manufacture in England,” by Mr. W. R. Martin. 
“‘ Retained Austenite,”” by Dr. J. A. Mathews. “A New 
Direct Process,’’ by Mr. H. Flodin. ‘‘ The Magnetic and 
Electrical Properties of Cast Iron,” by Mr. J. H. Partridge. 
“Dendritic Segregation in Iron-Carbon Alloys,”’ by 
Prof. A. Sauveur and Mr. V. N. Krivobok. “The 
Influence of Strain and of Heat on the Hardness of 
Tron and Steel,” by Prof. A. Sauveur and Mr. D. C. Lee. 








THE Protection or Etecrric Morors.—Because 
of its simplicity and its appearance of robustness, 
an electric motor has sometimes been regarded as a 
machine for which the starting and protective devices 
are of small concern. This can never be the case, for 
the reliability of an electric motor must be measured 
largely in terms of the suitability of the auxiliary gear 
with which it is associated. Never should a motor 
be applied to any drive until all the characteristics 
of the service have been carefully studied, and effective 
provision made against its injury through any of the 
variety of conditions which are liable to be manifested 
in its use. It is very short-sighted policy to make 
use of any available starting and protective devices 
for a new electric motor, for their use may occasion 
the shutting down of the machine to which the motor 
supplies power with a consequent loss in production. 
A great amount of attention has been given by electrical 
designers to the devising of suitable starting and 
protective gear, and nowadays almost every condition 
that is likely to arise can be effectively met. These 
thoughts are prompted by the perusal of a pamphlet 
recently publishe by the well-known makers 
of electric control gear, Messrs. George Ellison, of 
Perry Barr, Birmingham. This pamphlet is entitled 
“Starting and Protecting Electric Motors,” and from 
it the users of this type of drive for machines may 
learn in simple non-technical language how the various 
requirements may be met by the use of standard equip- 
ments designed for use with alternating and direct- 
current motors. 





DEVELOPMENT OF CEMENT-MANUFACTURING WORKS.— 
At the present time, considerable reconstruction work is 
being carried out by the Associated Portland Cement 
Manufacturers, Limited, at their Bevans Works, North- 
fleet, Gravesend. Old plant has been demolished, over 
100,000 tons of machinery, hardcore and brickwork 
being removed to make way for new developments. 
Ten chimneys have been felled and the site levelled. 
Due to the heavy machinery and plant which had to 
be transported, a strong inclined railway was erected 
leading from the old Telpher dock to the site of the new 
kilns. By the middle of August, two washmills, two 
clay-mixers, and a slurry main one mile in length 
leading from the washmills to the mixers, were completed. 
Work is proceeding on the kiln foundation, cement 
storage silos, and grinding mills, A new concrete jetty 
600 ft. long, and having a spring-tide low-water depth of 
26 ft., will rest on solniooead piles, made from the rapid 
hardening Ferrocrete cement, 60 ft. long and 18 in. 
square in section. Indeed, Ferrocrete cement is being 
used in the construction of the majority of the new 
buildings. When the alterations have been completed, 
probably by the Spring, Bevans Works will have an 
output of 10,000 tons a week. Clay will be broken down 
at pits in Swanscombe Woods and pumped through 
14 miles of piping to storage, whence it will be conveyed 
by gravitation into washmills. These are situated near 
a hill of chalk, which will be quarried by a steam navvy, 
having a capacity of 150 tons per hour. By means of 
special lifts, wagons conveying chalk will be raised 
bodily and tipped over the top of the washmills, flints 
being removed from the bottom of the mills directly 
into other wagons. During its passage through the 
washmills the slurry will be reduced to such a fineness that 
the residue on a 180 mesh sieve will not exceed 3 per 
cent. It will then be pumped through 8 in. diameter 
steel pipes to six s' mixers. The rotary kilns to be 
fed with the slurry will be capable of producing 360 tons 
of cement clinkera day. After passing through coolers, 
the clinker will be conveyed to storage and Legato 





—_— in the mills, six of which will be provided. 
ommpressed air will convey the cement to storage silos. 
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400-H.P. BRISTOL JUPITER AEROPLANE ENGINE. 


CONSTRUCTED BY THE BRISTOL AEROPLANE COMPANY, LIMITED, ENGINEERS, BRISTOL. 














(For Description, see Page 290.) 
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ENGINEERING TRAINING AND 
EDUCATION. 


The Sir John Cass Technical Institute.—The syllabus 
of classes for the session 1925-26 has now been pub- 
lished by the Sir John Cass Technical Institute, Jewry- 
street, Aldgate, London, E.C. 3. In the booklet are 
contained full particulars ot the facilities available for 
study in the Departments of Physics and Mathematics, 
Chemistry, Petroleum Technology, Metallurgy, and Arts 
and Crafts. Language and trade courses will also be 
given. The classes are held from 6 p.m. to 10 p.m. during 
the week, and have for their object the preparation of 
students for the examinations of London University, 
the City and Guilds of London Institute, and the 
Institutes of Physics, Chemistry and Brewing. It 
is possible to qualify for the higher science degrees 
of London University as an internal student by 
attending the proper courses of instruction. For 
those .desirous of improving a knowledge of 


Assaying and Metallurgy in a short period, special 
arrangements for 
request. 


day work will be made on 
Mention should be made of the fact that a 























course suited to the requirements of candidates for 
university honours in physics will commence this 
session. Only a first part of the course will be available, 
the second part being reserved for the 1926-27 session. 
Students will be enrolled from September 16 to 18 
from 6 p.m. to 8.30 p.m. and classes will begin on 
September 21. 

The Royal Sanitary Institute —A leaflet describing 
the courses of lectures and demonstrations to be given 
at the Royal Sanitary Institute, 90, Buckingham 
Palace-road, London, S.W. 1, during the Autumn Term 
has now been published. Instructions for sanitary 
officers will begin on September 23, at 6 p.m., and will 
comprise the subjects scheduled for the examinations 
of the Institute and the Sanitary Inspectors’ Examina- 
tion Board. Details of plumbers’ work, drainage, 
ventilation, building materials, water supply, and 
sewage disposal will be dealt with in the courses, 
The courses for meat and food inspectors begin on 
October 2, and will include practical training in various 
aspects of the work. All inquiries regarding these classes 
should be addressed to the secretary of the Sanitary 





Institute, Mr. E. White Wallis, at the above address. 
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EXTENSION OF JAPANESE TELEPHONE SERvIcE.—It 
is announced that the Japanese Department of Com- 
munications has decided to provide a further 5,000 
telephones yearly for the city of Osaka. An additional 
exchange will be opened each year also. The telephones 
to be installed will be of the Strowger automatic type 
and much of the equipment required will be supplied 
by British manufacturers. 





Tue LuBRIcaTIoN oF MaRInE O11 Enornes.—To the 
series of publications prepared by the Vacuum Oil 
Company, Limited, of Caxton House, Westminster, 
S.W.1, there has recently been added a pamphlet 
entitled ‘‘ Marine Lubrication Practice : Heavy-Oil 
Internal-Combustion Engines.” Copies of this may 
be obtained from the firm. It contains useful information 
on the arrangement of lubrication systems and the 
treatment and selection of oils. Not only are the 
engines themselves considered, but information om 
the requirements of auxiliaries, such as the alr 
compressors; is also provided. The desire of the author 
of this pamphlet ‘has been to provide reliable data 
on a question that does ‘not always receive the con- 
sideration it deserves, and thus to ensure safe working 
over extended periods of continuous running. 
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THE STAVE FALLS HYDRO-ELECTRIC DEVELOPMENT SCHEME, 
BRITISH COLUMBIA. 


(For Description, see Page 279.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC) ‘‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


** ENGINEERING” may be ordered from any 
newsagent in town and country and. at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 











in advance :— 
For the United Kingdom ............s.ssssssses £3 6 0 
For Canada— 
Thin paper COpiCS ............00ecsessees £218 6 
Thick paper copies £3 3 0 
For all other places abroad— 
Thin paper copies ....... Pama ter teny Me £3 3.0 
Thick paper COpies ..........ssse0e 3.7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address, 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to ““ ENGINEERING,” LTD. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
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MEDICAL THERMODYNAMICS. 


Hap the ancient adage that ‘“‘a cobbler should 
stick to his last’ been consistently followed, the 
world would undoubtedly be much poorer than it is 
to-day. James Watt was an instrument maker and 
Bessemer a manufacturer of gold paint. The one 
revolutionised steam engine practice, and the other 
founded the “‘ mass production ” of steel. In order, 
however, that the intrusion of the amateur into 
technology shall be other than disastrous, two 
conditions must in general be complied with. In 
the first place, the interloper must have some touch 
of genius, and, secondly, the matter at issue must 
not already have been exhaustively studied by 
successive generations of able men, some of whom 
at least have themselves possessed that “spark of 
the divine” which distinguishes the scientific 
thinker from the mere researcher. Many of the 
latter are undoubtedly able men, but the ability 
required for the conduct of their work in no way 
transcends that demanded from the engineering 
draughtsman. 

The second of the conditions enumerated above is 
no doubt less imperative than the first. Lord 
Rayleigh’s discovery of argon called forth violent 
diatribes from chemists to the effect that the 
suggestion that air contained a hitherto unrecognised 
gas was an insult to generations of able analysts. 
The improbability that so many of these should have 
suffered the -oversight was, however, thoroughly 
realised by Lord Rayleigh when he invaded the 
territory of the chemist, and he exercised accord- 
ingly an “appalling caution” in establishing his 
facts. 

Neither the touch of genius nor the required cir- 
cumspection is, we fear, to be discovered in the 
extraordinary paper which Dr. J. 8. Haldane, M.D., 
F.R.S., read, last June, before the Institution of 
Mining Engineers. How such a paper came to be 





accepted by a technical society requires some 
explanation, but probably the referees felt a delicacy 
in summarily dismissing a contribution offered by 
their president. The paper in question was entitled 
“The Maximum Efficiency of Heat Engines and 
the Future of Coal and Steam as Motive Agents.” 
In it the author claimed that it was easy to produce 
a heat engine having a higher efficiency than that 
characteristic of the Carnot cycle, and that no 
conceivable heat engine could have a higher efficiency 
than 50 per cent. He also asserted that the effi- 
ciency of a heat engine “is not dependent on the 
difference in temperature between source of heat 
and condenser, and the work done by an efficient 
engine depends simply on the quantity of heat 
supplied to it.” ‘‘ Maximum efficiency,” he de- 
clared, ‘“‘depends upon the heat being applied at 
constant volume, upon the expansion of the working 
substance being adiabatic and of maximum extent 
consistent with the doing of work, and upon its com- 
pression at a lower temperature being isothermal.” 
In the course of his paper he, moreover, modestly 
maintained that Kelvin, Clausius, and Helmholtz 
had failed to understand the real significance of the 
Carnot cycle. ‘‘ The only great physicist who was 
not fooled by the reasoning based on the Carnot 
cycle seems to have been Waterston.” 

It may conceivably be true in morals that things 
hidden from the wise and prudent are revealed 
unto babes, but experience gives no warrant for 


05 | believing this to hold good in mechanics. Indeed, 


a little cold arithmetic suffices to show that Dr. 


g | Haldane’s impossible suggestion results in a cycle 


which is in actual fact far less. efficient than 
the Carnot cycle operated between the same limits 
of temperature. Let us, for example, take 1 lb. 
of ‘air at. 520 deg. absolute F. This, at the atmo- 
spheric pressure of 2,116 lb. per square foot, will 
have a volume of about 13 cub. ft. Letit be heated 
at constant volume to 1,000 deg. absolute F. 
The specific heat at constant volume is 0-1715 and 
the rise of temperature being 480 deg., the amount 
of heat absorbed will be 480 x 0-1715 = 82-32 
B.Th.U. Let it now be expanded adiabatically 
down to the original temperature of 520 deg. 
absolute F. Then, assuming it to behave as a 
perfect gas, as is approximately true, its internal 
energy at the end of this expansion will be the 
same as in its initial state. Hence the whole of the 
heat added at. constant volume has, on the com- 
pletion of the expansion, been converted into 
external work. On the return stroke, the com- 
pression is effected isothermally, and negative work 
is done to the extent of 57-81 B.Th.U. The net 
useful effect is therefore 82-32 — 57-81 = 24-51 
B.Th.U. The heat added to the gas was 82-32 


B.Th.U., so that the efficiency of the cycle is 26°61 _ 


82.32 
0-2977. 

A Carnot engine working between the same limits 
of temperature would have an efficiency of 
1,000 — 520 , 
ae 0-48. Hence Dr. Haldane’s pro- 
posed cycle is much less efficient than that of 
Carnot. 

When uninstructed amateurs attempt to revolu- 
tionise a well-developed science, it is often difficult 
to discover from the manner in which their conclu- 
sions are presented, exactly where they have gone 
wrong. It may, moreover, be added that the task 
of finding a clue to the labyrinth in which they have 
involved themselves is seldom worth the attempt. 
In very many cases it turns out that they have 
misunderstood the precise significance of certain 
technical terms, and it would seem that Dr. 
Haldane has failed to grasp the meaning of the 
term cycle. He gives, indeed, a description of the 
Carnot cycle, stating quite correctly that during 
the stroke in which positive work is done we 
have an isothermal expansion followed by an 
adiabatic one. He then says that at the end of this 
second expansion “we must apply Carnot’s test. 
When we do so and simply recompress the air to 
its starting volume we find that much more work 
has to be done on the air than was done by it 
during the second and third stages ” (7.e., the out- 
stroke of the Carnot engine) “‘of the cycle.” Then 
after some references to a diagram he continues 
“by alternately allowing the air to expand by 
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stages 2 and 3 of the Carnot cycle, and recom- 
pressing it directly or vice versa, we should obtain 
at each repetition of the process either an excess of 
heat energy or an excess of mechanical energy, 
thus contradicting the principle of the conservation 
of.energy.”. The concluding words of this quotation 
constitute of course a non sequitur, since the gas at 
the end of the adiabatic compression is not in the 
state as ab initio, the cycle being incomplete. To 
complete it we should have to withdraw heat from 
the gas at constant volume until the initial tempera- 
ture was reached. Carnot’s reasoning, of course, 
applies only to a complete cycle, and no one who 
had grasped its significance could have fallen into 
Dr. Haldane’s b!under. 

Were it possible to construct heat engines 
operating on incomplete cycles, we might readily 
get unit efficiency, since when a perfect gas is 
expanded isothermally the whole of the heat added 
is converted into external work. 

Dr. Haldane has, it may be added, some singular 
ideas about the kinetic theory of gases. We suspect, 
indeed, that he fails to understand the true signifi- 
cance of Van der Waal’s equation, but his remarks 
on this are too obscurely worded to show what is 
really meant to be conveyed. No such doubt can, 
however, be entertained about what is meant by the 
assertion that in the case of the molecules of the 
atmosphere, “their kinetic energy must on an 
average be equal to their potential energy.” This 
is, of course, utterly opposed to the actual facts, 
and shows that the author has quite failed to 
acquire even a working knowledge of the kinetic 
theory of gases. He states that his peculiar views 
are further developed in a treatise he has written 
on “ Gases and Liquids.” It would seem, therefore, 
that further entertainment may be anticipated by 
connoisseurs in these matters. 





TURKEY AND SYRIA. 

TuRKEY and Syria are both countries that 
as yet have not recovered from the heavy conse- 
quences of the war, and the trade they are doing is 
by no means proportionate to the importance of the 
communities they include. Especially is this true 
of Turkey.: The richness of that country in minerals 
has never been adequately exploited, and the very 
backwardness of the measures taken up to now to 
turn the natural riches of the country to account is 
some measure of the considerable field it will present 
for development when its internal condition is able 
to attract the necessary foreign capital. Many 
circumstances have combined to delay this, and 
notably, as Colonel Woods remarks, in a Depart- 
ment of Overseas Trade Report on the ‘ Economic 
and Commercial Conditions in Turkey,”* a chauvin- 
istic and protective policy displayed by the new 
régime in the earlier part of 1923. Duties were then 
imposed not merely for revenue, or even for the 
purpose of protecting the few and struggling native 
industries, but also for reserving to the Turks a 
whole series of trades, professions, and industries 
that they have not the experience necessary for 
conducting to advantage. It seems at present to 
be in suspense whether or for how long this policy 
will continue to be pursued. A slight improvement 
is reported since the new régime acquired complete 
independence and control of the country ; but on 
balance the present spirit of the authorities is said 
to be Turkey for the Turks, with a plain desire if 
possible to replace the foreign elements in their 
community, to whose experience of many genera- 
tions they owe such success as they have achieved. 

Nevertheless, it seems not impossible that a spirit 
more conducive to the pro»perity of the country and 
to international trade may grow. The authorities 
from the outset laid down a programme of internal 
development, and although through financial diffi- 
culties progress has been much slower than had been 
hoped, signs of it have appeared steadily, especi- 
ally in railway construction and the development 
of agriculture. The rate at which this work can 
progress is being limited very strictly by financial 
considerations. Neither in 1924-25 nor in 1925-26 
can the budget be balanced ; and it is feared that, 
owing to military requirements, Government 








departments may have to curtail expenditure 
allotted to public werks in the budget for the current 
year. There is probably a conflict of opinion among 
those who share the responsibility of the present 
Government, but no doubt can be felt that it con- 
tains elements possessing a fulness of information 
and a soundness of judgment amply qualifying them 
for their difficult task. The prospect therefore that 
in the early future these elements may obtain a 
predominance in the counsels and administration 
of the country must not be left out of account ; and 
if and when this happens, Turkey is likely to become 
a market of considerable importance, in which those 
who have been able to nurse it in advance would 
stand a good chance of reaping the reward of their 
foresight. 

The present policy, which is quite likely to be 
continued, is in principle to encourage the infant 
industries of the country. Fruit, carpets, various 
raw materials, and such textiles as are made locally, 
receive certain exemptions and preferential rates 
of carriage. Up to now, however, the mechanical 
industries are, and seem likely to remain, con- 
spicuously small; and in its application to inter- 
national engineering trade the decision to foster 
indigenous industries seems likely to do more good 
than harm. Turkey as at present administered is 
primarily an agricultural country, and, considering 
the means at their disposal, the Government are 
giving large subventions to the agricultural indus- 
tries, which include assistance in the purchase of 
agricultural machinery and implements. It is said, 
indeed, that even the peasants themselves, who in 
most countries are found to keep as long as possible 
to primitive methods, are constantly applying to 
the Ministry of Agriculture for assistance in acquiring 
modern agricultural machinery. The Government 
is supporting this disposition not only by financial 
assistance, but by establishing agricultural schools, 
in which free instruction will be given in the use of 
modern agricultural machinery, and it is proposed 
to construct repairing shops for such machinery at 
appropriate centres. The Ministry of Agriculture 
is also giving attention to the scientific exploitation 
of forest lands, and though such measures may 
not have much direct bearing on the demands for 
engineering products, their tendency must be to 
increase the national income, and enable works that 
require mechanical assistance to be pushed forward 
more actively. 

The need for such improvement in the rate of 
pushing on essential works is shown notably in 
respect of railway construction. Considerable 
activity has been evident on several of the works 
that are in progress, but, at the same time, it does 
not seem to have been going on as fast as if more 
money were available. The swadeshi policy seems 
to be shown in the fact that some part, or all, of the 
constructional work is being carried out by Turkish 
contractors, but, at the same time, it appears that 
permanent-way material and rolling stock have 
to be imported. The circumstances of the districts 
through which the railways have to pass give colour 
to the belief that they will be a source of substantial 
income when they are finished. The construction 
and improvement of ports, again, seem to be held 
up by financial considerations, but it has been 
announced recently that the Government would 
be prepared to consider proposals for the construc- 
tion of a port at Mersina from any responsible 
group. An allied branch of work that is very 
notably in arrears is the construction of roads, 
the Government preferring for the time being to 
concentrate their funds on railways. Nevertheless, 
when the railways are finished, they will stand in 
need in many parts of the country of roads much 
better than are available at present. 

Aviation has been tried through German and 
Franco-Roumanian companies, but without perma- 
nent success. It is thought, however, that the fact 
that Constantinople and Angora lie on the route 
of the projected London and Calcutta air service, 
may revive interest in civil aviation at a later date. 
Some improvement has been shown in the postal 
service, but the withdrawal of the Eastern Telegraph 
Company from Turkey has disorganised the tele- 
graph service, which at present is said to be quite 
inadequate. A telephone exchange has _ been 


have been invited for installing a powerful wireless 
station at Angora, and. for refitting the station in 
Constantinople. 

The operations of the country have, of course, 
been affected seriously by the steadily increasing 
depreciation of the exchange, attributable in part 
to the unfavourable trade balance shown every 
year, and in part to the constant failure to balance 
the budget. In the business that is being conducted 
the usual conditions of credit are 10 per cent. to 
25 per cent. cash with order, and the balance against 
presentation of documents through a bank in 
Constantinople. To well-established local firms, 
however, with whom dealings have been satisfactory 
in the past, some credit is given, and in the opinion 
of Colonel Woods, is both safe and useful. No 
very great difference exists between different 
countries in their attitude to credit. Italian firms 
give some short credit in cotton goods rather more 
freely than their competitors, and do not seem to 
have benefited greatly by so. doing. American 
firms, on the other hand, are giving in genera 
no credit facilities at all. British and French firms 
give credits of thirty to sixty days, or exceptionally, 
up to ninety days, and facilities for clearing goods in 
part against payment, or clearing against payment 
of half the value with credit for the remainder, 
The rate of interest runs as high as 8} per cent. to 
9 per cent. The largest supplier of Turkey is 
Italy, with about 20 per cent., followed by the 
United Kingdom with about 17 per cent. of the 
total imports. About four-fifths of these imports 
consists of soft goods, and, although the largest 
part, including coal, linoleum, tin plates and black 
plates, is British, their bulk is not considerable. 
British agricultural machinery was known favour- 
ably in Turkey before the war, but at the present 
time most of the tractors and steam ploughs are 
American or German. A restoration of cotton 
cultivation is likely to give rise to a demand for 
ginning machinery, which the Americans have 
already started to supply. Both in these lines and 
in other mechanical goods, such as motor engines, 
and indeed in all machinery of practically every kind, 
great stress is laid on the fact that Turks in general 
have little or no mechanical knowledge. To obtain 
their business it is therefore indispensable not- 
only to keep adequate stocks of spares on the spot, 
but to have agents who are capable of giving the 
necessary attention when required. In their present 
stage of knowledge, Turkish buyers of cars attach 
far more importance to the appearance of weight 
and power, and to the ability to attain high speeds, 
than they do to running costs. 

In the opinion of Colonel Woods, the general 
situation does not yet justify any deviation from 
the present British policy of sending out no goods 
on consignment. At the same time, such measures 
will become necessary when it is decided to culti- 
vate the market, and will then involve establish- 
ing adequate showrooms with advertisements, 
repair shops, and stores of spare parts. To some 
extent, this has been done already by foreign 
manufacturers with satisfactory results. One branch 
of Turkish business, which must increase in import- 
ance as financial facilities improve, is that of the 
supply of Government material. For this it is 
said to be indispensable to send qualified representa- 
tives to Angora and Constantinople, a course that 
has been taken by German firms, who have obtained 
practically all the business up to now. Experience 
seems to have shown that, while the Turkish 
Government specifications and conditions are 
onerous, its payments have been prompt. In 
particular, it has the habit of insisting on paying 
part of the price only after delivery and inspection. 
British firms of good standing are said to decline 
this condition, but German competitors have 
accepted it, and it is reported that in almost every 
instance it has occasioned no trouble or delay in 
payment. 

In one respect the prospects of the country seem 
to be considerably on the mend. Exports during 
the first six months of last year were not very 
far short of double those of the corresponding 
period in 1923. There can be no doubt, of course, 
that this will have a considerable bearing on the 
ability of the country to facilitate its own develop- 
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no question seems to be felt. The report, like so 
many others of those issued by the same department 
is a valuable addition to the information at the 
disposal of British manufacturers, A small detail 
that may, however, be worth remembering in 
future reports is that terms unfamiliar in this 
country should not only be defined but should be 
used in the sense of the definitions given. A useful 
commercial summary is given, for example, at 
the beginning of the report, in which the monetary 
unit is stated to be the piastre. Nevertheless in 
various parts of the report the Turkish lira and 
Turkish pound are used also, without any statement 
of their respective values. 

The position of Syria, on which a Department 
of Overseas Trade Report* has also just ap- 
peared, at the present time is that it is being 
administered by France under a mandate. Great 
Britain remains the chief supplier of cotton manu- 
factured goods, though Japan and Italy are making 
progress in the market, and, together with India, 
supply the greater part of the cotton yarn that 
before the war came from this country. Speak- 
ing generally, Great Britain continues to supply 
the high grades of soft goods, and the attack on the 
market is in respect of the cheaper qualities. A 
30 per cent. tariff is imposed on German goods, 
the amount of which has accordingly fallen to just 
on half what it was in 1922. Nevertheless, a recent 
German estimate for a water power installation 
was the cheapest that was received. The United 
Kingdom is at present the largest supplier of 
imports in the aggregate, but conditions of credit 
and price, which are more favourable from some 
competitive markets, are tending to reduce the 
British proportion. 

A moderate quantity of agricultural machinery 
has been supplied from the United Kingdom, 
together with a few tractors, but in the motor-car 
business the bulk is supplied from America, with a 
few from France and Italy. As a whole, the country 
is not likely to attain any great industrial import- 
ance, though its agricultural income may possibly 
be improved. Its chief international interest from 
the point of view of commerce lies in its transit 
trade, which may be considerably improved, and 
must, of course, draw on the engineering resources 
of some country or countries, 





THE GEORGE STEPHENSON 
RESEARCH FUND. 


In this year of celebration of the centenary of 
railways it is natural that tribute should be made 
to the memory of George Stephenson, through 
whose pioneer efforts the modern systems of 
railway transport owe their existence. One of the 
best ways by which an adequate memorial may be 
established was recognised by Professor E. G. Coker 
when he gave a donation to the Institution of Mech- 
anical Engines in 1923, with a view to establishing 
a George Stephenson Research Prize. The great 
railway pioneer was the founder and first president 
of the Institution, and the appropriateness of estab- 
lishing awards by that society for original investi- 
gations in connection with subjects associated with 
Stephenson’s name, is therefore obvious. Professor 
Coker’s inspiration led to the gift of various sums 
from other members of the Council of the Institution, 
and the Fund available now amounts to 715J. An 
effort is now being made to raise at least 2,0001. by 
interesting the members generally. Should this 
prove successful, and we can see no reason why 
funds for the purpose should not be available to 
make the Stephenson Research Prize the largest 
as well as the most valued of all the Institution’s 
awards, it is hoped that surplus accumulated interest 
may be devoted to the conduct of investigations 
on “Mechanical Engineering in Relation to Rail- 
ways,” by a George Stephenson Research Fellow. 
Donations to the fund are now invited on behalf of 
the Institution by the Secretary, Brig.-General 
Magnus Mowat, and we trust success will be attained 
in the establishment of a memorial to Stephenson, 
which will provide encouragement to the young 
and ambitious members of the profession. ‘ 





_.* The Trade, Industry and Finance of Syria. H.M. 
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THE INSTITUTE OF METALS. 


THE autumn meeting of the Institute of Metals 
opened on Wednesday, in Glasgow, in the Rankine 
Hall of the Institution of Engineers and Shipbuilders 
in Scotland, 39, Elmbank-crescent, and closes to-day. 
‘he proceedings commenced on the first day at 
8 p.m., when the President of the Reception Com- 
mittee, the Right Hon. Lord Weir of Eastwood, P.C.. 
occupied the chair. A welcome was extended to 
the Institute of Metals, on behalf of the Institution 
of Engineers and Shipbuilders in Scotland, by Mr. 
A. J. Campbell, President-Elect of the latter body, 
Professor T. Turner, President of the Institute of 
Metals, in his reply, voiced the thanks of the 
visitors. In a brief speech, Lord Weir welcomed 
the Institute of Metals to Glasgow, and wished the 
meeting every success; he then called upon Sir 
John Dewrance, K.B.E., to deliver the Fourth 
Autumn Lecture. 


Epucation, RESEARCH AND STANDARDISATION. 


Sir John Dewrance chose as his subject, “‘ Edu- 
cation, Research and Standardisation.” He stated 
that education was usually associated with the teach- 
ing of the young, but it also had a far broader 
meaning: the education of the human race, extend- 
ing from birth to death. New discoveries added 
to the education of the human race, and it should 
be the object of all associated with education, not 
only to produce scholars, but discoverers. Many 
of our discoveries had been made by professors in 
their leisure, and without any special remuneration. 
If a man had developed an original mind, it was 
a loss to the community that his researches should 
be interrupted by the performance of inferior work 
to earn a living. Most of our colleges were giving 
advanced students research studies, the object 
being to stimulate their originality. Universities 
and colleges were mostly, however, in want of 
further funds for accommodation and apparatus. 
There had long been a very general opinion that 
private benefactions were insufficient to maintain 
our standard of research and scientific discovery, 
and that the State should do something to assist. 
In 1875 the Royal Commission on Scientific Instruc- 
tion and the Advancement of Science took a great 
deal of evidence on this subject and published three 
blue books. It was not, however, until the Great 
War demonstrated the necessity for research and 
discovery that the Government took the lead and 
called the scientists to its assistance, and fostered 
research in the directions necessary to carry on the 
war. 

On July 28, 1915, a Committee of the Privy 
Council for Scientific and Industrial Research was 
appointed by Order in Council, and a little later 
the Department of Scientific and Industrial Re- 
search was created as a new Department of State. 
The method adopted by the latter had been to 
form committees and co-ordinating research boards 
of prominent specialists in each industry and 
Government department. These recommended re- 
searches that were worthy of financial assistance. 
Grants were also made to start associations of 
industries, the object being to secure the co- 
operation of firms in an industry ; there were now 
24 of these research associations covering most of 
the principal industries. Many had their own 
laboratories and conducted their own research 
work. In April, 1918, the Research Department 
took over the control of the National Physical 
Laboratory. The Admiralty, War Office and the 
Royal Air Force had several research departments 
dealing with special directions of research, For 
instance the X-ray examination of big guns for 
hidden flaws could not be dealt with at Teddington, 
nor could the testing of the conditions that affect 
an aeroplane engine at high altitudes. Bushy Park 
would not be suitable for experiments with tanks, 
nor the bridging experiments of the Royal Engineers’ 
Research Board. 

It had been contended by some persons who 
pursued new scientific truths that the word 
“research” was used too extensively, and should 
be confined to their own activities. Was not 
research required by the designer of a new type of 
submarine or a 17-ton hydroplane? It would be 
far better to admit that research was required even 





in evolving a new factory method or lay-out than 





to try and draw an imaginary line of demarcation. 
Research had to be conducted where the conditions 
were suitable and where the necessary plant and 
instruments were available. For instance, any 
research that required electric current of a million 
volts pressure could not be carried out in this country 
at the present time. The Proceedings of the Iron 
and Steel Institute and of the Institute of Metals 
gave ample evidence of the large amount of research 
that was being carried out on metallurgy, often as 
a labour of love. 

Standardisation, continued Sir John, was akin 
to research, and could not proceed far without 
its assistance. No one, who was not connected 
with it, had any idea of the labour involved in the 
maintenance of standards. The national and 
independent character of the work of the British 
Engineering Standards Association, and the care 
with which these standards were arrived at, made 
the specifications of special value to industries. 
Much work had been accomplished to bring inter- 
national standards into being wherever possible, 
and several conferences had been held to this end. 

The research worker required, and, if successful, 
attained, intellectual honesty, accuracy, complete 
docility to facts, disinterested collaboration, and 
great perseverance. Very gradually, and perhaps 
carefully, this nation was raising the status of the 
discoverer and research worker, but there were 
still many such workers who were insufficiently 
rewarded for their labours and successes. The 
human race was in need of further education by 
the attainment of new knowledge, and this country 
could not afford to fall behind others in doing its 
share in obtaining it. 


TENSILE Tests AT ELEVATED TEMPERATURES. 


On Wednesday morning, the 2nd inst., the 
members reassembled in the Rankine Hall, and 
the chair was taken by Professor T. Turner. Among 
other items, the secretary, Mr. Shaw Scott, 
announced that Sir John Dewrance, K.B.E., had 
been nominated President of the Institute for the 
year 1926-27. The business of the meeting having 
been concluded, the chairman calied upon Mr. J. 8. 
Brown to read his paper on “ The Influence of the 
Time Factor on Tensile Tests Conducted at Elevated 
Temperatures.” 

The author, in this paper, brought forward the 
results obtained in a review of the testing procedure 
adopted in the determination of the ultimate tensile 
strength of materials at elevated temperatures. 

We hope to reproduce this paper, in abridged 
form, in a subsequent issue. 

The experimental work referred to by the author, 
covered a rangeof non-ferrous alloys, and its impor- 
tant feature was the determination of a critical tem- 
perature condition, above which the rate of applica- 
tion of the load had a prominent influence on the 
observed strength. A general examination of the 
results suggested that this time factor tended to lose 
its effect when the rateof loading was kept below 1 ton 
per sq. in. per day, and this value was consequently 
put forward as of basic importance in such investi- 
gations. The duration of the test under the new 
conditions might extend over many days, but 
certain suggestions were brought forward to 
restrict the period to a minimum. ‘The standard 
type of testing machine was unsuitable for such 
work, and a description was given of the special 
machine used throughout the investigation. 

Dr. W. Rosenhain opened the discussion by 
stating that Mr. Brown deprecated somewhat the 
value of the tests carried out under the older 
method of shorter duration. The latter nevertheless 
did possess a certain value of a comparative nature ; 
Mr. Brown’s curves were merely a closer approxi- 
mation of the actual values. Work in connection 
with the “‘ creep” test was actually in preparation 
at Teddington, and results would shortly be pub- 
lished. The whole point of the matter was that 
one could not use a material at elevated tempera- 
tures under high stress without producing appreci- 
able deformation. Mr. Brown’s apparatus was 
interesting and useful; one point, however, was 
the dimension of the furnace. The test pieces could 
not be uniform in temperature unless the furnace 
was made many times larger. The test temperatures 
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of the test piece. If the “creep” test could be 
correlated with a relatively simple test such as 
that outlined by the author, good results would be 
obtained. The influence of time was not always 
of equal importance. Certain aluminium alloys 
used in aeroplane engines were only exposed to 
temperature effects for an hour or two at a time. 
They were not called upon to withstand temperature 
and stress for periods of the order of 100 hours. 
Other tests had a little more meaning than Mr. 
Brown had allowed them. 

Dr. R. 8. Hutton stated that the paper was of 
great importance to the non-ferrous industry. The 
high-nickel alloys possessed valuable properties so 
far as tensile strength at high temperatures was 
concerned, With regard to the present investi- 
gation, he agreed that the constancy of the tem- 
perature of the test piece in the furnace was an 
important point. 

Engineer Vice-Admiral Sir Robert Dixon, K.C.B., 
remarked that the paper dealt with a problem 
with which engineers had always had to contend. 
With reference to turbine blading, the question 
was an extremely important one on account of the 
high pressure and high superheat involved. The 
“creep ”’ tests, to be carried out at the National 
Physical Laboratory, and to which reference had 
been made by Dr. Rosenhain, would be of great 
assistance to engineers. Referring to aluminium 
pistons used in aeroplane engines, Dr. Rosenhain 
had said that the question of time was not of 
much importance. Aluminium pistons were used 
in Diegel engines, and there the question of time 
and temperature was very important indeed. 

Mr. J. 8. Brown, in his reply, said that thermo- 
couples, located at different points of the furnace 
used in the test, showed that temperature variations 
along the specimen were not very great. It was 
possible that the temperature might not be uniform 
for more than } in. of the length of the test-piece, 
but this was quite sufficient for the purpose of the 
test. He agreed with Admiral Sir Robert Dixon 
that there were other .applications for aluminium 
than aero-engines. He would be interested to see 
the results of the ‘‘ creep ”’ tests referred to by Dr. 
Rosenhain. 


THERMAL CONDUCTIVITIES OF NON-FERROUS 
ALLOYS. 


The next paper taken dealt with The Thermal 
Conductivities of Industrial Non-Ferrous Alloys. 
It was read in abstract by the author, Mr. J. W. 
Donaldson. We reproduce it on page 311 of this 
issue. 

Dr. R. S. Hutton, in opening the discussion, 
said that he would have liked to see, in the 
paper, some data on the thermal conductivity of 
a non-ferrous alloy much used in some branches of 
engineering. He referred to arsenical copper. In 
locomotive practice, arsenical copper was utilised 
in large quantities and information as to its thermal 
conductivity was difficult to find. He, therefore, 
asked the author if he had made any experiments 
with this alloy. 

Professor Turner stated that he was interested 
and surprised to find that the thermal conductivity 
of non-ferrous alloys increased with increase of 
temperature. 

In his reply, Mr. J. W. Donaldson said that he 
had not investigated the thermal conductivity of 
arsenical copper; he would, however, give the 
matter his attention. He further stated that whereas 
the thermal conductivity of non-ferrous alloys rose 
with increase of temperature, that of cast iron and 
steel fell with increase of temperature. 


Zinc-CoprreR ALLOYs. 


The next two papers, that by Dr. Marie Gayler, on 
The Constitution of Zinc-copper Alloys Containing 
45 to 65 per cent. of Copper, and that by Dr. J. L. 
Haughton and Mr. Griffiths on the 8-Transforma- 
tions in Copper-zinc Alloys, were taken together. 
The first was read in abstract by Dr. Gayler and 
the second by Mr. W. T. Griffiths. 

In the first of these two papers on zinc- 
copper alloys, Dr. Gayler submitted an equili- 
brium diagram of zinc-copper alloys containing 
from 47 to 65 per cent. of copper, which was 
based entirely on the microscopic examination 


of well-annealed material. Alloys were made 
the composition of which varied by 1 per cent. from 
47 to 65 per cent. of copper. Small specimens, 
cut from a chill casting of each, were sealed in a 
glass tube and annealed. Four such tubes were 
made and annealed for four weeks at 544 deg. C., 
and then for 12 hours at 590 deg. C.; one tube was 
then quenched in water and the other three were 
slowly cooled over several days to temperatures 
of 484 deg., 435 deg., and 400 deg. C., respectively, 
and were then quenched in water. Thermal curves 
of a few alloys were also taken. The phase field 
boundaries, drawn as a result of the microscopic 
examination, showed a slight but definite change in 
direction at the temperature of the 8-transformation 
point. No change in the microstructure of alloys 
consisting wholly of the f-constituent could be 
detected over a range of closely spaced annealing 
temperatures. The temperature of transformation 
was not given as a horizontal in the constitutional 
diagram, since evidence from thermal curves 
indicated that the temperature was higher on the 
y than on the a side of the 8 field. 

The second paper may be summarised as follows :— 
In order to determine more exactly the tempera- 
tures of the transformations which took place in the 
B constituent of copper-zine alloys in the neigh- 
bourhood of 470 deg. C., Dr. Haughton and Mr. 
Griffiths studied the effect of change of temperature 
upon the electrical resistance of a series of 14 alloys 
containing from 46 to 63 per cent. of copper. It 
was thought that the data obtained by this means 
would be more accurate than that obtained from 
thermal curves. During the experiments, rates of 
heating and cooling varying from the order of 2 
degrees per hour upwards, were employed. The 
results obtained showed that, above 55 per cent. 
of copper, the transformation temperature was 
453 deg. C. Between 55 per cent. and 51 per cent. 
copper, it took place at temperatures rising from 
453 deg. C. to 470 deg. C. With less than 51 per 
cent. of copper, the transformation temperature 
was 470 deg. C. These results, if correct, disposed 
of the eutectoid theory. The limits in composition 
of the transformation as fixed by the electrical 
resistance results were : 


Per Cent. Per Cent. 


Boundary between the a and 


Bfields... he ... 64°5 copper + 0.4 
Boundary between the 8 and 
8B + ¥ fields +. es 50-5 copper + 0-4 


In addition to the changes of resistance with 
changes of temperature, resistances at room tempera- 
ture were measured. The alloys are carefully an- 
nealed at temperatures in the neighbourhood of the 
transformation point, and were very slowly cooled, 
from this, down to room temperatures, over a period 
of about two days. The method adopted was 
that of comparing the potential drop between two 
points of known distance apart on the specimen, 
with that across a standard resistance, while a 
steady current was passed through both. Results 
showed that the resistance fell rapidly as the copper 
decreased from 61'per cent. to 53-5 per cent. ; it then 
fell much less rapidly to about the 50 per cent. 
copper alloy, and rose steeply, from this point, 
with further decrease of copper content. The 
resistance-composition curve thus marked clearly 
the two boundaries of the 8 field at room tempera- 
tures as occurring at approximately 50-0 and 53-5 
per cent. of copper. 

Professor Turner was of opinion that both papers 
dealt with one of the most important of the binary 
alloys, and with a portion of the diagram of 
the copper-zine system which was of considerable 
practical interest ; the whole matter was of practical 
importance in the end, even if it were necessary to 
deal with it theoretically, in the beginning. 

Dr. W. Rosenhain, in continuing the discussion, 
said that the two papers represented complete 
agreement, from two independent sources upon the 
same question. The matter could not, however, 
be taken as absolutely and finally settled until X-ray 
investigations had been completed. The subject 
was a very wide one and involved more than a 
question of a change in brass. In another place, 
another 8 had given rise to much discussion. The 
latter, although it occurred in a pure metal, had a 


discussion. It was important that one should be 
quite certain as to the meaning of these changes in 
the copper-zine alloys. Two phases having the 
same lattice had been obtained, and it was therefore 
necessary to revise fundamentally the present 
definition of phase. The whole matter was one of 
wide and deep importance and the judgment of 
metallurgists, as to the exact nature of the change, 
should be reserved for a little longer. The two 
papers were useful, however, in that they improved 
our knowledge of the facts. 

Dr. O. F. Hudson welcomed the papers as going 
a long way to clear up doubtful parts of the dia- 
gram of the copper-zinc alloys. It was remarkable 
that two pieces of work should lead to such close 
agreement. The statement in Dr. Gayler’s paper 
that the polish attach with ammonium persulphate 
was a method originally used by him was hardly 
correct ; he was not the originator of that process. 

Professor Turner here stated that, although Dr. 
Hudson might not have been the originator of the 
ammonium persulphate polish-attack, he had, at 
any rate, manifested very great skill in the applica- 
tion of that process. 

Dr. Haughton asked a question with reference 
to the slope of the boundary line between the 
B and the 6 + y zones in Dr. Gayler’s diagram. 
He stated that, whereas the line sloped towards 
the copper side on Dr. Gayler’s diagram, Mr. Griffiths 
and he made it slope towards the zinc side on 
their diagram. 

Dr. F. Johnson echoed Dr. Rosenhain’s remarks 
with reference to the importance of X-ray examina- 
tion before a final decision could be taken upon the 
matter under discussion. In the paper by Dr. 
Haughton and Mr. Griffiths the bars used in the 
experiments had been cold-rolled to the required 
size. He thought this was a matter of some diffi- 
culty, and he would like to know how the process 
had been carried out. 

Dr. Gayler, in her reply, stated that she had 

much appreciated the paper by Dr. Haughton 
and Mr. Griffiths. With reference to their state- 
ment that the rate of charge of resistance increased 
steadily as the temperature rose until 470 deg. C. 
was reached, when a very marked and sudden 
decrease in the temperature coefficient of resistance 
could easily be observed, Dr. Gayler stated that 
Matsuda had shown that there was a range over 
which the electrical resistance changed markedly. 
She would much like to know if the authors had 
any idea as to the temperatures of their ranges. 
She was glad to hear Dr. Rosenhain emphasise the 
importance of X-ray analysis. The latter would 
probably lead to very valuable results. In regard 
to brasses there was such a marked change in the 
thermal expansion as the alloys passed through 
the transformation range that X-ray analysis might 
show a change in lattice size. With regard to the 
slope of the boundary line between the 8 and the 
B + y fields, data on the subject were none too 
plentiful, and further investigation was necessary. 
Altogether, it was necessary to know a little more 
about the 8 transformation. 
Dr. J. L. Haughton, in his reply to Dr. Johnson, 
stated that the cold-rolling of the alloys had been 
conducted by Mr. S. Beckinsale, and he (the 
speaker) could not give a definite answer to the 
question. He would like to point out, however, 
that some of the bars were annealed, as was indicated 
in the paper. Furthermore, pure materials could 
be rolled more easily than commercial alloys. With 
regard to Dr. Gayler’s question having reference 
to the temperature ranges, Dr. Haughton stated 
that the authors had very little evidence of a range, 
inasmuch as the resistivity of the alloy com- 
menced to fall away at a point which it was almost 
impossible to determine definitely, because the 
fall in range was so exceedingly gradual. 


CoLLOIDAL SEPARATION IN ALLOYS. 


The paper on this subject by Professor J. H. 
Andrew and Mr. R. Hay, was next taken; it 
was read by the latter. We reproduce it on 
page 311 of the present issue. 

Dr. Gayler opened the discussion. She said that 
she had carried out an investigation on similar 
lines, and could not accept the authors’ conclusion 
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had come across the structure shown in Fig. 1, 
and had been able to reproduce it; it was not a 
stable change. Results which she had obtained 
were in agreement with those of the authors, but 
there was a difference in crystal size. She would 
like to know what current was passed through the 
specimen, and if the latter were heated in any way. 
She would like, further information regarding the 
authors’ experiment in which one bar was sub- 
mitted to alternating current, and the other merely 
left, the experiment being carried out at atmo- 
spheric temperatures. Repeated hardness deter- 
minations by the authors at intervals of one hour 
appeared to show that the bar submitted to the 
influence of the current increased in hardness more 
rapidly than the other. 

Dr. D. Hanson wished to ask the authors what 
they meant by the term “colloid.” He thought 
they were going too farin stating that the separations 
referred to were due to colloids. The use of that 
word did not seem justified. Colloid particles 
varied in size within wide limits. Hardness was 
said to be due to colloids and there was no evidence 
at all that a colloidal state in duralumin gave 
hardness. He wanted to know definitely what the 
authors meant by the term colloid, otherwise the 


results of the investigation would not be really | C 


helpful. 

Mr. F. Adcock said that a migration test was 
only strictly applicable when the metal was an 
electrolytic conductor. It was difficult to picture 
a colloid existing in such an absolute conductor 
as brass. 

Professor J. H. Andrew was then called upon 
to reply. Dr. Gayler, he said, had asked what 
current was passed through the specimen. They 
had used the biggest induction coil obtainable, and 
had connected the specimen in the secondary, so 
that the current passing through it consisted of 
alternating current of very high voltage but of low 
amperage. The authors assumed that to discharge 
the colloid, not so much high current as high 
potential was necessary. There was consequently 
no heating whatever of the metal. In answer to 
Dr. Hanson, Professor Andrew said that it was not 
definitely known what a colloid really was ; with 
the exception that it consisted of electrically charged 
particles of varying size, possessing high surface 
tension, little was known concerning a colloid. He 
quite agreed ; it did seem remarkable that a colloid 
should exist in such a conductor as brass, and it 
might be necessary for us to readjust our ideas upon 
the whole question. 


CopPrpER-CADMIUM ALLOYS. 


The chairman next called upon Mr. C. H. M. 
Jenkins to read his paper on “The Physical 
Properties of the Copper-Cadmium Alloys Rich 
in Cadmium,” 

The results of an investigation into the physical 
properties of the copper-cadmium alloys rich in 
cadmium, formed the subject of this paper. The 
cadmium and copper, used for making the test 
alloys, were both manufactured electrolytically, 
and had a purity exceeding 99-95 per cent. The 
author found that when the small proportions of 
copper were present in cadmium both the tensile 
strength and Brinell hardness of the metal were 
increased. By the addition of 3 per cent. of copper 
the tensile strength of cadmium in the cast state 
was raised from approximately 5-4 tons per square 
inch to 9-6 tons per square inch, and the Brinell 
hardness was increased from 25-5 to 41-5. The 
elongation, however, fell from 50 per cent. to under 
2 per cent. Alloys containing 5 per cent. of copper 
cracked on rolling. The electrical resistivity of 
alloys determined at 20 deg. C. increased from 
7-02 microhms per centimetre cube for pure 
cadmium, to 8-19 microhms for the alloy containing 
2-90 per cent. of copper. 

As none of the members intimated their desire 
to take part in the discussion of this paper, the 
last contribution to that morning’s proceedings was 
considered. 


Zinc-CapMium ALLoy SoLpERs. 

‘* A Note on the Shear Strength of Zinc-Cadmium 
Alloys when used as Solders ” was the title of this 
paper. The author, Mr. R. B. Deeley, A,R.S.M., 


gave in it an account of experiments carried out 
with a view to obtaining a solder suitable for use 
by manufacturers of motor-cycle frames. The upper 
and lower limits of the melting range of the alloy 
were governed by two factors. It was necessary, 
on the one hand, that the working temperature of 
the solder should be below that likely to promote 
coarse crystallisation in the cold-drawn steel tubing. 
On the other hand, the working temperature 
should be sufficiently above the enamel stoving 
temperature (about 180 deg. C.) to prevent the 
possibility of joints made with the alloy failing 
during the subsequent enamelling process. The 
results of experiments with zinc-cadmium alloys 
showed the strongest alloy to be near the eutectic 
composition. A solder containing 87-3 per cent. 
of cadmium and 12-7 per cent. of zinc, and desig- 
nated D.20, gave the highest value for ultimate 
shear strength when acting as a solder film. This 
amounted to over 8 tons per square inch, whereas 
the shear strength of a 40:60 lead-tin solder, 
when used for a similar joint, reached a value of 
only 4 tons per square inch. Further tests showed 
that at a temperature of 200 deg. C., the alloy D.20 
had a shear strength of more than 112 Ib. per 
square inch and of 48 lb. per square inch at 235 deg. 


Mr. T. B. Crow opened the discussion. He stated 
that the subject was one of great industrial import- 
ance. There was, moreover, a dearth of informa- 
tion on the subject of the joining of metals. His 
own experiments had been limited to the solder- 
ing of copper by tin-lead alloys. The joints 
which he had made were effected by placing the 
copper rods to be united in a small bath of solder. 
Microscopic examination showed that between 
the copper and the solder film there was a layer of 
interfacial alloy, and the tensile strength of the 
joint depended on this alloy. The effect of tem- 
perature was marked ; at a low temperature he had 
obtained a tensile strength of 134 tons per square 
inch. Upon increasing the temperature this value 
had fallen off to 5 tons per square inch. This 
was due to the formation of a second alloy. He 
suggested to Mr. Deeley that a similar effect occurred 
in the case of his zinc-cadmium alloys. He con- 
sidered the preliminary ‘‘ tinning ” to be of primary 
importance, as it was then that the interfacial 
alloy was formed. With regard to the thickness of 
the film in the joint, he had found that the thinner 
the film, the stronger was the joint. If, on the 
other hand, the film were so thin as to cause union 
between the two interfacial alloy layers, there was 
a falling off of tensile strength due to the brittleness 
of this interfacial alloy. 

Dr. Rosenhain stated that there was a real need 
for a solder such as Mr. Deeley had investigated. 
Alloy steels were quenched and tempered carefully, 
and a solder was required which would not upset 
this heat-treatment. Mr. Deeley’s solder went 
part of the way, but not the whole way towards a 
solution; a higher melting point was required. 
Mr. Crow had only spoken of tensile strength; a 
high shear strength was a more important property. 
In the case of copper, alloying with the solder at 
the joint was fairly easily obtained ; with iron and 
steel, however, this was different. Moreover, 
the formation of this intermediate alloy layer was 
of doubtful value. The one great test of solders was 
reliability, t.e., the certainty of obtaining sound 
joints in every case. 

Mr. A. R. Page said that he had had some experi- 
ence with the new solder. The real difficulty was 
the flux. The zinc-cadmium alloy did not “ wet ” 
the surface of the steel as brazing- or soft-solder 
did. This difficulty could only be overcome when 
an efficient flux had been discovered. 

In his reply, Mr. Deeley stated that he had 
found no trace of an intermediate alloy between 
the steel and the zinc-cadmium. It probably 
did occur, but it was very difficult to detect under 
the microscope. A point of interest was that it 
was very difficult to distinguish a good joint from a 
bad one merely by looking at the fracture of the 
test piece. 

Professor Turner then thanked all the authors 
for their contributions and adjourned the meet- 
ing until yesterday, Thursday, morning. After 








luncheon given by the local members and by 





industrial and other firms, members reassembled 
later in the afternoon for the purpose of visiting 
various works of interest in the vicinity. 

We propose to deal with Thursday’s proceedings 
in our next issue. 


(To be continued.) 





LITERATURE. 


Reinforced-Concrete Bridges. The Practical Design of 
Modern Reinforced-Concrete Bridges, including Notes on 
Temperature and Shrinkage Effects. By W. L. Soorr, 
Assoc.M. Inst.C.E., Chief Engineer, Considére Construc- 
tions, Limited, assisted by C. W. J. Srrcer. London: 
Crosby, Lockwood and Son, 1925. [Price 42s. net.] 

Tue first impression on turning the pages of this 
book is distinctly favourable. The good type, clear 
diagrams, and open display of formule make for 
comfortable reading, but leave the value of the 
book as a practical contribution to bridge literature 
still in question. It is well to remark that a very 
excellent book may prove disappointing if the 
reader seeks that which is not there—matter which 
the author, it may be, has omitted by intent. For 
this reason it is explained that, though the student 
will find much of value to him as to the processes 
of design and conditions to be satisfied, he must 
look to other works, as the author himself says, for 
the full development of theories and proof of their 
validity. 

The practising designer also must turn elsewhere, 
if he needs to do so, for study of the simpler forms 
of reinforced-concrete construction, which it is 
assumed are already familiar to him. This treat- 
ment is quite permissible, and is referred to simply 
to enable the scope of this useful book to be better 
understood. The author, in fact, confines himself 
to matters less likely to be found in other works on 
the subject, and in doing so manages to give a great 
deal of informing matter in some 200 pages, which 
with many fine plates and figures, make up the 
book. 

The earlier pages deal with loadings and wind 
pressure, giving the latest practice in this and some 
other countries. Commenting upon the require- 
ments of the Ministry of Transport, the author 
seems to question the need for the somewhat high 
impact allowances defined, and, reasonably enough, 
calls attention to the fact that, with heavy, slow- 
moving loads, such increments on structures, them- 
selves of considerable mass, are hardly necessary. 
The consideration of temperature and shrinkage 
effects makes aninstructive chapter. The statement 
approving a temperature range in the structure 
itself of 70 per cent. to 75 per cent. of the atmo- 
spheric range, though erring—if at all—on the side 
of safety, may be questioned. Concrete is remark- 
ably slow in accepting such changes, as the evidence 
of fire tests, where temperature differences are 
extreme, makes clear, and it is to be doubted whether 
variations so great as those suggested really occur 
in fact. 

The author estimates that temperature and 
shrinkage effects upon a hingeless arch may produce 
rather serious stresses on the somewhat exigeant 
assumptions made, but considering the unlikelihood 
of these effects occurring together, it would appear 
sufficient to ensure, in the remote event of this 
happening, that the total stress developed should 
not exceed some agreed addition to the normal 
stresses, as is commonly done in dealing with the 
effects of exceptional winds. This treatment has 
the advantage of ensuring suitable and known 
stresses for ordinary effects, with an assurance of 
safety under extreme conditions. It is evident that 
requirements unnecessarily severe may enhance cost 
to an appreciable extent. 

As the influence line method for moving point 
loads is freely used in dealing with girder and arch 
design, the author devotes a chapter to a fairly 
clear exposition of the principle, though the treat- 
ment of continuous girders, based on M. Levy’s 
method, would bear some further elucidation. 
From this he proceeds to the consideration of arch 
bridges dealing with the three principal types: 
three-hinged, hingeless, and two-hinged. 

This, perhaps the most important part of the 
book, accounts, with allied matters, for about one- 
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third of its contents. The advantages of temporary 
hinges, effective only during construction until the 
major part of the dead load is carried, is insisted 
upon. The greater part of the bending moment in 
the arch due to shortening by shrinkage and by 
stress, by irregular loading and possible slight yield 
of the abutments, may thus be eliminated, leaving 
only that part to be resisted which is due to tem- 
perature changes, further loading, and possible yield 
of abutments. Greater stiffness is thus assured in 
the finished structure than where permanent hinges 
are adopted. The practice involves the solution 
of the fixed-ended arch problem, but as this applies 
only to a part of the total effects, any error involved 
in the method of calculation, or deviation from the 
nominal conditions, becomes of less importance. 
The matter is treated in considerable detail, deriva- 
tion of the formule being followed step by step, and 
the application of influence lines in assisting solution 
explained, with relevant tables giving values of 
influence-line ordinates for bending moments and 
other quantities. The simpler cases of two-hinged 
and three-hinged arches are also considered to 
advantage. The complete working for a hingeless 
arch is given asanexample. Girder bridges are next 
treated, including continuous spans, the design of 
trestle piers, and of slab decking following. For this 
the author seems to prefer the method of M. Pigeaud, 
which yields bending-moment results much less 
than those deduced by other methods in common use, 
with which it is compared in a tabulated statement. 
The design of a three-span continuous girder bridge 
is dealt with in detail by way of example. The 
author favours the practice, in girder bridges having 
end abutments earth-backed, of inclining rocker 
supports in such wise as to balance, in a ‘desired 
degree, the earth thrust—a marked departure from 
usage in steel bridge work, and apparently un- 
objectionable. Bowstring girder bridges next engage 
attention, the peculiarities of which and the points 
to be considered being adequately treated. The 
effects of bending on the main ties of such structures 
is dealt with in detail, neglecting the resistance of 
the concrete in tension ; it is, however, one of the 
defects of reinforced-concrete design that resistance 
to tension, commonly neglected as having no 
dependable value, must, in fact, exist in great 
degree, enhancing the stiffness of the member, and 
so affecting the distribution of forces in the structure. 
This, however, is by the way, and being common 
practice, is no fault of the author. The study in 
detail of temporary and permanent hinges to which, 
for arch structures, great importance is attached, 
brings out much of interest in this connection. 

In formule relating to permissible loads on rocker 
bearings, on page 164, some confusion is evident, it 
may be well to point out, due to a printer’s error in 
misuse of the symbol “I.” Foundations and abut- 
ments, with detailed computations for a particular 
case of arch abutment, and some remarks upon 
concrete piles, with a formula very properly intro- 
ducing the pile weight, bring the book to a close, 
except for a chapter giving descriptions of executed 
works and an appendix supplying a typical specifica- 
tion for a reinforced-concrete bridge. 

The impression suggested in the ‘opening passage 
of this notice may be accepted as confirmed by 
examination of the book’s contents. In some parts, 
as to detail, it relates to a particular method of 
construction, but this need not discount its value, 
as the author in this writes of that which he knows— 
a most excellent principle to follow. As complete 
demonstrations are commonly wanting, it would be a 
convenience if footnote references were introduced 
in a future edition, giving the reader a ready means 
of following up any matter of doubt. Apart from 
the mathematical work, the textual explanations 
of what happens in a structure, inducing stresses 
which it is the business of the designer to determine, 
are excellent, and will help to a sound realisation of 
the forces at work, so that the judgment may use- 
fully be brought to bear on the calculated result—a 
procedure which makes for the detection of any 
serious error in the computations. It is to be 
supposed that the author's failure to say much 
about advisable limiting stresses may be due to the 
fact that little is said, outside the specification, 
respecting the making of concrete and resulting 
degrees of strength, as the two can hardly be 


separated. In a future edition some remarks on 
this question would add to the value of a work, of 
value as it is. There is generally a satisfactory 
freedom from typographical error. 





Port Administration and Operation. A Review of Systems 
of Management in Vogue in Various Countries. By 
Dr. Brysson CUNNINGHAM, M.Inst.C.E. London: 
Chapman and Hall, Ltd. [Price 13s. 6d. net.] 

Port Development. By Roy F. MacEtwee. London: The 
a Hill Publishing Company, Ltd. [Price 25s. 
net. 

WitH the present urgent necessity of cutting 

down transport costs in every direction two good 

books on ports are very welcome, the more so as they 
are each of them written by an acknowledged 
authority on this subject, Dr. Cunningham in Eng- 
land and Mr. McElwee in the United States. These 
authors look at the problem concerned from 
different standpoints, but together they cover the 
ground better than has been done for many years, 
and it is possible that these works will remain 

as standard handbooks of reasonable size for a 

long time to come. 

Dr. Brysson Cunningham’s book is a review of 
port administrations in the most important maritime 
nations, the author stating in the preface that he 
has no intention of it being regarded as a complete 
study of the subject. Such a study would take up 
many volumes, but for his purpose it was essential 
that the size of the book should be kept within 
reasonable limits. The task of selection has been 
one of the author’s chief tasks, but with his long 
experience and thorough knowledge of his subject, 
he has been able to make a selection which leaves 
few causes for complaint. He begins with an 
exceedingly useful chapter on the classification 
of ports, a subject which is too liable to be over- 
looked, but which is of the very greatest help in 
understanding many of the problems which face 
the port administrators of to-day. What he has 
to say in this chapter is lucidly set out in a way 
which the general reader will find exceedingly 
interesting, and the man who is constantly coming 
into business contact with harbour authorities, 
exceedingly useful. The next two chapters are 
on port government and administration, with 
useful organisation diagrams for London, Liverpool, 
Bristol, the Southern Railway and the Great 
Western Railway ports, Seattle, &c., diagrams 
which show very clearly the difference between 
the various ports and the problems confronting 
each. There is a chapter on port executive and 
another on rates, dues and charges which, while 
it gives a good deal of information, leaves many 
points unmentioned on which the author is an 
authority. Perhaps he is wise to omit in a book 
of this sort matter which might easily be very 
contentious, but there are many readers who will 
miss it. Rents and warehouse receipts are also 
dealt with in a manner that ought to smooth over 
many misunderstandings and complaints. 

The chapter on port labour is full of valuable 
information, although it is very largely limited to 
the Port of London and its intricate problems 
in this direction, with a few useful notes on American 
portlabour. In few points is the essential difference 
between British and American harbour admini- 
stration shown up in such strong light as in this 
matter of labour, a point of difference which is all 
too often overlooked by business men in making 
their arrangements. The Shaw Report has been 
so frequently mentioned, and is likely to be mentiond 
so much more frequently in the future now that a 
definite move is being made to decasualise the labour 
in the Port of London, that the section in this 
chapter which gives this report with tolerable 
fullness will be one often referred to by those who 
keep the book by them for reference. 

Minor chapters deal with jurisdiction, by- 
laws, police and such matters and at the 
end there are some useful appendices, ranging from 
a list of the principal port electorates to specimen 
by-laws and the famous and much discussed table 
issued by the Port Facilities Committee of the 
Chamber of Shipping on the relative cost of certain 
British and Colonial ports, with certain cargoes. 
There is a good index which adds greatly to the 
value of the book and has obviously been compiled 
with care and judgment. 








Mr. McElwee’s book is entirely different in con- 
ception and production, and is naturally American 
in its style and outlook. American ports are 
among the best, from a material point of view, 
in the world, and their excellence has been a great 
factor in the post-war increase in American pros- 
perity. They have, of course, the great advantage 
of being more modern, and the old saying about a 
country being blessed which has no history applies 
in no direction more forcibly than in the matter 
of ports. The author begins by regarding port 
development from the point of view both of the 
nation, the individual state, and the city, and in 
this he brings out some original and striking factors 
which are liable to escape the notice of anybody 
who has not been intimately in contact with 
American port authorities. He pays American 
engineers full tribute in his description of 
their work. Such matters as advertising a 
seaport and planning it to the best all-round 
advantage are dealt with very fully, so fully that 
one cannot imagine this side of the question being 
considered in the same way by an English writer, 
although it would often be better if it were so. 

The second part of the book is an analysis of 
the comparative physical advantages of ports, some 
of this part covering much the same ground as 
Dr. Cunningham’s work. It is very interesting to 
compare the two points of view and from them to 
make a complete picture. A chapter is devoted 
to the importance of dry docks in port competition. 
The third part deals with the comparative traffic 
advantages of ports, rates, costs, services and the like, 
and sums up the situation with regard to balanced 
cargoes, and the many problems which are bouad 
to confront the port administrator just as much 
as the shipowner. The fourth part is devoted to 
free ports and contains some useful comments 
on this somewhat contentious subject. His appen- 
dices are not so full as those of Dr. Cunningham, 
the first one consisting of the text of the 1924 Free 
Port Bill, as presented before the United States 
Congress, and the second of various statistics. The 
remarks that were made about the index of the 
former book apply equally to this. 

Taking them all in all these two books form a very 
real addition to commercial and shipping literature, 
and should find a very large sale, not only for the 
mass of information that they contain but on 
account of the comparative neglect which these 
important subjects have hitherto been treated by 
writers. 





TRIAL OF THE SS. ZuRIcHMOOR.—On September 1, the 
screw steamer Zurichmoor, which has been built by 
Messrs. John Readhead and Sons, Limited, of West 
Docks, South Shields, to the order of Messrs. Walter 
Runciman and Co., Limited, of Newcastle-on-Tyne, 
carried out a satisfactory trial trip at sea. Some parti- 
culars of this vessel were given in a paragraph which 
appeared on page 155 of our issue of August 7 last. 


THe Royat AERONAUTICAL SociETY.—Attention is 
drawn by the Royal Aeronautical Society of 7, 
Albemarle-street, London, W. 1, to the fact that. two 
sums, one of 20 guineas and the other of 25 guineas, 
representing the incomes from the Edward Busk and the 
R.38 Memorial Prize Funds, are offered for the two best 
papers received on subjects of a technical nature in 
connection with flying. Intending competitors for the 
first award, whose contributions should deal with some 
aspect of aeroplane and seaplane study, must send their 
names to the secretary of the Society not later than 
September 30, 1925. Some information should be 
given at the same time regarding the projected 
scope of the paper, which requires to be submitted by 
December 31, 1925. For the second prize preference will 
be given to papers relating to airships, and authors are 
required to send in their names and some details regarding 
the nature of their proposed manuscripts by December 31, 
1925. The closing date in this case is March 31, 1926. 
The prizes are open to international competition. 
The Royal Aeronautical Society retains the right to 
withhold them in the event of no paper of sufficient 
merit being submitted to justify an award. Papers must 
be submitted in either French or English and should in 
all cases be typed. A copy should be retained by the 
author, as the Society can take no responsibility for the 
loss of copies submitted to it. Successful papers will 
become the absolute property of the Society, and a signed 
undertaking must accompany each as a guarantee that 
publication has not already taken place and that the 
author will not communicate it elsewhere until the 
Society’s award is made known. Special importance will 
be attached to papers showing original work, and due 
acknowledgment must be made by the author of sources 








of special information. 
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LIGHT RADIAL DRILLING MACHINE. 
CONSTRUCTED BY MESSRS. DRUMMOND BROTHERS, LIMITED, ENGINEERS, GUILDFORD. 
Fig.3. 


Fig.2.. 








Fig. 1. 


LETTER TO THE EDITOR. 


STANDARD BRIDGE LOADINGS. 
To THE EDITOR OF ENGINEERING. 

Str,—On page 172 of your issue of August 7, 1925, 
appears an article entitled ‘“‘ Loads on Highway 
Bridges.” After congratulating the Minister of 
Transport upon having introduced a much-needed 
uniformity into the design of highway bridges by 
specifying standard loading, you proceed to give 
publicity to three conflicting standards A, B and C, 
formulated by a Joint Committee of the Concrete 
Institute, the Institution of Municipal and County 
Engineers, and the Institution of Municipal Engineers. 

The utility of these additional standards is more than 
questionable. The Ministry’s standard has been in 
use, with slight modifications, since 1921, and grants 
from the Road Fund, which local authorities invariably 
desire to obtain, are conditional upon the observance 
of this official standard. Moreover, confusion is 
likely to arise from the statement that Class C (the 
lightest loading) corresponds more or less with the 
Ministry of Transport loading—an assurance which 
might reasonably give rise to the assumption that the 
heavier loadings A and B would even exceed the 
Ministry’s requirements. 

In certain cases, however, even the Class A load, 
with 35-ton axles substituted for the 25-ton axles 
shown, would not give such high stresses in some 
members as our standard loading. 

This is due to the fact that, whereas in the Class A 
loading only one train of vehicles is placed on the 
bridge, the remaining area being loaded with 1 cwt. 
per super foot, the Ministry’s standard requires that, on 
a bridge 60 ft. wide with 40 ft. carriageway, four trains 
of vehicles should be placed side by side. 

Perhaps you could find an opportunity to clear up 
any misunderstanding that may have been caused by 
this article. 

Yours faithfully, 
: C. G. MITCHELL. 

Ministry of Transport, Roads Department, 

7, Whitehall-gardens, London, S.W. 1. 
August 31, 1925. 


[The committee which proposed the bridge loadings 
described ‘in our issue of August 7 is a responsible 
professional body, and it is but right that publicity 
should be given to their recommendations. It 
should also be noted that the standard loading of the 
Ministry is not legally enforceable, but as “grants in 
aid” are made only for bridgework built in conformity 
thereto, it is coming into general use. On this the 











public is certainly to be congratulated. We gladly 
publish Captain Mitchell’s letter so that attention 
may be drawn to the fact that the committee’s claim, 
as to the general equivalence of their Class C loading to 
the official standard, may be misleading.—Ep. E.] 





LIGHT RADIAL DRILLING MACHINE. 


THE machine which we illustrate in Figs. 1 to 3, above, 
has recently been introduced by Messrs. Drummond 
Bros., Limited, of Guildford, and is a development of 
the light radial drill previously manufactured by the 
firm. The earlier machine has proved very successful 
for garage and similar work, on account of its extreme 
handiness and the small amount of power required for 
its operation. For work of this class the requirements 
are ease of manipulation, the lightest possible drive 
combined with ample power, and ability to deal with 
a wide variation in the range of work, both as regards 
size and the nature of the operations. The new 
machine is intended for power drive, either from 
line shafting or by means of an electric motor operating 
through reduction gearing. It is fitted with fast-and- 
loose pulleys to take a 14-in. belt. Holes up to 1 in. 
in diameter can be drilled with ease, and without the 
use of the back gear, providing that the material will 
permit the use of moderate speeds. Holes considerably 
larger than this can be drilled by first drilling a pilot 
hole, although the makers only claim a full capacity 
oflin. The machine is equally efficient when employed 
on finer work, and the speed and ease of drilling are 
very satisfactory for a drill of this type. 

The general arrangement of the machine is on similar 
lines to the previous model, and can be readily followed 
from the illustrations. The table is of box form, 
machined on three faces and carried on standards 
at each end. It is provided with six T-slots on the top, 
and five on both front and back. The working surface 
of the table top is 23 in. by 12 in. The main pillar is 
of circular section and carries the radial arm, which is 
elevated and depressed by means of a scroll gear and 
hand wheel. The latter is clearly visible in all three 
figures. The arm is locked by means of two ball 
levers, which can also be seen in the illustrations. It 
swings to both front and rear, thus allowing full use 
to be made of the capacity of the table for holding large 
and awkward pieces. The spindle head is moved 
along the arm by means of a rack and pinion, the latter 
being keyed to a shaft carrying the smaller of the two 
concentric hand-wheels shown in Figs. 1 and 3. The 
larger wheel, whichis provided with a tommy bar, isfor 
actuating the sensitive feed of the spindle. The latter 





is balanced by means of a spring, and has a movement 
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of 44 in. Back gears, having a ratio of 4 to 1, are 
incorporated in the spindle head, and give, with the 
three-step cone pulleys, a total of six speeds. 
The radial arm has a vertical adjustment of 5 in., 
and the head has a range along the arm of from 64 in. 
between the spindle centre and the outside of the 
column in the inner position, to 22 in. between the 
same points in the outer position. The arm can be 
turned through an angle of 60 deg. on each side of the 
central position. 

The drive is taken from the fast pulley, or from the 
reduction gearing if electric drive is fitted, to the lower 
shaft. The alternative forms of drive are shown in 
Fig. 3. From the lower shaft, the drive is by a 1}-in. 
flat belt to a cone pulley on a short cross-shaft at the 
base of the pillar. This cross-shaft, which can be 
seen in Figs. 1 and 3, runs on two sets of ball bearings. 
The striking gear for the belt is mounted on the front 
of the main table support, and can also be seen in all 
three figures. The drive from the cross-shaft to the 
spindle head can be followed from Fig. 3, from which 
it will be seen that the cross-shaft drive is transmitted 
through a pair of bevels to a vertical shaft inside the 
pillar, thence through a second pair of bevels to the 
horizontal sliding shaft which connects the column 
to the spindle-head. The final drive to the spindle is 
again by bevel wheels. Ball-thrust bearings are 
provided on the spindle driving gears, the thrust being 
taken at all other points by hardened washers. All 
the bevel wheels referred to are of 10 diametral pitch. 
It will be clear from the illustrations that all the gears, 
and also the drilling spindle, are enclosed. Provision 
for lubrication is made by fitting oil or grease cups to 
all bearings. The chuck is capable of taking drills up 
to lin. diameter. The machine is designed for a pulley 
speed of 300 r.p.m., giving a range of spindle speeds of 
from 35 r.p.m. to 600 r.p.m. The lowest speed enables 
drilling to be performed in hard steel, and also permits 
of boring and facing operations being carried out on the 
machine. 





PEMBROKE DOCKYARD. 


In connection with the decision just announced by 
the Admiralty to place the dockyards at Rosyth and 
Pembroke on a care and maintenance basis, a brief 
reference to the history of the latter may be of interest. 
The dockyard actually commenced in 1812, at Milford, 
when it catered for the Western Approaches, and, at the 
same time, offered a convenient base for any possible 
French descent on the coast of Ireland. Ships were 
built and repaired there, the last launch being the 
74-gun ship Rochfort in April, 1814. In the following 





June, the dockyard was transferred from Milford to 
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Pembroke. The first launches from the new establish- 
ment were the 28-gun frigates Valorous and Ariadne 
in February, 1816, the delay being largely ac- 
counted for by the fact that, in those days, ships were 
allowed to remain in frame as long as possible in 
order that the wood might be well seasoned. 

The dockyard early became identified with the 
construction of minor warships of unusual types, so that 
in 1843 it was commissioned to build the first Victoria 
and Albert, and it also built the. second and famous 
yacht of the same name, the Royal Yacht Alberta 
and the Royal Yacht Osborne. Finally, the present 
Victoria and Albert was built there in 1899, and when 
she proved to have insufficient stability, the dockyard 
came in for a certain proportion of the blame. It 
also built a large number of other ships, however, from 
line-of-battle ships to brigs and modern cruisers. The 
early pore of the ironclad era, particularly the ’sixties, 
may described as the halcyon days of Pembroke 
Dockyard, for then the staff were congratulated time and 
again on their ability to build ships within the estimate. 
The Penelope, of 1867, was their first ironclad, this vessel 
costing 146,0001. instead of the 150,000/. estimated, while 
the Inconstant cost 138,0001. instead of 158,0001., 
and the Iron Duke cost 146,6001. instead of 200,000. 

In the early ’eighties, there was great agitation in and 
out of Parliament to give the dockyard further repair 
facilities, especially in the shape of a new big dry dock, 
but the Admiralty refused this. However, there was 
no question of scrapping the dockyard then, and in the 
early ’nineties it received its full share of constructional 
and repair work. At that time, however, many 
complaints were received concerning the excessive 
expenditure incurred in building a ship at Pembroke, 
as compared with the other Royal yards; also that the 
facilities for fitting out a warship for sea were lament- 
ably deficient. In consequence of this, in April, 1895, the 
Admiralty announced that they had decided to improve 
the dockyard and its plant. Two years later, nearly 
100,0001. was spent on the construction of a new jetty, 
while all the auxiliary branches and building depart- 
ments were improved. 

In the early days of the present century, the dockyard 
was employed principally in the construction of 
cruisers. The number of workmen was cut down very 
drastically in 1906. By the outbreak of war it was 
definitely regarded as a repair yard, and two slips 
were specially constructed for work on destroyers, the 
first one being completed in 1914 and the second after 
the Armistice. During the war its position prevented 
it from being kept as busy as the other yards, but it 
contrived to do a lot of exceedingly useful repair work, 
especially to ships that were torpedoed or mined in the 
Irish Sea and Atlantic. It was by then, however, 
very much on the wane, and immediately after the 
Armistice the question of closing it began to crop up 
in acute form. 

The Colwyn Committee urged that the dockyard 
should be utilised for mercantile construction. This 
was a time when the shipyards were working to their 
full capacity, and the post-war slump had not set in. 
A private firm tendered for the lease of the yard, and 
the Government gave the offer careful consideration. 
One of the principal points to be considered was the 
personnel of the yard, then about 3,000 workmen, of 
whom 900 were on the establishment and would, 
therefore, be transferred to other Government yards. 
The position of the remaining 2,000 odd was indefinite 
and caused a good deal of anxiety in the Labour Party, 
but eventually it was decided that the offer was not 
advantageous and it was refused. Soon afterwards 
the shipbuilding industry was in no condition to lease 
any such establishment. About this time, the yard 
was very busy on reconditioning and conversion work, 
many naval trawlers and other vessels being converted 
to peace purposes. Various committees and private 
interests maintained that the yard was inefficient and 
expensive, and during the discussion on the Naval 
Estimates many bitter things were said. In the 
summer of 1922, the Admiralty wrote a very strong 
Service letter concerning the long delays and very 
heavy bills at Pembroke, stating that some improve- 
ment must take place if the establishment were to be 
kept open, but these complaints were vigorously denied 
by local interests. In the iollowing year; the maximum 
number of employees was fixed at 1,200, and the yard 
was principally used for destroyer refits and such work 
as converting war-built sloops to naval volunteer drill 
ships. In an official pronouncement in May, 1924, 
the Government refused to reverse the decision of its 
predecessors to close the dockyard as soon as possible, 
so that the decision just announced will not come as 
& surprise. 





Pusitic Works, RoApDs, AND TRANSPORT CONGRESS 
AND EXHIBITION, 1925.—It has been arranged that the 
Third Public Works, Roads, and’ Transport Congress 
and Exhibition will be held at the Royal Agricultural 
Hall, London, from November 19 to 26, 1925. The 
Co will devote attention to problems and dis- 


cussions arising in connection with the construction 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norz.—In the diagrams the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 


those for steel rails are for heavy sections. 
Cleveland iron, both of No. 1 quality. 
which vary from 70 lb. to 80 lb. 

cases the prices are per ton. 


The pig-iron prices are for East-Coast hematite and 
The price of quicksilver is per bottle, the contents of 
The price of tin-plates is per standard box, but in other 
Each vertical line in the diagram represents a market-day, and the 


horizontal lines represent 1J. each, except in the case of the diagram relating to tin-plates, in 


which they represent ls. each. 








and maintenance of roads; the disposal of sewage ; 
water, gas, and electricity supplies; and housing and 
town pa. The Exhibition will consist of a display 
of all descriptions of machines, plant and material 
required by public authorities for road-making and 
maintenance, motor transport, waterworks, building, etc. 





A SvuacEstep REMEDY FOR UNEMPLOYMENT.—We 
have received from Mr. E. A. Radford an outline of the 
proposals he made in the debate on Unemployment in 
the House of Commons on June 29. For this scheme it 
is pro to assess the discrepancy in price at which 
British goods can be produced as compared with those of 
foreign origin. In the period during which the present 
depression continues it is suggested that all rents, 





royalties, und rents, professional charges, bank 
interest, ies, insurance, carriage, &c., are to be 








reduced by this percentage under the provisions of & 
National Emergency Deduction Act. It is hoped by the 
author of the scheme that the workmen will make such 
increased efforts in production as to enable their wages 
to remain at the normal level. 





Gypsum Mrnep AND SHIPPED IN U.S.A. 1n_1924.—In 
a statement issued by the United States Bureau of 
Mines it is announced that the quantity of gypsum 
mined in that country in 1924 amounted to 5,042,629 
short tons, an increase of 289,181 tons, or 6 per cent-, 
over the quantity produced in 1923. The value of 
sales of both the crude and calcined material was 
42,724,507 dols., an increase of 7,836,352 dols., or 22 per 
cent., over the cash return for the previous year. During 
1924, 3,568,569 tons were sold, calcined and 982,108 tons 
in the crude form. 
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THE QUAY WALLS OF SOUTHAMP- 
TON.*® 
By F. E. Wentwortu-SHEILDs, O.B.E., M.Inst.C.E. 


Tue Port of Southampton has become famous for 
the unrivalled berthing accommodation it offers to 
the largest liners, thanks partly to its natural facilities, 
and partly to the way those facilities have been 
developed. Incidentally, the port has:acquired a less 
enviable notoriety from the fact that several of its 
deep-water quay walls have proved to be unstable. 
Large sums of money have had to be spent to make 
them secure, and one or two have collapsed altogether 
and have had to be rebuilt. These incidents, though 
regrettable, form a very interesting chapter in the 
history of quay-wall construction, and, moreover, 
throw some light on the ever elusive problem of how 
to design a gravity quay wall which will prove to be 
stable though built on soft-earth foundations. 

The quay walls of the outer dock are about 40 ft. 
high. They were built in 1842, and it was, no doubt, 
the first time that quay walls of this height had been 
built on such weak soils as occur at Southampton, 
so that the engineers had really little or nothing to 
guide them in planning their structures. Considering 
these circumstances, the wall was well thought out ; 
it is shown in Fig. 1. It is 12 ft. thick at the base, 





diminishing to 6} ft. at the top, and 39 ft. high. 
Moreover, it is strengthened by counterforts 5 ft. 
square, spaced 15 ft. apart between centres. The wall 
rests on a timber platform, 6 in. thick, the front of 
which is supported on a continuous row of sheet piles 
driven to the same batter as, and'approximately in line 
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Fig. 2. OUTER DOCK AFTER 
STRENGTHENING 


ment was arrested by admitting water into the dock. 
In that case no further movement took place even 
when 16 ft. more earth was dredged out in front of the 
wall. Probably the difference in the behaviour of the 
two walls was due to the fact that the Calcutta wall 
was backed with a clay which, though soft, was water- 
tight, and prevented the water in the dock from gaining 
access to the back of the wall. At Southampton, on 
the other hand, the wall was backed with a sandy clay, 
and founded on similar material, and it was fairly easy 
for the tidal water to penetrate underneath and 
behind the wall, and therefore to exercise as much 
pressure at the back of the wall as in front. Indeed, 
on a falling tide it is quite possible that the water 
pressure behind the wall might be greater than that in 
front, and, consequently, the wall might be less stable 
under these conditions than if the dock were dry. 

It is more surprising that the expedient of removing 
the backing from-behind the wall was not permanently 
effectual. The result of removing it was to decrease the 
total height of the backing from 40 ft. to 30 ft., and, 
according to Rankine’s theory, one would expect the 
earth pressure to be reduced by something like 50 per 
cent. Probably this good effect was discounted by 
the mass of water which accumulated at every high 
tide in the newly formed void above the backing. No 
doubt, this water not ouly softened the sandy clay 
backing, and thus incréased the lateral pressure, but 
also softened the earth foundation on which the wall 
was resting, and thus decreased the friction between 
that earth and the base of the wall. When it is 
remembered that a wall of this type depends chiefly 
for its stability on this base friction, it will be realised 


Fig. 3. KioDERPUR DOCKS 
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with, the face of the wall. The back of the timber: 
platform rests on the natural ground, which is sloped 
slightly downwards from front to back. The ground 
consists, for the most part, of sandy clay, and some- 
times of sand so fine that when flooded with water 
it soon becomes a quicksand. The wall itself is built 
of lime-concrete, faced with brickwork up to low-water 
level and with granite above. It is backed with sandy 
clays from the dock excavation. 

Troubles began early, as the wall moved in places 
as soon as it was backed up. This occurred both 
before and after the water was let into the dock. An 
attempt was made to stop this movement by inserting 
iron ties 2} in. in diameter at intervals of about 30 ft., 
secured to substantial anchor blocks placed at some 
distance behind the wall, but these were found to be 
useless. Eventually the movement was stopped by 
removing the filling at the back of the wall to a depth 
of about 10 ft. 

For a number of years this remedy seems to have 
been effectual, but since 1910 various lengths of the 
wall have again shown signs of instability, and expensive 
works have had to be carried out in order to stabilise 
them. Generally speaking, this has been effected by 
sinking deep trenches immediately behind the wall, 
in which concrete buttresses have been built up, 
resting on steel bearing piles driven to a depth well 
below the foundation of the wall. The wall was 
tied to these buttresses by numerous steel ties carried 
well into both wall and buttress. The arrangement is 
shown in Fig. 2. It is instructive to note that the wall 
moved at the time it was built, both before and after 
the water was admitted to the dock. This was 
probably quite contrary to expectation, as it might 
have been hoped that the water pressing against the 
face of the wall would help to keep it in position. 

. It may be remembered that some years later, when 
. uilding the walls of Kidderpur Docks at Calcutta 
(Fig. 3), a similar movement was found to be taking 
Place, although the ground in front of the wall was not 
yet excavated to its full depth, and that this move- 
_* Paper read befor i iti ia- 
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that its reduction by the passage of tidal water under- 
peath the wall may soon prove fatal to the structure. 
The fact that the iron ties proved to be useless is not 
so,surprising, as the lateral pressure on this wall must 
have been something like 14 tons per foot-run and 
the additional resistance offered by the ties could not 
have been more than about 1 or 2 tons per foot run. 
This was probably quite insufficient to compensate 
for the loss of friction due to the softening of the 
foundations by tidal water. 

The Empress Dock at Southampton, which was 
built nearly 40 years later, is another case in which the 
walls have given trouble, and are, therefore, of great 
interest. The Dock is a four-sided tidal basin, each 
side being about 800 ft. long. During construction 
the tide was excluded by means of an enclosing bank 
surrounding the site. A section of the wall is shown 
in Fig. 4, from which it will be seen that unlike the 
Outer Dock wall, it has the appearance of being a very 
massive and stable structure. It is made of concrete, 
and is 45 ft. high from cope to dock bottom, and 51} ft. 
high from cope to foundation. It is no less than 
30 ft. wide at the base, and rests on a fairly firm 
sandy clay. The lower part of the wall is backed by 
the same clay in its virgin state, as it was built in a 
timbered trench. The upper part is backed with much 
the same material excavated from the dock, and cast 
out and rammed in layers. After the backing had 
been raised to cope level, and the ground in front had 
been removed to dock-bottom level, the north wall of 
the dock moved forward. The maximum movement 
was about 23 ft., but the wall maintained its upright 
position, showing that the movement was not due to 
overturning or to the crushing of the clay under its 
toe, but simply to the fact that the resistance of the 
clay in front of the toe, plus the friction at the base 
was insufficient to balance the lateral pressure of the 
backing. To remedy the matter, the portion of the 
wall which had moved was taken down and rebuilt 
to the same section, except that the foundations were 
carried down to 15 ft. below dock bottom instead of 
64 ft., and the result has been quite successful. 

The mishap showed that the other three walls of 
the dock were in a state of very unstable equilibrium, 












and in order to remedy this it was decided to sink 
down trenches in front of the toe of these walls, and 
to build in these concrete blocks. Each block was 
20 ft. long, 15 ft. wide and 12 ft. deep; that is to say, 
each was carried down to 6 ft. below the original 
foundation of the wall. They were spaced 30 ft. 
clear apart. It was hoped in this way to increase 
the resistance of the earth in front of the toe, and so 
prevent the wall from moving forward. In the case 
of the east wall, however, this hope proved to be 
vain, and the wall moved forward, carrying the new 
blocks with it, in the fashion shown in Fig. 5. It 
will be noticed that, in this case, so far from over- 
turning about its toe, as it is generally thought 
a wall is inclined to do, this one overturned backwards 
about its heel. The west wall also showed signs of 
movement, but was saved for a time by adopting the 
same expedient as had been used in the Outer Dock; 
that is, the backing was removed for a depth of some 
13 ft. behind the top of the wall, the quay being 
carried on a viaduct supported on screw piles. A 
year or two later, however, movement began again, 
and the wall was stabilised by building a new wall 
out in front of the older one. 

In contrast with these failures, it will be cheering 
to consider for a moment some of the walls which have 
been successful. Fig. 6 shows a quay wall facing the 
River Itchen, this wall having been built before the 
Empress Dock wall, which has just been described. 
The Itchen wall is not so high as the Empress wall, 
but it is comparatively narrower and lighter. Its 
success, no doubt, is due to the fact that it rests on 
a bed of gravel which occurred at this site. The 
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coefficient of friction of concrete on gravel is much 
higher than on sandy clay, and although it was backed 
with material no better than that placed behind the 
Empress Dock wall, the additional friction has proved 
to be its salvation. 

Fig. 7 shows a wall facing the River Test, and built 
about five years after the Empress Dock wall. It 
is a higher wall than the latter (49 ft. from cope to 
dredging level, as against 45 ft.), and although no 
wider at the base, it is much heavier, and the founda- 
tion is carried down to 12 ft. below dredging level, as 
against 6 ft. in the case of the original Empress wall. 
Moreover, it is founded on a bed of fine sand which, 
when undisturbed, probably offers greater frictional 
resistance than the sandy clay. Some care was taken 
in this case to ensure a good backing, so as to reduce 
the lateral pressure as much as possible. Near the 
base the backing consists of virgin peat, gravel and fine 
sand, but above the peat a bed of soft mud was re- 
moved and chalk backing was cast out and carefully 
rammed in layers. This chalk has shrunk and cracked 
considerably, but it has a high angle of internal 
friction, and is no doubt a very suitable material for 
the purpose. To illustrate the stability of this wall, 
it may be mentioned that the ground in front of it 
has been dredged away, so as to give an additional 
10 ft. in depth, as shown in Fig. 8, for the accommoda- 
tion of the large vessels which now frequent the 
port. The new dredging was kept 50 ft. away from 
the face of the wall, and a toe of rubble stone was 
cast out at the foot of the wall to compensate for the 
loss of support by the removal of the material thus 
dredged. 

Another wall which has been successful is that sur- 
rounding the Ocean Dock (Fig. 9). This is 53 ft. high 
from cope to dredging line and is thus one of the 
highest quay walls yet built. Its foundation is 
carried down to 10 ft. in front, and 15 ft. at the back, 
below the dredging line, and the wall rests, for the 
most part, on sandy clay, and elsewhere on fine sand. 
Except for the top 30 ft., the wall is backed by the 
virgin ground, and above that it is backed with sand 
and clay from the dock excavation, rammed in layers. 
Calculations would suggest that this is the most stable 
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wall of all that have been described, and probably 
such is the case. 

A comparison of the profile of these walls and of their 
behaviour, emphasises several considerations in the 
design of quay walls, which, though perhaps not new, 
are liable to be overlooked. In the first place, where 
backing has to be inserted behind a wall, it is worth 
while to go to considerable expense to obtain for such 
backing the most suitable material available, and if 
possible one which will not be softened or altered by 
the water which penetrates into the backing. Rubble 
stone, chalk, gravel and clean sand are good backings ; 
soft and sandy clays should be avoided if possible. 
Sandy clay is especially treacherous as it soon loses 
internal friction when wetted. If used, it should 
be well rammed to reduce the penetration of water. 
Where possible, means should be provided for draining 


Fig. 5. EMPRESS DOCK AFTER SLIDING 





the backing above low tide level, so as to prevent the 
water behind the wall being locked in at a higher level 
than the tide outside, and thus imposing an additional 
lateral thrust on the wall. It must be admitted, how- 
ever, that it is not always easy to make such drainage 
efficient. The removal of backing from behind a wall 
is no doubt a relief if the void thus formed can be 
kept dry; but if not, as we have seen, it is probably 
a useless expedient. Again, the wall must be heavy 
so as to ensure a considerable resistance to movement 
in the shape of base friction, Quantity seems to be 
more important than quality, unless, of course, the wall 
is built up of comparatively thin parts like the rein- 
forced concrete walls which are now to be seen at 
various ports, and in which such thin parts are sub- 
jected to high stresses. A broad toe will add but 
little to the lateral resistance of a wall, although, of 
course, it is useful in cases where the supporting power 
of the ground under the toe is weak. 

Moreover, the foundations must be carried well 
down below the dredging level. This not only increases 
resistances due to base friction and to the earth in 
front of the toe, but, in the case of a clay foundation, 
it probably diminishes the risk of that clay being 
softened by water passing underneath the wall. At one 





time it was a fashion to drive piles into a clay bottom, 





but although this may increase the supporting power, 
it seems to add little or nothing to the lateral resistance. 
As regards anchor ties, it may be said that they are 
rarely economical in a gravity wall. It is generally 
impossible to insert them where they should be, viz., 
near the base of the wall, and if sufficient in quantity 
and strength to act as an efficient help, they will 
probably cost more than other ways of stabilising the 
wall. This remark does not, of course, apply to framed 
structures such as walls made with sheet piling where 
ties are, in most cases, essential. 

The events here described raise the interesting 
question whether the results could have been foreseen 
by calculation and the answer seems to be, no—not 
altogether. We still have to admit that there is much 
truth in Sir Benjamin Baker’s famous remark ‘ that 
something must be assumed in any case, and that it is 
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far more simple and direct to assume at once the thick- 
ness of the wall than to derive the latter from equations 
based on a number of uncertain assumptions.” It is 
true that we have covered some ground since those 
words were written. Mr. Crosthwaite’s experiments on 
horizontal pressure, which he described to the Institu- 
tion of Civil Engineers in 1919, show that Rankine’s 
formula for the intensity of the lateral pressure of an 


earth backing w He (: ae ¢) 


2 \i+sin¢ 
is probably quite correct for a coarse sand, provided 
that ¢ be taken as the angle of internal friction, and 
not as the angle of repose, its value in the case of well- 
compacted sand being about 50 deg. Fig. 10 shows 
the intensity of the lateral pressure of such sand at 
various depths on this basis. 

In the case of clay, matters are more complicated. 
Mr. Bell has given a modification of Rankine’s formula 
which sounds promising, but in order to apply it, one 
needs to know the angle of internal friction and the 
shearing resistance of the clay. These, it is claimed, 
may be determined by experiment for any sample cf 
clay, but a very slight alteration in the percentage of 


Fig.7. TEST QUAY, BERTHS 39 & 40 









moisture in the clay will produce a noticeable alteration 
in its frictional and shearing resistance, and a very 





great alteration in its lateral pressure. This can be seen 
by comparing the lines marked “ very soft clay” and 
“stiff clay’? in Fig. 10. Incidentally, the diagram 
shows that, for all but very moderate depths, all kinds 
of clay exercise more pressure than sand, and that soft 
clay may even exercise more pressure than water. 

The first trouble therefore that the engineer meets, 
when he wishes to calculate the forces at work on his 
wall, is that he cannot say with certainty in what 
condition his backing material exists, and therefore 
cannot tell with precision what pressure it is exerting. 
Similar difficulties arise when one attempts to calculate 
the forces which resist movement, such as the base 
friction and the lateral resistance of the earth in front 
of the toe. None the less, the attempt to make such 
calculations, in all probability, will never be abandoned, 
and there is no doubt that they are exceedingly usefub 


Fig.9. 
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for comparing designs of different walls where most of 
the circumstances are similar, and where consequently 
similar assumptions may be made in both cases—in 
other words, the calculations are of the greatest 
possible value in assisting us to interpret our experience. 
To increase their usefulness, however, further exper!- 
mental work is badly needed. For instance, we are now 
able to say, within limits, what lateral pressure will be 
induced by a dry sand backing, but we are quite 
ignorant as to what pressure or range of pressures 
will be induced by a flooded sand backing. In 
Fig. 10 the line marked “‘ sand” gives the intensity 
of lateral pressure of this material at varying depths 
below the surface. The line marked “* water” gives 
similar information for free water. If the two are 
mixed, that is if the sand is flooded, where will the 
pressure line come? Will it be between the two, 
or will the pressure be even greater than that of water ? 
It should not be beyond the wit of man to contrive 
experiments to solve this problem, and they would 
be most useful. If the British Association could be 
prevailed upon to undertake these experiments, they 
would make an invaluable addition to our store of 
useful knowledge, and to the many boons which the 
Association has already conferred upon the engineering 
profession. 
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AUTOMATIC DIE HEAD. 


THE automatic die head which forms the subject of 
our illustrations below, is manufactured by the 
Geometric Tool Co., of New Haven, Conn., U.S.A., 
for use on all types of screwing machines. It is being 
placed on the market hereby Messrs. Buck and Hickman, 
Limited, of 2, 4 and 6, Whitechapel-road, E.1. The die 
head is made in four sizes, with four sets of chasers 
for each size, the respective capacities being from 
Lin. to f in., from jin. to 1 in., from $ in. to 1} in., 
and from gin. to 1}in. The design is very compact, 
and results in lightness in weight, while retaining 
adequate strength. As will be clear from the illustra- 
tions, the die head can be used for screwing right up 
to a shoulder on the work. It will also be clear that all 
the working parts are totally enclosed. 

The head embodies two main portions, consisting of 
the outer body, and a central portion carrying the 

















Fig. 1. 

















Fie. 2. 


chasers, which slide in radial grooves. The central 
portion, which can be seen, in both figures, projecting 
beyond the body, slides through the latter, and is forced 
outwards by means of four springs. It can be held in 
any one of three positions by stops. The first, or 
normal open position, is shown in Fig. 1, and in this 
position the chasers are clear of the work. It will be 
observed from this figure that the outer faces of the 
chasers are tapered. Corresponding taper grooves 
are cut on the inside of the body, so that by pressing 
the sliding central portion inwards, against the pressure 
of the springs, the chasers are moved radially towards 
the centre. When in actual use on the machine, this 
operation would be performed by contact between the 
face of the sliding portion, and a yoke or other suitable 
projection on the machine. After the central portion 
has been pressed inwards for a certain distance, it 
pushes out a catch, and when this catch springs back 
into place, the chasers are the correct distance apart 
for cutting the thread, thus giving the second position. 
The head is opened again by releasing the catch, for which 
purpose a semi-circular trigger is provided, projecting 
beyond the body of the die head near to the back. 
When the trigger is depressed, either by the pressure 
of the fingers, as shown in Fig. 1, or by an adjustable 
trip on the machine to which the head is fitted, the 
Springs return the head to the open position illustrated 
in this figure. 

Fig. 2 shows the die head in the third position. By 
slacking back the set-screw, shown at the top of the 
body in this view, the central portion is pressed out a 
further distance by the springs, until the movement is 
arrested by another stop. In this position the central 
portion projects sufficiently from the body of the die 


head to enable the chasers to be withdrawn or inserted. 
The head can be supplied with either parallel or Morse 
taper shanks. 





SCANTLING DEVELOPMENT IN IRON 


AND STEEL MERCHANT SHIPS.* 
By J. Foster Kine, C.B.E., M.I.N.A., M.Inst.C.E. 


Tue influences which have acted for and against 
satisfactory development of the scantlings of modern 
merchant ships are many and often curious, but the 
key is to be found in the word “ scantlings ” being in 
use at the present day to denote not only the dimensions 
but the character of the parts of a steel ship, when its 
shipyard meaning (timber cut into small pieces) 
has no more to do with them than the mechanical 
properties of wood have to do with those of steel. 
It is usual to think and speak of iron ships as the 
offspring of wood ships, but in reality they form a 
structurally different and quite modern species of 
ship. 

The structural development of the first iron ships 
was unavoidably and strongly influenced by the fact 
that trained shipbuilders were all shipwrights. Ship- 
wrights sought for hull efficiency in craftsmanship, 
curved shapes and thickness of shell, especially on 
the bottom. The scantlings of the shell were the result 
of long experience in bolting together innumerable 
pieces of discontinuous, longitudinal and transverse 
material, but there was no thought of treating the 
structure as a beam or of applying any kind of stress 
investigation to any part of it. The greater part 
of that first generation had to be spent in giving 
ocular proof that iron could float and be as strong as 
wood ; in searching for innumerable means of sheathing 
iron to protect it from the corrosive effect of salt water, 
and finding that they were not needed ; in discovering 
means of adjusting compasses so as to make reliable 
guides to the navigation of iron ships; in trying to 
inoculate the great body of shipwrights with the 
ideas of engineers, smiths, professors of applied 
mechanics, and, in short, creating iron shipbuilders. 

Another strong influence upon development also 
became active in the early part of this generation 
through the establishment of Classification Societies. 
They were created by underwriters in order to get some 
idea of the insurable value of the wooden hulls on 
which they gambled, and the natural process of events 
forced them to publish particulars of the kind of 
scantlings which would receive their minimum rates 
of insurance. These particulars were simple, some- 
what crude, but apparently sufficient, not only when 
the average wood ship was only 100 tons burden, but 
during subsequent generations. I should, however, 
doubt their sufficiency beyond the limits of that fairly 
constant type of easy form, short length and large 
cross section, which is still in production. 

The introduction of steam and the adoption of iron 
hulls naturally forced the pace in terms of dimensions, 
but, even under that impetus, the average wood ship 
of 60 years ago was only 200 tons, the average iron 
ship only 500 tons burden, and 200 ft. was an immense 
length for any ship. By 1855, the limits of wood as 
a shipbuilding material had been reached in particular 
cases, and iron reinforcement had become a necessary 
addition to the larger wood ships then being built. 
The number of existing iron ships had also become 
great enough to give so much experience of what 
engineers and blacksmiths could do successfully, that 
Lloyds Register felt justified in preparing their first 
Rules for iron ships in order to meet the demand for 
a bigger average size of ship. 

In spite of the real smallness of ordinary ships and 
the consequent greatness of their daring, the Society 
published in the 1860 Transactions of the Institution of 
Naval Architects, scantling rules which covered hulls 
from 100 to over 3,000 tons gross register. I think these 
rules may fairly be described as a shipwright’s repro- 
duction in iron of the seantlings and construction of 
wood ships, and infer from the explanation given by 
Mr. Ritchie in submitting a revised edition to the 
Institution of Naval Architects in 1863, that they were 
based on something like the following considerations :— 
The strength of oak was taken as one-tenth that of iron, 
the weight of iron as ten times that of oak, and the 
value of a homogeneous riveted iron structure as 20 
per cent. greater than that of a non-homogeneous 
wooden hull. The value of the shell of a wooden hull 
seems to have been estimated at roughly twice the 
strength of the outer planking, and it was thus deduced 
that 16 per cent. of Lloyd’s tabulated thicknesses for 
wood planking would provide an equivalent thickness 
for an iron hull. As the value of iron to resist impact 
was regarded with suspicion and wood shells were not 
reduced at ends, the plating was required to be of the 
same thickness all fore and aft. Bearing in mind that 
the combination of inner and outer sheathing with the 
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ribs or framing was then regarded as the shell of the ship, 
it is probable that the inertia value of a frame timber 
(two of which were bolted together in order to make one 
transverse member) was used to obtain iron frames which 
would give an equivalent contribution to the strength 
of the shell. The iron frames were, at first, 16 in. apart, 
but, in 1860, they were planted on the shell at 18 in. 
intervals, apparently because 18 in. was the smallest 
“timber and space” then used. The same number 
and disposition of tiers of beams as were required for 
wood ships were inserted under government of depth 
of hold, a condition which was then, and for many years 
afterwards, immutable. Iron stringer plates were 
fitted to take the ends of the beams, instead of the heavy 
timber shelves and spriketting in wood ships, simple 
iron keelsons were fastened on top of iron floors and 
iron stringers inside the frames as equivalent to the 
keelsons, wales and bilge planks of wood-ship practice. 
This also introduced the means for repeating the ways 
of shipwrights who looked for longitudinal strength 
from material piled on the bottom, a fashion of thought 
which seemed as if it would never die in iron ships. 
The results had the merit of simplicity, but showed that 
the builders of ordinary iron ships had been no more 
impressed by their structural relationship to current 
knowledge of the mechanics of iron girders than by their 
connection with a finished article so far away from cur- 
rent practical politics as the Great Eastern. 

However, a standard for scantlings had been created, 
and we find in the 200-ton ordinary sea-going ship of 
1860 (see Fig. 1) 120 ft. x 23 ft. x 13 ft.. which is still 
a common object on the sea, that the shell plating was 
0-5 in. thick, supported by 3 in. angle frames spaced 
18 in. apart; the upper deck had a narrow stringer 
plate along the gunwale, while the general structure 
was quite simple. The longitudinal strength was 
ample, because, as is now realised, it is a sound mechani- 
cal proposition to build steel ships of greater length, 
with material arranged as in an open boat, a substantial 
gunwale and thwarts. 

The gigantic ocean passenger ship of 1860 was a 
flush-decker of over 3,000 tons (Fig. 2) having dimen- 
sions about 330 ft. x 44-5 ft. x 35-5 ft., and a working 
draught of about 20 ft. With the persistence which 
characterises ships, this type and size continues, and 
is likely to continue, in service, so that it provides 
another good point of comparison, corresponding, as it. 
does, with the ordinary ship of to-day. They had four 
tiers of beams, and the midship section was well rounded 
into a big rise of floor, so that their 6} in. frames, spaced 
18 in. apart and fitted with reverse angles in conjunc- 
tion with 24-in. floors, nicely swept into the bilge, 
obviated any question of transverse efficiency. Iron 
keelsons of simple form were fitted inside the line of 
floors and frames, but not connected to the shell; if 
intended for a 12-year class, the bottom bilge and 
sheerstrake were 1 in. and the side plating 0-88 in. 
thick, all fore and aft, but if content with a 6-year class 
4 in. was taken off these thicknesses. The upper-deck 
stringer plate was only 31 in. broad, the lower stringers 
did not extend to the shell, and there were no iron decks. 
These scantlings became the subject of vigorous attack 
by the leaders in the mechanics of shipbuilding like 
Scott Russell, Fairbairn and Grantham, on account of 
their excessive weight, the mechanical unsoundness of 
carrying the full weight of scantlings to the ends of 
the hull and the lack of longitudinal strength in the 
topsides. Scott Russell frequently put it that no ship 
of 300 ft. length, or over, should be built without an 
iron deck, a statement which was, and is, undoubtedly 
true for ships of moderate freeboard. 

Criticism had the effect of producing a fresh set of 
rules in 1863, which are published in the invaluable 
Transactions of the Institution of Naval Architects. 
The absurdity of applying time limits to the classi- 
fication of iron ships (however necessary they may be 
to the periodical reconstruction of wood ships) was 
practically recognised by a change insymbol. In the 
330 ft. type of 1863, (Fig. 2) 4 in. was taken off the 
thickness of the bottom, nothing off the sides, and 
Se was allowed off the end thickness of side shell 
above the light load-line, but there was no increase 
in the top-side area, and scantlings continued to be 
based on given tonnage. Tonnage may be a good 
enough basis for wood sailing ships of large transverse 
section, up to their normal maximum of about 170 ft. 
length, but it is obviously a hopeless standard for iron 
steamers in which the midship transverse section may 
vary so as to show differences of 100 ft. length in ships 
of about 3,000 tons. 

A ship 680 ft. long might seem to be utterly beyond 
conception in this first generation, yet the Great 
Eastern was an accomplished fact in 1860 and was 
an example of what mechanical science might have 
done for ordinary iron ships if ordinary builders 
could have been freed from the trammels of wood-ship 
experience. Although two generations before her 
time, naval architects must always respect the mech- 
anical genius which created an efficient sea-going girder 





680 ft. long in which the thickest plating was 0-75 in. 
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Naval architects, at that time, were. still discussing 
methods for protecting iron from corrosion, but the 
real question at issue, I think, was the quality of iron. 
The range between the best and the worst seems always 
to have been very great, and very little under control 
in ordinary merchant shipbuilding; between the days 
when Fairbairn said that 20s. to 30s. a ton made all 
the difference between good and bad and those. when 
Admiralty-tested iron cost twice as much as ordinary 
ship iron. As a consequence, steel was already 
being spoken about and, indeed, used in special cases ; 
in fact, so early as 1868, Lloyd’s accepted a steel ship 
under reduction of 25 per cent. from iron thicknesses 
(see Figs. 1, 2 and 3): At that period, however, the 
attitude of ordinary shipbuilders to available steel 
was expressed by Sir.E. J. Reed’s remark that “‘ the 
shipbuilder liked to feel that when he has done his 
day’s work and his people have gone home, when they 
come back in the morning they will find the ship in 
the state in which they left her. They will not like 
to find out next morning that a cold night has broken 
the stringer plate.” 

In 1870, Lloyd’s gave up tonnage as a basis for scant- 
lings and adopted a system of control by numerals, 


Fig.7. OCEAN CARGO SHIP. STEEL 1925. 
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had already made themselves felt.. By 1885, roughly 
one-third of the ships were being built of steel, and the 
sacredness of fixed numbers of tiers of beams had 
crumbled so far that web frames were being accepted 
as compensation for taking out the lowest tier of beams, 
but not on any intelligible, equivalent strength basis. 
Double bottoms were now commonplace, and had 
passed from being mere tanks into contributions to 
the strength of structures which were still regarded, 
more or less, as walls floating upon rafts. The after- 
math of wrong conceptions of framing was shown in 
the popularity of close-spaced continuous longitudinal 
girders in double bottoms, the inner skin of which had 
already given far greater longitudinal strength to the 
bottom ‘than could be given by any ordinary floor 
construction. See Fig. 3 (iron) and Fig. 4 (steel). 
Iron decks had now become standard in the bigger 
classes of ship, but it was preferred that they should 
be fitted on the second deck. The practical influence 
of time upon the 1860 scantlings for the. 120 ft. ship 
was shown, in 1885, by the shell having been reduced 
from 0-44 in. to 0-38 in. for iron (Fig. 1, 1860 and 
1885) and to 0-32 in. for steel ships (Fig. 1, 1885), 
and by an increase of frame spacing from 18 in. to 





was not realised in ordinary. practice ; :scantlings were 
fixed and freeboard was variable. Yet wien the Load- 
line Act of 1890 came into force, and it became necessary 
to have a standard of strength for freeboard purposes, 
Lloyd’s 1885 rules were adopted. There was appa- 
rently nothing else available, as the Liverpool Registry 
was taken into Lloyd’s in 1885, and, typically enough, 
this is the. legai standard of 1925.: 

About 1890, Messrs. Harland and Wolff built the 
Majestic and Teutonic, which were the abnormally 
big ships of their. year, the longest since the Great 
Eastern and the apotheosis of the flush-deck type which 
had been developing’ out :of ‘the. 330 ft. big ship since: 
1860. The initial line of development was through 
increasing length but. leaving breadth and depth fairly 
constant, thus creating outiof the seven beams and ten 
depths, which had been ‘extreme proportions, the ten 
beams and fourteen depths which were popular for big 
ships during so long a time. These two ships were 
565 ft. x 57-5 ft. x 42-6 ft. and their midship section 
bore a strong resemblance in form to that of the big 
330 ft. passenger ship of 1860. This permitted the 
construction of an admittedly strong ship, with or- 
dinary floors and small frames in association with fairly 
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which is stated to have remained unchanged in 
substance for many years, but which seems to have 
been rather less intelligent in its effects on scantlings 
than the tonnage system as exploited by their rivals, 
the Liverpool Underwriters’ Registry. In 1874, 
Mr. Johns read the famous paper which introduced 
comparative . longitudinal-stress figures derived from 
static calculations of the bending moments caused by 
poising ships on the hollow and crests of waves, res- 
pectively. This supplanted the earlier method of 
estimating the effect of poising them on pinnacles of 
tock, and has remained the standard comparative 
method. It had, however, no greater immediately- 
traceable influence upon the construction of ordinary 
ships than the older one, although its revelation of 
the comparative weakness of long ships did cause 
surprise at the time; yet there can be no doubt of its 
great, if unseen, influence upon subsequent develop- 
ment of longitudinal scantlings. In 1876, Mr. Riley 
wrote a paper on Siemens-Martin steel which marked 
the beginning of the era of steel shipbuilding and of 
the realisation of Scott Russell’s 1866 prophecy that 
steel would completely supplant iron. ; 

I am now at a period when it is possible to speak 
from personal experience, when, about the end of the 
70’s, iron sailing ships still outnumbered steam ships 
and were still the principal freight carriers of the world. 
My practical life began under Messrs. Russell and Co., 
who were then building iron barques of about 900 tons 
and about 190 ft. length, which were typical of the 
average overseas trader of the time. They were 
simple structures with shell plating, 0-56 in. thick, 
an upper-deck stringer plate 39 in. by 0-56 in., a 
second deck with a small stringer plate and simple 
keelsons run inside the frames and floors without any 
attachment to the shell plating, and frames 4} in. deep, 
spaced 24 in, apart, which, thanks to the fine form of 
the midship section and the curves throughout the 
ship, seem to have provided satisfactory support to 
the shell, The every-day cargo steamer of those days 
was very like the sailing ship just described, except 
that the length was about 50 ft. more. The huge 
Passenger steamer was a flush-decker which bore a 
general likeness to the 330-ft. big steamer of 1860, 
with ‘70 ft. added to the length and 4-5 ft. taken off 
the breadth. The shell was now 0-75 in. thick, while 
ee in past faith in bottom material was shown 
2, fitting enormous keelsons connected to the shell, 
8 evidence of failure to gain longitudinal strength 
fom material in the wrong place, was given by the 
addition of iron plating to all three decks. 

The advantages of steel for ordinary shipbuilding 
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21 in. The 330-ft. ship (Fig. 3) was still a big ship, 
and, commonly, very much like the 1860 ship except 
that web frames were usually substituted for the 
fourth tier of beams (as in Fig. 4), and the midship 
section was more square. Iron shell plating now ranged 
from 0-75 in. amidships to 0-69 in. at the ends, and 
steel from 0-6 in. to 0-55in.; the topsides were lighter 
but plating was now fitted on both second and third 
decks, so that, with the normal addition of a double 
bottom, the iron hull was probably heavier and both 
were certainly more complicated than their 1860 
prototype. 

About this period, abstract mathematical investiga- 
tions of strength problems were becoming rather com- 
mon, but unfortunately they fogged practical issues and 
deflected clever minds from developing the compara- 
tively elementary mechanical analyses of those who 
had led the previous generation and whose work had 
not yet had its due share in the assessment of ordinary 
scantlings. Freeboard began to become a dominating 
subject of discussion about the same time, and there 
were many acrimonious debates upon the best method 
of altering the old rule of 3 in. per foot depth of hold, 
into one sufficient for modern variations upon the 
original, simple, standard type for which it was suited. 
The importance of freeboard in relation to scantlings 
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heavy keelsons, a central longitudinal bulkhead, and 
0-85 in. shel! supported by 7 in. frames, 26'in. apart. 
Although the transverse section was small in relation 
to the ship’s length, the freeboard was great in pro- 
portion to the depth, so that the longitudinal strength 
was satisfactorily maintained by means of heavy 
deck plating, such as seemed natural to Sir Edward 
Harland, who was a leader in this practical application 
of sound mechanics to, shipbuilding. 

The third generation began under the influence of all 
these and many other things, but particularly of a new 
Classification Society which had approached the problem 
of issuing scantling regulations in total ignorance of 
wood shipbuilding, without much reverence for classi- 
fication experience as revealed in practical design, and 
with great faith in mechanical knowledge. They had 
devised longitudinal and transverse scantlings on defi- 
nite stress bases, and had taken account of known length 
and load as governing factors, after having tried and 
failed to obtain the sizes of parts from unknown loads. 
As the current practice of thickening shell plating at a 
certain length of ship with increasing cross section and 
thinning it down with a decreasing small cross section 
received no support from anything but practice, they 
had varied the thickness of shell plating in terms of 
length of ship alone. In short, their scantlings had’ 
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been based upon the mechanics of girders as taught 
and practised by Fairbairn and Scott Russell of the 
first generation, and supplemented bysubsequent experi- 
mental science, but they were applied to the parts as 
well as the whole hull girder. 

About this period, ali shipbuilding which professed 
and called itself scientific was full of the importance of 
combining longitudinal with transverse members, and 
consequently with the importance of attaching every 
longitudinal to the shell. This was usually unsound 
in principle, was certainly expensive, but proved hard 
to outgrow. It was now well-established practice to fit 
deeper frames in a hold which had been deprived of a 
tier of beams, and, in addition, to fit further compensa- 
tion in the form of heavy longitudinal ‘‘ H”’ girders 
connected to the shell (Fig. 4). The influence of minds 
that could see no contribution to transverse strength 
in such longitudinal material caused these girders to 
melt rather quickly down to single angles—in fact, all 
obviously illogical construction began to move more 
quickly out of practice. By about 1897, the 330 ft. 
steamer of about 20 ft. draught (Fig. 5) was a biggish 
ship, had three decks, 6 in. deep frames at 24 in. spacing, 
small intercostal side stringers, 0-55 in. shell, 0-45 in. 
topsides and a steel second deck, so that there were dis- 
tinct evidences of development in the ordinary steamer 
since 1885. 

It is impossible to deal in detail with the numerous 
departures from standard pattern which marked this 
and later periods of design, such as “‘ Turrets,” tank 
decks, topside tankers, &c., but they all helped to 
force the use of first principles in the consideration 
of the scantlings of these common types which are 
always with us. It has always been easier to get 
acceptance for such complete novelties than for depar- 
tures from precedent in ordinary designs, and I well 
remember the doubt which attended the advent of 
the ship that killed the ‘‘ three-deck ” myth. Adminis- 
trative minds had become attuned to the idea that one 
tier of beams might go and the ship still live in other 
shape, but that a recognised Classification Society 
should accept responsibility for a ‘“‘ three-deck”’ 
ship with only one tier of beams, struck a heavy 
blow at the foundation of ancient creeds. Neverthe- 
less, the Lincluden of 1896 became a monument to 
the death of the age-long traditions which surround the 
structural sanctity of tiers of beams, and to the 
establishment of efficiency as tne true measure of ship- 
girder design, as of every other. 

About this period, abstract mathematical treatment 
of structural problems became increasingly popular 
amongst Registry men, so much so that Sir E. J. 
Reed took occasion to emphasise the approximate 
character of such calculations as those of Professor 
Jenkins on shear stress, probably because the results 
were called quantitative values, and Sir John Biles 
pointed out that the true factor of safety can only be 
found by building weak ships. At the same time, 
practice was awakened from sleepy acceptance of 
rules, realised that age is no evidence of soundness, 
that departures from conventional construction are 
not defects condemnable and to be condemned, and 
that the days were past for such things as the breadth 
of practically all the latter-day suiling ships being 
restricted to 42 ft. 11 in., because three rows of 
stanchions became obligatory at 43 ft., or for basing 
beam scantlings on the breadth of the ship instead of 
the conditions of support. 

General methods of considering scantlings received 
another forward impetus in 1908, through Mr. Isher- 
wood’s requests for classification for his system of 
building ships on transverse members spaced from 
9 ft. to 12 ft. apart, and of giving intermediate support 
to the plating by means of small longitudinals spaced 
30 in. apart. It was so obviously difficult, if not 
impossible, to derive equivalents to standards osten- 
sibly evolved from experience alone, and the parts 
were so obviously capable of analysis under considera- 
tion of known load and span, that there was no help 
for it; the latter method had to be adopted by all 
on its adoption by one. Developments in scantling 
details subsequently became more rapid, and, at the 
same time, complicated calculations of supposititious 
conditions became more numerous ; many experiments 
were made to find the strength qualities of girders 
which had been in use for two generations, to show 
that Sir Edward Harland and others were right in 
treating bulkhead stiffeners as simple beams carrying 
the water pressure on one space, and to confirm the truth 
of much older experiments on which theories of the 
strength of beams are founded. All had their influences 


upon the development of scantlings, but, if biassed, I | considered as of structural importance to longitudinal 
am at least honest in thinking that the greatest | strength, but are not heavy; the others are light plat- 
practical influence was the development and general | form decks covered with steel for other reasons than 
acceptance of construction rules based on efficiency | girder strength. The side framing provides plain beam 
instead of dead conventions. In 1917, such Rules had | support to the plating at 36-in. intervals, the shell is 
developed to the point of the publishing of formule which | 0-78 in. to 0-54 in. at ends or practically the same thick- 
represent direct calculations for sizes of frames, beams, | ness as that of the Great Eastern. Not the least inter- 
&c., for any load and any desired type of design, | esting phase in modern scantlings is the reduction in 


standard of longitudinal strength for sea-going 
merchant ships of any size and any freeboard within 
the range of ordinary practice. 

The present stage of scantling development for 
ordinary merchant ships, as derived therefrom and 
applied to the persistent 120-ft. type (Fig. 1), would 
now, 1925, show 0-3-in. shell and 4-in. frames, without 
reverse frames, and spaced 21 in, apart, but it would 
be recognised now-a-days that this shell thickness 
has a big surplus over its theoretical minimum. All 
the same, practical development since this size and type 
was the general trader of 1860, is marked chiefly by 
the passage from 0-5-in. shell, with 18-in. frame 
spacing to 0-3-in. shell with 2l-in. spacing. In the 
matter of wear and tear, the balance should be in 
favour of iron, while tensile strength scarcely comes 
into the picture in a boat of this length, so that direct 
comparison in terms of thickness is enough. 

The 330 ft. passenger and cargo ship at about 20 ft. 
draught (Fig. 6) is now a little shallower and broader 
than her prototype of 1860, the fourth tier of beams has 
disappeared, and the frame is now a simple 8} in. bulb 
angle beam designed to give support to longitudinal 
material without deriving support from longitudinal 
material. The upper deck is required to be steel, 
while the other two are made of steel for reasons which 
have nothing to do with strength, and, as a matter of 
practice, not of rule, iron decks were not fitted in 1860. 
The shell is now 0-52 in. steel, supported at 26 in. 
intervals, as against the 1 in. iron of 1860 supported 
at 18 in. intervals, so that obvious mechanical develop- 
ment in the hull and its details is clearly expressed in 
modern scantlings. 

Since 1860, there has been a severance between the 
passenger-cargo and purely cargo type, of which the 
general effect can be fairly expressed in the popular 
modern 330-ft. cargo steamer (Fig. 7). The flush-deck 
type comes into and goes out of fashion, but never dies ; 
yet, in these days, the weight of practice declares in 
favour of what is called the three-island type of design, 
having forecastle, poop and midship bridge, of which 
the combined length covers about 55 per cent. of the 
whole. In an ordinary 330-ft. ship, the breadth is 
usually 48-5 ft., the depth 25 ft., and the draught 
about 20-5 ft., but this example is merely typical of 
what is done in any practicable larger size of ship. 
The only deck in the main hull is the upper deck ; the 
longitudinal strength of the main girder is derived 
wholly from longitudinal plating on deck, sides and 
bottom; an intercostal in the double bottom is for no 
longitudinal strength purpose but to check the wash of 
free orslack water. Theindividual parts of the support- 
ing framework of beams, frames and floors are designed 
as simple beams to carry known loads, and the conditions 
of deck support are completely subordinated to service 
requirements. I hope Brunel, if alive, would now 
think that steel ships are being designed as if wood ships 
had never been, and am inclined to believe he would if 
told that simplicity and complexity of design are res- 
pectively governed by actual service conditions, not by 
conventions, and that the parts as well as the whole 
are treated on their merits as mechanical problems. 
I think, too, that he would agree that there is evidence 
of development in the scantlings of steel ships. 

There is little to learn from the abnormally big ships 
of to-day because there is nothing in the past with which 
they can be compared, but, thanks to the courtesy of 
Messrs. Beardmore, I am permitted to publish particu- 
lars of the Conte Biancamano (Fig. 8), a normally big 
new steamer which makes reasonable comparison with 
the Great Eastern. This ship is an advanced expres- 
sion of modern passenger ship design, is 625 ft. x 76 ft. 
x 67 ft. to the strength deck amidships, and although 
the greatest breadth is less, the midship area is at least 
as great as in the Great Eastern, on account of its 
square section. Although barely 50 ft. longer than 
the Teutonic, the modern ship is 18-5 ft. broader and no 
less than 24-5 ft. deeper to the strength deck. The 
Conte Biancamano is a good deal deeper in proportion 
to length than even the Great Eastern, possibly as a 
consequence of the subconscious effect of views expressed 
in 1913 regarding the unwisdom of piling tiers of deck 
houses on top of each other in order to gain open-air 
promenade space at the expense of structural troubles 
and lost comfort, when the gain could be got and the 
expense avoided by carrying up the side shell. I am 
glad to be advised that, in this instance, the structural 
arrangements meet the owners’ and architects’ views 
of passenger requirements as to space, light and air, as 
well as the constructor’s desire to obtain a stronger 
hull with less weight. The three highest decks may be 


which results from modern recognition of the mechanical 
advantage of large girder section in relation to length 
and load. Having regard to the use made of indispen- 
sable passenger platforms and the essential simplicity 
of the structure, the Conte Biancamano does represent 
advance upon the Great Eastern and the Teutonic, 
but all are such high expressions of mechanical know- 
ledge that it is difficult to say that they predict more 
for the future than the certainty that mechanical truth is 
great and shall prevail. 








THE EFFECT OF TEMPERATURE ON 
METALS AND ALLOYS IN THE 
NOTCHED-BAR TEST.* 


By R. H. Greaves, D.Sc., F.1.C., and J. A. Jonzs, 
M.Sc., F.Inst.P. 


(Communication from the Research Department, 
Woolwich.) 

Tue notched-bar impact test is much more widely 
applied to iron and steel than to non-ferrous metals 
and alloys, and it is therefore not surprising to find 
that most of the work done on the effect of temperature 
on notched-bar tests has been carried out on iron and 
steel. There are, however, some important exceptions, 
including the work of Guillet and Cournott on several 
metals and alloys at low temperatures, and that of 
Bunting{ on-copper-zinc alloys at raised temperatures, 

In the course of work recently carried out on the 
effect of temperature on the results ‘of notched-bar 
impact tests, the behaviour of a variety of materials, 
both ferrous and non-ferrous, has been investigated. 
Experimental results of tests on non-ferrous materials 
are here described and discussed under the heading 
of the metal or alloy in question. 

Method of Testing and Materials Used.—The tests 
were made in a 30-kg. Charpy machine. The B.E.S.A. 
standard form of test-piece, having the dimensions 
10 mm. by 10 mm. by 60 mm. with a 45-deg. V-notch, 
root radius 0-25 mm. and 2 mm. deep, was used 
throughout. The specimens were placed in a bath or 
furnace at the required temperature, and were, unless 
otherwise stated, kept at that temperature for half 
an hour before breaking. They were then removed 
to the anvil of the machine and broken immediately. 
The required temperatures were attained as follows: 


—80 deg. to — 30 deg. C. ..... Ether and solid carbon 
dioxide. 

— 20 deg. to 0 deg. C. ... Ice and salt. 

Atmospheric to 100 deg. C...... Water. 


100 deg. to 250 deg. C. Oil bath. 

250 deg. to 650 deg. C. Salt bath of fused 
nitrates. 

650 deg. to 1,000 deg. C. Electric muffle furnace. 


The time occupied in breaking, measured from the 
moment of removal from the constant-temperature 
bath or furnace, was not more than 4 seconds; the 
change of temperature which occurred in this time 
below the notch at the centre of the specimen was found 
to be very small, and the necessary corrections have 
been applied. Individual results are not recorded in 
full, but diagrams are given from which the actual 
average impact figure at any temperature can be read. 
The figures from which the diagrams have been prepared 
are averages of at least two individual results. Import- 
ant points on the curves were confirmed by four or 
more results; intermediate points were usually fixed 
by two tests, if closely concordant. Any points 
representing averages of individual results showing 
considerable variation from the average are specially 
noted. 

In comparing the behaviour of materials in the 
notched-bar impact test with their other mechanical 
qualities, two characteristics of the test must be 
borne in mind: 

(a) The quantity directly measured is energy, the 
product of stress and strain. The use of the term 
‘impact strength,” as applied to the results of the 
notched-bar impact test, is misleading. For a given 
type of material the main factor affecting the energy 
absorbed, either in a tensile or a notched-bar impact 
test, is the deformation undergone. In general a 
test-piece which undergoes much deformation absorbs 
a considerable amount of energy, and one which is 
only slightly deformed absorbs relatively little energy, 
the effect of tensile strength being secondary. In- 
creasing softness is usually accompanied by an increase 
in impact figure if it is also accompanied by increase 1n 
elongation and reduction of area. In very soft metals 
or in metals at high temperature, the tendency of an 
increase in elongation and reduction of area to raise the 
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impact figure may be more than counterbalanced by 
weakness or by the rapid fall in tensile strength as the 
temperature is raised. 

(b) The rate of straining is very great. In all tests 
at high temperature and, to a less extent, in tests on most 
metals at atmospheric temperature, the rate of straining 
is of the greatest importance, and due allowance must 
be made for differences in the rate of straining in differ- 
ent tests. The necessary allowance is a vague and unde- 
termined quantity, but its effect is that the notched 
bar impact test at a given temperature must be com- 
pared with the tensile test, not at the same but at a lower 
temperature, provided that no phase change occurs 
in this temperature range on heating or cooling the 
metal under test. Correlation of notched-bar impact 
tests with impact hardness tests* should be more direct 
in respect to the time factor, but the mode of defor- 
mation in the two tests is very different. In the 
hardness test deformation is produced by compressive 
stress, whereas failure in the notched-bar test occurs 
under highly localised tensile stress. The notched-bar 
test may therefore be expected to be much more severe 
and to discriminate more clearly between different 
conditions of the material. 

Tests were made on lead of 99-95 per cent. purity 


Fig. |. IMPACT FIGURES OF COPPER, ALUMINIUM, 
& LEAD AT DIFFERENT TEMPERATURES 
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Fig.2. IMPACT FIGURES OF TIN AT 
¢ DIFFERENT TEMPERATURES 
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in the cast condition (Fig. 1). There was a steady fall 
in impact figure from — 80 deg. C. to 300 deg. C., then 
a more rapid fall to the melting point. 

Tests were made on aluminium of 99-78 per cent. 
purity, (Si, 0-16 per cent.; Fe, 0-06 per cent.) in the 
cast condition (Fig. 1). Very variable results were 
obtained at — 80 deg. C., but not at other temperatures. 
The range covered by a dozen tests at — 80 deg. is 
shown by a dotted line in the diagram. There was a 
steady fall in impact figure from — 48 deg. to about 
200 deg. C., from which temperature to 450 deg. C. the 
figure remained approximately constant, then falling 
again as the temperature was raised, first slowly and 
then rapidly to the melting point. It is probable that 
the maximum impact figure is not attained at — 80 deg. 
C., since Guillet and Cournot found a further rise, accom- 
panied by increased hardness, on cooling to the tem- 
perature of liquid air. 

Copper (best electrolytically refined) containing 
99-95 per cent. of the metal, was tested after hot- 
rolling and annealing at 650 deg. Cent. for 1 hour. The 
Brinell hardness number was 48, both before and after 
annealing. Variable results were obtained at all 
temperatures up to 350 deg. C., but the points shown 
in this part of the curve represent the average of 8 to 
12 tests at each temperature except — 48 deg. C. (2 tests). 
Copper shows an almost constant impact figure between 
120 deg. C. and — 80 deg. C. (Fig. 1). Guillet and 
Cournot, using the Mesnager test-piece, found no reduc- 
tion in impact figure at — 190 deg. C. As the tem- 
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perature of testing is raised above 120 deg. C. the impact 
figure is lowered, the most rapid fall occurring between 
120 deg. and 200 deg. C. 

Tin of 99-93 per cent. purity was tested in the cast 
condition (Fig. 2). The impact figure of tin falls 
uniformly and rapidly as the temperature falls below 
0 deg. C. It also falls as the temperature is raised, and 
above 190 deg. C. the fall is more rapid to the melting 
point. Tin shows allotropic changes at 16 deg. and 
at a temperature variously given as 161 deg., 170 deg., 
and 202-8 deg. C., and these coincide approximately 
with inflections in the impact figure-temperature curve. 
The tin was in the metastable condition below 16 deg. 
C., there was no evidence that the allotropic change 
to grey tin had begun to occur. 

The next material was high grade electrolytic zinc ; 
it was tested (1) in the cast condition, (2) after rolling 
and annealing at 250 deg. C. (Fig. 3). Zinc shows a 
very low impact figure at atmospheric temperature 
and below. At higher temperatures there is a great 
increase in the energy absorbed, which reaches a maxi- 
mum at about 150 deg. C. Above 150 deg. C. the cast 
material shows a fall, with some evidence of a discon- 
tinuity at 300 deg.—350 deg. C. The impact figure of 








the rolled and annealed zinc, after passing through a 
Fig. 3. IMPACT FIGURES OF CAST & OF ROLLED 
ZINC AT DIFFERENT TEMPERATURES 
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Fig. 4. IMPACT FIGURES OF MONEL METAL AT 
DIFFERENT TEMPERATURES 
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minimum at 200 deg. C., reaches a second maximum at 
250 deg. C., the temperature of annealing. The differ- 
ence in behaviour of rolled and cast zinc between 
150 deg. and 250 deg. C. is probably due to the smaller 
grain-size of the rolled metal. When heated’ above 
its annealing temperature the rolled zinc showed in- 
creased grain-size, and its impact figure fell rapidly, 
especially between 300 deg. and 350 deg. C., to a value 
below that of the cast metal. 

Miss K. E. Bingham has made an important contri- 
bution to the study of the allotropy of zinc, and has 
summarized the evidence in favour of the existence 
of three allotropic modifications, the inversion tempera- 
tures being 160 deg. C. to 200 deg. C., and 300 deg. 
C., to 340 deg. C. The temperatures deduced for the 
critical changes varied to some extent according to the 
property measured. The impact figure-temperature 
curves show evidence of inflections at 150 deg. and pos- 
sibly at 300 deg. C., 7.e., at about the same temperatures 
as do the curves connecting other mechanical and phy- 
sical tests with temperature. 

The high value of the impact figure of zinc between 
120 deg. C. and 160 deg. C. is of interest, as this range 
coincides with the range of temperature in which the 
hot-rolling of zinc can be carried out. 

Monel metal was the next material tested. Sample 
No. 1 contained: Cu, 25-8 per cent.; Ni, 69-2 per 
cent.; Fe, 4-3 per cent. Sample No. 2 contained: 
Cu, 28-6 per cent.; Ni, 66-2 per cent.; Fe, 2-3 per 
cent.; Si, 0-16 percent.; Mn, 1-85 percent. Notched 
bar tests were made on test-pieces taken in the longitu- 
dinal direction after rolling and annealing at 900 deg. C. 
(Fig. 4). The results on the two samples (Brinell 
hardness 121 and 130 respectively) were somewhat 
variable, though the variations were of little practical 
importance, as the figures were consistently high. 
Low temperatures down to — 80 deg. C. caused no 
lowering of the impact figure. At raised temperatures 


absorbed remained approximately constant up to 
about 400 deg. C., above which temperature the impact 
figure fell rather more rapidly than that of the first 
sample. Single results at higher temperatures indicated 
that the fall continued to 8-8 kgm. at 800 deg. C. 

The change of impact figure with temperature has 
been investigated for a number of bronzes of different 
compositions in the cast condition. None of these 
alloys gave a good impact figure at any temperature. 
The curve given in Fig. 6 refers to the pure tin-copper 
alloy containing 15-8 per cent. of tin, cooled in water 
from 620 deg. C. It shows a maximum at about 470 
deg. C., which coincides approximately with the tem- 
perature of the eutectoid change. 

Tests were made on a pure cold-rolled 70 : 30 brass 
(Brinell hardness number 176) in the longitudinal 
and transverse directions, and also on the same alloy 
after annealing at 650 deg. C. (Brinell hardness number 
62). The results are shown in Fig. 7. In the annealed 
alloy there was a gradual and continuous fall in impact 
figure from — 80 deg. to 500 deg. C. The energy 
absorbed passed through a minimum between 500 deg. 
and 650 deg. C., and then rose rapidly to a high maxi- 
mum figure at 800 deg. C., after which it fell off as 





the solidus was approached. 


Fig. 6. IMPACT FIGURES OF 85:15 BRONZE AT 
DIFFERENT TEMPERATURES 
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Fig.Z IMPACT FIGURES OF LEAD-FREE 70:30 
BRASS AT DIFFERENT TEMPERATURES 
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When the alloy was tested in the cold-worked con- 
dition, its impact figure fell slowly between — 80 deg. 
and 250 deg. C., at which temperature recrystallisation 
of the cold-worked alloy began to set in during the 
period of heating before the test was made. Asa result 
of the softening so produced the impact figure rose to a 
maximum at 350 deg. C. Above this temperature the 
curve was similar to that of the annealed alloy, but 
from 400 deg. C. to 650 deg. C. the values of the imrpact 
figure were slightly higher because of the finer grain- 
size. Above 650 deg. C. the impact figure was inde- 
pendent of the initial condition, and rose rapidly to a 
maximum at 800 deg. C., probably on account of 
instantaneous recrystallisation as deformation occurred. 
Test-pieces taken transversely to the direction of 
rolling showed minimum and maximum impact figures 
at the same temperatures as those taken longitudinally, 
but the impact figure was lower in the transverse 
direction at all temperatures up to 450 deg. C., after 
which it became independent of the direction of rolling. 

Another sample of 70: 30 brass containing less than 
0-01 per cent. of lead and cold-rolled to a Brinell 
hardness of 170, was tested in the transverse direction. 
It showed a curve identical in general character with 
that given by brass free from lead, but rising to a 
smaller maximum value at 800 deg.C. Three samples 
of 70:30 brass containing various amounts of lead 
were also tested in the annealed condition (Fig. 8). 
Even with 0-02 per cent. of lead the character of the 
curve was changed. The fall of impact figure, gradual 
at first, as in lead-free brass, became very rapid between 
300 deg. C. and 350 deg. C. (i.e., in the vicinity of the 
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the first sample showed a slight fall in impact figure 
above 250 deg. C.; in the second sample the energy 


melting point of lead) and at higher temperatures 
showed no sign of rising again. The impact figure 
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remained at a very low value right up to the melting 
point. 

Alloys with larger amounts of lead, the addition of 
which raised the impact figure at atmospheric and 
slightly elevated temperatures, behaved in a similar 
way. The character of the impact figure-temperature 
curve at high temperatures is thus completely changed 
by the presence of lead in amount between 0-01 per 
cent. and 0-02 per cent. This is a point of some interest 
in connection with the well-known fact that 70:30 
brass which is to be hot-rolled with safety must be free 
from lead. 

A high-grade 60:40 brass was tested after being 
rolled and annealed (Fig. 9); its Brinell hardness 
number was 93. The impact figure showed a gradual 
fall, slight at first and then more rapid, from — 80 
deg. C. to a minimum occurring in the range 400 deg. C. 
to 600 deg. C. It then rose to a maximum figure at 
715 deg. C., and afterwards fell rapidly as the melting 


Fig. 8. iMPACT FIGURES OF 70:30 BRASS 
(CONTAINING LEAD) AT DIFFERENT TEMPERATURES 
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Fig.9. IMPACT FIGURES OF 60: 40 BRASS AT 
DIFFERENT TEMPERATURES 
































( = 
ACI 
ICONS 





200° 0° 200° 400° 600° 800" 1000" 
9200.4.) Temperature Deg.Cent, = exaisernin 


point was approached. The figures throughout the 
range 400 deg. C. to 600 deg. C. were too low to deter- 
mine whether there was a discontinuity at 470 deg. C., 
but the maximum at 715 deg. C. coincides approximately 
with the temperature at which the alloy becomes all f. 

An aluminium-copper alloy containing 10-1 per cent. 
of aluminium was tested in the cast condition, and after 
reheating followed by cooling in water as an ingot and 
as separate test-pieces, or by cooling slowly in the 
furnace. The results are given in Figs. 10 and 11. 
In the cast condition there was little change in impact 
figure up to 200 deg. C.; then a fall to a minimum at 
500 deg. C., followed by a very rapid increase at about 
550 deg. C. The alloy which had been reheated and 
quickly cooled behaved similarly, but showed a less 
pronounced minimum at 375 deg. C.; the specimens 
which had been separately water-quenched also showed 
a minimum at 375 deg. C., followed by a sharp rise to a 
maximum at 450 deg. C. and a subsequent fall to 
500 deg. C. The reason for this maximum was clearly 
shown by the microstructure. The specimens broken 
at 375 deg. C. consisted of fine needles of a in a ground 
mass of 8. They broke with a coarse crystalline 
fracture. In the specimens heated to 450 deg. C. 
much more a had separated, so that the proportion of 
a to 8 was as in the cast material, but the effective 
grain-size was much smaller. The fracture was finely 
granular. 

The impact figure of the slowly cooled alloy rose con- 
tinuously, with some slight irregularities. The initial 
condition made no appreciable difference to the results 
above 550 deg. C. All the material showed a very 
marked rise to a range of maximum values at 600 
deg. C. to 800 deg. C., followed by a fall tothe melting 
point. The individual impact figures obtained between 
600 deg. C. and 800 deg. C. showed considerable varia- 
tions, included within the shaded areas in the diagrams, 
but were all very high in comparison with the impact 
figure at atmospheric temperature. The sudden rise 








in the impact figure is probably due to rapid recrystalli- 
sation as deformation proceeds, but it coincides with 
the eutectoid change at 560 deg. C., and the subsequent 
fall occurs when the alloy has become almost wholly 8. 

The last material tested was Duralumin; this con- 
tained: Cu, 4-17 per cent.; Mn, 0-59 per cent. ; 
Mg, 0-70 per cent.; Fe, 0-28 per cent.; Si, 0-40 per 
cent.; Al, 93-8 percent. Therolled alloy was quenched 
from 500 deg. C. after being heated at that temperature 
for 1 hour, and was tested after long ageing (Fig. 12). 
A few specimens were tested at 100 deg. C. and 150 
deg. C. immediately after quenching, being heated to 
the required temperature for 10 minutes before testing. 
The quenched alloy was also tested in the usual way at 
atmospheric and lower temperatures. The impact 
figure of the quenched alloy showed a steady fall from 
— 80 deg. C. to 150 deg. C., while that of the aged 
alloy showed a slight rise to that temperature. Above 
150 deg. C. the effect of initial condition was not 


Fig.10. iMPACT FIGURES OF 90:10 ALUMINIUM - 
BRONZE AT DIFFERENT TEMPERATURES 
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Fig.11. iMPACT FIGURES OF 90:10 ALUMINIUM- 
BRONZE AT DIFFERENT TEMPERATURES 
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Fig.12. IMPACT FIGURES OF DURALUMIN 
AT DIFFERENT TEMPERATURES 
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observable ; both materials showed a rapid fall from 
150 deg. C. to a minimum at 250 deg. C., then rising to 
a@ maximum at 400 deg. C., and thereafter falling as the 
temperature was raised. The temperature of the 
maximum is approximately that at which the solid 
solution is saturated. It also coincides with the 
temperature at which alloys of this type are most 
frequently rolled. 

The change of impact figure of a number of alu- 
minium alloys with temperature has been investigated 
by Batson. Alloys of the Duralumin type showed 
similar impact figures at atmospheric temperature and 
at 150 deg., and then a marked fall in impact figure 
between 150 deg. and 240 deg. C. 

The conclusions to be drawn from the results of 
notched-bar impact tests on non-ferrous metals and 
alloys at various temperatures are, for the present, 
concerned mainly with the significance and utility 
of the notched-bar impact test rather than with deduc- 
tions of the properties of the materials from the results. 
Frequently a change in phase is accompanied by a 
change in temperature coefficient resulting in an inflec- 
tion or, in some cases, a maximum or minimum in the 








impact figure-temperature curve. A phase change is 
not always so indicated, and the inflection is usually 
not sufficiently sharp to be of use in fixing the tem- 
perature of the phase change other than approximately. 
Moreover, an inflection does not necessarily imply a 
phase change. ; 

In alloys which retain considerable strength at high 
temperatures there is a marked rise in impact figure 
at a temperature at which recrystallisation occurs 
instantaneously as deformation proceeds. On account 
of the much greater speed of deformation this tempera- 
ture is much higher than the corresponding self- 
annealing or “‘recuperative’’ temperature in static 
tests. The results suggest that a high notched-bar 
impact figure is an indication of good rolling properties. 
Maxima in the impact figure-temperature curves were 
found at the hot-rolling temperatures of zinc, lead- 
free 70: 30 brass, 60 : 40 brass, aluminium-bronze, and 
Duralumin. If there is the connection indicated 
between impact figure and behaviour on rolling, it 
follows that for the alloys named there is also an 
intermediate range of temperature, withinj which their 
behaviour on rolling should be worse than’ it is either 
at higher or lower temperatures. 





THE ORIGIN OF BOGHEAD COAL. 


Atmost every coal expert has his own classification ot 
coals and bituminous shales. In a report on “The Origin 
of the Boghead Coals ” (United States Geological Survey, 
Professional Paper 132—I), Mr. Reinhardt Thiessen 
suggests that no definite line can be drawn between coal, 
essentially the residue of the hydro-cellulosic compo- 
nents of plants associated with their resins, fats, oils, 
etc., and bituminous shales and rock, formed by the 
consolidation of clay, mud or silt and sand containing 
organic matter. The organic matter may predominantly 
be humic (degraded hydrocarbons), ceric or waxy, 
resinous, or algal (from oleogaceous algae) ; sometimes 
plant spores predominate. Boghead coals vary much in 
their properties, but are generally brownish- black, close- 
grained, very tough and elastic, and arranged in layers, 
mostly of conchoidal fracture and devoid of definite 
planes of cleavage. They occur in Scotland, Australia, 
Siberia and Turkestan, Pennsylvania, Alaska and else- 
where. The name boghead coal is derived from the 
Boghead estate in Linlithgow; the other name Tor- 
banite is taken from Torbane Hill, close to the same 
estate. 

Other names in use are Kerosene shale, bituminite 
and algal coal. Cannel coal (candle coal) belongs to 
the group. Characteristics of these shales are more or 
less oval enclosures of a yellowish material rich in oil. 
There is an extensive literature on the subject and the 
question as to whether torbanite is a coal or a shale 
has occupied the attention of law experts. Among the 
terms to which these controversies gave rise is 
“‘sapropel,’’ sometimes defined as the organic mass 
resulting from the decay of certain algae in Lake 
Balkash and elsewhere. 

Investigating the problem of the origin of boghead 
coal in the paper mentioned, which is illustrated by 
many excellent photographic plates, the conclusion 
is arrived at that the yellow bodies represent colo- 
nies of alga-like organisms, similar to the bluish-green 
reinschia and pila (now living in the salt lakes and 
lagoons of South Australia. There, on the Coorong 
river, ‘‘ coorongite ’’ was discovered in 1865 and des- 
cribed as Australian caoutchouc, mineral gamboge, or 
elastic bitumen. The organisms have not yet been ex- 
haustivelystudied. Thiessen proposes the groupname of 
elaeophyton (oil plant). The solid globular colonies of 
these organisms are just visible to the naked eye. Each 
colony consists of an outer zone of living cells, several 
cells deep, enclosing a core of irregular inner cells in 
which protoplasma has not been identified. These colo- 
nies appear on the lagoons towards the end of winter ; 
they are blown to the shore and there consolidate to 
coorongite, which is rich in oil, burns with a bright flame 
and melts before burning. Distilled, it gives 70 percent. 
ofoil. Coorongite is the peat stage of boghead coal, and 
is found on the surface or in the ground. The yellow 
bodies form thick-walled sacks as in the colonies, and 
represent the once-living protoplasma of the cell. 
The cel! walls are not liable to rapid decay, but the 
organic matter, in which they are embedded, may be of 
similar origin to the colonies themselves. Local con- 
ditions later change the cells. In cannel coal the 
small yellow specks make up only a small portion of 
the coal. e 

These investigations seem to settle the question of 
the origin at any rate, of the yellow bodies. Their 
oil is biological and formed in the plant, and not the 
result of some subsequent chemical decomposition- 
The further question of the share which oil plants 
have in the petroleum supplies, e.g., near the Persian 
field, where lagoon conditions prevail, is not examined 
in the report. 
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COLLOIDAL SEPARATIONS IN 
ALLOYS.* 


By Proressor J. H. AnDREw, D.So., anD 
Rospert Hay, B.Sc., A.I.C. 

Durtine the year 1924 the authors published an ac- 
countt of the resolution of the £ constituent of a brass 
into its component phases a and +, thus supporting the 
contention of Carpenter,t who has always held the view 
that the 475 deg. C. change is of an eutectoid nature. 
The method of bringing about this change was unusual, 
and consisted in subjecting a thin rod of the alloy 
to an alternating current supplied from an induction 
coil. The reasoning that led to this method being tried, 
was as follows: All authorities agree that a change 
does occur in the g alloy at about 475 deg. C.; Car- 
penter regards the change as being eutectoid separa- 
tion, and Hudson as being in the nature of an allotropic 
transformation in the 8. If allotropy is responsible, 
it would be expected that the temperature of the change 
would vary slightly with composition within the narrow 
range of the existence of the 8, also a truly reversible 
transformation would be recorded in a dilatometric 
determination. That the dilatation change is a very 
gradual one has been shown previously by the authors.} 





Igarashi* has shown that the expansion resulting 
from ageing is sudden, and is followed by a marked 
contraction. That this was the case with the material 
experimented with is shown in Fig. 2, which gives a 
relative value, for the change in density with time, of a 
sample of the quenched material. The method of 
obtaining the results depicted in this curve was as 
follows: Two specimens of Duralumin of nearly equal 
volume, one of which was quenched at 500 deg. C. in 
cold water, and the other in the annealed state, were 
suspended from the arms of a chemical balance by means 
of a thin platinum wire, so that both specimens were 
completely submerged in equal volumes of paraffin 
oil. The weights of the balance were adjusted so as 
to bring the pointer to zero. Any variation in density 
of the quenched specimen would be recorded by a 
disturbance in the balance, and this could easily be 
determined by movement of the ryder, so as to bring 
back the balance to its equilibrium position again. 
This simple method, whilst purely relative, got over 
the difficulty of the variation in temperature of the room 
since both beakers holding the oil were almost side by 
side and therefore at the same temperature. A bla 
experiment, using two pieces of annealed Duralumin 
and run over a period of two days, proved this point. 





Fie. 1, Magnirication 200 DraMeTeErs. 


The only alternative suggestion, therefore, seemed to 
be that whilst the transformation was of the nature of 
an eutectoid formation, on cooling, the products of 
decomposition separated from solution in a colloidal 
form, and tended to remain in this form under ordinary 
conditions of treatment. 

A colloid is always regarded as an electrically charged 
particle, whether it be in the form of an atomic, 
molecular, or an associated molecular, form. Upon 
the liberation of such a charge the substance will tend 
to crystallise. Assuming then, that the + constituent 
existed as an atomic or molecular dispersoid, if some 
means could be devised to discharge the particles 
electrically then it should eventually assume a suffi- 
ciently massive state to be observable under the 
microscope. After soaking a sample of the £§ alloy 
at 450 deg. C. for some time under the influence of an 
alternating current, by connecting the two ends of the 
rod with the secondaries of an induction coil, a hard 
greyish constituent made its appearance, and increased 
in amount as to be capable of being photographed 
after prolonged treatment. The structure obtained 
is depicted in Fig. 1. It is seen that the form of the y 
constituent is that of globules, which give the impres- 
sion that it has been formed from distinct nuclei within 
the mass rather than by deposition upon an existing 
crystalline particle around the boundaries of the grains. 

In view of these experiments the authors were led to 
consider the question of the ageing of Duralumin, and 
the possibility of the ageing phenomena being due to a 
colloidal separation arose in their minds. Whilst 
accepting completely the views of Hanson and Gayler 
that the ageing is due to the deposition of the inter- 
metallic compounds in solution at the higher tempera- 
tures, the question which interested them was, could 
the ageing be in any way hastened by submitting the 
specimen to an electrical treatment such as given to 
the 8 brass? If such treatment hastened the reaction, 
then it was a feasible assumption to make that the 
change was of a colloidal nature. 





* Paper read before the Institute of Metals, Glasgow, 
on September 2, 1925. 

t Jour. Roy. Tech. Coll. (Glasgow), 1924, vol. 1, 48-58. 

¢ Jour. Inst. Metals, 1911, vol. 5, 127. 
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The curve clearly shows a rapid and appreciable 
expansion following upon the quenching treatment, 
followed by a gradual decrease in the specific volume. 
This curve in itself suggests that the deposition is of a 
colloidal nature, and that, as time goes on, crystallisation 
gradually takes place. The crystalline form, it would 
be expected, would have a less volume than the disperse 
form. 

A second experiment was made with a thin strip of 
material rolled from the bar. After annealing, a small 
piece of this was clamped between knife-edges, and the 
electrical resistance determined. On account of the 
form of the strip, it was not possible to make accurate 
measurements of its dimensions, but as it was held by 
the knife-edges throughout all treatments and all 
experiments, the same dimensions persisted throughout, 
so that whilst these determinations were purely relative 
they were accurate. The resistance was measured by 
observing the potential drop produced with a constant 
current of 1-5 amperes. 

The resistance immediately after quenching was 
measured, then the strip was immersed in boiling water 
for periods of 5 minutes and theresistancere-determined. 
The change in values followed exactly the same type of 
curve as the relative density m te—that is to 
say, at first there was an increase in this value, which 








*: Sci. Rep. Tohoku Imp, Univ., 1924 [1], vol. 12, 333- 
345, 





was followed by a decrease, a constant value being 
finally obtained. The effect of connecting up the strip 
with the induction coil was to accelerate the change 
slightly, the maximum value being reached in about 
half the time. 

Although it seemed extremely unlikely that alter- 
nating current could increase fhe rate of ageing at 
ordinary temperatures, experiments were carried out 
with two bars, both of which were quenched at 500 
deg. C. in cold water. One of these was submitted to 
alternating current, and the other merely left; this 
experiment was carried out at atmospheric tempera- 
tures. Repeated hardness determinations at intervals 
of one hour appeared to show that the bar submitted 
to the influence of the current increased in hardness 
more rapidly than the other,one. These results were, 
however, not conclusive, 

Dilatation curves of the quenched and annealed 
samples were taken, and these showed that whereas a 
quenched specimen on heating gave rise to gradua 
change in the form of the curve in the neighbourhood of 
250 deg. C., the annealed sample showed no change in 
direction at all. On ageing of the quenched sample at 
atmospheric temperature the break in the curve found 
with the quenched sample was considerably less. The 
interesting feature with respect to these curves is that 
the transformation was gradual and took place over a 
considerable range of temperature, thus indicating that 
the phenomena of ageing cannot be regarded as being 
due to the deposition of a true crystalline substance, but 
rather to the gradual deposition of a substance in a 
very fine state of division. 

It must be taken into account that, in the commercial 
material used, the amount of the active compounds is 
small, so that the effect produced by electrical means 
would at the most be exceedingly slight. The fact that 
definite differences were observed, according as to 
whether treatment was carried out with or without the 
employment of alternating current, does point to some 
colloidal agent being responsible for the ageing pheno- 
mena in aluminium alloys. 








THERMAL CONDUCTIVITIES OF IN- 
DUSTRIAL NON-FERROUS ALLOYS.* 
By J. W. Donatpson, B.So., A.1.C. 


Many investigations have been carried out on the 
thermal conductivity of pure metals, but very few data 
are available regarding industrial alloys, excepting 
those of aluminium and some of the bearing metals. 
The conductivities of certain pure binary alloys have 
also been examined, but information regarding alloys 
common to present-day engineering practice is scanty. 
In the construction of internal combustion and other 
types of engines, the question of transference of heat 
and dissipation of heat frequently arises, so that the 
thermal conductivity of the alloys which may be used 
in the construction of such parts is of importance. The 
following experiments were carried out to gain some 
information regarding the conductivity of those alloys 
and to determine the effect of temperature on the 
conductivity. 

The materials examined were the following: 
Two brasses—a 70:30 brass, and a complex or 
high-tensile brass commonly known as “‘ manganese 
bronze’’?; two bronzes—the zinc-bronze known as 
‘** Admiralty gun-metal,” and another which is more 
generally used in engineering practice, containing 
higher percentages of zinc and lead; two bearing 
metals—one a copper-tin-phosphorus alloy referred 
to as “‘ phosphor-bronze,”’ and the other a tin-antimony- 
copper alloy referred to as “ white ing metal.’ 
The nickel-copper alloy, known industrially as Monel 
metal, was also examined. All these alloys were 
examined in their cast condition, the bar tested being 
machined from a dry sand test-bar cast 18 in. long by 
1 in, in diameter. 

The apparatus used in determining the conduc- 
tivities is shown in Fig. 1. One end of the test-bar A, 
15-5 in. long by 0-75 in. in diameter, is screwed into 
an electric heater B, and to the other end of the bar is 
attached a continuous-flow calorimeter C. The flow 
of heat through the bar is measured by three thermo- 
couples D, E, and F, situated 4 in. apart, the middle 
thermo-couple E being midway between the heater and 
the calorimeter. To compensate for lateral loss of 
heat the bar is surrounded by a guard ring G, heated 
by means of the heater B, and cooled at the top by a 
continuous-flow calorimeter H. The whole apparatus 
is enclosed in a metal case M, and insulated from the 
case with insulating material. The test-bar is also 
insulated from the guard ring with a thermal insulator. 

The temperature range over which the determina- 
tions were made was from 50 deg. C. to 500 deg. C. 
For the lowertemperatures copper-Constantan thermo- 





* Paper read before the Institute of Metals, Glasgow, 
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couples were used, and for the higher temperatures 
platinum—platinum-rhodium thermo-couples. Tem- 
perature measurements were made on a millivoltmeter, 
and all the thermo-couples were calibrated at frequent 
intervals. The rate of flow of water to the calorimeters 
was maintained constant by a constant level tank and 
glass nozzles, and the ghermometers T,, T,, T;, used in 
the calorimeters were standard thermometers reading 
to 0-1 deg. C. 

When the various sources of errors that may occur 
in using an apparatus of this type, such as transfer 
of heat between the bar and the guard ring, direct 
conduction by the insulating material, design and con- 
struction of the guard ring, calorimeters, and thermo- 
meter pockets, are taken into account and considered, 
and provided that the thermo-couples and thermo- 
meters are accurately calibrated, and the test-bar 
made to accurate dimensions, results obtained cannot 


Fig.1. APPARATUS FOR DETERMINING 


THERMAL CONDUCTIVITIES. Fig. 2. 
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vary by more than 2 per cent. The apparatus wa§ 
calibrated by means of a commercially pure aluminium 
bar over different temperature ranges and checked 
by means of this bar at intervals. 

In determining the thermal conductivity of each 
alloy the electric heater was brought approximately 
to eight different temperatures by means of a variable 
resistance placed in series with it. By this means a 
series of varying temperature ranges was obtained for 
each alloy. 

The thermal conductivity K—that is, the quantity 
of heat in calories transmitted per second through a 
plate 1 om. thick per square cm. of its surface, where 
the difference of temperature between the two faces of 
the plate is 1 deg. C.—was calculated by the formula : 

e W (4 — yl 
(Ti — Te) 
Where W = weight of water in grms. flowing through 
_ calorimeter @ per second ; 
4; = temperature of outlet water from C in 
eg. C. ; 
te = temperature of inlet water to C indeg. C. ; 
1 = distance between the two thermo-couples 
in cm. ; 
T, = temperature of the hotter thermo-couple 
in deg. C. ; 
Te = temperature of the colder thermo-couple 
in deg. C. ; 
@ = cross-sectional area of the bar in sq. cm. 

For each temperature of the heater a period of six 
hours was allowed to obtain a heat balance and to 
establish thermal equilibrium. Readings were taken 
over a period of 10 minutes, the average value of 





of water flowing through the calorimeter. Three sets 
of readings were taken, and the average figures obtained 
were used in calculating the thermal conductivity for 
the two different temperature ranges measured. 

The results obtained for the various alloys in the form 
of curves showing the variation of conductivity with 
mean temperature are shown in Fig. 2. 

The 70:30 brass has a thermal conductivity of 
0-242 at 90 deg. C., the conductivity increasing with 
the temperature to 0-280 at 429 deg. C.. The change 
in the conductivity is probably due to the presence of 
impurities, particularly 0-35 per cent. of tin. A lower 
conductivity is obtained with the complex brass or 
‘* manganese-bronze,” ranging from 0-171 at 81 deg. C. 
to 0-214 at 425 deg. C. This is no doubt due to the 
lower percentage of copper and the higher percentage 
of zinc, together with the presence of over 5-0 per cent. 
of other metals which this alloy contains when com- 
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pared with the 70:30 alloy. The values determined 
are probably lower than would be obtained from a pure 
60 : 40 brass, as data available for other alloys contain- 
ing manganese indicate that manganese, even in small 
quantity, has a detrimental effect on the thermal 
conductivity of alloys containing it. 

The determinations made on the two bronzes give 
not only the relative thermal conductivities of those 
two alloys, but also indicate the general effect of alloy- 
ing copper with varying proportions of tin and zinc. 
The values obtained are, in the case of the 88: 10:2 
alloy or ‘‘ Admiralty gun-metal,”’ 0-137 at 84 deg. C., 
rising to 0-172 at 418 deg. C., and with the ordinary 
gun-metal containing a lower tin and a higher zinc 
content 0-171 at 88 deg. C., increasing with tempera- 
ture to 0-193 at 418 deg. C. For a pure bronze, 90 
per cent. copper, 10 per cent. tin, Griffiths gives the 


as 0-131. Williams and Bihlman determined the 
thermal conductivity for an alloy containing copper 
86-60 per cent., tin 10-55 per cent., zinc 2-81 per cent., 
lead 0-04 per cent., as 0-142 at a mean temperature of 
247-5 deg. C., and for an alloy containing copper 
84-93 per cent., tin 5-14 per cent., zinc 4-92 per cent., 
lead 0-04 per cent., as 0-23 at 232-5 deg. C. Con- 
sideration of these results indicates that alloying copper 
with tin gives an alloy having a relatively low thermal 
conductivity. Adding a small percentage of zinc 
produces an increase in the conductivity power of the 
alloy, and this increase ie more marked as the tin 
content diminishes and the zinc content increases. 
The data available, however, only give an indication of 
what appears to take place, more systematic investiga- 
tion being necessary before forming a definite opinion. 





t, — te and T; — T, being obtained, and also the rate 





Of the two bearing metals experimented with, the 


conductivity at 15 deg. C. as 0-099, and at 200 deg. C. 


tin-antimony-copper alloy or white bearing metal has 
a very low conductivity, the four values determined 
being under 0-100. Determinations were limited to a 
mean temperature of 167 deg. C. owing to the low 
melting point of the alloy. The copper-tin-phosphorus 
bearing alloy or phosphor-bronze has a thermal con- 
ductivity ranging from 0-129 at 95 deg. ©. to 0-174 
at 431 deg. C. These values are somewhat similar to 
those obtained for the 88 : 10 : 2 bronze, the two alloys 
containing practically the same proportions of copper 
and tin. 

The nickel-copper alloy, Monel metal, has a very low 
thermal conductivity 0-067 at 88 deg. C., and the 
increase with temperature is slight, the conductivity 
at 415 deg. C. being 0-084. These values are in general 
agreement with the published data regarding alloys 
containing large percentages of nickel, Constantan, 
60 per cent. copper, 40 per cent. nickel, having a con- 
ductivity of 0-054 at 18 deg. C., and Platinoid, 62 per 
cent. copper, 15 per eent. nickel, 22 per cent. zinc, a 
conductivity of 0-059 ct the same temperature. 





CATALOGUES. 


Electric Motors.—A list of motors, dynamos, trans- 
formers, &c., in stock for immediate delivery has been 
issued by the A.C.E.C. Company, 56, Victoria-street, 
London, 8.W. 1. ‘ 


Power Hammers.—Mr. O. N. Beck, 11, Queen Victoria- 
street, London, E.C. 4, has sent us a catalogue of the 
Kort forging hammer, made in five sizes with tups of 
66 lb. to 660 Ib. in weight. 


Electrical Fuses.—The Castle Fuse and Engineering 
Company, Limited, 72, Haigh-street, Liverpool, have 
issued a new illustrated catalogue of fuses and fuse 
boxes, with full particulars and prices. 


Steel Hardening.—A circular with graphs explaining the 
interdependence of time and temperature in_steel- 
hardening, has been issued by Automatic and Electric 
Furnaces, Limited, 175, Farringdon-road, London, E.C. 1. 


Evaporator.—We have received from the Griscom 
Russell Company, 90, West-street, New York, a catalogue 
describing an evaporator having a capacity of ‘30 gallons 
of distilled water per hour, utilising steam at 60 Ib 
per square inch. 

Shears.—Mr. Henry Pels, 40, Great Marlborough- 
street, London, W. 1, has sent us a new catalogue of 
shearing machines, covering a wide range of types adapted 
for various cutting operations and including some of 
exceptionally high power. 

Cc t Cultivation.—A small handbook giving infor- 
mation on the cultivation and uses of the coconut and 
the production of copra and oil has been issued by the 
Mirrlees Watson Company, Limited, Scotland-street, 
Glasgow. Thé splitting machine and drying apparatus 
made by the firm are illustrated. 


Picks.—We have received from The Hardy Patent 
Pick Company, Limited, Sheffield, a catalogue illustrating 
nine varieties of their picks for mining, quarrying, rail- 
way, and general work. The illustrations show the clean 
formation of the heads and the simple and secure method 
of fixing, which allows them to be readily changed and 
removed for re-pointing. 


Otl-Well Boring.—Of three further catalogues to hand 
from the Oil-Well Engineering Company, Limited, 
Cheadle Heath, Stockport, one is devoted to general 
instructions and a list of repair parts for their oil-well 
drilling plant. The second relates to core-drilling 
methods and equipment, and the third deals with the 
Herring-Matheson oil burner for furnaces. 


Speed-Reduction Gears.—A catalogue of encased tooth- 
gear units, made to standard ratios, and covering all 
ratios from 4: 1 to 400: 1, is to hand from Messrs. Baker 
Perkins, Limited, Hythe-road, Willesden, London, 
N.W. 10. These gears are of the epicyclic type, with 
straight-line drive, and they incorporate a clutch which 
allows the load to be applied gradually after the motor 
is started. 

Air Compressors. —Air compressors suitable for col- 
lieries, shipyards, and other works where a supply of 
500 to 5,000 cub. ft. of compressed air per minute 1s 
required, are described in a list received from Messrs. 
Reavell & Co., Limited, Ipswich. These compressors are 
of the vertical, double-acting, two-stage type, and 11 
standard sizes are made for the range of capacities 
mentioned. 

Cement-Hardening Compound.—We have received @ 
number of circulars explaining the properties and applica- 
tions of a preparation named Cemenfortis for hardening 
and waterproofing concrete and cement mortar, and for 
surfacing brickwork, stone, plaster, &c. It is made by 
the Harvie Corporation, Limited, 11, Queen Victoria- 
street, London, E.C. 4, at their works in Bermondsey, 
London, S8.E. 16. 

Temperature Regulators.—A special catalogue of auto- 
matic temperature regulators has been received from the 
Cambridge Instrument Company, Ltd., 45, Grosvenor- 
place, London, 8.W. 1. Sections of the catalogue deal 
with applications, electric and mechanical t, of 
control relays and valves, steam-heated tanks, elayed- 
action devices and alarms, and a few typical wiring 
diagrams are included. There is ample explanatory 
matter and the illustrations give a general idea of 
the external appearance and methods of fixing the 
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AUTOMATIC ELIMINATORS 


> FOR | along with a proportion of the water. Large | expensive hand labour was necessary, and at certain 
A ALLUVIAL MATTER IN WATER- | 2utomatic eliminators, constructed according to|times the service had to be restricted and the 
; TURBINE SUPPLIES. his designs in 1912 and 1914, have rendered excellent | lighting and heating of the station was interfered 
is iservice. The expense and labour of cleaning out | with, while in spite of the settling basins the water 
: By Hewat. Durovr. | the decanting basins has been eliminated, and the | was not properly cleared of detritus, and serious 
4 (Coxtinued from page 249.) |life of the turbines has been prolonged at least | machine wear resulted so that turbine guide vanes 





THE rational way to prevent the inconvenience 
and expense of the deleterious effect of alluvial 
matter carried by the service water is to prevent 
such matter from entering the turbines. Attempts 
to do this -have been made for many years, but 
commonly with little success. Decanting basins, 


four times. As is not unusual with early designs, 
the construction of these first automatic eliminators 
was somewhat complicated and costly. The design 
has now been simplified and perfected, and no good 
purpose would be served by describing these early 
examples in detail.. Their special features have 





had to be replaced every year. 

In view of the conditions of the site making 
decanting basins side by side impossible, and in 
view also of the extraordinary amount of alluvial 
matter transported during torrential conditions, the 
company operating the station decided to put in 


















































































‘ even when of considerable dimensions, or consist- |.now only an historical interest. an eliminator to the author’s designs. The instal- 
s ing of numerous chambers, fill rapidly with material} Having now dealt in some detail with the serious | lation was constructed out of one of the existing 
a, and this decreases their capacity and effect. To | effects on the machines of alluvial matter carried | settling basins without increasing either its length 
a keep them in proper condition demands close| by the water and explained the conditions under /or capacity. Its arrangement is shown in Figs. 8 
Z supervision and constant clearing out with compli-| which the automatic eliminators were evolved, it | to 12, while a general view of the basin is given in 
Fig.8. SECTION A. A. i Fig.10. SECTION C.C. 
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Fig. 13. The eliminator consists of a single decanting 
i channel K fitted with two sets of screens G, and 
- G,, which serve to quiet the entering water. Behind 
et, these a screen of finer mesh G, is situated. Along 
bus the centre line of the basin floor a narrow passage 
E forming a sink has been cut. This communicates 
ont through a series of openings U,, U,,... Un, 
ri with the flushing channel § situated below it and 
an really forming part of the same central channel, 
od but being a little narrower, as shown in Fig. 10, The 
“ss flushing channel leads to an outlet pipe controlled 
adil by the sluice valve V,, which can be seen in Figs. 9 
od. and 11. The equipment also includes a weir V,, 
ral the height of which may be regulated, and an 
vell emptying sluice V3. 
— The operation of the automatic eliminator is as 
follows :—The water charged with alluvial matter 
th- entering the eliminator comes in contact with the 
all screen G,. This reduces its velocity to some extent 
ker and distributes it uniformly over the section of the 
th eliminator K. At the same time the largest pebbles 
ich or other. pieces of matter brought down by the 
tor water are stopped by the screen, and pass through 
the orifice U, direct to the entrance of the flushing 
ope" channel S. The action of screen G, prevents blocking 
we below the finer screen G,, the duty of which is to 
srs. Fie. 13. GornerGrat Ecimmnator, View Looxine Down Stream. trap such of the larger material as passes screen G,, 
- and especially large floating bodies. The screens 
ie cated control arrangements and frequent laying-off |is proposed to describe some modern installa-|G, and G,; complete the stilling of the water, 
from service. Even, however, in installations | tions and the results obtained with them. The | which after passing G, flows gently down the basin, 
la furnished with the necessary equipment of this class | principles of the eliminator, which are patented, | allowing the solid matter it carries to sink on to the 
ica- the clearing of the water has not proved to be suffi- | are the same in all cases, but special constructions | inclined planes which form the bottom of the sink. 
ro ciently eomplete to protect the turbines properly. | which have been worked out by the author and his | Since the sluice valve V, is open and the flushing 
he In 1911 the author’s. attention was first directed | staff have been necessary in various cases. channel communicates with the basin K through the 
ria- to a close study of this aspect of turbine wear in| The first modern installation with which it is | orifices U,, U., &c., a certain’ quantity of water, 
ey, connection with the Florida-Alta power station in| proposed to deal is that at the Zermatt power | depending on the height of the water in the basin, 
Chile belonging to the Chilian Electric Tramways | station of the Gornergrat Electric Railway. This | passes out through the channel 8. The rate of flow 
po and Light Company, Limited, of London and | station, which has a capacity of 1,000 h.p., utilises | is sufficiently high to carry off all the deposited 
e Santiago du Chile.. This station had a water con-| the water of the Torrent de Findelen. From the | matter through the sluice V,, from whence it passes 
leal sumption of 20 cub. m. per ‘second and had two | first, alluvial matter in the water proved trouble- | again into the torrent. 
- large decanting basins with a total capacity of|some, and two decantation basins one above the| To fulfil their object, the’sink E and the flushing 
ing 9,800 cub. m., in which sand was deposited | other were constructed in the rock in the narrow | channel S should evacuate automatically and con- 
ory at rates up to 3,456 cub. ms a day.’ The| gorge down which the stream passes. It was found |tinuously all gravel, sand, and mud which are 
sof author effected a satisfactory solution to the | that these basins had to be cleared out as frequently | precipitated on the bottom of the basin K. The 
the problem of evacuating this very considerable |as two or three times a day, resulting on‘ each | quantity of these materials and their distribution 
quantity of material by so arranging the bottoms of | occasion in an interruption in the operation of the | over the length of the canal is difficult, or impos- 
the basins that the sand was automatically removed | station and consequently of the train service. Much | sible, to estimate in advance. As a result of model 
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experiments and long experience, however, suc- 
cessful results have been obtained even with 
eliminators of great length. The proportions 
between the openings in the screen G, and the 
dimensions of the orifice U,, and between the 
openings in the screen G, and the dimensions of 
the orifices U, Un, have been so chosen 
that there is no probability of material which can 
pass the screens choking the orifices U,, &c. It 
is clear that if these orifices become obstructed 
the eliminator would cease to operate, and the 
basin would quickly fill up with alluvial matter. 
As long as the supply of water in the torrent is 
greater than that required by the power station, 
which is the case during almost the whole of the 
season during which the railway is in operation, 
the sluice V, is open. Apart from a little cleaning 





deranging the service in any way. This possibility 
is an important advantage of the system. 

To complete the description, it should be added 
that the openings U,, U;, &c., are so formed that any 
deposit produced while the sluice V, is closed will rest 
on the slats between them, so that in the event of 
the periodic opening of the sluice being forgotten the 
deposit does not pass into the orifices themselves or 
into the flushing channel. Ifthe separator is emptied 
these deposits can be washed away just as easily as 
those formed in a decanting basin with a flat bottom. 
From its first installation the orifices of the Gorner- 
grat separator have never been covered with deposit, 
and it has not been necessary to empty the basin to 
wash away settled matter. When an eliminator 
is arranged in connection with several decanting 
basins it would no doubt be possible to empty them 





season from June to September when the railway 
isopen. The operation fo the turbines has becn con- 
siderably improved and the wear has become 
extremely small. 

The construction and method of operation of an 
automatic eliminator introduced into an existing 
canal having been described, it is now proposed 
to give a more general description of other elimina- 
tors of larger size, or arranged somewhat differently, 
the principle, however, in all cases being the same, 
An eliminator at Belleville, in France, which was 
built in 1923, is illustrated in Figs. 14 to 24. The 
water from the River Dorinet passes through sluices 
at ©, C, into automatic eliminators, afterwards 
passing to two settling basins C, and C,. The canal 
C, carries the water to two Sulzer centrifugal pumps 
of 5,000 h.p. each. Two further pumps of similar 
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required}by the screen G,, the plant requires no} in turn for a wash-out without any interruption in, capacity are to be installed later. The pumps 


attention and continues to operate automatically 
without any trouble. It is capable of evacuating 
as much as 100 cub. m. of alluvial matter a day. 
When at the beginning and end of the summer the 
amount of water in the torrent diminishes, the 
alluvial matter it carries decreases in quantity very 
rapidly, and it is possible, by partially closing the 
sluice V4, to cut down the water passing to the flush- 
ing channel till it just :uffices to carry off the small 
amount of alluvial matter that is deposited, while, 
if the very small quantity of water coming down 
the stream demands it, the sluice V, may be closed 
entirely. Experience has shown that if, after 
running for some time in this way with this sluice 
closed it is opened again, the small amount of 
sand and mud which will have been deposited on 
the slats between the openings U,, U,, &c., will be 
carried away in a few moments with a minimum 
amount of flushing water. It is thus possible with 
the automatic eliminator to remove the small 
amount of alluvial matter deposited at times of low 
water by simply opening the sluice valve V,. This 
provides for periodic automatic separation without 
any necessity for emptying the supply channel or 


service, but in order to spare himself the trouble of 
emptying them and the operation of the many 
valves which would be necessary for this, the man 
in charge would willingly undertake to open the 
sluice V, from time to time to take advantage of 
the automatic flushing arrangement. 

The Gornergrat eliminator was put into service in 
June, 1921, and immediately had to deal with rapid 
variations in the amount of water in the torrent 
and very great quantities of alluvial matter, varying 
from pieces of gravel of 50 mm. (2 in.) and more in 
diameter to the finest mud. Its efficiency was 
such that the largest particles of mud remaining 
in the treated water had a diameter of only a 
fraction of a millimetre. Part of the material 
removed from the water by the eliminator is col- 
lected and utilised for constructional work. The 
eliminator was in service during the summers of the 
years 1922 to 1924, both day and night without 
interruption, and without any attention other than 
the regulation of the sluice valve V, during periods 
of low water. Contrary to what had been the 
conditions before, the power station service has 








not been interrupted in any way during the whole 


raise the water into the Girotte storage lake the 
level of which, according to the season, is situated 
440 to 520 metres (1,450 to 1,700 ft.) above the 
level of the pumps. This is a case, as will be 
evident, in which the eliminator is installed to 
protect pumps from the action of solid matter on 
the water. 5 
An automatic eliminator installed at the Martigny 
power station at Bourg, in Switzerland, is illus- 
strated in Figs. 25 and 26. The station has 4 
capacity of some 20,000 h.p. The plant, which has 
been formed from two settling basins, which 
proved incapable of dealing with the conditions, 18 
of interest in view of the fact that it is situa 
entirely underground, The arrangement of the 
two settling basins will be seen in the figures. 
The baffling screens are shown at G, and the 
sluices at the entry and exit at V,, V,, and V» Vr 
The emptying sluices are shown at V;, Vs, and the 
flushing sluices at V,, V,. The interior walls of the 
two basins, which are built of ferro-concrete, form 
weirs, and between them is an overflow channel 
leading to a deep well, which communicates with 





the river, and serves as an outlet for any surplus 
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water available beyond that required for flushing. 
As the entrance, the tunnel which serves the 
plant, is furnished with a perforated cover; the 
eliminator, which was constructed during the 
winter of 1923-1924, is not fitted with a fine screen. 
It operated without interruption and without being 
emptied during the whole time that the river 





a very injurious action on the turbines. Another 
éxample is furnished by an automatic eliminator, 
built by the Nichizui Trading Company, Limited, 
of Osaka, Japan, at Okazaki, on the River Yohagi, 
for a power station of 7,500 h.p. These two 
latter plants, in spite of the distances from 
Europe at which they are situated, have been 











have to be adopted to suit local conditions. The 
precipitation of grains of alluvial matter which 
takes place even in running water leads to the 
obvious conclusion that in rivers and canals the 
density of the alluval matter is much greater near 
the bottom than at the surface. The concentration 
in the deeper strata applies particularly to the larger 
grains of material, which have the most serious effect 
on the turbines. These larger particles are not 
found at all near the surface of the water. The 
results of sampling carried out to investigate this 
matter, by M. R. Boissier on the River Arve at 
Geneva, are plotted in Fig. 28. 

This characteristic of the larger particles of allu- 
vial matter makes it possible, in plants of medium 
or low fall, to limit the treatment of water to the 
elimination of grains above a certain size and to 
employ an arrangement of automatic eliminator 
which, while it prevents the formation of deposits, 
makes it possible to treat very large quantities of 
water in an installation of relatively small size. A 
plant of this kind, designed for Japan, is illustrated 
in Figs. 29 to 33. The point G is situated at the 
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carried alluvial matter in 1924, that is, from the end 
of May to the middle of October. 

The automatic eliminator built by the Lima 
light, Power and Tramways Company, at their 
anacoto power station in Peru, is illustrated in 
ig, 27. This station has an output of 15,000 h.p. 
ln view of the importance of avoiding any stoppage, 
this eliminator has three decanting basins fitted in 
the manner already described. Its construction 
‘as started in 1923, and it was put into service in 
August, 1924. The Rio Remac, from which the 
Vater is obtained, carries much clinker from the 
“pper works, in addition to its natural alluvial 
matter, so that the automatic eliminator in this 
‘8 Temoves a class of material which would have 





Fig.32. SECTION Cc.Cc. 











constructed in accordance with designs prepared in 
Lausanne. For the Yanacoto eliminator the 
author’s firm furnished all wooden and iron parts, 
which amounted to a total of 42 tons. The erection 
and putting into service of the eliminator was 
carried out by the power station staff, without any 
necessity for special assistance. For the eliminator 
at Okazaki, the author’s office furnished plans and 
instructions and some special parts. The screens, 
sluices, &c., were constructed in Japan. 

In principle the arrangements which have been 
described are suitable for water consumptions up to 
100 cub. m. (3,500 cub. ft.) asecond. In some cases, 
however, the dimensions of the plant would make it 
cumbrous and costly, and special arrangements may 

















Fig.33, SECTION b.b. 
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lower end of a rectangular channel about 300 m. 
(950 ft.) long, in which the alluvial matter carried 
by the water concentrates itself into the lower 
layer of the flow. A shelf J situated some height 
above the bottom of the canal, as shown in Fig. 29, 
separates the water flowing near the bottom of the 
channel from that above it, and turns the lower 
water into the automatic eliminator K,. The water 
passing through the automatic eliminator, which is 
only a fraction of the total, rejoins the main stream 
leading to the power house by the passage L, while 
the alluvial matter it carries passes to the river. 
The sluice N provides the small resistance in the 
main stream which is necessary to cause the water to 
pass through the separator. At times of low water 
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the flushing sluice V, is closed, or partly closed, and 
the small deposit which may in these circumstances 
be formed in basin K, is periodically flushed away. 
In plants using very large quantities of water with 
low fall, the alluvial matter which it is sometimes 
so desirable to eliminate, as, for instance, in the 
case of plants A and B, which were mentioned in 
the early part of this article, may)be dealt with in an 
installation of this kind. 

Water power stations are generally situated at the 
end of a canal or are formed in a barrage holding 
back a river, and the alluvial matter which does most 
damage to the machines travels towards the station 
concentrated and rolling on the bottom of the head 
race. This phenomenon, which has been ascer- 
tained by samplng, is indirectly confirmed by the 
fact that in some cases it is only the lower parts 
of the turbines which are damaged. If the flow 
of the water from the head race to the turbines 
occurs without change of speed or of direction 
such as is capable of producing eddies in the lower 
layers, the problem of the elimination of the 
deleterious alluvial matter is limited to the removal 
of the material rolling on the bottom of the entrance 
passages to the machines. 

Those who are specially interested in this matter 
may be referred to articles by the author in the 
Bulletin Technique de la Suisse Romande of Lausanne 
for January 21 and February 4, 1922, and the 
Schweizerische Bauzeitung of Zurich for April 12 and 
26, 1924. 

(To be continued.) 





THE BRITISH ASSOCIATION MEETING 
AT SOUTHAMPTON. 


SECTION G.—ENGINEERING. 
(Continued from page 287.) 
MaRInE AUXILIARY MACHINERY. 


Tue first paper on the programme of the main 
section for Monday, August 31, was one by Mr. 
Stanley S. Cook, entitled ‘‘ High-Efficiency Steam 
Installations for Ship Propulsion, with Special 
Reference to the Question of Auxiliary Machinery.” 
Concurrently there was, however, a joint discussion 
on various transport problems, held with Section 
F (Economics), and the attendance at the meeting 
of the main section naturally suffered to some extent 
in consequence of this. We deal below with the 
joint discussion, but for the moment, confine our 
attention to the main meeting over which 
Sir Archibald Denny presided. In calling on 
Mr. Cook to read his paper, which we reproduce 
in extenso on page 335 of this issue, the Chairman 
remarked that they hoped to have had a paper 
by Professor C. H. Hawkes on the Diesel engine, 
but Professor Hawkes, owing to illness, had been 
unable to prepare it. He hoped, however, that 
Diesel engines and internal-combustion engines 
would be dealt with in the discussion on Mr. Cook’s 
paper. Since delivering his address, the Chairman 
remarked, he had seen a paper by Mr. M. Kénig 
read before the North-East Coast Institution of 
Engineers and Shipbuilders (See ENGINEERING, 
vol. cxix, page 747), in which an internal-combus- 
tion turbine of 5,000 horse-power was referred to, 
and the suggestion for using the Humphrey-pump 
cycle for power production was also dealt with. 
The Chairman therefore expressed the hope that the 
discussion would turn on the relative efficiency of 
steam and internal-combustion engine machinery 
for marine propulsion. 

Mr. Cook then read his paper, and, at its 
conclusion, Sir Archibald Denny read a written 
communication from Mr. E. Wilding who stated 
that the use of electric devices for individual 
auxiliaries would probably have made greater 
progress than it had done, owing to its unquestioned 
economy, but for the increased capital cost of the 
system. It could be shown, however, that in the 
case of a large passenger steamer with geared 
turbines of 15,000 shaft horse-power, the additional 
first cost would be repaid in from 3 to 4 years, 
making allowance for insurance and depreciation. 
The figures for fuel consumption given in the 
paper were necessarily estimates, and he thought 


obtained from an actual case in practice. These 
related to a large cargo boat three or four years old, 
on a run of over 2,000 miles, well loaded, in fine 
weather. The engines were of the twin screw, 
four-cycle, single-acting Diesel type of a well- 
known make and had no special features. The 
auxiliaries were electrically operated, and the 
small boiler carried was not under steam during the 
run. In this case, the fuel consumption, for all 
purposes, averaged 0-396 lb. per shaft horse-power 
per hour, the shaft horse-power ranging from 
4,200 to 4,400. 

Invited by the Chairman to open the discussion, 
Sir John Biles, after congratulating the author, 
remarked that he noticed that the total consumption 
with various systems of auxiliaries had been deduced 
in this paper as from 0-681 to 0-62 Ib. per 
shaft horse-power-hour. In his own paper, read 
at the Spring meeting of the Institution 
of Naval Architects,* he had used the figure of 
0-6 lb. of oil per shaft horse-power-hour as the 
consumption of the main engines, and had added 
0-11b. per shaft horse-power-hour for the auxiliaries. 
Mr. Cook’s detailed analysis had therefore given a 
figure very similar to that used by himself in ob- 
taining his commercial-efficiency results. He wished 
to know whether the author had included the 
steam used for thermotanks, cooking, crew-space 
heating, fresh-water, ballast and bilge pumps, in 
determining the steam consumption. To this 
Mr. Cook at once replied that he had been con- 
sidering the case of a cargo ship in his paper. 
Continuing, Sir John pointed out that only in the 
last few years had attempts been made to ascertain 
the fuel consumption of auxiliaries. It was difficult, 
he added, to run a ship on service and at the same 
time to separate the consumption of the auxiliaries 
from that of the main engines. Auxiliaries could, 
of course, be run in port when the main engines 
were at rest, but it was doubtful if such tests were 
sufficiently reliable to ‘be of much practical use. 
He suggested that the author should translate his 
results from fuel consumption to commercial 
efficiency and give the relative costs of the different 
types of machinery, since such figures would be a 
better guide to the selection of the best system 
than considerations of fuel consumption alone. 
Finally, Sir John called attention to a table 
recently published, comparing the performance 
of a coal-fired ship, driven by. high-efficiency 
turbines, with a Diesel-engined ship on a voyage 
of 5,000 miles, and showing the former to be the 
more economical. 

Wing-Commander Cave-Brown-Cave, who fol- 
lowed, referred to the subject of the development 
of a light Diesel engine for aircraft, and stated 
that efforts to lighten a marine-type Diesel engine 
for the purpose were hopeless, but some success 
had been attained in modifying an aero-engine of 
the normal design to run on the Diesel cycle. 
Details of what had been done in this direction 
for aviation work could not be quoted, but a 
commercial engine suitable for use on rail cars, &c., 
had been produced on similar but heavier lines. He 
understood, in connection with marine (Diesel) work, 
that questions of weight and space presented the 
greatest difficulties, and suggested that thesemight be 
overcome by using high-speed engines in conjunction 
with gearing. The commercial Diesel engine referred 
to, he continued, had a weight of some 10 lb. 
per horse-power, but the horse-power could be 
increased by increasing the speed. The inertia 
stresses at 1,000 r.p.m. were a small fraction of the 
explosion stresses, and, as the latter opposed the 
former, the load on the bearings was decreased 
by increasing the running speed. High-speed 
engines, however, would have to be geared, but 
he doubted whether such gear presented any diffi- 
culty as great as those which had been satisfactorily 
met in air-screw drives. In connection with 
marine-auxiliary machinery, he noticed from the 
paper that the Diesel-electric system was the 
most economical. He thought, however, that 
steam would still be required for some purposes, 
and suggested that this might be supplied by the 
evaporation of the water in the cylinder jackets 
of the main engines. Evaporative cooling had 





certain important advantages with aero engines, 
and no difficulty had been experienced with 
cooling systems properly arranged to permit 
boiling to take place. On the subject of exhaust 
boilers, he understood that these generally 
used the gas at atmospheric pressure and low 
velocity. Much higher evaporation per square foot 
of heating surface could be obtained from the 
very high speeds which could be derived from 
gas at a pressure of 1 lb. or 2 Ib. per square inch, 
The slight back pressure on the engine was unim- 
portant, 

The only other speaker in the discussion, Professor 
F. C. Lea, said he thought the future development 
of the steam turbine, Diesel engine and internal- 
combustion turbine turned largely on the question 
of the effect of temperature on the strength of 
metals. Temperatures of 750 deg. F. were used, 
at present, in steam-driven machinery, but higher 
efficiencies might be obtained by raising the tem- 
perature. Although. higher, temperatures were 
reached in the explosion stroke of internal-combus- 
tion engines, the actual temperatures of the metals 
used were not so high as was the case with super- 
heated steam plant, but if higher temperatures 
were used in turbine machinery, the superheater 
elements and the blading would be subjected to the 
temperature of the working fluid. . He had been 
trying to determine what temperature and stress 
metals would withstand while retaining their 
original form indefinitely, and his most recent work 
on this subject indicated that, at temperatures 
above about 400 deg. C., the metal would be 
eventually and continuously deformed at stresses 
which would have no effect at lower temperatures, 
He thought the only development that could be 
made in this direction would depend upon the use 
for superheater elements of metals which were 
very expensive and also difficult to work. It was, 
therefore, to the internal-combustion engine that 
we must look for much higher heat-engine efficiencies 
than were being obtained at present. The internal- 
combustion turbine presented even greater diffi- 
culties from the point of view of the effect of high 
temperatures on metals, than did superheated 
steam plant. 

In his reply, which was then given, Mr. Cook, 
after expressing thanks for the reception accorded 
to his paper, said he had not intended to compare 
the different methods of marine propulsion, but to 
investigate the available methods of driving the 
auxiliary machinery in a high-efficiency turbine 
plant, and he thought the comparison given would 
be found to be fairly reliable. In answer to Sir John 
Biles, he said he had not included steam for ther- 
motanks, cooking, &c., in his investigations, since 
that would be constant for each of the four pro- 
posals and need not therefore he brought into the 
comparison. His investigation related to a typical 
example of a cargo ship ; for a passenger ship, more 
power would be required for electric lighting and 
other things would be different. He had not con- 
sidered the question of the first cost of the plant, 
which would have required further investigation. 
He had been interested in Wing-Commander 
Cave-Brown-Cave’s remarks as to the use of 
exhaust gases from internal-combustion engines for 
the generation of steam and stated that, in some 
experiments of which he knew, it had been found that 
1 1b. of steam per brake horse-power per hour could 
be obtained in this way. He thought that steam 
might be generated inthe cylinder jackets at pressures 
up to 15 Ib.- per square inch, and this, in fact,.was 
done in the case of the Still engine. Some difficulty 
might be experienced with the lubrication at higher 
pressures. With regard to Professor Lea’s remarks 
on the subject of the strength of metals at high 
temperatures, he would like to point out that port 
it might be difficult to employ temperatures —_ 
higher than 750 deg. Fahr., the same difficulty di 

not apply to increase in pressure. The temperature 
corresponding to a pressure or 1,500 Ib. per square 
inch, was less than 700 deg. Fahr. 


Tuer Design or SAILING AND MorTor CRAFT. 


The next paper, which was taken after 4 vote of 
thanks to the previous author had been propos 
and carried, was by Mr. H. Western Hutchinson, 








it would be of interest to add to these some data 


* See ENGINEERING, vol. cxix, pages 414 and 462. 





and was entitled “Sailing and Motor Craft; the 





ae eS ae eee Se 





‘ines, 
with 
-rmit 
aust 
Tally 

low 
foot 

the 
from 
inch, 
mim- 


essor 
ment 
rnal- 
stion 
h of 
used, 
igher 
tem- 
were 
ibus- 
etals 
uper- 
tures 
eater 
> the 
been 
tress 
their 
work 
tures 
1 be 
esses 
ures, 
d be 
> use 
were 
was, 
that 
ncies 
ral- 
diffi- 
high 
ated. 


‘ook, 
rded 
\pare 
ut to 
+ the 
rbine 
vould 
John 
ther- 
since 
pro- 
» the 
pical 
more 
and 
con- 
lant, 
ition. 
ynder 
e of 
es for 
some 
i that 
could 
team 
sures 
.. was 
culty 
igher 
narks 
high 
while 
much 
y did 
ature 
quare 


T. 

ste of 
posed 
nson, 
. the 


SEPT. II, 1925.] 


ENGINEERING. 


317 








_ 
—_—_— 


Scientific Aspects of Their Design.” We intend 
to reprint this paper in full, in a later i:su2. 
Invited to speak by the Chairman, Sir John Biles 
said he thought the design of racing yachts was 
an art rather than a scientific subject, although 
scientific knowledge was of assistance to the designer. 
Yacht racing, he added, was largely a matter of 
scientific handicapping. Professor F. C. Lea inquired 
if the experiment tank was of much service in con- 
nection with the design of racing yachts, and 
Mr. J. H. Gillespie, speaking on the subject of sails, 
asked if the author considered it better to keep the 
area constant and increase the perimeter or to 
arrange the design so as to obtain the longest 
leading edge. In calling on the author to reply to 
the discussion, the Chairman mentioned that his 
firm had built the American Cup challengers, 
Shamrock II. and Shamrock ITI., and had tested 
models of both in their experiment tank. He thought 
that some improvement had resulted from the tests. 
Fairly large rigged models had also been made and 
tested on Loch Lomond under conditions as nearly 
similar as possibl> to those obtaining in practice. 
The conclusion was that a long leading edge was 
desirable for the sail plan, and the fact that the 
Americans appreciated that before we did was 
one of the secrets of their success. 

In the course of his reply, Mr. Hutchinson re- 
marked that he had not much experience with 
experiment tank work in connection with yacht 
design, and although such work might sometime: 
be of value, much more information could be obtained 
from sailing models on ponds. The difficulty in tank 
experiments was to apply the propelling force in 
the same way as it was applied by the wind on a 
full-sized ship. He regretted that he was unable 
to give a proper answer to Mr. Gillespie’s question, 
but his experience went to show that a long leading 
edge was advantageous. 


STANDARDISATION IN INDUSTRY. 


A paper by Mr. C. le Maistre on “‘ Standardisation 
and Simplification, with Special Reference to the 
Saving of Waste in Industry,” which formed the 
remaining item on the programme for the morn- 
ing meeting, was then taken. We shall reprint 
the paper later. After reading it the author 
said he wished to add a word on the subject 
of shipping. The British shipping industry, he 
said, had not realised the value of simplification 
and standardisation as foreign shipowners: had 
done, and consequently the latter might endeavour 
to force their standards on us. He hoped that 
shipowners in this country, as well as shipbuilders, 
would realise the monetary value of the work 
which the British Engineering Standards Association 
could do for them. 

The discussion was opened by Mr. C. E. Stromeyer, 
who said he did not see eye to eye with the committee 
with respect to the relative importance of efficiency 
and economy. The chief object of standardisation 
referred to in the paper was saving, and less stress 
was laid on the excellence of the product. In 
his view, if the quality of British work could 
be improved, standardisation would be of less 
Importance, although it would be advantageous 
to combine the two. He finally suggested that 
the works should be standardised as well as the 
products, and that the latter should be marked 
8o as to indicate their origin and quality. Professor 
A. E. Kennelly, of Harvard, said the paper seemed 
to be directed mainly to the question of national 
standardisation, whereas he thought that inter- 
national standardisation should be aimed at, 
although the latter would be best secured by 
national effort. Such action would tend to develop 
the special products of each nation concerned, and 
the whole world would benefit from the increased 
production, as well as the particular nation 
concerned, 

_As no other member wished to continue the 
discussion, the author was invited to reply, which 
he did briefly, first thanking Dr. Kennelly for 
his remarks. In reply to Mr. Stromeyer’s suggestion 
as to a brand to mark standard products, Mr. Le 
Maistre said this was a complex matter. The 
British Engineering Standards Association, with 
Some difficulty and expense, had obtained a brand 


Their policy was to wait until industry itself 
desired to make use of the mark, as two industrial 
branches had already decided to do. It was, of 
course, possible that some foreign firms might 
employ the mark improperly, but the fact that 
there were 18 official standardisation bodies in 
other countries would probably be an effective 
safeguard against any such action. After a vote 
of thanks to the author had been duly proposed 
and carried, the meeting adjourned, the members 
visiting the Calshot Seaplane Depot and the Agwi 
Oil Works in the afternoon. 


Tue ADMIRALTY SysteM OF HIGHER EDUCATION. 


The first item on the programme of the Engineer- 
ing Section for the morning meeting of Tuesday, 
September 1, was a paper by Engineer Vice-Admiral 
Sir R. B. Dixon, K.C.B., and Mr. J. Berry on 
the ‘‘ Admiralty System of Higher Education and 
Technical Training for Naval Constructors and 
Engineer Officers.” The paper, which we shall 
reprint in a later issue, was read by Mr. Berry, 
Sir Archibald Denny again occupying the chair. 
At its conclusion, the Chairman, after welcoming 
Professor Horace Lamb, the President of the 
Association for the Southampton Meeting, read 
a communication from Mr. E. Wilding calling 
attention to the great range and breadth of the 
Admiralty course of instruction, to which feature 
he attributed much of its educational value. The 
Chairman, in inviting discussion on the paper, 
remarked on the fact referred to in the paper 
that while naval design in this country was 
inferior in 1805, the workmanship was excellent, 
adding that at the present time British work- 
manship was still unequalled. He wished the 
authors had said more on the subject of research, 
and asked if Mr. Berry could give any information 
on the subject of the new high-tensile steel, par- 
ticularly as to whether it would be possible to 
produce a steel with a higher elastic modulus 
than those at present in use. 

Professor Lamb, invited to speak by the Chairman, 
said he had had some experience of the system 
as head of the Naval College at Greenwich, and 
had been impressed at the time with the wide 
range considered essential for the course. It 
seemed to him that rather more elasticity in the 
system would be an improvement ; that was to say, 
it would perhaps be better to differentiate somewhat 
between the individual students. 

The next speaker, Sir John Biles, referred to the 
advantages to be derived from the corporate life 
at Greenwich College, where all the students lived 
in, which was not the case at the Universities 
giving instruction in naval architecture. On the 
other hand, at the Universities the training was 
not exclusively of a technical character, so that 
the student had the advantages of a broader 
atmosphere. He questioned a statement in the 
paper to the effect that the standard of the 
entrance examination to the Royal Naval College 
at Greenwich was equal to that of the final for 
the B.Sc. degree. He also pointed out, with 
regard to the use of steel in place of iron for 
naval construction, that Sir Nathaniel Barnaby 
made the change, and not Sir William White as 
stated in the paper. 

Mr. John Smith, who followed, said he had been 
trained by the Admiralty system and had derived 
much benefit from the period of twelve months 
spent at Keyham, as well as from service at sea. 
He had tried to introduce a similar system for the 
training of the apprentices of Messrs. Thornycroft’s 
Southampton works, and he briefly outlined the 
scheme adopted by that firm. 

Sir Henry Fowler, who continued the discussion, 
said that while the Admiralty system of training 
was of great value for the special purpose in view, 
it could not be applied to the training of engineers 
generally. He pointed out that whereas in the 
case of the Admiralty the number of possible 
vacancies was known and the student, if he fulfilled 
certain conditions, was sure of a position, that 
was certainly not the case in the railway and 
locomotive industry where more young men were 
educated than could be absorbed in this country. 
He inquired of Mr. Berry what proportion of Admi- 





Mark, but were not asking industry to adopt it. 


ralty students were absorbed by industrial concerns. 


Wing Commander Cave-Brown-Cave, who said 
he spoke as one of the younger products of the 
Greenwich College, said that the old Keyham course 
might have been improved with respect to the 
development of personality, discipline and officer- 
like qualities, which the author stated was one 
of the aims of the present course. The matter was 
certainly very important. With regard to the 
importance of corporate life referred to by Sir John 
Biles, he said that, in the final stages of 
the Greenwich course, the students came into 
frequent contact with other branches of the Navy, 
which was a distinct advantage. He inquired 
whether the system of sending naval officers to 
Cambridge was still in operation, and whether the 
officers of the new Research Department were 
Admiralty-trained men or not. 

The only other speaker on this paper, Professor 
F. C. Lea, remarked that, although Mr. Wilding 
had referred to the breadth of the Admiralty 
training system, it appeared to be actually rather 
narrow and not so wide as a university training. 
He, Professor Lea, however, agreed that the training 
was very thorough from the technical point of view. 
He differed strongly from the views expressed by 
Sir Henry Fowler, and suggested that the railway 
companies might well have adopted a training 
system on lines similar to that of the Admiralty. 
There was, he said, a distinct need for a properly 
organised scheme for the assistance and encourage- 
ment of students of selected ability, such students, 
at present, finding no channel through which they 
could enter the Universities. 

In closing the discussion, Sir Archibald Denny 
said he was in agreement with Professor Lea, but 
he drew attention to the fact that only selected 
students were sent to the Royal Naval College. He 
gave some particulars of the scholarship and 
apprentice training system in use at Messrs. Denny’s 
shipyard and expressed the view that, as far as 
naval architecture and marine engineering were 
concerned, ample educational facilities were avail- 
able, and boys were encouraged to take advantage of 
them by offers of employment and in other ways. 
The Admiralty, of course, trained men for its own 
service, but he thought a fairly high percentage left 
that service, and inquired what the proportion was. 

Mr. Berry, who then replied to the discussion, 
first remarked, with regard to the superiority of 
foreign naval designs in 1805, that the French had 
had a scientific design corps in existence for fifty 
years before that time and also had a system of 
rewarding persons bringing forward useful ideas 
for the improvement of naval architecture. Our 
ships, on the other hand, were built by rule-of-thumb 
methods. Schools of naval architecture afterwards 
came into existence, but were later abolished by Sir 
James Graham, his view being that too much science 
and too little practical knowledge were creeping into 
the Navy. The high-elastic steel about which the 
Chairman had inquired, was such that it could safely 
withstand a stress of from 15 tons to 17 tons per 
square inch, as compared with from 10 tons to 12 tons 
for mild steel. The elastic modulus, however, ap- 
peared to be practically the same for all steels, and he 
did not anticipate the production of a steel with a 
higher modulus. In answer to Professor Lamb’s 
remarks as to the differentiation between students, 
he explained that this was the practical result of the 
system since only three or four of the men from the 
top of one class formed the whole of the higher class. 
The men, however, were all of the honours type and 
capable of making very rapid progress. He agreed 
with Sir John Biles that, at the time Sir John was 
referring to, the corporate life at Greenwich was 
better than that at Kensington. Conditions in this 
respect, however, were greatly improved at the 
present time. It was true that the outlook for 
students at the Universities would be greater than 
that of the Admiralty students, but it must be 
remembered that, in the latter case, officers were 
being trained purely for the Naval Service. With 
regard to the standard of the entrance examination 
for the Royal Naval College, it was correct, as 
stated in the paper, that it was equal to that required 
for the B.Sc. degree, but a man with an honours 
degree would be allowed to miss the first year’s 
study at the college and proceed at once to the 
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commenced. With regard to the question raised by 
Sir John as to who should be credited with the intro- 
duction of mild steel for naval construction work, 
it was certainly true that Sir Nathaniel Barnaby had 
produced specifications and had had a great deal 
to do with the introduction of the material, but 
he thought that Sir William White was the first 
actually to construct ships of mild steel. 

Many firms, the author remarked in answer to 
Mr. Smith, had adopted the Admiralty system as 
far as possible in training their apprentices, and 
to Sir Henry Fowler’s comment to the effect that 
all the men in the Admiralty training system were 
guaranteed berths he pointed out that about 1,000 
apprentices at the age of 14 were selected from 
2,000 applicants, and the 1,000 were gradually 
weeded out until, at the end of four or five years, 
only two or three were taken from the top of the 
list. He thought, however, that practically all 
private students and scholarship students who 
entered managed to obtain posts. In answer to 
Wing-Commander Cave-Brown-Cave’s reference to 
the defects of the Keyham course, Mr. Berry said 
that there had been a distinct improvement under 
the common-entry system, and with regard to the 
sending of officers to Cambridge, he explained that 
this had only been done in the case of officers who 
lost their training at Dartmouth owing to war 
service; the scheme, he added, had now been 
discontinued. The officers of the Naval Research 
Station, he remarked in conclusion, were pure 
scientists, research being regarded as a scientific 
subject ; their principal work was in connection with 
guns and torpedoes. 


Tron BactTerta AND Pipr INCRUSTATION. 


The next paper taken was one by Professor David 
Ellis describing an investigation to ascertain The 
Responsibility of Iron Bacteria and other Organisms 
for the Formation of Iron Incrustations in Water- 
pipes. Professor Ellis briefly explained the subject- 
matter of his paper, which we shall reprint in a 
later issue, and showed a number of slides of 
micro-photographs of the bacteria and organisms 
concerned. The only speaker on this paper, 
Mr. F. V. Dutton, said that, while the author stated 
in the paper that he attached no importance to 
the chemical analysis of water, he had neglected to 
give the nitrogen contents upon which the presence 
of bacteria largely depended. He would like to know 
what was the relationship between the iron bacteria 
and the nitrogen contents of the water, and on what 
grounds the author concluded that the chemical 
analysis was useless. To this the author replied 
that he had not made the analysis himself, the 
data having been sent to him by a foreign chemist. 
He had, however, received samples of water regarded 
as potable on the results of a chemical analysis which 
were shown by a bacteriological investigation to be 
unfit for consumption. He regretted that he was 
unable to give the relationship between the iron 
bacteria and the nitrogen contents. 


THE FREE VIBRATIONS OF AN AUTOCAR. 


After Professor Lea and the chairman had thanked 
Professor Ellis for his paper, the chairman called on 
Professor J. J. Guest to deliver his paper on The Free 
Vibrations of an Autocar. The paper described a 
simple method of determining the motion of a 
motor car body subj>cted to shocks, and the 
author explained the subject-matter with the aid 
of a model. We intend to reprint the paper on a 
subsequent occasion. 


FLow oF Water}In Press. 


Owing to lack of time, the subject was not 
discussed, and after Professor Lea, in the absence 
of the Chairman, had thanked the author, Professor 
J. Eustice gave a brief explanation of some interest- 
ing experiments he has been carrying out on the 
flow of water in curved pipes. The ‘necessary 
apparatus having been set up in an adjoining 
room, members were afterwards able to see the 
actual experiments in progress. By introducing 
filaments of coloured water into glass tubes through 
which clear water was flowing at less than the 
critical velocity, Professor Eustice showed that 
the stream lines are deflected from one side to the 


observation he hed been able to explain some of 
the peculiarities noticed in the resistance to the 
normal turbulent flow round right-angle bends. 
We hope, however, to deal more fully with the 
matter in a subsequent issue. 

This completed the programme for the morning 
meeting, which then adjourned. The excursions 
arranged for the afternoon included visits to the 
Avro and Supermarine aviation works and to the 
Eastleigh Works of the Southern Railway Company. 


Roap TRANSPORT. 


On Monday, August 31, Sections F (Economics) 
and G (Engineering), held the first of two joint 
meetings, at which problems relating to transport 
by road, rail and sea were discussed. The discus- 
sion on Monday was confined to road transport 
and allied subjects. Sir Henry Fowler occupied the 
chair. 

The first paper was by Lieut.-Col. H. T. Tudsbery, 
M.C., and was entitled “Economics of Highway 
Engineering.” We commenced to print an abstract 
of this paper on page 287 of our last issue, and the 
concluding portion will be found in this issue, on 
page 339. Lord Montague of Beaulieu, who 
opened the discussion agreed with the author 
that a good deal of petrol could be saved on down 
gradients if drivers would take the necessary care. 
One of the most startling facts brought out in the 
paper was that the weekly cost of traffic delays, 
in the case of one firm, was no less than 3451. This 
amounted to 18,000/. on a year’s working, and 
would provide 5 per cent. interest on a capital of 
360,0007. The total cost of such delays to motor 
traffic throughout the country must amount to 
millions per annum, and it would pay the country 
to spend almost incredible sums to eliminate the 
causes. It would pay users of motor transport 
vehicles to bear extra taxation, and so to contribute 
large sums of money to be spent on means for 
avoiding these delays. With regard to level cross- 
ings, it was a scandal that there should be any of 
them crossing first-class roads, and he hoped that 
the Ministry of Transport, when considering work 
for the relief of unemployment, would make it one 
of their first duties to get rid of these unnecessary 
obstructions, As to damage to roads, it was true 
that, with sufficient money, roads could be made to 
stand practically any weight, but it was a question 
of expense, and the right policy of the Ministry 
would be to discourage increased axle weights and 
to follow the policy of the railways, i.e., of carrying 
greater weights on more wheels and so reducing axle 
loads. He had heard no reference in the paper 
to the fact that tramways caused traffic congestion. 
Whilst trams might be said to have reached a stage 
of comparative perfection, it must be remembered 
that the motor *bus was relatively in its infancy, 
and would probably be very much further improved. 
When that time came, and when costs were lowered, 
the bus would be an even more serious rival of 
tramways and railways than it was at the present 
time. 

Major H. A. Watson, who continued the discus- 
sion, pointed out that railways came into existence 
on account of the excessive wear and tear of the 
then-existing roads, caused by the transport of 
increasingly heavy weights, and he believed there 
was no other form of traction that could carry 
merchandise of the same weight at lower cost than 
the railways. The form of construction adopted 
must be the cheapest in relation to the weights 
expected to be carried, and he pointed out that 
tramway undertakings, wherever possible, were 
abandoning the system of laying rails on roads, and 
were laying them on a sleeper track with chairs. 
At the same time, there were many cases where 
road transport would be better than rail transport, 
and he believed the solution of the transport problem 
would be arrived at by proper co-ordination 
between road and rail. 

The next speaker, Mr. K. G. Fenelon, urged the 
payment of adequate salaries to road engineers and 
surveyors, in order to attract the right men. This 
question hinged on the size of the areas of local 
administrations, and he suggested that if these 
areas were larger, it would be possible to plan a 
better and more co-ordinated road system. 


said that motor transport was not cheap, except 
for short distances. In a criticism of the method 
of taxation of commercial motor vehicles, he re. 
marked that the small tradesman’s van weighing, 
19 cwt., paid an annual tax of 16/., whereas the 
owner of a lorry weighing 99 cwt. paid only 30), 
There was no difference in the amount paid in 
respect of a 5-ton or a 10-ton lorry, but there wag 
considerable difference in damage done to the roads, 
and in the consequent costs of repairs which were 
thrown upon the ratepayer. He contended that 
the taxation of motor vehicles should be revised, 
and that a proportionate addition should be made 
for every extra ton of the weight of the vehicle. 
The author then replied to the discussion dealing 
first with tramways. He was not endeavouring to 
bolster up tramway systems in any way, fully 
realising their disadvantages, especially in congested 
areas, but there were many systems the establish- 
ment of which had been costly, and we must 
endeavour to make those systems efficient as long 
as they were in use. As to delays to motor vehicles, 
he agreed that the country could afford to spend 
millions on the improvement of the roads in 
order to eliminate such delays, but the traders 
affected must bear their share of the cost. If the 
traders bore a properly assessed proportion of the 
cost the money could be provided, and it would be 
well worth spending. The Roads Department was 
doing everything possible to eliminate level crossings, 
but there was an enormous number of them, and 
sufficient money was not available to deal with them 
allatonce. There were other causes of delay to be 
got rid of, such as toll roads and bridges. He also 
agreed that no vehicles with greater axle loads than 
were at present allowed should be permitted, at any 
rate in the near future, as the roads as at present 
constructed would not carry them. The present 
limit, he believed, represented all that could possibly 
be needed by a manufacturer, except in special 
places. The present legislation allowed for an 
engine with a maximum weight of 20 tons on two 
axles, drawing a load of 24 tons on six axles, and 
there was no reason why the six axles should not 
be combined in one vehicle. As to road and rail 
transport, he agreed that the two were in no sense 
antagonistic ; there was a field for both, but they 
must be run at their maximum efficiency, and his 
object was to try to increase the maximum efficiency 
from the highway point of view. His term “cheap 
transport ” was a relative one, because it might be 
said that no transport was cheap, but he believed 
motor transport was the cheapest for short distances. 
Probably for long distances the railways had the 
advantage, but they had to be careful about loading, 
unloading and delivery; motor transport might 
score in this respect if time were a serious factor. 
The next paper, by Mr. Philip Johnson, C.B.E., 
dealt with ‘“‘The Roadless Transport Problem,” and 
is printed on page 337 of this issue. After the paper 
had been read by the author, the discussion was 
opened by Lord Montague of Beaulieu, who pointed 
out that the densely populated and highly developed 
countries, where excellent railways and roads were 
an economic proposition, constituted a very small 
proportion of the world’s surface. They were, m 
fact, negligible as compared with the vast areas 
where the roadless vehicle had its special field. 
Discussing uses of the roadless vehicle in this 
country, he said that one of them was the transport 
of timber from forests to the sawmills. One of 
the principal reasons why owners of timber obtained 
so little for it was that the cost of getting it to the 
railway station or the sawmill was prohibitive; 
the use of roadless vehicles would considerably 
reduce the cost. Another important use cited was 
the transport of building material. Experiments 
made with a roadless vehicle had shown that the 
pressure per square foot on the ground traversed 
was only half that due to the weight of a 10-stone 
man. ; 
The next speaker, Major A. G. Church, D.S.0., 
said he had been impressed with the necessity for 
developing a transport system in East a 
from which country he had recently returned. 
was difficult to make and maintain roads through 
the sparsely-populated territories there, which were 
often subjected to violent tropical rainstorms, 
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recommended that a loan of 12,000,000/. should be 
devoted to the construction of a railway system. 
Immediately that recommendation was made, 
there was some correspondence in the Press with 
regard to the roadless-tractor system, which he 
felt had very much to commend it. It could reach 
parts of the country that were difficult to serve 
by railways, whilst another difficulty with regard 
to the latter was that, when they were built, it was 
often considered that the wrong territory was being 
developed. He would like to see a roadless-tractor 
system developed in co-operation with the railways. 
In the absence of other means of transport, the 
produce of East Africa was carried by porters 
distances of more than 100 miles to the market. 
Finally, he pointed out that in East Africa the 
price of petrol was three times that obtaining in 
this country, and in the absence of an alternativ 
fuel transport was not likely to prove an economic 
proposition. 

Mr. R. H. Brackenbury, who followed, described 
some tests recently carried out in this country on 
roadless vehicles mounted on flexible tracks. The 
author of the paper, he said, had rightly given 
prominence to the two cardinal virtues of this type 
of vehicle—namely, that they can climb loose or 
grassy surfaces without difficulty, and that they 
have the effect of consolidating the ground traversed 
instead of cutting it up. He wished to refer to 
a committee formed by the Empire Cotton-Growing 
Corporation to examine and report on the best 
methods of transporting seed cotton and lint from 
the field or the ginnery to the nearest railway or 
port, in countries where macadamised roads were 
not available, the conclusion come to being that 
the mechanically-propelled vehicle on flexible tracks 
was the most hopeful solution of this transport 
problem in tropical Africa. The vehicles tested 
by the committee in this country were a 1-ton Guy 
Roadless, a 24-ton Guy Roadless, and a 2-ton Burford- 
Kegresse machine, the first two being mounted on 
flexible metal tracks and the latter on the flexible 
rubber-composition track first brought forward 
by M. Citroén. A cross-country course 40 miles in 
length was selected, with the object of reproducing 
African conditions as far as possible. Part of it 
was sand, part swamp, and part steep slopes, with 
gradients up to 1 in 34, having loose surfaces. The 
vehicles passed a test of 1,000 miles over the course 
mentioned in a very satisfactory manner. Another 
fact of particular interest was that, although the 
course was quite impassable to wheeled vehicles 
at first—a six-wheeled car, with two back axles 
driven, being unable to complete the circuit without 
help from the track vehicles—after the course had 
been traversed fifty or sixty times by the roadless 
vehicles, it was found that not only the six-wheeled 
car, but a number of four-wheeled cars, admittedly 
of a special type, were able to complete the circuit. 

The last speaker, Mr. J. S. Wilson, pointed out 
that there were fundamental scientific considera- 
tions at the bottom of our transport troubles, and 
suggested that somebody with the time and ability 
should try to arrive at the fundamental efficiency 
of a road for transport purposes. A start might be 
made by considering a road infinitely long, with 
an unlimited number of vehicles of the same type 
and speed. In those circumstances the road would 
carry a certain number of vehicles. Then an investi- 
gation could be made as to the carrying capacity of 
the road with vehicles of different types and speeds, 
and then into the effect of cross-roads. Vehicles 
with their own tracks, carrying big weights and 
travelling at slow speeds, would do less damage to 
the roads than would a large number of small 
Vehicles travelling at high speeds and having 
humerous points of contact with the road surface, 
and the ton-mileage would also be greater. He 
hoped the discussion would bring home to members 
of the British Association the fact that there was a 
Scientific aspect of the transport problem. 

_ The author, in reply, referred to forests in India 
in certain parts of which a great proportion of the 
very valuable timber had to be left to rot because 
there were no vehicles suitable for bringing it out. 
In this country, roadless vehicles could assist materi- 
ally in the transport of sugar beets, which were very 
heavy and had to be moved in two or three months 
of the year when the ground was not suitable for 





wheeled vehicles. As to the high cost of petrol in 
the Colonies, he believed the only practical way out 
of the difficulty was to use paraffin. There were 
objections to that, but in certain parts of the Gold 
Coast it was being used quite satisfactorily to a very 
large extent, though it was not so convenient a fuel 
as petrol. Producer gas was also a hopeful fuel, 
and solid fuels could a!so be used for steam 
vehicles. 

The final paper for the first joint meeting was by 
Mr. W. Maughan, who dealt with the Classification 
of Roads. Some 20 years ago, the author, 
impressed with the great increase in heavy motor 
traffic, organised a detailed traffic census on many 
roads of different classes in various parts of the 
country. He emphasised, in the paper, the 
importance of basing road classification upon 
detailed traffic returns extending over long periods 
and taken in different seasons, such returns showing 
the relative quantities of traffic on different types of 
road, its aggregate weight, intensity and incidence 
upon each road. He criticised the Ministry of 
Transport in this connection, and said that, prior 
to the census taken in 1922, no attempt had been 
made to gather statistical information as to the 
nature, density and weight of traffic on the more 
important roads of the country as a whole. His 
own census was carried out over a period of seven 
years, and he strongly deprecated the present 
practice of taking a census over a period of a week, 
which he suggested had no regard to the seasonai 
changes in traffic volume in different districts. 
Traffic returns, he thought, should be taken on every 
classified road, not once in three years, but at least 
three times in every year, such moveable periods 
to be decided upon as the result of a study of the 
seasonal or other trade variations from year to year. 

Owing to the lateness of the hour the paper was 
not discussed, and on its conclusion the meeting 
was adjourned. 


Tue Position oF BririsH RAILways. 


The joint discussion on transport problems was 
continued on Tuesday, September 1, the first 
paper at this meeting being one by Mr. W. Tetley 
Stephenson, dealing with the Present Position of 
British Railways. The author first discussed the 
unsatisfactory financial position of the railways at 
the present time, mentioning that the great com- 
panies were faced with demands for increased wages 
on the one hand, and with urgent demands for 
reduced charges on the other. The capital expen- 
diture at the end of 1924 exceeded that at the end 
1913 by 49,031,2251., whilst the net income had 
fallen by 1,762,770. When it was added that the 
net miscellaneous receipts in 1924 brought in 
8,174,236/., against only 2,827,313. in 1913, the 
difference being due mainly to additional general 
interest of 4,000,000/., whilst net railway receipts 
fell by 7,569,5571. (from 44,103,950/. to 36,534,393. ), 
it was clear that the condition of the railway 
industry proper was substantially inferior to the 
financial condition of the railway companies. The 
actual capital expenditure on railways, taken alone, 
amounted to 1,043,722,9171., so that the net 
earnings on this were not more than 3-5 per cent. 
The expectations for the present year were still 
more gloomy, for, though the 1924 results were bad, 
the receipts of ‘the four great railways had fallen 
by some 2,000,000/. already, and there had not been 
a corresponding fall in prices of materials or rates 
of wages. 

If the general condition of trade did not preclude 
any prospect of increasing railway receipts by 
increased charges, the competition of other means 
of transport would effectively do so on an important 
part of the traffic. Undoubtedly the development 
of road transport had, for the time being, damaged 
the railways, and, although it was partly due to the 
inherent merits of road motor transport, in the 
author’s view a not-unimportant factor was the 
subsidy given to road transport through the roads, 
to the building and maintenance of which the 
railway companies had to contribute. Moreover, 
the commercial motor vehicles, which do the 
greatest damage to roads, were relatively the lightest 
taxed. In order to improve the financial position of 
the railways, more attention must be paid to reduc- 
ing expenditure than to increasing receipts. The 


economies which it was at first prophesied would 
result from the amalgamation of the railways had 
not yet been attained. The companies had proved 
economies of 1,200,000/. per annum, but, assuming 
the actual economies to be 50 per cent. more, the 
total was still a small fraction of the 20,000,0001. 
which it was anticipated would be saved. That 
much larger economies would ultimately accrue 
there could be no doubt, but the author pointed out 
that, in the early days of amalgamation, economies 
were immediately offset by unavoidable expenditure. 

The question of reducing the direct expenditure 
on operation, the author considered under the 
headings (a) organisation of operation, and (b) the 
labour bill—mainly wages. In the former direction, 
the railway managements had a larger amount of 
freedom than in any other direction, but in the latter 
their hands were tied to a very large extent. With 
regard to operation, he suggested increasing the 
freight-train loads. The average freight-train load 
had been only 1324 tons in the last two years, but 
there should be no difficulty in attaining an average 
of 200 tons, which would result in reducing freight- 
train mileage by one-third. The more general 
adoption of larger capacity wagons and the loading 
of trucks to their full capacity, as far as possible, 
would also effect reductions in costs. One of the 
chief difficulties in the way of advance was the 
practice of private ownership of mineral wagons, 
which was the very antithesis of all that amalgama- 
tion stood for. 

The cost of staff had risen from 47,000,000/. per 
annum in 1913 to 120,000,000/. at the present time, 
the explanation of which was to be found in the 
establishment of the eight-hour day and the increase 
in rates of wages. That 120,000,000/. represented 
65 per cent. of the total annual expenditure, the 
comparative pre-war figure being 54 per cent. It 
was very clear that the railwaymen were bearing no 
part of the burden imposed on the community as 
the result of the war, and they were better off rela- 
tively than men in unsheltered industries. There 
were two features of the eight-hour day to be con- 
sidered: firstly, that some of the work could be 
arranged to fit the eight-hour day with reason- 
able regard to economy ; and, secondly, in many 
cases the amount of work possible in an eight-hour 
shift could be done in half the eight hours, or less. 
The author referred to the fact that in France the 
48-hour week, or the 208-hour month, was sub- 
stituted for the eight-hour day, with limitations of 
the hours in each day, and he suggested that, in this 
country, large economies would be possible if the 
48-hour week were adopted, so that shifts could be 
re-arranged to suit the particular circumstances, 
with a limit of 9} or 10 hours for any one shift. 

The economic rehabilitation of the railways 
involved an active pursuit of more economical means 
of carrying on the business, and this required 
co-operation between railway operators and those 
responsible for railway rates. It also required that 
the Railway Rates Tribunal and the National 
Railway Wages Board should act in concert, for 
which at present there was no provision. Finally, 
the labour bill being 65 per cent. of the expenses, the 
economies must inevitably involve a material reduc- 
tion in this item. , 

In the discussion on this paper, Mr. C. E. R. 
Sherrington pleaded for a policy of co-ordination, 
not only between rail and road transport, but 
between the railways and traders as well. Road 
competition was perhaps the most difficult problem 
facing the railways of the world. It invariably 
secured the cream of the traffic, such, for instance, 
as perishable goods, which paid comparatively high 
rates, and the remaining railway traffic would have 
to contribute towards the loss arising from this 
competition. 

Mr. J. E. Allen expressed the view that, when 
the Railways Act of 1921 was passed, the principle 
that, when the trade of the country was depressed 
and there was little traffic the charge should be 
raised in order to provide the standard net revenue, 
which was adopted, was wrong. The right principle 
was to reduce charges when trade was depressed. 
concerning competition by motor transport, he said 
that the latter was not cheap, except when de- 
livering small parcels or covering short distances. 
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the vehicle was able to throw most of his running 
costs on somebody else. If railway companies were 
able to throw the cost of their permanent-way, 
stations, policing and lighting on to the ratepayer 
they could. reduce their charges by at least a half. 
The railways, in fact, had to pay about 9,000,0001. 
per annum in rates, which were very largely re- 
quired for the maintenance of roads, yet the extra 
cost of road maintenance was due entirely to the 
development of motor traffic. 

In a defence of motor transport, the Chairman 
said that if the permanent-way of a railway under- 
taking were not capable of carrying the axle weights, 
the cost of maintenance might be very great, in 
the same way that road transport might be very 
expensive if it were run on roads which were in- 
adequate. Where there were good roads, such 
as were now being made, the cost would not be 
very great. 

It was pointed out by Mr. Stephenson, in his 
reply to the discussion, that a large part of the 
capital of a railway was represented by its track, 
and if road and rail transport were placed on a 
common basis, it was necessary not only to consider 
the maintenance of roads and tracks, but their 
capital cost. No one had yet ventured to suggest 
that we should go sofar. With regard to the number 
of daily working hours for railwaymen, he would 
suggest a 10-hour day for drivers and firemen. There 
had been no evidence that efficiency had increased as 
the result of the reduction of hours, but he thought 
that if drivers. and firemen worked 48 hours in 
five shifts, and had two days’ holiday a week, they 
would be equally, if not more, efficient than if they 
worked six shifts of eight hours. The railways were 
doing all they could to improve terminal work and 
secure economies, but a good deal had to be spent 
before the economies could be realised. 


THE Economics or THE MopERN Port. 


The second paper taken dealt with the Economics 
of the Modern Port, and was read by Mr. Alfred 
Schofield. The author first indicated that we had 
four different general classes of ports, of which the 
first was either on, or had immediate access to, the 
open sea. This, he said, was an expensive form of 
undertaking, and if it were more than a mere shel- 
tered bay or road stead with swinging ground and a 
landing place, it remained somewhat restricted in its 
possibilities of development. Secondly, there were 
the semi-coastal ports like Southampton, Liverpool, 
New York, Boston and others, situated on an estuary 
and subject to the full range of the tide. Thirdly, 
there were the river ports, like London, Bristol, 
Hamburg and most of the ports on the North 
Atlantic, cases in which the towns had difficulty in 
stretching towards the sea as rapidly as the in- 
creasing draught of ships forced their mooring 
places to be moved down stream. The fourth 
type was the up-river port or lake port, which, 
by reason of depth of navigable water, was 
outside the range of the ordinary ocean-going 
vessel. Such ports generally tended to form dis- 
tributing points for the transhipment of traffic to 
or from ocean ports. With regard to the merits 
of these four classes of ports, the author expressed 
the opinion that, in the case of Great Britain, where 
the average rail haul on freight landed at, or loaded 
in, the ports was probably not more than 50 miles, 
the ideal position, both for the commercial and 
passenger port, was the estuarial one. 

After indicating the special port requirements of 
passenger, general freight and special freight traffic, 
and the manner in which the earning capacity of a 
port could be increased by the possibility of balanc- 
ing cargoes, t.e., arranging that shipping entering 
should be able to take freight both in and out, the 
question of ownership was discussed. The various 
methods of control were also considered, as also was 
the influence of the increase of road transport upon 
port economics. The advantages of oil bunkering 
were next mentioned as an important factor, owing 
to the quicker turn-round possible for the ships, 
but it was pointed out that this quicker turn-round 
reduced the receipts of the dock authority. The 
influence of the motor-ship was regarded as 
affecting the shipowner rather than the dock 
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were two fundamental principles of port economics, 
one being that freight of all kinds should be kept 
moving in a straight line, and the other that when- 
ever a change in level of freight took place the 
change should be effected, as far as possible, by 
means of mechanical appliances. Considerable 
saving could be effected by double-side loading or 
discharging, and anything which would increase the 
carrying capacity of a port at a cost lower than that 
of the present permanent structures, would lessen 
the interest to be earned on the capital. In some 
cases it might cost more to move cargo at the 
wharf than to transport it by rail for 50 to 100 
miles or by sea for 1,000 miles. 


THE DEVELOPMENT OF Roap TRANSPORT. 


A brief discussion followed the reading of Mr. 
Schofield’s paper, and after the author had suitably 
replied, the last paper was taken. This was by 
Mr. K. G. Fenelon, and its title was “‘ The Develop- 
ment of Road Transport, and its Economic Signifi- 
cance.”’ In this the author stated that in no other 
country had the commercial road haulage of 
merchandise been developed to the same extent as 
in this country, probably because of the excellence 
of our highways, the short distances to be covered, 
and the high quality of British motor lorries. The 
number of commercial goods vehicles licensed, he 
said, had increased from 120,000 in May, 1921, to 
217,000 in May, 1925. 

Discussing the reasons for the great and rapid in- 
crease in the utilisation of road transport in Britain, 
the author said the war had demonstrated the possi- 
bilities of the modern road vehicle, and mechanical 
road haulage had received a remarkable stimulus 
during the post-war boom. In the years imme- 
diately following the Armistice, the dislocated state 
of the railways enabled the new method of transport 
to compete on an economic footing. The provision 
of the necessary vehicles was facilitated by large 
sales of Army surplus stock, for which the personnel 
was easily obtainable, since during the war large 
numbers of men had been trained to drive and 
repair these vehicles. In brief, the exigencies of 
the war years and the period of reconstruction had 
revolutionised road transport, and since then 
numerous small improvements had increased the 
economic possibilities of the road vehicle. 

To account adequately for the continued expan- 
sion of motor transport, however, it was necessary 
to consider its economic advantages. The great 
advantages of road transport were its flexibility, 
the possibility of providing door-to-door facilities, 
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small as compared with those of other means of 
transport. It was to these advantages that the 
rapid economic development of mechanical road 
transport was to be traced. For goocs traffic, the 
road vehicle had the advantage that it could pick up 
and deliver goods under more diverse conditions 
and more easily than was possible with any other 
type. Carting to and from stations or wharves was 
eliminated, terminal delays were obviated, and 
small consignments could be sent off as required. 
Packing of goods could be less elaborate, and 
fragile goods could be carried with less danger of 
damage. 

A problem not yet adequately solved by those 
responsible for the organisation of fleets of vehicles 
was the provision of return loads, and the author 
pleaded for co-operation in order to surmount this 
difficulty. He also deprecated rate-cutting, in which 
matter co-operation was also required to stabilise 
the industry. With regard to the economic signifi- 
cance of road transport, the author pointed out 
that the motor vehicle had opened up new industrial 
centres, and suggested that further developments 
might lead to a wider distribution of industry. 
Concluding with a reference to highways, the 
author expressed the view that there were too many 
local authorities concerned, and pleaded for cen- 
tralisation in administration. Larger units of 
administration, and the reclassification of rural 
roads, he said, would go a very long way towards 
removing certain anomalies existing in regard to 
highway finance in rural areas. 

At the conclusion of the paper, the Chairman raised 
the question of the taxation of commercial motor 
vehicles, pointing out that it was fairly heavily 
taxed—certainly more heavily than in some 
other countries. In America, he said, roads were 
being constructed solely for motor traffic, and 
passenger vehicles were running over them and 
maintaining an average speed of 35 miles an hour, 
which meant that they attained speeds of over 
50 miles an hour. Those vehicles bore the whole 
cost of the roads, and apparently it was an econo- 
mical proposition. The provision of pneumatic 
tyres on heavy road vehicles moving at high speeds 
was urged by Mr. Arnold Lupton, and Mr. Philip 
Johnson expressed the view that there was great 
need for the improvement of road-surface construc- 
tion, which, he said, would probably place the 
question of road damage in the background. 

No points having been raised to which the author 
found it necessary to reply, the business of the 
meeting was concluded and the members dispersed. 
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In conclusion, the author pointed out that there 
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THE BRISTOL JUPITER AERO- 
ENGINE AND ITS MANUFACTURE. 
(Concluded from page 292.) 

TuRNING now to the production of the engine, 
we may first recall the fact that the Bristol Jupiter 
designs and patent rights were purchased from the 
Cosmos Engineering Company, Limited, when 
that concern went into liquidation in 1919. Before 
that time, the Bristol company had confined their 
attention to the design and construction of aero- 
planes, but they then set up an entirely new depart- 
ment for the production of the engines, acquiring 
for the purpose a number of Government buildings 
at the Filton Aerodrome, some 4$ miles from 
Bristol. The plant, a plan of which is given in Fig. 7 
opposite, was laid out solely for the manufacture of 
radial air-cooled engines, its capacity being of the 
order of 250 engines per annum. Mr. A. H. R. 
Fedden, the original designer of the engine, is 
responsible both for the technical and production 
sides of the works, this being possible in peace time, 
when the demand for the engines is inevitably 
limited; but the organisation is such that, in the 
event of a sudden heavy demand arising, technical 
development could be continued on the existing 
lines and the production side greatly expanded. 

From the lay-out of the plant, illustrated by the 
Plan, Fig. 7, it will be noticed that there are six 
main departments, viz., rough - material stores, 
machine shops with view room, tool room and tool 
Stores, finished stores, fitting shop, test house and 
stripping department. The course of the work as 
it proceeds through the shops is indicated by 
arrows on the plan. In addition to the main shops, 
there is an aluminium foundry for the production 
of cylinder heads, pistons and other small castings, 
& laboratory, a heat-treatment shop and a repair 


Fie. 12. Enoervz-Tsstrxa Equipment. 


shop. The main machine shops, views of which 
are reproduced in Figs. 8, 9 and 10, on Plates XX 
and XXI, are equipped with Herbert No. 9, No. 3 
combination, and No. 4 capstan lathes, No. 1 
Herbert bar lathes, Cincinnati millers, Cincinnati- 
Bickford drills, Herbert drills and Churchill grinders, 
most of which can be recognised in the illustrations 
referred to. Automatics, it may be mentioned, 
are not employed, it being considered that there is 
much less likelihood of defective parts escaping 
notice when the parts are produced on hand 
capstans with which the operator sees and handles 
each piece as it is machined; a considerable 
proportion of work having slight flaws is, in fact, 
detected by the operators and thrown out before 
passing on to the view room. 

All material received at the works is delivered 
to the rough-material stores, whete it is checked 
and retained until chemical tests have been made 
and the material has been passed by viewers and 
Government inspectors. All the components of the 
engine, excepting magnetos and a few carburettor 
details, are machined in the machine shops and 
passed to the finished stores before proceeding to the 
fitting shop, where the engine is sub-assembled and 
erected. Fig. 11, on Plate X XI, shows the interior 
of this shop. The complete engines are then passed 
to the test house, where they are tested on the 
brake, under Government supervision. They are 
afterwards sent to the stripping shop, in which 
they are dismantled and examined by.other Govern- 
ment inspectors, and finally re-erected, put through 
a further test and despatched. A view of the 
test house is reproduced in Fig. 12 on this page. 
There are two complete Froude dynamometer units, 
each equipped with the necessary apparatus. for 
measuring fuel and oi] consumption, as well as the 


test is in progress through the trunk shown in’the 
illustration by means of a fan, driven by a 270-h.p. 
electric motor. A single-cylinder test-bed is also 
provided for experimental] work. 

For the machining operations in connection with 
the production of the engines a very complete 
equipment of jigs, tools and gauges has been pro- 
vided, to ensure a high degree of interchangeability. 
These have been designed by Mr. F. Whitehead, 
who has been responsible for most of the machining 
methods. Considerations of space will obviously 
preclude the possibility of referring to all of these, 
although many of them are of considerable interest. 
We propose, however, briefly to describe a number 
which we were able to see in use during the course 
of a recent visit to the works. 

Dealing first with the cylinder head, which is an 
aluminium-alloy casting, the first machining opera- 
tion is the milling of the inlet and exhaust port 
faces. The jig illustrated in Fig. 17, on Plate XXII, 
is used for this operation, the special feature 
of the jig being that it gives the indications 
for the finished article from the first machining 
operation. The casting is set up on three 
adjustable points, two of which are visible in 
the illustration, and the “ eye glasses,” also shown, 
are placed round it in their definite positions. 
These ‘eye glasses have holes drilled in them 
corresponding to the finished positions of the 
drilled holes in the ports. The cross bar shown at 
the top of the jig carries four plungers with scribing 
points attached, the centres of the plungers corre- 
sponding with the holes for the valve guides. By 
means of the three adjustable points, the casting 
can be equalised to give the best possible position 
for the holes. The head having been clamped in 
position by the screw shown, the eye glasses are re- 
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JIGS AND TOOLS FOR THE PRODUCTION OF THE BRISTOL JUPITER AERO-ENGINE. 


























Fie. 14. Jig ror Driztina Bottom FLANGE 
oF CYLINDER. 


indexing gear, the glassxs being afterwards replaced 
so that the holes can be marked roughly. At this 
stage the viewer can see whether or not the casting 
will become a waster in the later operations, with- 
out checking any dimensions. It will be under- 
stood, of course, that it is impossible to take any 
fixed point in a casting of this class for use for jig 
location, as owing to the fact that the amount of 
metal round the bolt holes and valve-guide holes is 
kept to a minimum, some distortion of the casting 
is inevitable, during the foundry operations. 

The head is next transferred to a turning jig, 
locating being done from the previously milled sur- 
faces, In this the lower end is faced. The next 











Fie. 16. Hanp Reorssina Toot ror Bie-Enp BEARING. 


operation is the drilling, crowning and recessing of 
the valve-guide holes, for which purpose the box jig 
illustrated in Fig. 18, Plate XXII is employed. Loca- 
tion is again from the milled faces, and the tools, a 
complete set of which is shown, all work to a definite 
stop on the jig to ensure that all the holes are exactly 
alike. The next operations, in order, are the drilling 
of all the small holes, the boring of the inlet and 
exhaust ports, the profiling of the head and the 
milling of the guide jaws on the top. The separate 
jigs and fixtures used for these operations, however, 
do not call for special comment. At this stage the 
head is passed through the view room to the stores 
and then to the fitting shop, where it is scruffed 
all over and the jagged edges removed. The head 
is then heated to 250 deg. C. to shrink in the valve 
guides. The next machining operation is the ream- 
ing of the valve guides, which is carried out in the 
jig illustrated in Fig. 13, on this page, by means 
of pilot reamers, also shown in the illustration. 
The final machining operation is the grinding of 
the lower face. For the last-mentioned operation, 
a jig having four expanding plungers which fit in 
the reamed valve-guide holes is employed. The 
face of the head is now as, flat as it can be 
finished by machine work, but before the part 
is ready for erection into thé engine this face is 





bedded to a surface plate and carefully scraped, 
since excellent contact between the cylinder head 
and the cylinder body is of the utmost importance, 
for reasons referred to above. 

For drilling and reaming the eight holes in the 
crank-case for the cylinder holding-down studs a 
multiple-spindle drilling head and jig, in which each 
spindle is driven by one large gear mounted on the 
main drilling machine spindle, is employed, the jig 
being attached to the head and spring loaded so 
that it is not necessary to clamp it to the crank-case. 
When the spindle is withdrawn, the jig is withdrawn 
at the same time. The same head, fitted with 
another jig, is used for drilling the holes in the 
cylinder flanges, this operation being illustrated 
in Fig. 14, annexed, from which the design and 
arrangement of the head and jig can readily be 
followed. One other operation on the crank-case 
is illustrated in Fig. 19, on Plate XXII, viz., 
the reaming of the cylinder holes. As will be 
understood from this illustration, the crank-case 
is bolted on to a faceplate and the holes, pre- 
viously bored, are finished to exact size by 4 
hand reamer which is guided by a rod passing 
through a hole in a mandrel in the axis of the 
crank-case and at right angles to the faceplate. 

An interesting operation in connection with the 
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machining of the crankshaft may here be referred 
to. This is the method of producing the splines 
on the tapered portion of the shaft, by means of 
which the torque is transmitted to the propeller 
hub. The splines are first rough milled in the 
ordinary way to within 0-002-in. of the correct 
depth for the whole of their length and then, at the 
larger end only, to 0-002-in. below the final depth 
of the remaining portion. This gives the necessary 
clearance for the entrance of a stationary form 
tool, which is held in a special carrier bracket 
mounted on the arm of the milling machine, as 
shown in the photograph reproduced in Fig. 20, 
on Plate XXII. The tool is adjusted to the 
correct finished depth in one of the splines and 
the machine table is then traversed by hand to 
plane out the surplus 0-002-in. of metal left by 
the milling cutter. By means of the indexing 
attachment, the other splines are similarly dealt 
with, and, in this way, they are left with a per- 
fectly smooth finish in which no signs of the 
cutter traverse can be detected. The splines are 
not touched by hand and the shaft, we are in- 
formed, can always be guaranteed to fit any hub 
and to give perfect contact over the whole of the 
surface. 

In connection with the grinding of the camshaft, 
which is carried out on a 12 in. by 36in. Churchill 
machine, it may be mentioned that the shafts are 
ground before carburising, again before hardening, 
and finally after hardening, the three operations 
being employed to eliminate grinding cracks, with 
which trouble had been previously experienced. 
The grinding before hardening, of course, removes 
any distortion from the carburising process as well 
as any machining errors, and in the final grinding 
operation only about 0-003-in. has to be removed. 

Special attention is given to the milling of the 
flutes in the connecting rods, and no rod is passed 
which shows any signs of a dig-in or any feed marks 
in the radii. It is, however, impossible to convey 
an accurate impression of the degree of finish ob- 
tained on the rods by a half-tone engraving, so 
that we have not illustrated this component separ- 
ately. The jig for drilling and reaming the wrist- 
pin holes in the big-end of the master rod, however, 
is shown in Fig. 21, on Plate XXIII, and will be un- 
derstood from the illustration without comment. To 
follow the method of bedding the big-ends, refer- 
ence should be made to Figs, 3 and 4 on page 291, 
ante, as well as to Fig. 15, on page 322, the latter 
illustration showing the rod and cap with the brasses 
removed, The four fitting faces on both parts 
are machine ground, and hand scraped to a surface 
plate, care being taken in this operation to secure 
a slightly heavier bearing on the lugs than on the 
spigots ; no bearing is taken on the radii between 
these surfaces. It will be noticed, on the right of 
Fig. 15, that the bearing brass fitted into the rod 
is located on a dowel. The latter is screwed into the 
rod and secured by burring over the thread in the 
tightening hole into which it projects; the hole 
can be seen in Figs. 3 and 4. 

For reaming the bearing, the assembled rod is 
Placed on a jig, shown in Fig. 22, on Plate XXIII, 
and located by the accurately-turned white-metal 
shell flange, aspecial taper bush being fitted over the 
locating spindle to prevent the rod from tilting. 
The clamping cap is tightened down by the two nuts 
shown and the locating bush is then withdrawn, 
leaving the rod located centrally in the jig ready 
for the reaming operation. This is done by hand 
with the adjustable reamer, shown in the illus- 
tration, to within 0-0005-in. of the true.size, so that 
but little hand scraping is necessary in bedding the 
bearing on to the test mandrel. The latter, it 
should be mentioned, is ground 0-003-in. larger in 
diameter than the crankpin, and after the rod has 
been carefully bedded so that it can just be felt to 
grip the mandrel, a clearance is cut in each half of 
the bearing separately to a depth of from 0-0015-in. 
to 0-0025-in., by means of the special hand re- 
cessing tool shown in Fig. 16, on page 322. Two oil- 
ways, *-in. wide and 0-01 in. deep, are subsequently 
«gh halves of the bearing on the end faces, 
the cdi ee not only for the distribution 
the quantity of il fl Pa <t — 

tT y of oil flowing through the bearing. 

1¢ operation of reaming the small-end bush is 


carried out, in the jig illustrated in Fig. 23, on Plate 
XXIII, by means of special adjustable piloting 
reamers, one of which, with its piloting bush, is shown 
separately inthe figure. Fig.24 illustrates the method 
of testing the alignment of a rod. For this purpose, 
the rod is bolted on to the bedding mandrel, above 
referred to, and with the test bar in position in the 
small-end bush, the whole is mounted vertically on 
vee blocks on a faceplate asshown. A dial indicator 
clamped on to a scribing block is used for checking 
the alignment, an allowance of 0-0005-in. being 
made for every inch in Jength of the test bar ; that 
is to say, with a test bar 6 in. in length, the difference 
in the readings taken at opposite ends of the bar 
must not exceed 0-003-in. A similar method is 
used for testing the twist of the rod which, for this 
purpose, is set up horizontally on the faceplate. 

In concluding our account of the Bristol Jupiter 
engine and its production, we need hardly point out 
that there are many other machining and testing 
operations of interest and importance quite equal to 
those described above, that might well have been 
dealt with had space permitted. Those selected, 
however, are reasonably representative of several 
others, and they certainly serve as some indication 
of the efforts made by the manufacturers to secure 
interchangeability in conjunction with high-class 
workmanship and finish, upon which the reliability 
of any aero engine so largely depends. 





CHAIN DRIVING BELT FOR VEE- 
PULLEYS. 


A USEFUL and effective form of belt for vee-pulley 
drives, such as those used for the fans and dynamos 
of motor vehicles, as well as for the main drives of 
motor cycles and other applications, has been pro- 
duced by Mr. E. Cork, of Upton-road, Bexley-heath, 
Kent. ‘The belt is composed of a length of standard 
roller cycle chain, or of detachable-link chain, to the 
sides of which compressed-leather pads, tapered to an 
angle of 28 deg., are attached by means of spring-steel 
clips. A section of the belt in position in the groove 
of a pulley is given in the accompanying illustration. 

One of the clips, which are U-shaped as shown in 
the figure, is sprung over each alternate link of the 
chain, with the bottom of the ‘‘ U’’ nearest the centre 
of the pulley, the clip being kept in position owing 
to the fact that small holes in the inner face of the 
‘*U”’, with corresponding depressions in the leather 
pads, fit over the ends of the pins of the chain. The 
leather pads are secured to the outer faces of the clips, 
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in the course of manufacture, by bending the ends and 
upper edges of the metal over the leather, the latter 
being also forced by pressure through a jagged hole 
mid-way between the ends to prevent the central 
portion from bulging outwards. It will be obvious, 
however, that there is an inward lateral pressure on 
the pads while they are in contact with the sides of 
the groove in the pulleys, this pressure holding the 
clips and pads firmly in position on the chain, so that 
there is no tendency for them to slip off from the 
effect of the longitudinal pull due to the drive. 

It is claimed that, with the belt described, the 
troubles usually experienced from stretching and 
slipping are avoided, and that the strength of the chain 
is such that a smaller belt than would normally be 
necessary, can be employed. Great flexibility and 
durability are also claimed for the chain belts and we 
are informed, with respect to the latter characteristic, 
that some belts have been in use for the fan and dynamo 
drives of motor-cars covering distances up to 28,000 
miles without adjustment. The clips and pads, how- 
ever, can be readily removed and replaced, if necessary, 
a special form of wrench being supplied; to facilitate 
the operation. 





PrRopvuctTION oF ASBESTOS IN THE UNITED STATES 
DURING 1924.—The United States Bureau of Mines has 
announced that the production of asbestos throughout the 
country during 1924 amounted to 300 short tons valued 
at 42,526 dols. The imports of manufactured asbestos 





into the United States amounted to 183,250 short tons. 








THE VESARE-WESTINGHOUSE 
PETROL-ELECTRIC OMNIBUS. 


THE unusual form of road vehicle, which we illustrate 
on page 324, has been designed and constructed by the 
Vesare Corporation, of Albany, N.Y., U.S.A., and has 
recently passed through a number of trial runs with 
satisfactory results. It is of the petrol-electric type, 
the electrical equipment having been supplied by the 
Westinghouse Electric and Manufacturing Company, 
of East Pittsburg, Pa., U.S.A., and is intended for the 
conveyance of passengers, although the system is 
equally well adapted for the transport of goods. In 
appearance, as can be seen from Fig. 1, the vehicle 
resembles the railway motor coaches in use in this 
country and elsewhere, the body being mounted on 
four-wheeled swivelling bogies at each end. It is 
thus able to turn round in a circle of 43 ft. diameter, 
although the overall length of the vehicle itself is 
38 ft., and the total wheelbase 29 ft. The wheelbase 
of each bogie is 4 ft. 6in., and the width and height of 
the vehicle are 8 ft. and 8 ft. 8 in., respectively. 

The weight of the omnibus unloaded is approximately 
9 short tons and the body, the framework of which is 
illustrated in Fig. 2, provides seating accommodation 
for 44 persons with standing room for 52 in addition. 
The floor is composed of two sheets of steel separated 
and stiffened by sheets pressed to a V-shaped section 
laid along the entire length. The window and door 
frames are of wood braced by longitudinal steel members 
and the roof is of the monitor type supported by V- 
shaped carlines, giving a headroom of 6 ft. 4 in. 
Diagonal braces are placed at and opposite each 
door, as may be seen in Fig. 2. Of the 44 seats 
provided, 32 are of the transverse type, the remainder 
being formed by a rotunda seat extending along the 
sides and round the rear end. This leaves standing 
space for 52 passengers, allowing 14 sq. ft. for each. 
The interior of the body is lighted electrically, and 
vertilation is provided by air entering through adjust- 
able louvres on the sides and rear end and leaving 
through windows in the roof. 

The comparatively small turning circle possible 
with this vehicle is due to a special steering gear, 
which enables each wheel to run on a true circle, the 
wheels of the rear bogie following almost exactly the 
same track as those of the front one. Figs. 3 and 4 
illustrate the bogies, which can swivel about a king pin 
located just behind the front axle. By means of an or- 
dinary steering wheel, the front wheels of the front bogie 
are controlled by the driver, the steering column being 
connected through gears and levers to a quandrant, 
to which the tie rods of the front wheels are attached. 
The effect of the quadrant is to turn the two front wheels 
to a different extent, so that each is set as a tangent to 
its own turning circle; the two front wheels are only 
parallel when the vehicle is travelling in a straight 
line. A similar arrangement is used for the rear bogie ; 
its front wheels, however, are controlled by an auto- 
matic device and not by the steering wheel. The 
tie rods of the front wheels are attached to a quad- 
rant mounted slightly behind and in the centre of 
the front axle, and this quadrant is controlled by a 
telescopic rod attached to a point on the frame about 
3 ft. in front of the axle. In operation, the rod is 
turned by the movement of the body, thus actuating the 
quadrant, to which the tie rods are connected, and 
setting the wheels at a tangent to their respective 
turning circles. There is, however, a slight time lag 
between the turning of the front wheels of the front 
and rear bogies, and this causes the wheels of the rear 
bogie to follow in the track of those of the front bogie. 
The track, it may be mentioned, is 5ft. 9in. in width, 
and the wheels are provided with rubber-cushion 
tyres. 

The power plant. which is mounted over the front 
bogie and is enclosed in a sheet-steel bonnet in the 
usual way, comprises a 110-h.p., six-cylinder petrol 
engine, by the Waukesha Engine Company, driving 
a 40-kw. Westinghouse generator at 1,200 r.p.m., 
through a flexible coupling. The generator was 
specially designed for the purpose, and is provided 
with a field winding arranged for the supply of a 
small amount of separate excitation from a battery 
to ensure a positive pick up, with stable operation 
under all loads. No series field winding is provided, 
and a resistance is inserted for varying the strength 
of the field. The generator supplies energy to two 
28 h.p. Westinghouse traction motors, one of which is 
mounted on each bogie, as shown in Fig. 4. The 
motors are suspended between the axles and are carried 
on links attached to the truck frame, power being 
transmitted from the motors to the axle through 
gearing giving a reduction ratio of 10-5to1. This, in 
addition to the fact that the road wheels are only 
30 in. in diameter, enables comparatively small 
high-speed motors to be employed, and also gives 
good acceleration with moderately low current. A 
universal joint is located between the motor and the 
axle, and an equaliser connection, visible in Fig. 3, 
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THE VESARE-WESTINGHOUSE PETROL-ELECTRIC OMNIBUS. 


CONSTRUCTED BY THE VESARE CORPORATION, 


ALBANY, N.Y., U.S.A. 

















Fig. 1. 





























Fie. 2. 


























Fic. 3. 


is provided between the springs of the two axles to 
give a more uniform distribution of the load. 

The control switchgear includes a master controller 
and a braking contro.ter, the former having three 
operating positions, viz., series and parallel forward, 
and parallel reverse. This controller is mounted 
directly under the driver’s seat and is operated by a 
hand lever located on his left ; a notching arrangement 
is provided to prevent the controller from being moved 
too rapidly. An interesting feature is the provision 
of electrical braking by means of the motors, the con- 
troller for this operation being mounted behind the 
driver’s seat and worked by a foot pedal. The con- 
nections between the braking controller and the master 
controller are such that the former can be operated 
with the latter in the normal working position and the 
driver can thus obtain the braking effect in the minimum 
time. Braking is obtained by cross-connecting the 





motor field and shunting resistance across the two 
motors in four steps. This, however, is intended 
merely to hold the vehicle at some constant balancing 
speed on a gradient and to adjust the speed to a reason- 
able value on the level. The main braking is effected 
by Westinghouse air brakes, supplied by a two-cylinder 
compressor driven by the engine and operating on four, 
six or eight wheels as required. A hand brake is 
provided in addition to the electrical and air brakes. 
In ordinary running, the engine throttle is practically 
the only control in use, the variation in engine speed 
obtained by the throttle being sufficient to produce 
the necessary range of voltage and consequently the 
desired speed of the motors. The field resistance, 
referred to above, is only required when climbing steep 
hills, or under abnormal conditions of loading, since the 
drooping characteristic of the generator is generally 
sufficient to prevent the engine from being overloaded. 





Fia. 4. 


The master controller corresponds to the change-speed 
gear on an ordinary motor car, but has to be moved 
less frequently ; under normal conditions it can be left 
in the parallel position entirely, and it need not be 
moved to the off position at each stop. The equipment 
is designed to give a maximum speed of 30 miles per 
hour with the engine running at 1,200 r.p.m., and the 
balancing speed on the level is about 25 miles per 
hour, with a rather lower engine speed. 

Electrical transmission has many obvious advantages 
for heavy vehicles required to stop and start at renner 
intervals, owing to the elimination of the clutch an 
change-speed gear used with mechanical transmission, 
while the smooth acceleration and practically infinite 
speed range obtained with the former system 18 also 
particularly advantageous for passenger service. +P 
this particular case, it also provides a convenient means 
of applying driving power to four or more wheels in & 
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STERN-WHEEL DREDGER FOR THE COLUMBIAN 


GOVERNMENT. 





CONSTRUCTED BY MESSRS. JAMES POLLOCK, SONS AND CO., LIMITED, FAVERSHAM. 
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Fig. 2. 


much simpler manner than would be possible with 
mechanical gearing. The best test, however, is a long 
period of regular service on the road, and it will be 
interesting to learn how the vehicle functions under 
these conditions. 





2 TENDER.—The Department of Overseas Trade has 

invites Cade eee neh of Durban, South Africe, 
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STERN-WHEEL DREDGER FOR THE 
COLUMBIAN GOVERNMENT. 


A LIGHT-DRAUGHT, stern-wheel dredger has recently 
been completed for and delivered by Messrs. James 
Pollock, Sons and Co., Limited, of 3, Lloyd’s Avenue, 
E.C.3, to the Columbian Government for use on the 
Magdalena River. The vessel was built to Messrs. 
Pollock’s own designs at the firm’s Faversham ship- 
yard. The firm has had a considerable amount of 








Fie. 36 


experience in connection with South American vessels, 
and incidentally constructed the Antonio Lemos, the 
only stern wheeler to have successfully worked her 
way under her own steam from this country to South 
America. 

The vessel which has just been completed is the 
Presidente Ospina. We give three views of the boat 
above, Fig. 1 showing the vessel ready for work at her 
destination, the other two views showing, respectively, 
the bow and stern of the boat while she was still on the 








SS 


Pe 9G RMT OE 


326 


ENGINEERING. 





(SEPT. 11, 1925. 








stocks in the builder’s yard. The Presidente Ospina 
has a length of 125 ft. and a breadth of 27 ft., while 
she only draws 4 ft. when loaded. She will assist 
generally in keeping the fairway of the Magdalene 
River open, but is intended mainly for work on the 
upper reaches, for which purpose her draught has been 
kept down as low as possible. 

From the general view given, it will be noticed that 
the boat is fitted with a grab as well as a suction dredger 
pipe placed forward, in the bows. The grab is worked 
by a slewing steam crane, and is for use in removing 
large objects, such as boulders, tree trunks and other 
debris, the matter dredged being deposited in a large 
hopper in the centre of the vessel. In a compartment 
immediately aft of this hopper are two steam-driven 
centrifugal pumps. One of these is for use in connection 
with the suction-dredger pipe fitted in the bows, the 
other being used to supply water to dilute, when 
necessary, the dredged material in the hopper. 

As already stated, the vessel is a sternwheeler, the 
paddles being worked by horizontal, long - stroke 
engines situated aft on the main deck as usual. 
Steam is supplied to all machinery by a locomotive- 
type boiler fitted for use with liquid fuel. 

The vessel is divided into several watertight com- 
partments. Accommodation consisting of a saloon, 
cabins, galley, bathrooms and lavatories, as well as a 
wheel and chart house, is provided on the upper deck, 
the wheel and chart house being situated at the forward 
end of this deck. A larger amount of sheltered space 
is also available on this deck. The vessel carries two 
boats under davits, steam anchor winches, windlasses, 
&c. A dynamo is provided supplying the general 
lighting installation and also a powerful projector over 
the chart house, &c. 

Messrs. James Pollock, Sons and Co., have, we 
understand, various orders on hand at the present time, 
including a motor yacht for H.H. the Rajah of Sarawak, 
which is to be provided with a 350 h.p. Bolinder engine. 





THE SHALLOW-DRAUGHT TWIN- 
SCREW STEAMER ‘“ FUSHUN.’’ 


TRIALS were successfully concluded at Southampton 
on Monday, September 7, of the Fushun, a shallow- 
draught, twin-screw cargo and passenger boat, which 
will form the latest addition to the fleet of steamers 
navigating the difficult waters of the Upper Yangtse 
Kiang. This river, the premier one of China, must 
be given rank amongst the greatest of the world, for 
in length it is only less than the Mississippi, 
the Nile, the Amazon and the Yenisei. It forms 
one of the main arteries of trade and communication 
with Central China, and its importance may be gauged 
from the fact that in the last ten years the Yangtse 
basin absorbed no less than two-thirds of the entire 
foreign trade of the whole country, Though of great 
consequence as an available means of transport, the 
Yangtse Kiang was formerly regarded as quite 
unsuited to navigation by steamships, because of 
the existence of rapids in which the currents frequently 
attain the extraordinary rate of 13 knots. The naval 
architects of this country, however, did not regard the 
problems involved as insoluble, and, in 1909, Messrs. 
John I. Thornycroft and Co., Limited, built the 
Shu-Tung, which demonstrated that it was possible 
to navigate the most troublesome parts of the river 
and, indeed, to establish regular services. When it 
is remembered that of its total length, 3,200 miles, 
the stretch between Ichang and Chungking, a distance 
of 400 miles, is subject to a fall of 476 ft. or 14 in. 
per mile, it will he appreciated that the contribution to 
naval construction made by the firm was one of the most 
important ever successfully attempted in the pro- 
vision of facilities for river navigation. It should be 
stated, however, that the Shu-Tung wey not the first 
vessel to steam through the rapids, because two shallow- 
draught gunboats, H.M.S. Woodcock and H.M.S. 
Woodlark, also built by Messrs. John I. Thornycroft 
and Co., Limited, must be given that distinction. 
To-day there are 27 steamers carrying goods on the 
river, of which four fly ‘the American flag, seven the 
Red Ensign, 10 are registered in France, three are 
under the Chinese flag, while a similar number of 
vessels fly the Japanese flag. 

The requirements in a vessel for this service are 
high speed, shallow draught and.thoroughly sound 
construction. Owing to the sharpness of some of the 
bends in the river course, limits are imposed upon the 
lengths of the ships that can be navigated, and in 
addition to all the problems imposed upon the builders 
by the physical characteristics of the river, it is also 
essential to provide a sufficient deadweight-carrying 
capacity to ensure the possibility of economic trading. 
In meeting these conditions in the design of the Fushun, 
Messrs. Thornycroft have constructed a vessel with 
a length overall of 147 ft. 8 in., a moulded breadth 
of 28 ft. and moulded depth of 8 ft. 6 in. Dead- 
weight-carrying capacities of 103 tons ona 5-ft. draught 


and of 201 tons on a 6-ft. draught were thus obtained, 
while the cargo space available is 23,000 cub. ft. 
In addition there is provision for the accommodation 
of officers and crew to the number of 43, and also for 
136 passengers. 

The vessel was built under the revised rules of 
Lloyd’s special survey for service on the Yangtse River. 
The boilers are arranged for burning either coal or oil. 
In the course of the trials on Monday last, when coal 
was the fuel used, six runs were made on the Stokes 
Bay measured mile, and the average speed was found 
to be 14-87 knots. During these trials, the two triple- 
expansion engines, which have cylinders of 11} in., 
18? in. and 32 in. diameter, and a piston stroke of 
15 in., were supplied by the two Thornycroft boilers 
with steam at 250 lb. per square inch gauge pressure, and 
a vacuum of 26 in. was maintained in the condensers. 
The mean revolutions per minute of the engines was 312. 
During these runs the load on board corresponded to 
100 tons deadweight and there was no preliminary 
cleaning of the hull. In normal service, a deadweight 
of 200 tons will be carried, and the specified speed 
under this condition was 13-5 knots. After the 
completion of the test runs, a demonstration of the 
vessel’s manceuvring qualities was made showing 
the quick response to the rudders and the remarkably 
small space required for the turning of a complete 
circle. When it is stated that the vessel could be 
turned in a circle of a diameter equal to her length, 
it will be readily appreciated that the exceptional 
demands for manceuvring made for vessels trading on 
the Yangtse Kiang have been more than met. 
Throughout the trials everything went without the 
slightest hitch. This vessel, built for exceptional 
conditions, has many features of interest to marine 
engineers and naval architects, to which we hope 
to refer later in a more extended description. The 
Fushun will shortly proceed to the East under her 
own steam so as to reach Hong-kong before the arrival 
of the monsoons. She will there undergo final trials 
before being handed over to her owner Mr. Fung Kan 
Yu, of Victorin, Hong-kong, by whom the order for 
the vessel was placed with Mr. R. R. Roxburgh, the 
representative in Shanghai of the builders. 





BOOKS RECEIVED. 


Die Separation von Feuerungsriickstinden und thre 
Wirtschaftlichkeit. By Dre.-Inc. W. ENGEL. Berlin : 
Julius Springer. [Price 8-10 gold marks. ] F 

Motorwagen und Fahrzeugmaschinen fiir Fliissigen 
Brennstoff. Vol. I. Motoren und Zubehir. By 
Dr. TecHN. A. HELLER. Second edition. Berlin: 
Julius Springer. [Price 33 gold marks.] 

Scientific Paradoxes and Problems and Their Solutions. 
By A. 8. E. AcKERMANN, B.Sc. London: The Old 
Westminster Press. 

The Industrial Applications of Coal-Tar Products. By 
H, M. Bansury, M.S8c., B.Se., and A. Davipson, B.Sc. 
London: Ernest Benn, Limited. [Price 42s. net.] 

Der Warmeiibergang und die thermodynamische Berech- 

nung der Leistung bet Verpuffungsmaschinen insbeson- 

dere bet Kraftfahrzeug-Motoren. By Dr. Ine. Aucust 

Herzfeld. Berlin: Julius Springer. [Price 6 gold 

marks. ] 

General Physics and its Application to Industry and 

Everyday Life. By Ervin 8. Ferry. Second edition, 

revised. New York: John Wiley and Sons, Ine. 

London: Chapman and Hall, Limited. [Price 20s. 

net. ] 

The Public and its Utilities. By W1tt1am J. RayMonp, 
LL New York: John Wiley and Sons, Ine. 

London: Chapman and Hall, Limited. [Price 

17s. 6d. net. ] 

Strength of Materials. By Epwarp R. Maurer and 

Morton O, Wituy. New York: John Wiley and 

Sons, Inc. London: Chapman and Hall, Limited. 

[Price 17s. 6d. net.] 

Resistance of Materials. By Frep B. SEEty, M.Sc. 

New York: John Wiley and Sons, Inc. London: 

Chapman and Hall, Limited. [Price 18s. 6d. net.] 

Structural Drafting and the Design of Details. By 

Cartton T. BisHop. Second edition. New York: 

John Wiley and Sons, Inc. London: Chapman and 

Hall, Limited. [Price 25s. net.] 

Die Edelmetalle. By WitHEtM LaatscnH. Berlin: Julius 

Springer. [Price 6 gold marks. ] 

The Wonder Book of Railways. Edited by Harry 

Gotpine. Twelfth edition, revised. London: Ward, 

Lock and Co., Limited. [Price 6s. net.] 

Early British Railways. A Short History of their Origin 

and Development, 1801-1844. By HENRY GrROTE 

Lewin, B.A. London: The Locomotive Publishing 

Company, Limited. [Price 12s. 6d. net.] 





TENDERS.—The State Electricity Commission of Vic- 
toria invites tenders, to be presented by November 9, 
1925, for a supply of 22,000-volt three-core cable and 
accessories.—The Roumanian Railway Administration 
invite tenders, to be presented at Bucharest not later 
than September 22, 1925, for the supply of railway 
crossings. All inquiries regarding these tenders should be 
directed to the Department of Overseas Trade at 35, 





Old Queen-street, Westminster, London, 8.W. 1. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The depressed condition of the heavy 
trades is reflected in official returns of unemployment, 
The latest figures for the Sheffield district show that, 
including nearly 2,000 short-time workers, over 26,000 
operatives are idle. This represents an increase of 1,700 
on the preceding week, but includes miners who were 
thrown idle owing to a local colliery accident and who 
have since restarted. Optimism still characterises the 
outlook in heavy steel and engineering, however. The 
chairman of one of Sheffield’s leading steel works told 
an audience, on Saturday, that recently he had been 
talking to men of very wide experience, several of whom 
stated that they saw signs of improvement in the industry. 
The latest production returns indicate that, despite 
weakness in several directions, a very considerable 
tonnage of semi-manufactured materials is going into 
consumption in local and allied trades. Buying in July 
was artificially stimulated by fears of a coal stoppage, but, 
even discounting this factor, sales were maintained at a 
substantial level. Steel production in the Sheffield 
district rose from 68,000 tons in June to 74,000 tons in 
July, nearly half the latter total being basic quality. 
Compared with July last year, the gross output was 
7,000 tons less. Lincolnshire’s output, though showing 
no appreciable increase on the previous month, was 
5,000 tons more than in July, 1924. Makers of special 
steels continue to do good business with inland buyers, 
but, in addition to finding Continental sales curtailed by 
increased tariffs, they are meeting with active opposition 
in France, Italy, and Belgium from Czecho-Slovakia. 
Tools and implement parts are active lines. It is also 
satisfactory to note that Russian business, though lack- 
ing pre-war proportions, has steadily grown during the 
past eight or nine months. 


South Yorkshire Coal Trade.—Nearly all the house- 
coal pits in this district are working short time, due to 
the general paucity of orders both from London and 
country buyers. It is expected, however, that business 
in this section will receive a fillip if the colder weather 
experienced during the last few days continues. Steams 
are in moderate request for home consumption. Exports 
continue sluggish. Sellers are not inclined to offer 
further price inducements at the moment. Washed 
sorts are going away well on home industrial account. 
Cobbles and nuts are weak. Quotations :—Best branch 
handpicked, 30s. to 33s. ; Barnsley best Silkstone, 27s. 
to 29s.; Derbyshire best brights, 22s. 6d. to 25s. 6d. ; 
Derbyshire best house, 22s. to 24s.; Derbyshire best 
large nuts, 18s. to 20s.; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 18s. to 22s. ; Derby- 
shire hards, 18s. to 22s.; rough slacks, 10s. 6d. to 13s. ; 
nutty slacks, 8s. 6d. to 9s. 6d. ; smalls, 3s. 6d. to 5s. 6d. 





INDUSTRIAL WELFARE Society.—The Sixth Annual 
Lecture Conference, organised by the Industrial Welfare 
Society, will be held at Balliol College, Oxford, from 
September 11 to 16, Nearly 200 of the largest industrial 
firms will be represented at this meeting and an 
attractive programme of lectures has been arranged. 
Each lecture will be followed by a one-hour discussion. 
The opening address will be given at 8 p.m. on Friday, 
September 11 by Mr. F. 8S. Button, J.P., Member of 
the Industrial Court and the Amalgamated Engineering 
Union. All inquiries regarding this conference should 
be addressed to the Secretaries, Mr. G. P. Holden and 
Miss C. M. Kerr, at 51, Palace-road, London, 8.W.1. 





Tue InstITUTION oF AUTOMOBILE ENGINEERS.—It is 
announced that the first informal meeting of the Institu- 
tion of Automobile Engineers for the session 1925-26 
will be held on October 27. It has been suggested that 
an opportunity should be given of demonstrating and 
discussing petrol gauges. Manufacturers who desire to 
exhibit their devices should communicate with the 
Secretary of the Institution at Watergate House, Adelphi, 
London, W.C.2. It is intended to allow demonstrators 
a short time to explain the special points of their products 
after which questions may be asked by those present . 
the proceedings. These will be of quite an informa 
nature throughout. 





Conrracts.—United Water Softeners, Limited, of 
Imperial House, Kingsway, London, W.C.2,, —_ 
obtained orders from Messrs. Strachan and Co., Limited, 
of Stroud, for water-softening and purification plant 
capable of treating 120,000 gallons daily, and from 
Messrs. Fielding and Johnson, Limited, of La 
for plant capable of treating 96,000 gallons daily.— 
Messrs. Daniel Adamson and Co., Limited, of De. 
field, Cheshire, have secured a contract from the Municipe 
Commissioners of Singapore for the erection, no ag 
junction of Jalan Sultan and Northbridge-roa , 0 
automatic float-switch sewage lifting plant of the tan - 
type, comprising pneumatic sewage ejectors operate bad 
electrically-driven air-compressing plant under =, 
matic control. An order has been obtained by the = 
firm for the supply, delivery and erection of an paws 
matic float-switch, sewage-lifting plant, with automa " : 
electrically-driven air-compressing plant, together be s 
duplicate sets of electrically-driven storm-water —, 
sets fitted with automatic control gear, for the a 3 
Housing Estate, Derby.—Messrs. Alfred Her oe 
Limited, of Coventry, have received an order from Vv 
Ashanti Goldfields Corporation, Limited, for the = 
of six Atritor coal-pulverising machines for the ~ 
of Edwards furnaces used in the roasting of ga 
Each machine will be capable of treating 500 Ib. of cow 





per hour, and will be driven by a totally-enclosed, DC. 
motor mounted on a common cast-iron bedplate. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig iron is slow of 
sale. Comparative cheapness of Continental iron con- 
tinues to enable foreign producers to capture custom 
abroad, and to invade home markets to some extent, 
but prices ruling for the output of this district are suffi- 
ciently low for makers to retain local trade. Export 
transactions are of quite trifling dimensions. Hope is 
entertained that home buying will expand considerably 
so soon as customers can be persuaded that. quotations 
have touchéd bottom. No. 1 Cleveland pig is 72s. ; 
No. 3, g.m.b., 688s.; No. 4, foundry, 67s.; and No. 4, 
forge, 66s. 6d. 

Hematite—Demand for East coast hematite has fallen 
away a good deal, but producers having got well through 
their stocks are in a stronger statistical situation than for 
some time past. Values, however, have taken a down- 
ward turn, and no difficulty is experienced in obtaining 
Nos. 1, 2, and 3 at 75s., whilst No. 1 is on sale at 75s. 6d. 

Foreign Ore.—There is pzactically no sale for foreign 
ore, consumers having large arrears of deliveries to make 
up against old contracts. Market rate remain on the 
basis of best rubio at 20s. c.i.f. Tees. 


Blastfurnace Coke-—Durham blastfurnace coke is not 
readily disposed of to local users. Good medium qualities 
are in the neighbourhood of 19s. delivered here. 

Manufactured Iron and Steel.—Manufactured iron and 
steel prices are rather unsteady. There is a little more 
doing in some steel branches. A few orders for rails have 
been booked, constructional steel is selling fairly well, 
and sheet producers are very busy. Common iron bars 
are 111, 128. 6d. ; iron rivets, 137. 10s. ; packing (parallel), 
8l.; packing (tapered), 11/.; steel billets (soft), 77. 10s. ; 
steel billets (medium), 8/.; steel billets (hard), 91. ; 
steel ship bridge and tank plates, 8/.\; steel angles, 7/. 15s. ; 
steel rivets, 132. ; steel joists, 77. 15s. ; heavy steel rails, 
8i. 10s. ; and galvanised corrugated’ sheets, 16/. 10s. 


Imports of Iron and Steel.—Tees Conservancy Commis- 
sioners returns issued this week give imports of iron and 
steel to the Tees from Holland, Belgium, France, Norway, 
Sweden, Germany, India, and coastwise for the ten months 
ending August 31 last, at 151,839 tons as compared with 
106,744 tons for the same months a year ago, and 53,299 
for the corresponding pre-war period of 1913-1914. 
Pig iron unloaded to the end of last month amounted to 
15,198 tons, as against 19,542 tons a year ago, and 312 
tons in the pre-war period; crude sheet bars, billets, 
blooms and slabs unloaded to the end of last month 
reached 115,225 tons as against 71,111 tons a year ago, 
and 33,646 tons in the pre-war period; and plates, bars, 
angles, rails, sheets, and joists imported to the end of 
last month totalled 21,416 tons, as against 16,091 tons 
& year ago, and 19,441 tons in the pre-war period. 





TRrAL Trip or M.S. “ Crry or StockHoitm.”—Recently 
successful trials were carried out on the Firth of Clyde 
by the motorship City of Stockholm, which has been 
constructed for the Ellerman Lines, Limited, by Messrs. 
Barclay Curle and Company, Limited, of Whiteinch, 
Glasgow. The vessel is fitted with a set of two-stroke 
double-acting Diesel engines, made by the North British 
Diesel Engine Works, Limited, and these operate a 
single-screw. Power is generated in three - cylinders, 
24} in. in diameter, and of 44-in. stroke, and 2,000 brake 
horse-power can be developed at 96 r.p.m. The trials 
showed that a speed of 10} could be maintained by the 
ship on a fuel oil consumption of 8 tons per day when 
a load of 9,500 tons was being carried. 


BIRKENHEAD VEHICLE Ferry STEAMER.—Two similar 
double twin-screw vehicle ferry steamers, the Bebington 
and the Oxton, under construction. to the order of 
the Birkenhead Corporation by Messrs. Cammell Laird 
and Co., Limited, were recently launched from Birken- 
head Yard. Intended for service between Woodside and 
pi yr these ships are of similar design, having an 
overall length of 150 ft., a moulded breadth of 50 ft., 
and a moulded depth of 15 ft. 6 in. Each hull is:divided 
into water-tight compartments by five transverse and 
two longitudinal bulkheads. A large compartment 
situated amidships accommodates the engines. The steel 
main deck is doubly sheathed with wood, the upper layer 
being of chamfered greenheart and the lower of pitchpine. 
High steel bulwarks are fitted all round the vessel and 
four strong metal gangways are supplied, two being 
mounted on each side of the ship. These are operated by 
steam-driven lifting engines placed in the wing compart- 
meht below each gangway, and controlled by an adjacent 
lever. Steam steering gear is installed aft, and operates 
the rudder by means of chain and wheels to a maxi- 
mum angle 60 deg. to port and starboard. The 
Steam steering gear is controlled from the navigating 
house on the top of the funnel casing, by means of rods 
and bevel gearing. Anchor cables are worked by means 
of a hand and steam capstan fitted forward. A capstan 
engine 18 contained in the fore-peak compartment imme- 
diately aft of the chain locker, and is controlled from the 
upper deck. Special attention has been devoted to 
keeping the latter as free from obstructions as possible. 
The propelling machinery consists of two sets of three- 
cylinder, triple-expansion condensing engines drivin, 
two shafts geared to four propellers, two forward an 
two aft. The arrangement has been adopted in order to 
Secure the most efficient manoeuvring ability. Steam is 
supplied by two cylindrical navy-type boilers each 
having three furnaces and working under natural draught. 
A full complement of auxiliary machinery is provided, 
including air and circulating pumps, feed pumps and 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—No change of any moment can 
be recorded in connection with the steel trade of Scotland. 
The past week has been very like its immediate pre- 
decessors and little in the way of fresh business has been 
booked. Existing contracts booked some time ago 
are largely responsible for all that is doing, and even they 
cannot keep more than a portion of the plant running. 
The demand all round is poor, and recent inquiries have 
not borne much fruit yet, but it is hoped that some 
improvement in that direction may come along soon. 
The black and galvanised sheet makers are well em- 
ployed, and a,better request from abroad is again in 
evidence. For galvanised sorts the price is firm. 
Structural steel sections are the turn quieter. Prices 
have been reduced except for boiler plates, and are now 
quoted as under:—Boiler plates, 11/. 10s. per ton; 
ship plates, # in. and up, 8/. 5s. pe® ton; sections, 
71. 17s, 6d. per ton ; and sheets under ¥ to }in., 101. 15s. 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—A dullness still prevails in the 
West of Scotland malleable-iron trade. The present- 
day consumption has fallen off considerably, and makers 
are only working from hand-to-mouth. Inquiries even 
do not raise the hope of any sustained improvement, and 
the outlook is not very hopeful. Conditions in the steel 
re-rolling branches are practically unchanged. The price 
of “Crown” bars is steady at 11. 12s. 6d. per ton, 
delivered Glasgow. 


Scottish Pig-Iron Trade—In the Scottish pig-iron 
trade there has been little demand since last report and 
only a very poor inquiry from abroad. At the present 
time the local producers are suffering from the import 
of Continental pig-iron, a large quantity of which is 
ear-marked for foundries in this district. Hematite iron 
is dragging because of the quietness in the steel trade, 
Prices are nominally unchanged, but are tending down- 
wards, and are as under :—Hematite, 4/1. 2s. 6d. pe 
ton, delivered at the steel works; foundry iron No, 1, 
4l, 4s. 6d. to 4l. 7s. 6d. per ton, and No. 3, 41. 2s. to 
4l. 5s. per ton, at makers’ yards. 


" 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, September 5, amounted to 1,174 
tons. Of the total, 1,004 tons went to foreign desti- 
nations and 170 tons coastwise. For the corresponding 
week of last year the figures were 611 tons overseas, and 
400 tons coastwise, making a total shipment of 
1,011 tons, 





SPECIFICATION FOR STEEL FoR Dre Btocxs.—A 
publication entitled British Standard Schedule of Steel 
for Die Blocks for Drop Forging and numbered 224-1925 
has recently been issued. The pamphlet has been drawn up 
by a sub-committee comprising representatives of the 
Association of Drop Forgers and Stampers, the Alloy 
Steel Makers’ Association, and the National Federation 
of Iron and Steel Manufacturers, and its pages contain 
regulations governing the manufacture of suitable steels 
for die blocks, definitions of heat treatments, and informa- 
tion on mechanical testing. The chemical composition, 
heat treatment, and hardness tests to be complied with 
by four kinds of steel, namely, “‘ 60 ’”’ carbon steel, 1 per 
cent. nickel steel, and two varieties of nickel-chromium 
steel, are also given. Copies of this Schedule may be 
obtained from the British Engineering Standards 
Association, 28, Victoria-street, London, 8.W. 1, price 
ls. 2d. post free. 





Sarety Brackets ror LappERS.—A device which 
has gained considerable popularity among ladder-users in 
the United States is the Seaman Safety Ladder Bracket, 
recently introduced into the British market by Messrs. 
Hall, Phillipson and Co., Limited, of 32, Victoria-street, 
London, 8.W.1. The bracket consists of an arm forged 
integral with a steel eye or socket fitted with two steel 
screws. When in use, a pair of brackets are fixed to 
the top of the ladder legs, the sockets gripping the latter 
by means of the screws provided. On the ladder being 
raised into position, the bracket arms, and not the 
ladder legs, come in contact with the supporting wall or 
structure. A great advantage is that due to the spread 
of the arms the distance between the points of support 
on the wall is 42 in.. Further, the ladder top is kept at 
a distance of 14 in. from the wall, allowing the highest 
rungs to be used with safety and comfort. Seaman 
brackets have a safe working load of 2,700 lb. and weigh 
5 Ib. 10 oz. per pair. 





PREPARATION OF ALUMINA FROM CLAys.—Experi- 
mental work has been proceeding for some time at the 
Berkeley (California) Experimental Station of the United 
States Bureau of Mines with the object of determining 
the most efficient and easily operated method for carrying 
out the thermal decomposition of aluminium sulphate 
into aluminium oxide. It has now been established 
that roasting the sulphate with charcoal in a down- 
draught blast roaster is the best process. This brings to a 
close the second phase of the investigation, the first 
part of the work, nainely, the extraction of a pure solu- 
tion of aluminiunt sulphate from impure solutions ob- 
tained in acid treatments of minerals rich in aluminium, 
such as alunite, having already been accomplished. 
The object of this first work was to find a — and 
practical method of preparing aluminium sulphate 
free from impurities, and thus provide a cheap source for 
the manufacture of pure alum and other pure aluminium 
salts which at present cost nearly twice as much to prepare 





filters, and heaters. 


as the impure salts. 


NOTICES OF MEETINGS. 


Tue InstTITUTION OF THE RUBBER INDUSTRY.— 
Monday, September 14, at 8 p.m., at the Engineers’ 
Club, Coventry-street, W.1. ‘‘On Some Rubber Com- 
pounding Tendencies,” by Mr. W. B. Wiegand, M.A., 
F.C.1.C. 

Tue InstituTIOoN oF MUNICIPAL AND CoUNTY 
ENGINEERS: SovutTH-EasteERN District.—Saturday, 
September 19, at 11 a.m., at the Town Hall, Horsham. 
Discussion on ‘ Notes on Horsham,” by Mr. C. G. 
Atkinson. Various visits. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Except for the fact that three vessels 
have been chartered to carry Welsh coal to the United 
States, there has been no appreciable change in the 
condition of the coal trade during the past week. 
Demand remained as quiet as ever, and buyers, wherever 
possible, followed a waiting policy and restricted their 
requirements to a minimum, anticipating that they would 
be able to buy at lower figures than those at present 
current, which, however, are at the lowest point touched 
fora couple of years. The American business is negligible 
in quantity, and unless the strike of anthracite miners is 
agp it is not expected that orders for anything 
ike appreciable quantities will be placed. Meanwhile 
matters have gone from bad to worse, and prices still 
show a falling tendency. The only coals to show any 
semblance of steadiness are No. 2 and 3 Rhondda smalls 
and bituminous washed nuts. All other classes are 
plentiful, with quotations more or less nominal, as buyers 
generally are invited to make offers which are invariably 
at less than the quoted prices. Best Admiralty large 
ranges from 24s. to 25s. with seconds from 23s. to 24s., 
and Monmouthshires from 20s. 6d. to 22s. 6d., while 
drys are from 22s. to 24s. Smalls are abundant with 
the best steams from lls. to lls. 6d., and others from 
9s. 6d. up. Buyers willing to take a definite proportion 
of small with large can secure additional concessions in 
regard to large coal. Many pits are still idle because of 
the depressed conditions, while those working are only 
able to carry on intermittently, as a considerable number 
of wagons are held up under load, and delay is being 
experienced in getting clearances from the docks because 
of a dearth of prompt shipping. Exports of coal as 
cargo foreign in the past week from South Wales totalled 
329,130 tons, which was 12,000 tons less than in the 
preceding week. Shipments to Argentina amounted to 
20,000 tons, Brazil 16,300 tons, Canada 12,900 tons, 
France 129,180 tons, Egypt 17,550 tons, Italy 45,500 
tons, and Spain 21,860 tons. Exports from Cardiff 
were reduced by 73,000 tons to 178,060 tons, but at 
Newport they were increased by 13,000 tons to 57,710 
tons, at Swansea by 21,000 tons to 46,660 tons, at Port 
Talbot by 13,000 tons to 43,570 tons and at Llanelly 
from nothing to 3,130 tons. 


Iron and Steel.—Exports of iron and steel in the past 
week totalled 12,900 tons, compared with 26,731 tons 
in the previous week. Shipments of tinplates and 
terneplates amounted to 5,935 tons, compared with 
10,059 tons; blackplates and sheets to 2,776 tons against 
10,143 tons; galvanised sheets, 1,467 tons against 2,140 
tons ; and other iron and steel goods to 2,722 tons against 
4,389 tons. 





PERSONAL.—It is announced that the business known 
as Fry’s Metal Foundry, of 25-42, Holland-street, 
Blackfriars, London, 8.E.1, and owned by Mr. John 
Fry, has been converted into a private limited liability 
company. Mr. Fry will act as chairman and managing 
director to the new company. 





Tue JuNiIoR INSTITUTION OF ENGINEERS’ LIBRARY.— 
In view of the rapid increase within recent years in the 
number of volumes constituting the library of The 
Junior Institution of Engineers, it has been thought 
desirable to compile a catalogue containing particulars 
of the books available for the use of members. This 
work has been ably completed by Mr. H. P. Wright, the 
Hon. Librarian, with the assistance of Messrs. T. W. P. L. 
Mullings and F. C. George. Books have been classified 
under seventeen different sections. In each of these, 
titles are given in alphabetical order in one column, the 
library numbers being placed on one side and the name of 
the author, number of pages, and the date of publication, 
on the other. Copies of the catalogue may be obtained 
from the Junior Institution of Engineers, 39, Victoria- 
street, London, 8S.W.1, price 2s. 6d. net. 
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IRRIGATION CANAL FOR YUTSE, SHANSI PROVINCE, 
Cu1na.—The soil in the neighbourhood of Yutse, Shansi 
Province, China, is highly fertile, but the crops growing 
there are subjected to periodical droughts. o remedy 
this state of affairs, farmers at Che Liang Chun are 
engaged in digging a canal to divert water from the 
Tu River for tne irrigation of a tract of land 8,000 acres 
in area. The completed canal, which will be over 
13 miles long, will commence at the left bank of the river 
and pass through four or five villages. The width will 
be approximgtely 20 ft., and the depth will vary from 
5 ft. to 10 ft., according to the topographical features of 
the country-side. A total expenditure of some 12,000/. 
will be necessary. Work is now well in progress, and 
owners of the land to be benefited will bear the expenses 
of the scheme, contributing 14s. for each acre owned. 
An increase of 30s. per acre in the value of the land 





affected is confidently anticipated. 
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MACHINE SHOPS FOR THE PRODUCTION OF BRISTOL JUPITER 
AERO-ENGINES. 


(For Description, see Page 321.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and apy other pubiications bearing 
somewhat similar titles. 

TELEGRAPHIC) “ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NumBERS—3663 and 8598 GERRARD. 


_ SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom 

For Canada— 

Thin paper copies 
Thick paper copies 
For all other places abroad— 
Thin paper copies 
Thick paper copies 6 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address, 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


—_ ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
urrent week’s issue must be delivered not 
tater than First Post on Thursday. In con- 
equence of the necessity of going to press 
tly with a portion of the edition, alterations 
standing advertisements should be received 
days previous to the day of publication. 


ll accounts are payable to ““ ENGINEERING,” LTD. 
sheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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REPETITION WORK. 


Excerpt for a few articles, repetition work in 
engineering was unknown a hundred years ago. 
There was, indeed, a good deal of it in the textile 
trade, and in the engineering trades some simple 
articles came more and more to be so made, but no 
practice existed by which things individually 
complex were split up into parts that were simple, 
and were made separately by men whose whole time 
was devoted to the single job. No question exists 
that in some manufactures the tendency to make 
things in this way has developed in an extraordinary 
degree, and is likely to be pushed still further. 

From at least two aspects, this is a matter of 
congratulation to the industries concerned and to 
those engaged in them. To the industries, the 
method has the advantage that it calls for fewer 
qualities in the persons by whom the work is to be 
done, than does the manufacture of work where the 
same man has to do many different operations. 
As Babbage pointed out some ninety years ago, to 
make things in this way involves a greater gain 
than the mere saving of time that comes from 
division of labour, It enables work to be done by 
persons with a smaller number of qualifications or 
aptitudes, than are required where each man has to 
do more than one operation, and such men are more 
plentiful than the men of a wider range of qualifica- 
tions, The industry is less restricted in its choice of 
the men to whom it can offer its work, and, in addition 
to the wider choice, has a better chance of getting the 
best men for the elementary operations, and therefore 
of producing in the most efficient way. The men, 
on the other hand, gain corresponding advantages. 
As Henry Ford has shown on the most wholesale 
scale, the method places employment on by far 
the greater part of work in mechanical manu- 
facture, at the disposal of persons with no previous 
training whatever, beyond what it is worth the 
while of the works. to supply when required ; and, 
bearing in mind the common experience that from 
time to time one trade may be slack while another 
is short of men, this is a considerable benefit to a 
population among whom unemployment is unfor- 
tunately always present, and to a community that 
suffers the expense and demoralisation that such 
unemployment is bound to cause, It has, moreover, 
the further advantage that Babbage pointed out, of 





requiring fewer qualifications in the individual, and 


thus of improving each man’s chance of becoming, 
in F, W. Taylor’s fine words, first class at some 
job. 

As against these obvious advantages of the method, 
where it can be applied, it is often said that it 
involves a special sort of fatigue arising from the 
monotony of repetition work, With all their efforts, 
and they have beea many, physiologists and psycho- 
logists do not yet seem to have found a test of indus- 
trial fatigue that can be applied in practice, and are 


25 | driven mostly to infer it from reduction of output. 


The circumstance that output has been and is being 
obtained most efficiently in the very shops where 
repetition work is most drastically organised, does 
not seem to support the view that the fatigue 


7| arising from the monotony of the method, is 


comparable in its effects on output to its advantages. 
According to many competent engineers, the 
occurrence of monotony, recognisable as such by the 
workers themselves, is extremely rare ; and, accord- 
ing to Ford, its extent, if it exists at all, is quite 
small compared with the opportunities of relieving 
it to be obtained in the intervals of work, and can 


5| be avoided altogether by judicious changes from 


one repetition operation to another. Nevertheless, 
the psychologists are persuaded firmly that it is a 
factor of serious and of increasing importance ; and, 
accordingly, the Industrial Fatigue Research Board 
has just published a report by Miss Isabel Burnett, in 
which she records the results of a number of experi- 
ments she has made in the Psychological Depart- 
ment of the University of Manchester, under the 
direction of Professor T. H. Pear, with the object 
of throwing light on the subject.* 

The aims of the experiment were to observe the 
different effects of repetition work on workers. of 
varying intelligence, and the effects on operatives 
and outputs of various rest pauses, and to compare 
the effects of time-rate and piece-rate remuneration, 
The observations were made on four girls, 17 years 
old, chosen from a school for unemployed young 
persons, with the help of conventiona] tests of 
intelligence that seemed to correspond roughly 
with the rating of school and factory. The work 
done was apparently of no intrinsic use whatever, 
consisting of cross-stitching coarse silk on canvas 
to an open mesh, This job was devised so as to 
make initial skill equal as far as possible, be readily 
and accurately measured by counting the stitches, 
allow no variation of quality, and avoid eye- 
strain. It was, of course, never automatic, but 
at the same time, involved little mental effort or 
attention to ensure accuracy. It is stated to have 
been similar to many factory operations. The 
workers were engaged for four days a week during 
two periods of two months each, separated by an 
interval of six months, during which they worked 
respectively on day work and on _piece-work, 
the latter apparently with day-work money 
guaranteed. Each day of the week consisted of 
two shifts of three hours each, and was worked on 
a different system. The first day—Tuesday— 
the subjects were allowed to pause whenever they 
chose. On the second, a compulsory pause of a 
quarter of an hour was enforced in the middle of 
each shift. On the third day neither pauses of any 
sort, nor conversations, were allowed. On _ the 
Friday pauses of five minutes each were interposed 
at equal intervals during each shift. The day- 
work money was 30s. a week, which the girls 
recognised as more than other girls of their age 
could earn, and they regarded the job as easy. 
The observations both of the run of output and of 
the behaviour of the girls seemed to show some 
effect due to monotony, most often on the days 
when no rest pauses were allowed, and these were 
most apparent in the work of the most intelligent 
girls, whose average output was distinctly inferior 
to that of a girl of only medium intelligence. The 
}-hour break .on the Wednesdays. was unpopular, 
though the other pauses were appreciated ; but the 
effect of all of them was to produce a lower rate 
of output, even after allowance had been made 
for the resting time. Piece-work had a directly 
stimulating effect, and in particular seemed to 





* Report No. 30. An Experimental Investigation 
into Repetition Work. By Isabel Burnett, M.A. H.M. 





Stationery Office. Price 2s. 6d. net. 
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promote rivalry and competition, to the benefit of 
output. 

The net outcome of these results discloses little or 
nothing that was not known before. This is not 
necessarily any disparagement whatever of the obser- 
vations. It would be an evil day for anything 
that pretended to call itself research if it fell 
into the danger of always finding what it was 
looking for. A negative result sometimes puts the 
investigators and those under whose direction they 
have been working, upon inquiry as to whether 
they have, in fact, so designed their scheme of 
investigation as to give it the best chance of 
disclosing what was being sought. Such an inquiry 
in regard to the present report would, we fear, 
lead to the conclusion that the scheme of investiga- 
tion has failed to satisfy this condition. It has 
sought to throw light on the effect of repetition 
work on those who do it. The records of psycho- 
logical laboratories must be singularly ill furnished 
if they do not already contain in effect such results 
as these observations disclose. On the course of 
industry, on the other hand, the observations have 
little or no bearing. The industrially ridiculous 
hours and days of work at an extravagantly-high 
rate take the whole of the operations outside the 
category of industrial work. Rest pauses may have 
their uses. Taylor showed this conclusively thirty 
years ago. But, to be useful, rest pauses are for 
persons under work conditions, not for those whose 
work more nearly resembles play, and is certainly 
far from bringing the workers to anywhere near 
the limit of their strength. The report claims that 
the fantastic operation chosen for the test observa- 
tions resembles many factory operations. It may 
be so ; but, so far as concerns the engineering trades, 
it lacks the presence of independent moving 
machinery, which in most operations introduces 
a break of monotony in every cycle, and it seems 
to give far less opportunity than normally occurs 
in practice, for the enjoyment of the sense of speed 
of work. As we have protested again and again, 
observations of this character are never likely to 
deserve or command the confidence of engineers 
until it is arranged for the profession to take an 
essential part in planning and directing them. 





THE INSTITUTE OF METALS. 
(Concluded from page 299.) 

THE autumn meeting of the Institute was con- 
tinued on Thursday, September 3, when the mem- 
bers reassembled at 10 a.m., in the Rankine Hall 
of the Institution of Engineers and Shipbuilders 
in Scotland, Elmbank-crescent, Glasgow. Professor 
Turner again occupied the chair. 


ALUMINIUM ALLoys. 


“The Properties of Some Aluminium Alloys,” 
by Dr. H. Hyman, was the first paper dealt with. 
The author, who read his paper in abstract, stated 
that he had conducted a series of experiments with 
the object of preparing an alloy of aluminium 
which would give good mechanical tests when cast 
in a sand mould, and, at the same time, be resistant 
to atmospheric and sea-spray conditions. A con- 
siderable amount of work had been done on the 
important binary alloys of aluminium, and their 
equilibrium diagrams had been closely investi- 
gated by various experimenters. Much work det 
yet to be done, however, in the case of the ternary 
and higher alloys. In this research, an alloy of 
aluminium, copper, nickel and iron had been made 
the basis of experiment. After some preliminary 
investigation, the alloy BS 7 was selected for further 
detailed examination. This contained 2-89 per 
cent. of copper; 0-62 per cent. of nickel ;- 1-75 
per cent. of iron; and 0-10 per cent. of mag- 
nesium, Silicon, amounting to 0-76 per cent., 
was also present. This material, the author 
stated, could be adopted for general use in 
the foundry for the manufacture of castings 
for engineering purposes. With ordinary care, 


minimum figures of 4 tons per square inch yield 
point, 10 tons per square inch tensile strength, and 
5 per cent. elongation, could readily be obtained. 
Fatigue tests showed the alloy to be very reliable 
under alternating conditions of stress. Corrosion 








tests extending over a period of six months indicated 
that the material could be used for castings exposed 
to air or sea-spray conditions, without serious 
deterioration. By increasing the magnesium con- 
tent to 0-5 per cent., an alloy readily responding 
to heat-treatment was obtained. Among other 
materials used in the corrosion tests were the “ Y ” 
alloy of the National Physical Laboratory and an 
anti-corrosive proprietary alloy lettered ‘‘ N.” 

Dr. Hanson, who opened the discussion, con- 
gratulated Dr. Hyman on his paper. He admitted 
that the discovery and study of an alloy for sand 
casting were of great importance. Dr. Gayler 
and himself had done work on chill-cast aluminium 
alloys containing copper which had given excellent 
results. They had obtained a tensile strength of 
17 tons per square inch, together with considerable 
elongation, from heat treated specimens. He 
thought the author was claiming a little too much 
when he stated that the fatigue limit of the alloy 
BS 7 could be taken as at least 6 tons per square 
inch. No fatigue limit was disclosed in the author’s 
curve of fatigue tests. Dr. Hyman would have 
stated the facts better if he had said that the endur- 
ance of the alloy BS 7, for 64 tons per square inch, 
was 6 million cycles. 

Mr. D. R. Tullis made reference to the alloy “‘ N ” 
discussed in Dr. Hyman’s paper. In the first place, 
this. alloy was intended to replace. cast iron for 
certain purposes. It was a zinc-rich (about 40 
per cent.) aluminium alloy and had a specific gravity 
of about 4. In connection with the fatigue tests, 
he did not consider the comparison made a fair 
one. It was a well-known fact that this class of 
alloy was not suitable for use under these con- 
ditions ; its elongation was much too low. In the 
matter of corrosion tests, he thought it hardly 
just to compare the loss, in milligrams per 
sq. cm., of an alloy having a specific gravity 
of 4, with that of another alloy having a spe- 
cific gravity of 2-8 to 2-9. With reference to 
immersion tests, carried out on various alloys and 
using actual sea water, it was interesting to note 
that samples of “Y”’ alloy and 99-9 per cent. 
zinc, both showed about the same percentage loss 
over the same period, namely, 1-791 per cent. 
in the case of the “ Y ” alloy and 1-767 per cent. 
in the case of pure zinc. When the value was 
calculated on a basis of loss, in milligrams per sq. 
em., the figures were very different. The ‘‘ Y ” alloy 
gave 6-46 and the pure zinc no less than 16-C8 milli- 
grams per sq. cm. loss. Mr. Tullis also thought that 
Dr. Hyman might have included one or two standard 
metals in his corrosion tests, in order to compare 
his results with those of other workers. He would 
suggest 99-5 per cent. aluminium and 99-9 per 
cent. zinc for this purpose. On page 189 of the 
Eleventh Report of the Alloys Research Com- 
mittee, it was stated that the machined surfaces 
of binary zinc-aluminium alloys were found to be 
practically immune from corrosion by sea water, 
whereas those portions which had not been machined 
were appreciably corroded by the same medium. 
Additions of copper increased this corrodibility. 
This did not agree with Dr. Hyman’s statement 
that the rapid corrosion which aluminium alloys 
underwent, when they were first introduced, could 
be traced to the presence of zinc, which was generally 
employed for alloying purposes. 

Dr. W. Rosenhain stated that the author’s 
alloy was certainly inferior to several others which 
were well known. The ductility of a casting was 
not an important matter. Castings were rarely 
used, and should not be used, in cases in which 
much distortion might occur. Cast-iron, which 
was utilised to such a great extent as a casting 
material, possessed low ductility. Dr. Hyman 
had intimated that too much attention had been 
paid to the chill- and not enoygh to the sand- 
casting of aluminium alloys. When conducting a 
research, careful standardisation of casting con- 
ditions was needed, and this was very difficult to 
obtain in the case of sand casting. When con- 
sidering a group of alloys it was better to study 
them in the form of chill castings than in the form 
of sand castings. A large amount of, work had 
nevertheless been done in the sand casting of 
aluminium alloys, particularly in the case of the 
“Y” alloy. <A tensile strength of 17 to 19 tons 


per square inch could regularly be obtained in 
sand-cast material, provided the methods employed 
were correct. The tendency for gas cavities to form 
in the metal had been eliminated. With regard 
to corrosion tests, Dr. Rosenhain continued, the 
“loss in weight”? method was no longer taken 
seriously nowadays. One or two deep pits might 
ruin a material, while the actual loss in weight 
might be small. On the other hand, in the case 
of another material, a relatively large loss in weight 
might have little effect. Loss in weight alone 
was, therefore, no criterion as to the extent of the 
corrosion, 

Mr. N. J. Maclean said that Dr. Rosenhain’s 
remarks had greatly interested him. He, how- 
ever, had spoken from the experimentalist’s point 
of view, whereas the paper had represented the 
point of view of the foundryman and of the engineer. 
What was sought was an alloy which would stand 
machining stresses in the workshop. Dr. Rosenhain 
had spoken. of chill-casting experiments. He 
quite appreciated that results obtained from this 
method would be more uniform; in practice, 
however, chill casting presented difficulties. 
Foundrymen were seeking further advances in 
the sphere of the light alloys, which would increase 
the strength of the material without interfering 
with the weight. He objected to the heat-treat- 
ment of castings because he was doubtful as to 
whether it could be reproduced in practice. (Dr. 
Rosenhain here stated that it could.) Mr. Maclean, 
however, considered that it was difficult to re- 
produce in the workshop the effects obtained 
by heat-treatment. There was always some un- 
certainty and, for this reason, many persons pre- 
ferred to develop sand-casting rather than chill- 
casting processes. Foundrymen were looking for 
further guidance upon the whole subject. 

Dr. Hyman, in reply, said that the main object 
of this investigation was to obtain an alloy having 
both a good tensile strength and a good elongation. 
Dr. Hanson had brought up the question of chill 
castings ; Mr. Maclean had dealt with that subject 
at some length. The rapid production of sound 
sand-cast alloys was what was really desired by 
the foundryman. Mr. Tullis had spoken of an 
alloy ““N’’; he had evidently alluded to some 
alloy of which he (Dr. Hyman) had no knowledge. 
The specific gravity of the alloy ‘‘ N,” referred to 
in the paper, had not been mentioned. Dr. Rosen- 
hain had said that the alloy B.S.7 was inferior to 
other light alloys. He admitted that fact, but 
improvements could still be made. All aluminium 
alloys, for sand-casting purposes, showed elongations 
of only 1 or 2 per cent. (this included the Y alloy 
in the “as cast’ state). His alloy, however, showed 
an improvement on that figure. 


ALUMINIUM-CopPER-ZINC ALLOYS. 


The next paper was devoted to the consideration 
of the Constitution of Alloys of Aluminium, Copper, 
and Zinc. It was by Dr. D. Hanson and Dr. Marie 
Gayler, and was read in abstract by the former. 
A full description was given of a research under- 
taken to confirm or disprove the existence of certain 
invariant points found by V. Jare3’. The latter 
determined the constitution of those ternary alloys 
of aluminium, copper and zine which contained 
up to 20 per cent. of copper on the zinc-copper side 
of the diagram, and up to 70 per cent. of copper 
on the aluminium-copper side. The authors con- 
firmed the temperatures of the invariant points 
as given by Jare3, and, with one exception, they 
also confirmed the reactions which took place at 
the five invariant points. The ternary eutectic 
of Haughton and Bingham was also investigated. 
The latter had determined the composition of this 
ternary eutectic mainly from the microstructure ; 
they stated that its composition was approximately 
4 per cent. of copper, 7 per cent. of aluminium, 
and 89 per cent. of zinc. The eutectic temperature 
was given as 378 deg. C. They had based their 
conclusions on the examination of an alloy which 
had been annealed at 300 deg. C. for 95 hours. 
The present authors showed that, in the case of 
an alloy containing 4 per cent. of copper and 
7 per cent. of aluminium, which had been slowly 
cooled from the molten state, (8 + CuZn,) had 





separated simultaneously as a primary separation, 
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and (8 + Zn) had then finally separated together. 
In the case of the annealed alloy shown by Haughton 
and Bingham, the present authors suggested that 
the heat-treatment had probably caused the 
8 constituent to ball up and that, had the alloy 
been examined in the slowly cooled state, probably 
the (8+ CuZn,) and the (8+ Zn) separations 
would both have appeared. 

In order to determine the constitution of the 
ternary alloys of aluminium, copper and zinc, 
containing up to 25 per cent. of copper, the authors 
constructed equilibrium diagrams in which the 
copper content was constant at 5, 10, 15, 20 and 
25 per.cent. respectively, while the aluminium 
content varied. Besides using their own results, 
obtained by means of thermal curves, they made 
full use of the thermal data of Jares and of Haughton 
and Bingham. The constitution of the alloys at 
temperatures below the solidus down to 200 deg. C. 
was determined by means of the microscopic 
examination of annealed and slowly cooled alloys. 
The existence of a sixth and seventh invariant 
point was established. These were due to invariant 
reactions which took place in the solid state at 
constant temperatures. The temperature of the 
8 transformation of the binary aluminium-zinc 
system was depressed by the addition of copper 
until the presence of CuAl caused it to take place 
at the constant temperature. The temperature of 
this reaction on cooling was approximately 
245 deg. C. 

Dr. Haughton, who spoke in the discussion, 
stated that the authors had satisfied him that 
no eutectic occurred at the 380 deg. transforma- 
tion point. He congratulated the authors on 
what could be described as a monumental piece 
of work. 

Dr. Gayler, in reply, said that she was glad 
Dr. Haughton agreed with the authors’ interpre- 
tation of the point he had mentioned. In the 
course of their experiments they had used cooling 
curves, whereas he had used heating curves. It 
was difficult to decide which gave the best results. 
On the whole, cooling curves were perhaps 
preferable. 


CoRROSION OF ALUMINIUM ALLOYS. 


A paper entitled ‘“‘ Passification and Scale Resist- 
ance in Relation to the Corrosion of Aluminium 
Alloys ” was next taken. It was read in abstract by 
the author, Mr. L. H. Callendar. 

We reproduce this paper in abridged form, 
on page 340 of this issue. 

Mr. U. R. Evans said that he entirely shared the 
view that a flocculent porous type of hydroxide 
might cause localisation of corrosion by screening 
the metal below, not only from oxygen, but also 
from other passifying agents, such as chromates 
(if the latter were present). Evidently the question 
of selective permeability was of great importance. 
If the scale on aluminium was impermeable to all 
the ions and molecules present, it would be protected. 
If, on the other hand, it was permeable, say, to 
chlorine, but impermeable to oxygen and oxidising 
agents it would favour anodic attack upon the 
area covered, 

He had recently been led to believe that the 
very special power, possessed by chlorides, of 
dispelling passivity, was due, not merely to the 
ordinary peptising action of the chlorides, but to 
the fact that chlorine ions could penetrate through 
layers which were comparatively impermeable to 
most other ions, This view (which was not 
inconsistent with the peptisation hypothesis, but 
was rather an amplification of it) had been 
necessitated by the results of some recent experi- 
ments on iron, a metal which, like aluminium, 
was rendered passive by chromates but which was 
restored to the active condition by chlorides. This 
idea of selective permeability would seem to explain 
many of Mr. Callendar’s results on aluminium. 

In a very brief reply Mr. Callendar thanked 
Mr. Evans for his remarks on the subject of the 
action of chlorides, He hoped to continue his 
a on the corrosion of aluminium at a later 
date, 


THE ALPHA—PHASE IN THE BRONZES. 


_“The Alpha-Phase Boundary in the Copper-Tin 
System,” by Dr. D. Stockdale, was the next paper 





considered. It had reference to experiments, 
conducted by the author, having as their object 
the fixing of the alpha-phase in the thermal equili- 
brium diagram of the copper-tin system. Alloys 
containing at least 15 per cent. of tin, by weight, 
which presented the structure of a uniform solid 
solution had been obtained. In view of the fact 
that no published diagrams allowed such a solubility 
of tin in copper, the matter needed investigation. 
There were two methods now in-use of obtaining 
an alloy in equilibrium at any temperature—the 
material might be cooled from the liquidus, or it 
might be quenched from some high temperature, 
and then reheated and annealed. In a system such 
as the one in question, in which diffusion was slow, 
the latter procedure gave the required result in the 
shorter time ; it was, therefore, used in the present 
investigation. A series of alloys was made from 
pure tin and electrolytic copper. After annealing 
in a furnace at 600 deg. C. for 24 hours in an 
atmosphere of coal gas, alleys containing less than 
15 per cent. of tin presented the structure of 
uniform solid solutions. Alloys containing more 
than 15 per cent. of tin were given special treatment. 
In one case, that of material having a percentage 
of tin of 15-8, the alloy was annealed for five days, 
after casting in iced water. The solidus finally 
obtained consisted of a smooth downward curve 
extending from 0 per cent, tin and 1,100 deg. C., 
to 13-3 per cent. tin and 799 deg. C. From the 
latter point to 16 per cent, tin and 518 deg. C., 
the solidus was very nearly a straight line. The 
final branch of the solidus, from 16 per cent. tin 
and 518 deg. C., to 300 deg. C., was probably 
vertical, 

Professor Andrew considered that the author 
had definitely proved that the extent of the alpha 
range was greater than had, until the present, 
been shown. He did not agree, however, with 
one of the conclusions of the author, which was 
to the effect that the change which occurred in 
certain alloys at 590 deg. C. was due to a poly- 
morphic transformation of the beta-phase. On the 
author’s diagram the horizontal line drawn at 
that temperature was, in his opinion, really 
due to the non-homogeneity of the alloys 
examined. The equilibrium diagram of the system 
copper-tin was somewhat intricate, and it was a 
pity to complicate it further. 

Dr. F. Johnson asked the author to give further 
particulars regarding the casting of his alloys in 
water. It was a process which had been used by 
the Japanese for years and, although it had no 
commercial application, it might prove useful to 
experimenters, He also thought that ferric chloride 
was an excellent etching reagent, especially in cases 
such as this, when photo-micrographs had to be 
reproduced. Some of the micrographs in the paper 
would have been clearer if ferric chloride had been 
used in the etching. 

Dr. Haughton was of opinion that Dr. Stockdale 
had determined the alpha-phase boundary in a very 
careful manner. lt was an investigation which 
ought to have been done long ago. He thought, 
however, that a little more investigation was needed 
before the boundary line between the a and the 
(a ++ B) fields could be definitely fixed. 

Dr. Stockdale agreed with Professor Andrews that 
the question of the polymorphic transformation in 
the 8 phase was a difficult one. The whole question 
needed further investigation. With reference to 
Dr. Johnson’s question regarding the casting of 
alloys in water, in order to obtain a plate of bronze, 
there were three important points to remember. 
These were: (1) the casting temperature must be 
in the neighbourhood of 1,100 deg. C.; (2) the 
crucible must be held 2 in. or 3 in. above the surface 
of the iced water; (3) the metal must be poured 
slowly and steadily. Ashallow bath containing water 
to a depth of only 14 to 3 in. was used in the 


experiments. 


Tur INFLUENCE OF PourRING TEMPERATURE ON 
A Lxeap-Basge ANTI-FRICTION ALLOY. 


The results of work, carried out during the past 
three years in the laboratories of the Department 
of Metallurgical Engineering of the University of 
Toronto, under the direction of Professor 0. W. 
Ellis, were embodied in the next paper. This 





was entitled ‘‘ The Influence of Pouring Temperature 
and Mould Temperature on the Properties of a 
Lead-Base Anti-Friction Alloy.” In the absence 
of the author the paper was read by Mr. A. H. 
Mundey. The materials used, had compositions 
of the order of 80 to 85 per cent. lead, 10 to 15 per 
cent. antimony and 3-5 to 5 per cent. tin. In 
some cases copper was added. Results showed that, 
within the limits of the experiments, the replace- 
ment of lead by antimony increased the resistance 
of these alloys to compression. The Brinell hardness 
was subject to a like increase. The replacement of 
tin by copper increased the resistance of these alloys 
to compression; the Brinell hardness, however, 
was scarcely affected by this substitution. Mould 
temperatures were found to exert a more powerful 
effect on the mechanical properties of the material, 
than pouring temperatures. Further work was 
carried out on an alloy containing 83-1 per cent, of 
lead, 12-1 per cent, of antimony and 4-8 per cent. 
of tin. This showed that, for a given temperature 
of mould, increase in pouring temperature resulted 
in an increase ir the size of the y cubes, together 
with coarsening of the matrix of the alloy. Again, 
increase in pouring temperature had less effect on 
segregation than increase in mould temperature. A 
further conclusion was to the effect that mould 
temperature had a greater effect on the hardness 
and compressive strength of this alloy than had 
pouring temperature. Increase in mould tempera- 
ture reduced the resistance of the alloy to slowly 
applied stresses, An alloy similar to the last, but 
containing 1-0 per cent. of copper (together with 
11-0 per cent. of antimony and 5-5 per cent. of tin), 
was next investigated. The addition of copper was 
seen to have an important effect on the structure of 
the alloy; segregation being almost completely 
eliminated. Furthermore there was _ evidence 
pointing to the fact that an intermetallic reaction 
occurred in the liquid state at 334 deg. C. The 
exact nature of this change was at present, a matter 
for debate. 

Mr. J. Cartland, M.C., said that the paper was of 
great practical interest. The conclusions contained 
in the first part of the paper, regarding mould and 
pouring temperature, and the statement that the 
size of the y cubes depended chiefly on the rate of 
cooling, had been confirmed by general experience. 
The author’s observations on the bearing metal 
containing | per cent. of copper, 5-5 per cent. of tin, 
and 11 per cent, of antimony, were interesting and 
quitenew. Thealloy itself was unusual ; the copper 
content being much above the normal. Bearing 
metals containing 0-1 or 0-2, with a maximum of 
0-25 per cent. of copper, were more usual. In 
conjunction with Mr. Moreland, he had cast 
several 10 Ib. ingots of this material, at Man- 
chester. The operation had been done on a practical 
scale, some 2 cwts. of the alloy being involved. 
Two of the pouring temperatures indicated in the 
paper, namely 300 deg. and 500 deg. C., had been 
used. The latter, however, seemed too high and 
the former too low. A cursory examination, by 
means of the microscope, had revealed structures 
similar to those obtained by the author, but this 
question needed further confirmation, 

Mr. Mundey agreed that 300 deg. C. was too low 
a pouring temperature; one could not make a 
good casting at 300 deg. C. On the other hand, 500 
deg. C. was too high. He had also cast ingots of 
the author’s copper bearing-alloy and, from obser- 
vations made, he judged the correct pouring tem- 
perature to be in the neighbourhood of 350 deg. C. 
A bearing metal containing 1 per cent. of copper 
was of little utility, it was an alloy which would 
never be used by engineers. 


Tue Errect oF TEMPERATURE IN NOTCHED- 
Bar Impact AND TENSILE TESTS. 


In the absence of the authors, Dr. R. H. Greaves 
and Mr. J. A. Jones, the paper entitled “ The 
Effect of Temperature on the Behaviour of Metals 
and Alloys in the Notched-Bar Impact Test” 
was taken as read, The subject being of con- 
siderable interest, we reproduced it, in abridged 
form, on page 308 ante. The next paper, “ The 
High Temperature-Tensile Curve: (a) Effect of 
Rate of Heating; (b) Tensile. Curves of Some 
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THE LAUNCH OF H.M. BATTLESHIP 


“ NELSON.” 











Brasses,”’ was also taken as read in the unavoid- 
able absence of the author, Mr. D. H. Ingall. 


THE Primitive Copper INpuSTRY OF AMERICA. 


A paper by Mr. G. B. Phillips on the primitive 
copper industry of America was next considered. 
The author was not present, and, although the 
paper was not read, it was discussed. Mr. Phillips 
stated, in his paper, that the metal objects found 
in old graves and burial mounds in the United 
States revealed, to some extent, the state of civilisa- 
tion of the pre-Columbian era. In North America, 
copper occurred in the soil in the form of masses 
or nuggets left by glacial action and called “ float ” 
copper. Surface outcrops of the metal were also 
found. This proximity of native copper had given 
birth to the early metal industry of the North 
American Indians. The origin of all copper objects 
discovered could be determined by chemical analysis. 
Lake Superior native copper was remarkably pure, 
usually containing 99-90 per cent. of the metal, 
together with traces of silver and iron. Copper 
from European sources, imported in post-Columbian 
times, rarely yielded more than 98 per cent. of the 
metal and, in addition to small quantities of silver 
and iron, almost invariably contained nickel, cobalt, 
lead, arsenic, antimony and sulphur. 

Mr. G. W. Mullins, M.B.E., stated that there 
was much of archeological interest in the paper 
and he would welcome others dealing with similar 
subjects. 

Professor C. O. Bannister expressed himself as 
dissatisfied with the analyses of some of the materials 
mentioned in Mr. Phillips’ paper. This portion 
of the investigation, he thought, had not been 
carried out carefully enough. 


INTERNAL STRESSES IN Brass TUBES. 


The last paper on the programme dealing with 
“The Effect of Low-Temperature Heating on the 
Release of Internal Stress in Brass Tubes,’? was 
taken as read. The authors, Messrs. R. J. Anderson 
and E. G. Fahlman, were not present. We hope, 


however, to reprint this paper in a subsequent 


issue. 
The Chairman then thanked the authors of all the 











papers for their contributions, and votes of thanks 
to the Scottish local section of the Institute of 
Metals, to the Institution of Engineers and Ship- 
builders in Scotland, for the accommodation they 
had kindly afforded for the meeting, and to all 
others who had made the Glasgow meeting a success, 
terminated the proceedings. 





THE LAUNCH OF H.M.S. ‘‘ NELSON.”’ 


H.M. BattLEsHiP NELSON was launched on Thurs- 
day, the 3rd inst., at the yard of Messrs. Sir W. G. 
Armstrong, Whitworth and Co., Limited, at High 
Walker, Newcastle-on-Tyne. It will be recalled 
that at the Washington Conference held in 1921 
an agreement was reached that the Mutsu, which 
was approacing completion at the time, should be 
retained by the Japanese Government. In order 
to maintain the 5, 5, 3 ratio for the British, American 
and Japanese navies, it then became necessary 
for America to retain the Colorado and West 
Virginia, both laid down before the Treaty, and 
for Great Britain to build two new vessels. In 
accordance with this agreement the contract for 
one of these vessels, the Nelson, was placed with 
Messrs. Armstrong, Whitworth; and that for the 
other, the Rodney, with Messrs. Cammell Laird 
and Co., Limited. The Mutsu is of 33,800 tons 
displacement, while the Colorado and West Virginia 
are each of 32,600 tons, but the two new British 
vessels are of 35,000 tons, the maximum displace- 
ment allowed under the Treaty. Both these ships 
are, therefore, smaller than the Hood, which has 
a tonnage of 41,200, and is the heaviest battleship 
afloat. The Nelson and Rodney, being the first 
capital ships to be built under the terms of the 
Treaty, are naturally of particular interest, and 
this is enhanced by the fact that they will embody 
a number of new departures based on the lessons 
of the war. There has been a considerable amount 
of speculation regarding their armament, but very 
little official information is available on this point. 
It is very probable that both vessels will mount 
16-in. guns, the greatest calibre permitted under the 
Washington agreement ; and it is not unlikely that 














triple-gun turrets will be adopted. It is also 
reasonable to suppose that protection against attack 
by aircraft will be more extensive than that 
introduced in any previous capital ship. The 
dimensions have been officially given as follows : 
Length on water-line, 702 ft.; maximum beam, 
106 ft.; mean draught at standard displacement 
of 35,000 tons, 30 ft. 

When the two vessels were commenced in 
December, 1922, it was anticipated that they 
would be completed early in 1926, but owing to 
labour troubles the construction has been somewhat 
delayed, and it is now unlikely that the Nelson 
will be completed before the end of 1926, and the 
Rodney before April, 1927. Interest was added 
to the launch on Thursday last by the fact that the 
Nelson is the largest battleship which has been built 
on the Tyne. The christening ceremony was per- 
formed by Dame Caroline Bridgeman, the wife of 
the First Lord of the Admiralty. The launch 
was completely successful, and passed off without 
a hitch of any sort. At the reception which 
followed, the designer of the vessel, Sir Eustace 
Tennyson d’Eyncourt, mentioned that the Nelson 
was the 102nd ship launched for the Navy by 
Messrs. Sir W. G. Armstrong, Whitworth and Co., 
but that apart from these vessels the firm had 
supplied a large number of others with armour 
and armaments. Sir Eustace also took occasion 
to refer to the depressed state of the shipbuilding 
industry, and mentioned that the order for the 
Nelson had been of the greatest value to the Tyne- 
side district, as she had provided work for a great 
number of men, and had done much to mitigate 
the trade depression in the neighbourhood. 





TRIAL Trip oF THES.S. “ ANGLO-InpIAN.”"—Successful 
trials were recently carried out by the steamer Anglo- 
Indian, which has been built to the order of Messrs. 
Lowther Latta and Co., Limited, of London, for the 
Nitrate Producers’ Steamship Company, Limited, of 
London. Several runs were made over the measured 
mile, a mean speed of 11-66 knots being attained. 
During a full power run of four hours the quadruple- 
expansion engines gave entire satisfaction. Some 
particulars of this ship were given in a paragraph which 
appeared on page 229 of our issue of August 21 last. 
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THE IRON AND STEEL INSTITUTE. 


THe autumn meeting of the Iron and Steel 
Institute took place in Birmingham on Wednesday 
and Thursday of this week, and is being con- 
tinued to-day. On Wednesday, the members as- 
sembled at 10 a.m., in the large lecture theatre of 
the University, Edmund-street, when the Lord 
Mayor of Birmingham, Alderman Percival Bower, 
opened the meeting with an address of welcome. 
He said that it was particularly fitting that the 
Institute should hold its autumn meeting in 
Birmingham, a city of a thousand trades, which 
included all branches of the metallurgical industry. 
He hoped the results of the meeting would reflect 
great credit not only on the Institute but on the 
city and on the nation as a whole. 

In the course of his reply, Sir Frederick Mills, 
the president of the Institute, said that it was 
appropriate that the meeting should be held in 
Birmingham, since that city was the home of the 
iron and steel industry. He recalled the names of 
Birmingham men who had carried out pioneering 
work in metallurgy. He also stated that Professor 
T. Turner, the latest Member of Council of the 
Institute, had been awarded the Bessemer Gold 
Medal at the Spring Meeting in London. This was 
the highest honour which it was possible for the 
Institute to grant, and, although Professor Turner 
might not be a native of the City, he had come to be 
regarded as a Birmingham man. 


A New Drreect Steet-Maxkina Process. 


The minutes of the previous meeting having been 
dealt with, Sir Frederick Mills called upon Mr. 
Henning Flodin, of Stockholm, to read his paper, 
entitled ‘“‘ A New Direct Process for the Manufacture 
of Steel.” At the request of Mr. Flodin, it was 
read by Mr. G. C. Lloyd, Secretary of the Institute. 
The paper described a series of experiments, in the 
direct smelting of ore by electric means, carried out 
at the Electro-Chemical Section of the Royal High 
School at Stockholm during the years 1923-25. 
The objects of the trials were to ascertain whether 
malleable iron and steel could be extracted directly 
and continuously from iron ore, and at the same 
time to reduce the percentage of phosphorus and 
sulphur in the ore and coal. An electric furnace 
was specially constructed for the purpose, the 
furnace taking 30 kw. The experiments were 
completely successful and the process was further 
tested on an industrial scale at the Hagfors 
lronworks. An electric furnace utilising from 250 
to 300 kw. was used, and, up to the time of writing, 
114 tappings had been made. We hope to reprint 
the paper in a subsequent issue. 

Sir Robert Hadfield, who opened the discussion, 
recalled experiments, which his father and himself, 
had made many years previously... Employing ores 
from India, they had obtained, by means of a direct 
process, metal which was of the same purity as 
Wootz steel. The table of mechanical tests, which 
the author gave, was very interesting but also very 
incomplete. In it tensile breaking strengths, which 
varied from 32 to 89 kgs. per square millimetre 
were given, but the author should have included the 
chemical composition of the various steels. Again, 
no microstructures had been reproduced in the 
paper; it was important to know if the steel were 
free from intermingled slag and silicates. The 
results of mechanical tests other than tensile tests 
would have been useful, shock and torsion values, 
for example. The consumption of energy per ton 
of finished steel was not very clearly stated in the 
paper. At Sir Robert’s works, 100,000 tons of 
steel drillings had been melted in electric furnaces 
during the war, and the energy consumed had been 
at the rate of 650 kw. hours per ton of molten steel 
produced. 

An accurate computation of the cost of a 
hew process was only rendered possible by an 
Intimate knowledge of the electrical energy ex- 
pended in producing one ton of metal. Turning 
to the question of ingots, Sir Robert asked the 
author if the ingots produced at Hagfors were 
sound. The examination of fractures, had they 
been available, would have been a matter of great 
interest. In conclusion, Sir Robert stated, that 
the metallurgical world was particularly indebted to 





improvements in works practice which hadtemanated 
from Sweden and he hoped Mr. Flodin would con- 
tinue his researches. He thought the thanks of 
the meeting were due to Sir Frederick Mills for 
raising the question of the Hagfors process in his 
Presidential Address at the Spring Meeting. 

Professor H. Louis said that he had had a lifelong 
experience with direct processes and he was inclined 
to be cautious when discussing a new one. He had 
dealt with a large number of these processes, and 
he was of opinion that, while it was quite possible 
to make good iron by direct reduction from ore, it 
was also possible to turn out a great deal of worthless 
metal. He was therefore desirous of knowing how 
many heats had been worked at Hagfors and how 
much good metal had resulted. Given good ore, 
it was quite possible to make iron by a direct process, 
but he doubted if it were also possible to make 
money that way. The indirect process had replaced 
the direct because the former could be conducted 
on a large industrial scale. He would like to know 
if the author had been working with an acid- or a 
basic-lined furnace. The question of furnace lining 
was of great importance in any direct process. He 
was also desirous of knowing the composition of the 
ore employed. He had heard of a direct process 
tried at Hagfors in which the ore utilised consisted 
of magnetite concentrates, this latter material being 
almost pure magnetic oxide of iron. He had enter- 
tained hopes as to the success of the process he had 
just mentioned, and would like to know if it still 
existed, and, if so, how it was affected by the present 
investigation. 

Mr. D. F. Campbell was of opinion that the 
description given of the furnace details was very 
meagre. The production of iron by direct reduction 
of ore had been carried out in various places, and 
further data as to the actual process involved would 
be of great interest. Sir Robert Hadfield had 
touched upon questions relating to the financial 
side of the new process: he (the speaker) feared 
that, at present, manufacturing costs would be high 
if the process were adopted in this country. The 
real questions were whether the author’s method of 
manufacture was useful in Sweden alone, and if 
not, whether it could be applied in Great Britain. 

Mr. W. Simons stated that, up to the present, no 
real success had been obtained with direct processes. 
The present one, however, seemed more successful 
than others. The question of current cost was one 
of vital importance. 

Mr. E. F. Lang thought that they were discussing 
an old subject in a new form. He had had the 
opportunity of seeing the process in Stockholm, 
and he had been able to examine samples. The latter 
had come fully up to expectations. He agreed 
that the financial question was of foremost impor- 
tance, and he was of opinion that the experiments 
carried out at Hagfors should have enabled the 
author to give fuller details regarding manufacturing 
costs. At the present time, two direct processes 
which possessed some importance were the Bassett 
and the Bourcaud processes. Much attention had 
been devoted to each of these, and the measure of 
success they had achieved had been due to the 
fact that the inventors had followed the economics 
of the blast-furnace principle and had combined the 
latter with the latest resources of technology for 
producing iron sponge continuously on a large 
scale. Other processes, such as the De Laval, the 
Stassano, the Keller, and the Humbert, all of 
which were electrical, were also of interest. Mr. 
Lang stated, in conclusion, that he was looking 
forward to the publishing of further details regarding 
the steel produced at Hagfors. It would be interest- 
ing to see if the scope of the process would extend 
to countries not possessing a cheap source of water 
power. 

Sir William Ellis thought that two passages 
contained in the paper were somewhat contra- 
dictory. The author stated in one place, that there 
was no difficulty whatever in producing iron and 
steel of any desired carbon percentage, at successive 
tappings, without interruption of the process. 
A little lower down in the paper, the statement was 
made that the reduction of the iron proceeded unin- 
terruptedly and continuously. Sir William could not 
reconcile these two passages, and said he would 
like further particulars regarding the control of the 


carbon and other factors affecting the uniformity 
of the metal bath. 

Professor C. H. Desch asked the author to furnish 
particulars as to the composition of the ore; he 
would like to know if it contained titanium. At 
Sheffield, a high quality of steel had been obtained 
by the direct reduction of a titaniferous Canadian 
magnetite. Alloy steels had been made by the 
addition of ores of the alloying metals. The experi- 
ments had not been conducted on a large enough 
scale to enable him to give any details as to the 
costs of the process. He quite agreed that the 
question of the control of carbon in the author’s 
furnace must be one of difficulty. While the control 
of the phosphorus and sulphur was easy, that of the 
carbon was rather more difficult. He thought that 
it should be borne in mind when discussing a paper 
such as the present one, that there were two distinct 
forms of the direct process: the one involving high 
temperature reduction, in which the metal was 
obtained in the molten state, and the other involving 
low-temperature reduction in which the metal was 
obtained in the plastic state in the nature of a 
sponge. 

Mr. C. G. Carlisle said that he had been associated 
with Professor Desch in the carrying out of experi- 
ments with titaniferous iron ore. It was a more 
difficult matter than the reduction of hematite. 
In one portion of this paper, Mr. Flodin had 
stated that the material obtained by the new 
process was fully equal to Bessemer steel ; in another 
place, he stated that it was superior to Bessemer 
steel. He rather thought that the author was too 
modest; his material was, in all probability, superior 
to Bessemer steel. As an electrical furnace user, 
he agreed that the control of carbon was a difficult 
matter. He himself had experienced difficulties 
in this connection, and had obtained results which 
he could not explain. 

Mr. E. H. Saniter agreed with Professor Louis 
as to the caution necessary when considering a new 
direct process. The production of metallic iron 
from iron ore was no new thing, and he thought 
that the paper,-as it had been submitted to them, 
did not contain a description of any invention on 
the part of the author. The members would be 
obliged to the author if he would furnish them with 
particulars as to the actual procedure involved. 

Dr. W. H. Hatfield was of the same opinion as 
the previous speaker. The paper did not contain 
sufficient evidence to permit them to give judgment 
on the process. The author did not say how he 
made his good steel. Dr. Hatfield desired to know 
what the author had done which might be described 
as an advancement in metallurgy. Steel makers had 
to face a two-fold problem, namely, the mass 
production of steel in large quantities, and the 
turning out of special alloy steels. He doubted 
whether the author’s invention would be suitable 
for the production of alloy steels. With regard to 
the manufacture of steel in large quantities, ex- 
haustive comparisons as to costs would have to be 
made. 

Mr. F. W. Harbord said that, theoretically, direct 
processes were sound, but up to the present they 
had not proved lucrative. A point in favour of the 
author’s process was that power in Sweden was 
cheap. The question was: could we in this 
country, with our higher cost of power, hope to 
compete with that country. There was a big 
demand for pure material for use in manufacturing 
alloy steels, and if ingots of high-grade metal could 
be purchased at, say, 3/. per ton, it would be an 
advantage. With regard to Sir William Ellis’s 
point, he thought that, at Hagfors, a dead-soft, 
carbonless iron was produced, and that additions of 
carbon and other elements were made outside the 
furnace. He would like to know if the authors 
had done any work on phosphoric ores. Could they 
bring a high phosphorous percentage down to 0-03 
per cent. or 0-04 per cent. ? He was interested in 
Professor Desch’s remarks because he had con- 
ducted experiments of a similar nature on New 
Zealand ores. He had experienced the old trouble— 
namely, that the process did not pay. 

Sir Frederick Mills stated that the author had 
written the paper before his experiments had been 
quite completed. Sir Frederick had seen the 
process at Hagfors, and could assure the members 





































































334 





(Sept. 11, 1925. 








ENGINEERING. 





that it was exceedingly interesting; everything, 
however, depended on the cost of current. 

The author intimated that, on account of the 
many points raised during the long discussion, he 
would communicate his reply in writing. 


(Zo be continued.) 





LABOUR NOTES. 


Tw his presidential address to this week’s Trades 
Union Congress at Scarborough, Mr. A. B. Swales 
dealt with a number of questions which were political 
rather than industrial, and his treatment of them was, 
for the most part, on lines with which the Communist 
Party have made us rather familiar of late. Even on 
purely Labour questions, he was as definitely for the 
‘class war” as any member of the National Minority 
Movement could be. During the past twelve months, 
he said, economic and social conditions in this country 
had become increasingly serious. The working people 
had been called upon to make enormous sacrifices 
during the period of depressed trade. The organised 
workers had given in the last four years an impressive 
demonstration to the whole world of their unity of 
purpose, their capacity to make sacrifices for the cause 
in which they believed, and their determination to 
maintain the industrial organisation they had built 
up. Their movement had learned many lessons 
during these years of reaction engineered by the 
employers, and one of the lessons was that a militant 
and progressive policy, consistently and _ steadily 
pursued, was the only policy that would unify, con- 
solidate, and inspire the rank and file. While economic 
conditions forced the unions to assume a defensive 
attitude, the employers did not hesitate to take advan- 
tage of their stronger position, and they were still 
plotting and planning to undermine trade union stan- 
dards. But the limit to the concessions which the 
unions could be forced to make had been reached. 
Union policy henceforth would be to recover lost ground, 
to re-establish and improve their standard of wages, 
hours, and working conditions, and to co-ordinate and 
intensify trade union action for the winning of a larger 
measure of control in industry for the workers. 


Tuesday’s decision on the proposal of the National 
Union of Vehicle Builders to give the General Council 
authority to call for a stoppage of work by, or levies 
of money from, any affiliated organisation in support 
of a union defending a vital principle, went clean in the 
face, so to speak, of some of the President’s further 
observations. Mr. Swales said that the policy which he 
had indicated rendered necessary a greater degree of 
trade union unity. Congress must give to the General 
Jouncil full powers to create the necessary machinery 
to combat every movement by their opponents. 
Each organisation should give serious consideration to 
its constitution. Constitutions should be made flexible 
enough to respond readily to any calls made in the 
interests of the whole movement. Amendments to the 
Vehicle Builders’ resolution were moved by the 
Laundry Workers and the London Society of Com- 
positors, and an interesting discussion followed, the 
upshot of which was a decision of Congress, on the 
recommendation of the General Purposes Committee, 
to refer the resolution and amendments to the Genera] 
Council to examine the question in all its bearings, and 
report, to a special conference of the trade union 
executives concerned, its considered judgment. Definite 
decision on the idea to which Mr. Swales committed 
himself in his presidential address was, therefore, 
deferred ; but there is not the least doubt that if the 
resolution had been put to the meeting it would have 
been defeated. 


The idea of investing the General Council with 
powers resembling those of an army’s general staff 
has, it may be pointed out, drawbacks which the rank 
and file are beginning to appreciate. It is being 
realised, for example, that if the movement’s extremists 
were given their way, the richer unions—the unions, 
that is, whose members pay ;;enerous weekly contribu- 
tions—would have their accumulated funds drawn 
upon, and/or their members levied, to support the 
unions which operate on a low-contribution basis and are 
seldom what can be termed wealthy. For organisations 
like those of the railwaymen, the transport workers, 
and the electricians, the prospect is regarded as even 
more disturbing, for if the General Council had the 
power to call strikes when and where they pleased, 
those are the services whose cessation would exert the 
greatest pressure. One week they might be called 
out to support the miners, the next the textile workers, 
and the third the engineers or shipyard workers. 
Striking might, indeed, become their main occupa- 


strike sympathetically would be mutual.’ No doubt, 
it would be; but, obviously, a strike of miners or 
textile workers or engineers or shipyard workers could 
not contribute more, by way of indirect pressure, to 
the settlement of a transport or railway or power- 
house difference, than the workers in these industries 
could themselves directly exert by striking. The 
simple truth is that the General Staff idea has fatal 
weaknesses, and the rank and file of Labour are 
beginning to see what they are. 





The General Council’s suggestion in its annual report 
that, in the interest of efficiency, it is necessary that 
the Trade Union Congress should have premises of its 
own and control of its own publicity, research, and 
internationa! departments independently of the Labour 
Party, was variously interpreted by the delegates at 
Scarborough. On its face, it appeared to be a reason- 
able proposal with the object of improving the organi- 
sation of the industrial side of the movement. From 
the speeches which were delivered during the discussion 
on the report the disturbing fact emerged, however, 
that there were delegates in the Conference who 
regarded the closeness of the association with the 
Labour Party as distinctly disadvantageous from the 
point of view of the trade unions. Mr. Herbert Smith 
pointed out, for instance, that, when he was in a dispute, 
the political party bounced in and started to undo 
what he was doing. Mr. W. J. Brown, of the Civil 
Service Clerical Association, was much more explicit 
as to the object of the proposals. There was, he said, 
a profound political significance behind them. Their 
justification was that they had had a Labour Govern- 
ment and they should have learnt certain trade union 
lessons from it. There was no union that had not 
realised that the mere assumption of office by a Labour 
Government did not necessarily mean that trade union 
policy was to be carried out. With a Labour Govern- 
ment there would be a permanent difference of point 
of view between that Government and the trade 
unions. Therefore the General Council should have 
an administrative machine which could function as a 
separate entity. Mr. Bramley, speaking for the General 
Council, said that it did not follow that separate offices 
meant rival policies. The proposals did not imply 
that the General Council were free to do as they liked. 
If carried, they meant that the General Council would 
be free to negotiate with the Labour Party on such 
lines as would enable them to put forward the point of 
view contained in the paragraphs and ask the political 
side to give consideration to their difficulties. In view 
of an assurance as to further consultation with the 
Labour Party, Congress eventually approved of the 
proposals. 





The Congress on Tuesday adopted a resolution moved 
by Mr. Hayday, M.P. (National Union of General and 
Municipal Workers), calling on the Government imme- 
diately to introduce an amending Act to provide for 
the payment of continuous benefit to the unemployed 
without reference to standard or extended benefit, and 
calling on the General Council to consult with the 
Labour Party with a view to introducing a Bill into 
Parliament to enable the Ministry of Labour to appoint 
trade unions so desiring as agents to administer, wholly 
and solely, the Unemployment Insurance Acts, on behalf 
of their members, to be supplied with vacancies which 
occurred, and in every way to act for their members 
as if they were Labour Exchanges, with adequate and 
proper remuneration for this administrative work. 





On Wednesday a proposal on the subject of the 
one big union was heavily defeated. One of the 
representatives of the National Union of General and 
Municipal Workers moved: “That the number of 
unions should be reduced to a minimum, and that 
Congress should not encourage the formation of any 
new unions; that any scheme of organisation by 
industry is too limited to meet the difficulties of present- 
day capitalism ; that our aim should be the amalgama- 
tion of existing unions with the one big union as the 
ultimate goal; that any division of the workers on 
industrial lines is not likely to be any more effective 
than the craft divisions that in the past have limited 
our power of resistance against organised capital ; that 
this Congress declares that the problem of economic 
security is not a question of industrial interest, but of 
class interest.’’ The resolution was rejected by 2,138,000 
votes to 1,787,000 votes, the miners and the railway- 
men voting with the majority. 





A special delegate conference of the Miners’ Federa- 
tion of Great Britain, at Scarborough, on Saturday, 
unanimously adopted the draft constitution of the 
proposed Industrial Alliance without any amendment. 
Considering that the Alliance was originally projected 
by the Miners’ Federation—or rather by Mr. Cook— 


drastic alterations of the rules of the Federation and 
its constituent organisations, and, in the light of the 
discussion of the same subject which took place 
a week or two ago, it seems unlikely that the 
necessary changes will be easily made. For forty 
years a rule has been in operation, which provides 
that before a national strike can be entered upon, 
there must be a two-thirds’ majority in support of 
strike action on a ballot vote of the whole membership, 
and if a ballot is demanded and taken during the 
stoppage, there must be a two-thirds’ majority for 
continuing the strike. If the new decision stands, the 
“right to strike” will lose its meaning, for whether 
a stoppage takes place, or does not take place, will 
depend on a decision of the executive of the Alliance. 





Mr. Lorimer, the general secretary of the Associated 
Blacksmiths’ Forge and Smithy Workers’ Society, puts 
the case for and against the Alliance very fairly in his 
latest official communication to members. He says 
that proposals to set up an Industrial Alliance between 
the unions in the transport, railway, engineering, ship 
building, electrical and iron and steel industries, have 
now been issued, and will be submitted to members 
in due course. It should be clearly understood, how- 
ever, he says, that affiliation will involve considerable 
changes in the constitutions of the several societies 
represented at the Conferences to consider the proposal. 
It should be noted that (1) affiliation in the case of 
the Blacksmiths’ Forge and Smithy Workers’ Society 
would be through the Federation of Engineering and 
Shipbuilding Trades ; (2) all agreements on procedure 
with employers’ associations or federations would 
require to be cancelled ; (3) unions would have to be 
prepared to place the whole of their financial resources 
at the disposal of the Alliance; and (4) members 
would be under an obligation to cease work on the 
instruction of the executive of the Alliance. On the 
other hand, Mr. Lorimer says, the existence of the 
Alliance would have a material bearing on the outcome 
of any negotiations on behalf of any affiliated organisa- 
tion, restraining the employers in their efforts further 
to depress conditions of employment or resist claims 
for improvement. 





The report of the Associated Blacksmith’s Forge and 
Smithy Workers’ Society for the second quarter of the 
current year states that on June 27, the number of 
unemployed members was 2,326 as compaied with 
1,689 three months earlier and 1,774 a year earlier. 
Commenting upon the figures Mr. Lorimer, the general 
secretary, says that the bulk of the unemployment is in 
the shipbuilding, marine engineering and steel-making 
industries. The volume of work available in the 
shipbuilding industry continues, he adds, to decrease, 
only some 28 per cent. of the available berths being 
occupied. ‘‘ Unless some unforeseen improvement 
takes place the outlook for the winter months is indeed,” 
he says, “‘a most depressing one.”” The membership 
of the Society was at the close of the quarter 11,2i5— 
a reduction of 74 as compared with the total at the 
end of March. The income from contributions during 
the three months was 4,883/. 12s. 84d.—a decrease 
of 3941. 8s. 64d. The total income, including 
13,5361. 178. 4d. received from the Ministry of Labour, 
1,8897. 4s. 1ld. received from the Board of Health, 
and 4631. 7s. 8d. advanced by the Society’s bankers, 
was 21,654]. 4s. 34d. The expenditure was 
21,3397. 13s. 94d., including 13,7641. 4s. 9d. for State 
Unemployment, Dependents’ Benefit and administra- 
tion expenses, and 1,801/. 1s. 7d. for Health Insurance 
and administration. The actual assets of the Society 
worked out 8,756l. 7s. 1ld.—a loss on the quarter's 
transactions of 1481. 17s. 2d. 





The Ministry of Labour states that on August 31, 
1925, the number of unemployed workers on the registers 
of Employment Exchanges in Great Britain was 
1,354, 100—1,058,200 men, 44,400 boys, 217,100 women, 
and 34,400 girls. On August 24, 1925, the number was 
1,343,738, or 1,044,554 men, 43,015 boys, 221,719 
women, and 34,450 girls; and on September 1, 1924, 
it was 1,162,880, namely, 869,652 men, 40,582 boys, 
217,895 women, and 34,75! girls. 





At their annual meeting in London on Saturday, the 
railway shopmen who are members of the National 
Union of Railwaymen formally decided to resist the pro- 
posal of the railway companies to withdraw from the 
wages of the men the remaining 6s. 6d. of the 16s. 6d. 
per week war bonus. This, of course, merely brings 
them into line with the shopmen who are members of 
craft unions. These are already pledged to resist the 
proposed reduction, There are, however, difficulties 
over procedure, the claim of the N.U.R. men being to 
have the matter decided by the Wages Boards and 
that of the men belonging to craft unions to have it 








tion. ‘* But,” it may be argued, ‘‘the obligation to 





the decision is not surprising. It will, however, involve 





decided by the Industrial Court. 
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THE EFFICIENCY OF MARINE 
AUXILIARY MACHINERY.* 
High-Efficiency Steam Installations for Ship Propulsion, 
with Special Reference to the Question of Ausiliary 
Machinery. 
By Sranzey S. Coox, B.A. 

Section 1.—It is noteworthy that most of the papers 
which have been devoted in recent years to subjects 
relating to power production, whether for service on 
Jand or for the propulsion of vessels, have had for 
their keynote the question of thermal efficiency, 
which indicates that, at the present time, every avenue 
is being explored which promises to lead to improve- 
ment of efficiency. 

Developments in land installations of steam turbines 
for the generation of electric power have brought into 
prominence the value of securing, by improvement in 
practice, a conversion of heat into mechanical energy 
on the highest scale of efficiency that thermodynamic 
laws allow. Reference need only be made to the 
paper by the Hon. Sir Charles A. Parsons at the 
World Power Conference last year, in which are given 
the thermal efficiencies attainable in steam plant under 
practical conditions by the use of high boiler pressures 
and temperatures with cycles of operation following 
known thermodynamic principles, and in which paper 
it is shown that, with such steam plant, thermal 
efficiencies from fuel to electricity can be realised 
equal to 30 per cent., and fuel consumptions as low 
as 0-45 Ib. of oil per brake-horse-power hour. In that 
paper, an actual installation is described of a turbine 
plant of 50,000-kw. capacity in which results in the 
neighbourhood of these figures are expected to be 
obtained. Such results are made possible, with 
maximum temperatures within safe values for 
present-day materials, by using known practical means 
of increasing the available energy per pound of steam. 

A review of the history of the steam turbine in 
marine propulsion discloses the fact that, during the 
past twenty years, there has been an increase in overall 
efficiency of practically 100 per cent., made up of 
improvements in turbine efficiency and propeller 
efficiency, principally through the introduction of 
gearing between turbine and propeller and an increase 
of available energy due to the use of superheat. 

The use of mechanical gearing has now enabled 
turbines for marine propulsion to be designed with the 
maximum efficiency of conversion of the available 
energy of the steam as on land, and, following the 
lead of land turbines, it is now being sought to realise 
the considerable improvement which is attainable on 
further increasing the available energy per pound of 
steam by the use of higher steam pressures and 
temperatures and by regenerative heating of the feed 
water by previously-expanded steam. 

Many concrete designs for such installations have 
been worked out. Two examples for total outputs 
of 27,000 shaft horse-power and 13,500 shaft horse- 
power were described in a paper read by Sir John 
Biles at the meetings of the Institution of Naval 
Architects this year, and comparisons made on an 
economic basis with installations of other types for 
the same vessel, principally with Diesel engines, to 
= advantage of the high-efficiency steam turbine 
plant. 

The most efficient arrangement of marine turbines 

in recent installations is recognised to be one consisting 
of three or more turbines in series, grouped around a 
common gear wheel through which their power is 
transmitted to the propeller shaft. With this type 
of installation, the turbines run at a high speed of 
rotation and a high relative blade speed, and, at the 
same time, are of moderate size, easily overhauled and 
of rigid construction. Such an arrangement has, 
therefore, been retained for the new designs with their 
greater range of expansion. 
_ Section 2.—Since economy in total fuel consumption 
is the ultimate aim, whilst the highest efficiency of 
conversion of heat into power is necessary on the part 
of the main engines that propel the vessel, equal con- 
sideration must be given to the question of auxiliary 
machinery, which, with the improvements that have 
been made to reduce the consumption of the main 
machinery, is now responsible in a complete installa- 
tion for a very appreciable percentage of the total fuel 
consumption. Wasteful auxiliary machinery, either 
through unsatisfactory provision in the first place or 
through want of care in its maintenance and manage- 
ment, has not infrequently in the past been the cause 
of a poor overall performance, for which the propelling 
machinery has been blamed. 

Mr. Archibald Gilchrist has citedf a case of excessive 
auxiliary consumption. He states: ‘‘In another 
vessel where lack of economy was apparent, after the 
introduction of water-meters in order to localise the 





. * Paper read before Section G of the British Associa- 
tion, at Southampton, on August’ 31, 1925. 

+ Discussion on paper by Mr. T.-G. Potts, N.E. Coast 
Institution of Engineers and Shipbuilders, 1923. 


inefficiency, it was found that the auxiliaries were 
using 44 per cent. of the total steam used by the main 
engines. After these auxiliaries were thoroughly over- 
hauled and put in good working order, the consumption 
dropped to about 15 per cent. of the steam used by the 
main engines.” 

The auxiliary machinery includes pumps for feeding 
the boilers, air and circulating pumps for the condensing 
plant, fans for the supply of air to the furnaces under 
forced draught, and oil pumps for the lubrication of the 
bearings and gearing, and it is of vital importance 
that all of these should be entirely reliable in operation. 
Although the power required to drive the various pumps 
is small, their rate of consumption is usually high. 
In direct-acting pumps, for example, the steam is used 
non-expansively, and a high efficiency cannot be ex- 
pected. The accompanying diagram is a typical curve 
of consumptions per brake horse-power for such pumps. 

The effect upon the total fuel consumption is not, 
however, obtained by simple addition of the auxiliary 
steam consumption to that of the main turbines. It is 
generally the practice to exhaust the steam of the 
auxiliary engine against a back pressure a few pounds 
above atmospheric, which enables the heat of this 
steam to be re-utilised for feed heating. The feed 
heater, in fact, fulfils the réle of a condenser for the 
auxiliary exhaust steam, with this difference that, the 
cooling fluid in this case being the feed water itself, 
the heat that it absorbs is not lost to the system. 

In all modern installations as much as possible of 
this heat is recovered in the feed heater, and it is some- 
times held, because the heat of the auxiliary exhaust 
steam can be re-utilised in this way for heating the 
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driving the auxiliary machinery is small. This, how- 
ever, is not a true view of the case, since there are two 
other economical means of supplying the required low- 
grade heat to the feed water. 

The first of these has frequently been employed in 
land installations. Although it has no exclusive claim 
to the name, it has come to be known as the econo- 
miser, which is presumably evidence that it was the 
first practicable means adopted for the purpose in 
question. In the economiser the feed water is heated 
by passing through a group of tubes situated in the up- 
take of the boilers, the gases of combustion flowing over 
the outsides of the tubes on their way to the chimney. 
Since the heat carried away in the chimney is, to a 
great extent, a measure of the inefficiency of the boilers, 
it is easiest to appreciate the advantage of the econo- 
miser by regarding the cold feed water as a means of 
cooling the chimney gases. The economiser is not used 
in marine installations, partly because of the large 
amount of heat that is usually available for the purpose 
of feed heating in the auxiliary exhaust steam, and 
partly on account of the large space that an economiser 
would require. Even in land installations, it is now 
being recognised that a better means of cooling the 
chimney gases is to utilise their heat for preheating 
the air supplied to the furnaces. Since the quantities 
and specific heats of the incoming air and the outgoing 
gases are practically the same, this arrangement can 
be made very nearly a truly regenerative process. 

The other means of heating the feed water economic- 
ally is by the use of steam tapped off from the turbines at 
suitable pressures, after the steam has given up a certain 
amount of its energy in the form of work by expansion 
down to the temperature at which it is required, and 
that method would be available if there were no auxi- 
liary exhaust steam. It will be realised that the use 
of auxiliary exhaust steam for feed heating is, in essence, 
an application of this principle, the difference being 
that, on account of the inferior efficiency of the auxiliary 
machinery, for a given amount of heat supplied to the 
feed water, much less work is obtained from it before- 
hand than if it had been tapped off from the main 
turbines. It will, therefore, be seen that it is by no 
means a simple matter to assess the true cost in fuel 
consumption of driving the auxiliary machinery. 
Section 3.—While it is not the purpose of this 





paper to describe in detail the auxiliaries which are 





essential for the efficient operation of the propelling 
machinery and the service of the ship under voyage 
conditions, but merely to determine the addition 
which they make to the fuel consumption, it will assist 
towards this end to enumerate briefly the various com- 
ponents, with attention to the conditions which bear 
upon the subject of this inquiry. 

First in order of importance is the boiler-feed pump. 
Although treated as an auxiliary, it is an indispensable 
part of the heat engine, in that, along with the air 
pump, it completes the steam cycle by raising the 
condensed steam to boiler pressure. In a large installa- 
tion it is operated under float control so as to keep the 
water in the boilers at a constant level. For the sake 
of simplicity of control and reliability of operation, the 
slow, direct-acting, vertical type of pump is usually 
preferred. The relative diameters of steam piston and 
plunger are such that the pump can work easily against 
the boiler pressure. The water pressure and steam 
pressure are therefore inter-related and excessive 
pressure in the pump barrel cannot under any circum- 
stances be reached. Admission of steam to the steam 
cylinder continues nearly to the end of the stroke, so 
that this engine works practically non-expansively. 
The available energy per pound of steam is little more 
than half of what it would be with adiabatic expansion ; 
and if we allow for condensation and mechanical losses, 
the best result that can be expected with a steam 
pressure of, say, 200 lb. per square inch and a back 
pressure 10 lb. gauge is a consumption of about 45 Ib. 
per brake-horse-power hour. The exhaust steam from 
this pump is available for feed heating. 

Next in order of importance is the air pump. 
Inasmuch as a portion of its work is to pump the 
condensate up to the feed tank, it is, as regards the 
condensate, also a part of the heat engine. It has 
also to remove the air from the condenser, which, if a 
good vacuum is to be maintained in close correspond- 
ence with the vapour pressure of the condensate, can 
only be done by withdrawing along with the air a large 
proportion of vapour. The volumetric capacity of the 
air pump is therefore usually many times that of the 
volume of condensate to be extracted, and the air 
pump, regarded merely as a condensate pump, has but 
a low éfficiency. Some care is required at the hands of 
the engineers to maintain the air pump running at the 
best revolutions—high enough to maintain the vacuum, 
but avoiding excessive speed which would involve 
waste of steam. 

In modern plants, the extraction of air, with its 
inevitable accompaniment of vapour, is performed 
either by a vacuum augmentor working in series with 
the air pump, or by an independent set of ejectors in 
series, and, in the latter case, a rotary pump may be 
employed for the extraction of the condensate. The 
steam engine operating the air pump is usually also of 
the direct-acting type, and involves a large rate of 
consumption per brake horse-power, but the brake 
horse-power is difficult to assess, since, in this case, it 
depends upon the volumetric capacity of the pump 
rather than upon the duty it has to perform. The 
circulating pump has the simple duty of pumping a 
certain quantity of cooling water against a head, which 
depends chiefly upon the resistance of the condenser 
tubes and circulating pipes, and, in a modern 
cargo vessel, is of the order of 15 ft. This pump is 
usually driven by a simple engine with about 65 per 
cent. cut-off, or by a compound engine. The latter is, 
of course, the more economical. If it is desired to 
utilise the exhaust steam for feed heating, it is allowed 
to exhaust against a back pressure, but where sufficient 
exhaust steam is available otherwise for feed heating, 
the circulating-pump engine may be best arranged to 
exhaust to a vacuum. Care must be exercised by the 
engineer to avoid running this pump at too high a 
speed, since its power, and therefore the steam con- 
sumed, will rise practically as the cube of the speed. 

Fans are necessary for the supply of air to the boiler 
furnaces under a slight pressure. These, too, may be 
driven by compound engines, exhausting either against 
a back pressure or to vacuum. Their duty, in air horse- 
power, is easily calculated from the quantity of air 
required for the furnaces and the air pressure at the 
fan. It is important that circulating pumps and fans 
should be designed as nearly as possible for the condi- 
tions under which they are to be employed, so that their 
output characteristic may be at the point of maximum 
efficiency. Another indispensable accessory is the oil 
pump, for supplying lubrication to the bearings. 
Such pumps have to work against a considerable head 
in order to be able to force the oil through the oil coolers 
and still leave a good pressure of supply to the various 
bearings. The head provided for is usually about 
50 Ib. per square inch, and, for a geared-turbine installa- 
tion, the quantity of oil required to be circulated is, 
roughly speaking, 2-gallons per hour per shaft horse- 
power. These also are direct-acting steam pumps, 
and, being small, they have a steam consumption not 
less than about 60 lb. per brake horse-power hour. 

In an oil-burning installation, a pump for the supply 
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of oil fuel to the burners at the requisite pressure is also 
required, and, in a coal-burning ship, an ash hoist or 
ash ejector is needed. These require to be supplied 
with a small amount of steam. A steering engine, 
electric-light engine, bilge, sanitary and general-service 
pumps, working as required, are necessary for the service 
of the ship, and the steam that has to be supplied is 
included in the auxiliary consumption. The amount 
of this additional steam can only be based on service 
experience. A certain amount of steam is continually 
being lost to the system through leakage of various 


TaBLE I.—B.H.P. and Steam Consumption of Auxiliary 
Machinery for a Geared-Turbine Cargo Steamer of 3230 
B.H.P. 











Estimated 
Water Consump- 
— Duty. B.H.P. tion. 
or Air Lbs. per 
Hour 
Air pump .| 29,000 Ib. /hour -—— 5 350 
condensate. 
Ejector = — — =- 150 
Circulating 2,700 gals./min. 12-4 18 880 
pump at 15 ft. head. 
Feed pump _..| 32,600 Ib./hour 7°5 9 540 
feed. 200 Ib. 
b.p. 
Fans .. -+| 20,000 cub. ft./ 6-4 11 580 
min. at 2-in. 
W.G. 
Oil pump .| 6,500 gals. /hour 3°8 4:5 330 
at 50 Ib. 
Steering engine* -- -—- —_ 450 
Electric light ..| 2} k.w... é% -- 3°25 135 
8,415 

















* The consumption of the steering engine is ascertained from 
measurements made with the small meter on the winch-con- 
denser condensate. 


sorts, and this must be included in the total consump- 
tion. Further, this implies a corresponding loss of 
feed-water, which must be replaced from the reserve 
fresh water or by the distillation of sea.water. The 
latter involves an expenditure of steam from 1-25 
times to twice the amount of water distilled, which 
expenditure must also be included in the total con- 
sumption. The steam thus used for evaporation is 
condensed in the evaporator coil and returned to the 
system as hot water, whilst the distillate can be 
condensed either separately or in the feed heater. 

Section 4.—For reliable data as to the consumption 
of the most important auxiliaries, reference may be 
made to a paper by Mr. T. G. Potts, read before the 
North East Coast Institution of Engineers and Ship- 
builders in 1923, describing measurements which were 
made on sea trials, using both measuring tanks and a 
water meter for the main condensate, A second smaller 
water meter was used for the condensate of the auxiliary 
steam, which was led partly to the surface feed heater 
and the surplus to the winch condenser; all drains 
from heaters and from the winch condenser led to the 
auxiliary cascade filter tank. These measurements 
were made at varying outputs of the main engines during 
the contractor’s trials, and measurements were con- 
tinued with water meters during subsequent voyages 
of the vessel, over a total distance of 50,000 miles. 

Asmaller meter was subsequently installed # measure 
small quantities of condensate from the winch con- 
denser, so that the consumption of any auxiliary engine 
which could be separately exhausted to the winch 
condenser could be measured at any time. In the 
vessel in question, this has proved a valuable means of 
locating losses, and has enabled important improve- 
ments to be made. It is only such measurements that 
can give the required information. Measurements of 
the consumption of the auxiliaries in port can only be 
made under artificial conditions, and it is difficult to 
make these imitate the exact conditions when on 
service. At the same time, it must be recognised that 
the auxiliary consumption per shaft horse-power on one 
vessel under service conditions may not apply to 
another, and it is therefore necessary to make a careful 
analysis of the figures. Using as a guide the results of 
makers’ trials, from which can be ascertained the 
consumption in pounds of steam per hour per air 
horse-power or water-horse-power of each auxiliary 
engine, an attempt has been made in Table I to do this 
for the vessel described by Mr, Potts. 

As a general confirmation of this estimate, the total 
consumption for these auxiliaries ascertained by water 
meter, as described above, was 3,450 lb. per hour. 
The auxiliaries were supplied with steam at 100 Ib. 
pressure, 100 deg. F. superheat, and exhausted against 
a back pressure of 10 lb. gauge. When the whole of 
the auxiliary exhaust steam can be condensed in the 
feed heater, it is possible to estimate the amount of 
the former by the rise in temperature of the feed water 
in passing through the heater, provided of course that 
the quantity of feed water is known. Where neither 


on-the feed-pump strokes. Such an estimate of the 
auxiliary consumption, however, has:to assume a value 
for the total heat per pound in the exhaust steam, 
which theoretically should correspond with the heat 
in the steam supplied to the auxiliary engines less the 
heat equivalent of the output of these engines, with due 
allowance for radiation and mechanical losses, but 
actually where measurements have been made it is 
found to be considerably less and of somewhat un- 
certain value. This cannot therefore be considered 
to afford more than a rough estimate. 





4. Mechanically from the main engines, with the 
provision of suitable “‘ stand-bys.” 

This summary is given in Table IT. 

With a boiler pressure of 500 lb. per square inch, 
superheat to a temperature of 700 deg. F., and a con- 
denser vacuum of 29 in. of mercury, the consumption 
of the main turbines is estimated at 7-2 lb. per shaft 
horse-power hour. The consumption and duties of 
the various auxiliaries have been based accordingly 
on a condensate of 36,000 lb. per hour. i 

Auxiliary exhaust steam at a pressure of 10 lb. above 


TABLE II.—Summanry or THE EstimatTeD AUXILIARY CONSUMPTION FOR A 5,000 B.H.P. Hicu- 
Erriciency INSTALLATION. 





- Motor Driven 























3 
2. with Diesel 
Water 3 Motor Driven Generators. 
Auxiliary Plant. Duty. H.P. or B.H.P. | Steam Driven.| with Turbo- | 4. Driven Mech- 
Air H.P. Steam required| Generators. anically from 
Lb./hour. Steam required| Main Engines. 
Lb./hour. Steam required 
| Lb./hour. 
Air pump .. 36,000 Ib./hour  con- — 7 450 a _ 
densate, 29in. vacuum, 
60 deg. Sea. 
Air ejector .. ag - —_ — _— 200 200 200 
Circulating pump (com- 4,700 gallons per min., 21-5 31 1,200 -- —_— 
pound engine). 15-ft. head. 
Main boiler-feed pump 44,960 lb./hour, 500 Ib./ 26-5 31 1,600 — _ 
8q. in. pressure, 700 
deg. F. 
Forced-draught fans .. | 25,000 cub. ft./min. at 12 20 860 —_— — 
3-in. W.G. . 
Forced lubrication . . 10,000 gallons/hour, 50 6 7 450 — _— 
Tbs./sq. in. peeere, 
Oil-fuel pump 3,400 Ib. of oil/hour, 200 — 1 200 _ _— 
Ib./sq. in. pressure. 
Steeringengine .. “F (30 B.H.P. Motor) — 8 750 _ —_— 
— engine (com- — —_ 10 500 _ — 
und). 
Bilge, sanitary and general- — —- 3°5 250 — — 
service pumps. 
Make-up feed a Be oo — _ 1,000 1,000 1,900 
Evaporator. . = - — — _ 1,500 1,500 350 
— 118-5 8,960 2,700 2,450 
Steam to turbo-generator 110 kw. (at 45 Ib. per kw. — —_ — 4,950 _ 
hour). 
Total auxiliary consump- — —_ —_ 8,960 7,650 2,450 
on. 
Condensed in evaporator — _— —- 1,500 1,500 1,350 
coil. 
Condensed in oil - fuel _ —_ — 250 250 250 
heater, 
Available for feed heating. . _— — - 7,210 5,900 850 

















Initial pressure 

Initial temperature 
Condenser vacuum pn 
B.Th.U. per Ib. of oil.. 
Boiler efficiency ae 


TABLE III.—Evatvation or Or-Fvuet Consumptions oF 5,000 S.H.P. InsTaLLaTION. 


CONDITIONS :— 


500 Ib. per square inch (absolute). 
700 deg. F. 

29 in. mercury (Bar. 30”). 

18,500. 

84 per cent. 









































| & 2. 3. 4. 
Steam-driven Steam-electric | Diesel-electric | Auxiliaries driven 
-—— Auxiliaries. Auxiliaries. Auxiliaries. rom 
Main Engines. 
A. B. 

Turbine steam .. ie a2 (Ibs. /hr. ) 36,000 36,000 36,000 36,000 36,000 
Total steam for auxiliaries .. os 8,960 8,960 7,650 2,450 2,450 
Available for feed-heating aa x 7,210 7,210 5,900 850 850 
Utilised for feed-heating na “ 5,800 5,800 5,700 4,950 4,950 = 
Utilised in L.P. turbine (Ibs. /hr.) — 1,410 — _ —s 
Increase of 8.H.P. ae dios — 98 a _ ee 
Tapped off from L.P. turbine. . (Ibs. /hr.) -- —_ — 4,100 4,100 
Decrease of 8.H.P. re aa -- _- — 285 heute ‘xe 
H.P. absorbed by auxiliary machinery in (4) — — — — 1 = 
8.H.P. for propeller shaft Res Se Le 5,000 5,098 5,000 4,715 4,565 Ree 
Total steam : ss (Ibs. /hr.) 44,960 44,960 43,650 38,450 38,450 
vil for steam production a ng 3,405 3,405 3,310 2,910 2,910 
Oil for Diesel generator es a — — —_ 82-5 = 
Total oil .. +: . + ” 3,405 3,405 3,310 2,992-5 2,910 
Lbs. oil per) at 215 deg. F. feed temperature 0-681 0-668 0-662 0-635 0-635 
S.H.P. hour j at 310 deg. F. feed temperature 0-667 0-655 0-648 0-62 0-62 





In twin-screw vessels, where tanks or water meters 
are provided for the separate measurement of the 
condensate on each side, a good determination can 
be made by exhausting all the auxiliary steam into 
one condenser for the first half of the trial, and into 
the other for the second half. This method is frequently 
adopted in naval vessels. 

Section 5.—On the same basis as in Table I, a sum- 
mary has been prepared of the estimated consumptions 
for the auxiliary plant of a 5,000 shaft horse-power 
installation with high-efficiency turbines. 

Four different methods of driving the auxiliaries 
have been considered : 

1. Entirely by steam. 

2. By electric motors, with current supplied from 
turbo-generators. 

3. By electric motors, with current supplied from 





measuring tanks nor meters are fitted, this can always 
be ascertained by means of an integrating counter 





Diesel generators. 








atmospheric is utilised for heating the feed water up 
to 215 deg. F. Where the auxiliary steam is insufficient 
for this purpose, the additional steam required is taken 
from the L.P. turbine steam belt. The feed water 1s 
further heated to a temperature of 310 deg. F. by 
steam withdrawn from the I.P. turbine at a pressure 
of 110 Ib. per square inch absolute. : ; 
In proposal (1) the steam consumption of the -_—~ 
liaries, including the ejector steam, the make-up fee 
and the steam used for the evaporator, is 8,960 Ib. per 
hour. Of this, 1,500 Ib. is condensed in the evaporator 
coil and 250 Ib. in the oil-fuel heater, leaving 7,210 Ib. 
available for feed heating. To heat the remainder 
of the feed water from 70 deg. to 215 deg. F. requires 
5,800 Ib. of steam, leaving 1,410 lb. unutilised, —_ 
may either go to the winch condenser or be led to the 
low-pressure turbine. : 
The total steam consumption for all purposes, 1” 
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this case, is therefore 44,960 lb. per hour, or 8-99 lb. 
per shaft - horse - power hour. With a feed - water 
temperature of 215 deg. F., 13-2 lb. of steam at 500 
lb. per square inch and 700 deg. F. can be generated 
for each pound of oil consumed in the boiler furnace. 
This figure is based on a calorific value of 18,500 B.Th.U. 
per pound and a boiler efficiency of 84 per cent., which 
can be attained with efficient pre-heating of the furnace 
air. On this basis, a steam consumption for all pur- 
poses of 8-99 lb. per shaft-horse-power hour corre- 
sponds to an oil-fuel consumption of 0-681 Ib. per 
shaft-horse-power hour. 

By utilising, however, steam tapped off from the 
turbines to raise the feed temperature to 310 deg. F., 
whilst slightly more steam is required, this is generated 
at a higher evaporative rate, and the oil consumption 
per shaft horse-power is reduced to 0-667 lb. That 
is the case with proposal (1) with the auxiliaries steam 
driven. The total brake horse-power required for the 
auxiliary machinery already enumerated, as shown in 
Table II, is 118-5. 

In proposals (2) and (3) this power is supplied by elec- 
tric motors, absorbing, with a reasonable allowance for 
motor and transmission losses, 110 kw. of electric power. 
In proposal (2), the 110 kw. are supplied by turbo- 
generators taking steam at the same pressure and 
temperature as the main turbines, but exhausting to 
a back pressure of 10 lb. above atmosphere. At a 
consumption of 45 lb. per kw. they require 4,950 
lb. of steam per hour. 

With the same supply of steam as before for ejectors, 
make-up feed and evaporator, viz., 2,700 lb., the total 
auxiliary consumption in this arrangement is therefore 
7,650 lb. per hour, giving a total consumption for all 
purposes of 43,650 lb. per hour, or 8-73 lb. per shaft 
horse-power hour. In this second proposal, with 1,500 
lb. per hour condensed in the evaporator coil and 
250 lb. in the oil-fuel heater, there remains 5,900 lb. 
per hour of auxiliary exhaust steam, which is sufficient 
to heat the feed water to 215 deg. F. The steam con- 
sumption of 8-73 lb. per shaft-horse-power hour for all 
purposes then corresponds to an oil-fuel consumption 
of 0-662 lb. per shaft-horse-power hour, on the same 
basis of boiler efficiency, &c., which is further reduced 
to 0-648 lb. per shaft-horse-power hour by using 
tapped-off steam to heat the feed water to 310 
deg. F. 

In Proposal (3), the 110 kw. required for the motors is 
supplied by Diesel generators. The additional steam for 
ejectors, make-up feed and evaporators is, in this case, 
2,450 lb. per hour, with only 850 1b. per hour available 
for feed heating. Since, however, in this case, 4,950 lb. 
per hour is required to heat the feed to 215 deg. F., 
this 850 lb. must be supplemented by. 4,100 lb. of 
steam tapped off from the low-pressure turbine belt, 
at the expense of a reduction of the power developed in 
that turbine by 285 shaft horse-power. At. a con- 
sumption of 0-75 lb. of oil per kilowatt, the Diesel 
generators consume 82-5 Ib. of oil per hour, which, at 
an evaporative rate of 13-2 lb. per pound of oil, is 
equivalent to 1,090 lb. steam per hour. So that, 
finally, for this proposal, 4,715 shaft horse-power is 
obtained for a total equivalent consumption of 
39,540 lb. of steam for all purposes, or at the rate of 
8-39 lb. per shaft-horse-power hour. The oil consump- 
tion is 0-635 lb. per shaft-horse-power hour with a feed 
temperature of 215 deg. F., and 0-62 lb. with a feed 
temperature of 310 deg. F., using steam tapped off 
from the turbines. 

In proposal (4), the 118-5 brake horse-power required 
for the auxiliary machinery is assumed to be supplied 
mechanically from the main turbines. With allowance 
for mechanical losses, it has been assumed that the 
output of the main turbines will thereby be reduced by 
132 shaft horse-power. As in proposal (3), it will also 
be necessary to bleed 4,100 Ib. of steam from the low- 
pressure turbine for feed heating, involving a loss, as 
before, of 285 shaft horse-power. So that, with this 
arrangement, we have as the cost of supplying the 
auxiliaries, steam consumption increased by 2,450 Ib. 
per hour and output reduced by 417 shaft horse-power, 
or a total consumption of 38,450 lb. per hour for an 
output of 4,583 shaft horse-power, or 8-39 lb. per shaft- 
horse-power hour. This is the same as for proposal (3), 
and the oil fuel consumed per shaft horse-power is also 
the same as for proposal (3). The calculations leading 
to these results are given in tabular form in Table III. 

‘Summarised they are as follows: For proposal (1) 
with, steam-driven auxiliaries, 0-667 lb. oil per shaft- 
horse- power hour; for proposal (2), with motor-driven 
auxiliaries and turbo generators, 0-648 lb.; for pro- 
posal (3), with motor-driven auxiliaries and Diesel gene- 
rators, and for proposal (4), with auxiliary machinery 
mechanically driven from the main engine, 0-62 1b. 
: will be seen from this comparison that with steam- 
electric auxiliaries the total fuel consumption may be 
red 2-85 per cent. less than when they are steam- 

tiven, and with Diesel-electric or mechanically-driven 
auxiliaries 7-6 per cent. less. 


supposed that all the auxiliaries are driven from the 
main engines. This may not be considered desirable 
in the case of all of them, even with the provision of 
adequate stand-by units. The result, however, as regards 
total fuel consumption being the same as when these 
auxiliaries are motor-driven from Diesel generators, 
one can make it apply equally to any combination of the 
two systems; that is to say, with as many of the 
auxiliaries as is considered practicable driven mechanic- 
ally from the main turbines and the rest motor-driven 
from Diesel generators. 

It has been assumed, in determining the amounts of 
the steam consumptions, that the steam supply to the 
auxiliaries is at a pressure of 200 lb. per square inch 
and saturated. If this steam is generated in a separate 
low-pressure boiler it will absorb less heat per pound 
than the steam generated in the main boilers at a 
pressure of 500 lb. and 700 deg. F. The oil consump- 
tions have, however, all been evaluated on the assump- 
tion that all the steam is generated in the main boilers. 

To provide additional low-pressure boilers for the 
auxiliary machinery, with duplication for the sake of 
overhauling and cleaning in port, would entail con- 
siderable addition to the plant. Some such provision 
is, however, necessary for the supply of deck machinery 
for cargo handling, and for the supply of saturated, or 
only slightly superheated, steam to the engine-room 
auxiliaries before the main machinery is under 
way. 

This difficulty can be satisfactorily overcome by the 
use of an attemperator, as proposed by Messrs. Babcock 
& Wilcox. Only main boilers are fitted, and the steam 
required for auxiliaries is drawn from them and passed 
through the attemperator, in which it is intimately 
mixed with cold feed-water, evaporating the latter, 
and its temperature being thereby reduced. Thereafter 
it can be reduced by reducing valves to any pressure 
that is desired. 

This simple method meets practical requirements 
and is at the same time economical, for, since some 
further steam is generated by the evaporation of the 
feed-water, it will be seen that the steam required for 
the auxiliaries is obtained at a lower cost of heat per 
pound than in the main boilers, which will lead to 
slightly lower figures for the total oil consumption 
than are given in Table III. 





THE ROADLESS TRANSPORT 
PROBLEM.* 
By Puiwie JOHNSON, 0.B.E., D.S.0O. 
Tuat form of transport problem which presents 
itself in undeveloped or semi-developed countries is 
one which is receiving an increasing amount of 
attention. Briefly stated it is the problem of how 
to transport, at the lowest possible cost, the produce 
of the country in quantities which do not justify 


left which urgently requires to be filled. In densely 
populated, highly developed, wealthy countries, this 
gap can be partially filled by roads and road vehicles, 
light railways, and the like; but in countries where 
these conditions do not obtain, the gap must be filled 
by other means. As Mr. Brackenbury pointed out 
in a most illuminating paper recently read before 
the Royal Society of Arts, the gap between the porter, 
pack animal or bullock wagon and the railway cannot 
be filled in such countries as tropical Africa by vehicles 
working over macadamised roads, which cost nearly 
as much as railways to build. He compares the 
population, area and productive capacity of the 
inhabitants of tropical Africa with corresponding 
figures for this country, and, reducing both to a common 
basis, finds that a fair comparison would only be 
reached by reducing the population of England, 
Scotland, Wales and Ireland to about 84,000 men, 
women and children. ‘‘ What,” he asks, ‘‘ would be 
the condition of our roads and railways if their 
construction and maintenance were dependent on 
the fees paid for transportation by such a population ?”’ 
* Tf,” he says, ‘‘ main transport routes like our Watling 
Streets or Dover Road could be laid across Africa 
from east to west and from north to’ south, free, gratis 
and for nothing, with the sole proviso that they 
should be maintained up to our English standards 
by the districts and colonies which they traversed, 
even then they would prove to be not an asset but 
an intolerable liability.”’ Such statements are by no 
means applicable only to tropical Africa, but have a 
world-wide significance. 

The ideal transportation service for semi-developed 
or undeveloped areas might be likened, I suggest, to 
streams and rivers of a well-watered country. A fine 
network of small capacity transport is first required 
all over the country to deal with the trickles of 
produce from the fields to the factories, where packing, 
baling or other treatment is carried out preparatory 
to further transit in larger bulk. For this small- 
capacity transport possibly the porter, the pack 
animal and the animal-drawn wagon will persist, 
but not, I think, to any great extent or for any large 
number of years. Their place will gradually be taken 
by the light motor vehicle on pneumatic-tyred wheels 
where surface conditions permit, and by roadless 
models of the same vehicles where conditions. are 
more difficult. These vehicles will deal with loads 
of, say, 10 ewt. to 1 ton, and the roadless models 
with loads of 1 ton to 2 tons. From the primary 
collecting centres, such as factories, depots, small 
markets, &c., the trickles of produce now expand 
into small streams requiring roadless vehicles of a 
carrying or haulage capacity of, say, from 2 tons to 
20 tons. It may be that, in certain circumstances, 
these comparatively small streams of produce will 
now join the main stream of arterial railway traffic, 
but when the huge areas to be dealt with are remem- 





large capital expenditure on roads or railways. In 


bered I do not think this will often be the case. 


Costs AND CAPACITIES OF VARIOUS METHODS OF TRANSPORT. 











Total Daily Total Daily Capacity Charges Gross 
Transport Unit. Load. Mileage Mileage in Ton-Miles per Daily 
Capacity. Laden. a Day. Ton-Mile. Takings. 
Porters .. a ro a 60 Ib. 15 Assumed 0-4 5s. to 1s. 6d. 2s. to 7d. 
always laden. 
Pack animals ea 200 to 400 Ib. 24 12 to 18 1to3 5s. to 2s. 58. to 68. 
Animal-drawn vehicles. . iy 1 to 5 tons 16 8 to 12 8 to 60 1s. 6d. to 9d. | 128. to 2i. 5s. 
Mechanical pneumatic tyred- $ to 1 ton 80 40 to 60 20 to 60 2s. 6d. to 1s. 6d.| 21. 108. to 
wheeled vehicles. 41, 108. 
Roadless vehicles 1 to 2 tons 70 35 to 50 35 to 100 1s. 6d. tols. | 21. 12s. 6d. to 
5l. 
Roadless vehicles 2 to 5 tons 60 30 to 45 60 to 225 1s. to 8d. 31. to 71. 108. 
Roadless vehicles 5 to 20 tons 60 to 40 30 150 to 600 8d. to 4d. 51. to 101. 
Roadless vehicles 20 to 200 tons 40 to 32 20 to 24 400 to 4,800 4d. to 2d. 61. 138. 4d. to 
401. 
Arterial railway goods trains.. | 200 to 500 tons} 150 to 300 75 to 225 15,000 to 2d. to 1d. 125l. to 
112,500 4681. 15s. 


























other words, the development of a vehicle which does 
not require an expensive steel, concrete or macadamised 
road to work over. : 

The human porter carrying a load on head, back 
or shoulders, as largely employed in tropical Africa 
and the East, has a transport capacity of under 
4 ton-mile a day. The pack animal has a capacity 
of 1 to 3 ton-miles a day. The bullock cart, of any- 
thing from 8 to 60 ton-miles a day. But a single 
line of railway has a transport capacity of thousands 
of ton-miles an hour, and, to make it an economic 
proposition, must -be worked up to a fair percentage 
of its capacity. Thus even if the porter, the pack 
animal and the bullock cart are retained to cope 
with small quantities of produce at the sources of 
production, a great gap in the transport system is 
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In proposal (4) it has, for the sake of simplicity, been 


neering) and Section F (Economics) at the Southampton 
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NotEe.—The column of total daily mileage is based on no return loads as a minimum up to half return loads as.a maximum. 


I believe that, normally, a further stage will have to 
be passed when the small streams of produce are 
joined into a larger stream, or small river demanding 
vehicles capable of hauling anything from 20 tons 
to 200 tons or 300 tons at a time. These rivers of 
produce will then flow to the main channels of traffic, 
such as arterial railways or navigable waterways 
carrying the produce of the country to industrial 
centres, ports, &c. If this sketch of the transport 
requirements is accurate, then to fill the gap between 
human or animal transport and arterial railways, 
roadless types of vehicles are required ranging from 
a load capacity of 1 ton up to 200 tons or 300 tons. 
Apart from their load capacity these vehicles must 
possess the following characteristics :— 

(a) They must be capable of movement over all 
normal ground surfaces, under all normal weather 
conditions without destroying or appreciably damaging 
the surface passed over. To accomplish this, the 
main weight, of all the heavier vehicles at any rate, 
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must be supported on endless tracks, giving surface 
contact with the ground and a distributed load per 
square inch of not more than 25 lb. These endless 
tracks must also be of the steerable type, i.e., the 
tracks must be laid in a curve to steer and must not 
skid sideways over the ground. Any appreciable 
degree of skid steering rapidly destroys the surface 
sed over. 

(6) They must possess all those qualities which will 
make them cheaper in operation than any feasible 
alternative such as human or animal transport. 

The ability to move over comparatively soft ground 
without destroying the surface may seem to be an 
unnecessary characteristic for roadless vehicles, in 
that the route traversed has cost little or nothing to 
prepare, and if destroyed can be replaced by another 
route alongside or adjacent. This is an entirely 
superficial and incorrect view. It has been demonstrated 
by many tests that properly designed roadless vehicles 
actually consolidate and improve the surface traversed, 
and that the total rolling resistance of the vehicle 
appreciably decreases as time goes on, owing to the 
improvement of the route. Alternatively, if the 
surface is rutted or broken by the passage of the 
vehicle the rolling resistance progressively increases. 
It is no proper solution of the difficulty to move on to 
a fresh path, because this must involve a longer, and 
possibly more difficult, route if the first chosen is the 
shortest and easiest. Moreover, though it will be quite 
unnecessary to do anything in most cases to improve 
the actual surafce, it will always be found advisable 
to remove boulders, tree stumps and the like from the 
route, to improve difficult spots, to bridge streams and 
rivers, and probably to reduce steep gradients which 
might otherwise be a limiting factor in the load carried 
or hauled. If on a certain route, say 50 miles in length, 
the ruling gradients are, say, 1 in 15, one short rise of, 
say 1 in 5, would seriously limit the load capacity 


Fig. 12. 





Fig. 13. 


of any vehicle operating over it. The load could 
obviously be appreciably increased if the gradient of 
1 in 5 is reduced to 1 in 15, and the extra paying load 
carried per trip would soon cover the cost of the 
modification. Thus change of route is no solution 
and the importance of not damaging but of rather 
improving the surface treversed cannot be over-esti- 
mated. The proper preservation of the selected route 
is just as important to the roadless vehicle as is the 
maintenance of the permanent way to the railway 
train. Herein lies perhaps one of the greatest difficulties 
which the roadless vehicle will have to cope with in 
the early stages of its development and use, i.e., the 
cutting up by heavy wheeled traffic of a route selected 
for and improved for and by the roadless vehicle. In 
certain areas it is possible that nothing short of legis- 
lation will be effective in preserving these routes. 
Railway enthusiasts will probably argue that much 
of the gap between animal and rat ee transport can 
be most effectively filled by light feeder lines radiating 
from the arterial railways. It may well be that in 
certain special cases, such as mines, quarries, etc., the 





weight of concentrated traffic will justify the branch 
line, but normally the produce of the country will be 
too widely spread over large areas for this to be the 
case. The problem is essentially one of area develop- 
ment and the railway with its one dimensional move- 
ment must give place to the roadless vehicle with two 
dimensional movement. The railway train also is 
restricted by its gauge just as wheeled vehicles are 
restricted by the width of the road they cannot leave. 
The roadless vehicle has no such restrictions ; its width 





Ido not suggest that the figures in this table are 
more than very approximate. They will naturally 
vary considerably with conditions. For instance, | 
have been told of railway rates in some of our 
Colonies as high as 10d. per ton mile. 

It is noteworthy, perhaps, that the figure of cost 
per ton-mile for animal-drawn vehicles is lower than 
that given for the very light mechanical vehicles, 
Bullock wagon transport, notably in South Africa, 
has been developed by the Dutch farmer to a high 
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length and height are governed only by the weight and 
bulk of the load, and mechanical possibilities. Just 
as at sea, where no rail or road restrictions are imposed 
on the vehicle, the development has been in the direction 
of larger and larger units, so for long distance roadless 
traffic vehicles of very large size indeed will undoubtedly 
come into use in the future tending to reduce the cost 
per ton-mile to a fraction of what is possible to-day. 

On the question of feeder lines I should like to quote 
the late Sir William Acworth, who, a few weeks before 
his death, spoke with all the authority of perhaps 
the greatest expert on railway matters then living. 
Discussing the question of the roadless vehicle versus 
light railways and feeder lines, Sir William Acworth 
declared that ‘‘the day of railway development by 
means of light railways were, in his judgment, over, 
and that serious consideration should be given to the 
question before any more were built.” 

Referring to the foregoing suggestion regarding an 
ideal area transportation service I estimate that the 
probable cost of the various branches of the service will 
work out approximately as in the Table on page 337. 
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degree of perfection and this largely accounts for the 
low cost. On the other hand, such transport is open 
to many objections apart from cost, and allowance 
must be made for an increasing efficiency on the part 
of mechanical vehicles, whereas the bullock wagon, In 
South Africa at any rate, has probably reached its 
limit of perfection. At first, no doubt, the light 
mechanical vehicle will not replace the bullock wagon 
but will supplement it, or develop such areas as have 
no draught animal population for some reason or other. 
Even in this country, animal transport in some circum- 
stances is appreciably cheaper than mechanical, and 
will probably only be replaced entirely in course of 
time by the increasing efficiency of the motor vehicle. 
In the meanwhile I suggest that the lighter mechanical 
vehicles should be regarded as supplemental, rather 
than competitive. With the heavier types of mech- 
anical vehicle, animal transport cannot compete in any 
way. : 

it will naturally be asked what steps are being 
taken to fill the transport gap repeatedly referred to, 
and what prospect there is of breaking up the economic 
deadlock where the building of roads or railways awaits 
population and traffic, and population awaits transport 
facilities. The answer is that quite a fair start has 
been made. The use of light ypormatn Syret “— 
carrying up to 1 ton is rapidly increasing in 5 
desdepea Sealed. and it has been found that under 
favourable conditions they do not appreciably ate 
the surface passed over. Other types of light wheele 

vehicles are being evolved, and some are already on 
the market having four wheels all driven, or six whee 





with four driven. These are not truly roadless 
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vehicles, but are really road vehicles adapted to make 
them as suitable as possible for roadless conditions. 
We then come to the Kegresse type of vehicles with 
endless tracks of rubber and fabric. These came into 
prominence with the crossing of the Sahara by Citroen- 
Kegresse cars, and these models, and some others of 
rather heavier type carrying up to 2 tons, are getting 
into production, I believe. In this country firms like 
the Austin Motor Company, Messrs. Daimler, Messrs. 
Foden, Messrs. John Fowler and Co., the Four-Wheel 
Drive Lorry Company, Messrs. Guy Motors, Limited, 
Messrs. Morris Commercia ‘Cars, Limited, Messrs. 
Sentinel Waggon Works, Limited, and Messrs. Vulcan, 
have all taken up the question of a roadless model, 
or models, fitted with universally, flexible tracks, and 
have either produced one or will do so shortly. In addi- 
tion many other models are in the design stage. The 
vehicles already produced range from a_roadless 
model of the Austin 20 h.p. car to the Sentinel roadless 
tractor to haul 20 tons. , 

Some examples of these vehicles are shown by Figs. 
1 to 4, page 328 Fig. 1 shows ‘a Sentinel roadless 
tractor to haul 20 tons net. This machine has a draw- 
bar pull on good ground of 6 tons without the addition 
of spuds or grousers to the tracks. Fig. 2 shows a 
Guy roadless 1-ton lorry mounting a slope of 1 in 2-8 
with a full load, while Fig. 3 illustrates a Vulcan 
roadless 2-ton lorry operating over soft sand dunes, 
and Fig. 4 shows a Morris roadless 1-ton lorry. 

As can be seen by an examination of the vehicles 
in motion, the endless tracks on which the major weight 
of the vehicle is borne automatically lay themselves 
in a curve for steering, and also accommodate them- 
selves to side-lying ground or road camber. This is 
made possible by the introduction of limited universal 
movement at each joint, the details of which are best 
shown by the drawings. Fig. 6 is a plan of a track link 
and plate of the type used for 3 and 4-ton lorries, &c. 
They are held together by rivets and welding. Fig. 5 
shows a section on the line A.A. passing through the 
central oil chamber, which also forms the tooth which 
engages with the sprocket for driving the track. Fig. 7 
is a side view of the link and plate, showing in elevation 
the anti-rocking lugs which limit the universal move- 
ment of the joint. Fig. 8 is a longitudinal section of 
the link only. Fig. 9 shows, in section, how the male 
end of the link is machined to receive the bush and, 
Fig. 10 shows the form assumed after the material 
has been pressed over to enclose the bush. Fig. 11 
is a section of the complete joint which shows the bush 
in position in the male end of the link with the female 
end coupled to it by the joint pin. The bush is free 
to rotate about the pin and all normal movement is 
thus taken. For steering and other alignments, where 
universal movement is called for, the outer spherical 
diameter of the bush moves within the pressed-over 
portion of the male end of the link. The exclusion 
of dirt and retension of lubricant is provided for by 
seal rings shown in section in Fig. 11. These are in 
three parts; an outer shroud ring of stainless steel, 
an inner ring of compressed cork, and a metal washer 
which is held in contact. with the sides of the link by 
the resilience of the cork rings. The various figures 
show how lubricant from the central chamber reaches 
the joint. 

Figs. 12 and 13 are an elevation and plan of a complete 
roadless unit of the size fitted to 1-ton lorries. Normally, 
the full load is borne by the universally-mounted 4- 
wheeled bogie, each wheel of which is rubber tyred. 
Over rough ground, or when any appreciable sinkage 
occurs, the weight may be partially borne by the 
sprocket and to a small extent by the idler. Both 
idler and sprocket are rubber tyred to eliminate noise. 
A feature of the sprocket, as will be seen by referring to 
the extreme left-hand side of the plan view, Fig. 13, 
or to the detail reproduced on a larger scale in Fig. 14, 
is that the track is free to move laterally across the 
sprocket to a limited extent. This makes it possible, 
when steering, for the track to align itself on the sprocket 
with the point at which the former leaves the ground. 

Machines of this description can be made with almost 
any width and length of ground contact, but it has 
been found by experience that a width and length 
which gives a pressure per square inch of about 25 lb. 
is all that is normally required. I was recently asked 
to suggest a design of vehicle to carry a one-piece 
net load of 100 tons without exceeding a distributed 
load on the ground of 20 Ib. per square inch. This 
involved carrying the load on four endless track units 
each with a width of 30 in. and with about 10 ft. 
ri of ground contact. Such a vehicle is perfectly 
easible, 

There is now a world production of something like 
five millions of motor road vehicles annually. This 
production has been developed in the past, say, 25 
years, and has provided manufacturing facilities 
which will prove invaluable to the development of 
Toadless types. It is suggested, therefore, that in 
much less time than it has taken to develop road 


show a similar development. There can be little 
question about the demand for them. That portion 
of the world which is well equipped with roads, railways 
and population is an insignificant fraction of the areas 
where no efficient transport facilities exist at all. 

Finally, it is suggested that the energetic development 
of what really amounts to a new industry will rapidly 
increase the prosperity and trade of the roadless 
countries forming the British Commonwealth of Nations, 
and that if British manufacturers will devote them- 
selves to the production and marketing of these 
vehicles an appreciable impetus will have been given 
to employment in this country. 





ECONOMICS OF HIGHWAY 
ENGINEERING.* 
By Lt.-Col. H. T. Tupspery, M.C., R.E. (T.). 
M.Inst.C.E., M.Inst.T. 
(Concluded from page 288.) 

Track Location, Widths and Gradients—The most 
obvious location for a road is, of course, a straight line 
between the places selected as its termini. The 
straight line location was adopted by the Romans for 
their roads in England, e.g., Watling-street. In a 
flat, undeveloped country the straight road gives the 
shortest route between two given places, and therefore 
the quickest, if not the most beautiful. When hills 
intervene, the road maker may decide to make a detour, 
in order to avoid gradients should these be consider- 
able, or if the road is of sufficient importance, he may 
carry it in a cutting across the summit of the hill, 
using the excavated material, if required, for approach 
embankments, thus ensuring an easy gradient. In a 
similar way, viaducts or bridges may be used to cross 
a valley. Other physical objects may deflect the line 
of the road, such as towns, rivers, lakes, marshes, 
mine workings, &c. In addition to these, vested 
interests in all kinds of property, political interests, 
commercial and financial interests, social amenities, 
and lastly, sentimental reasons, separately or in 
combination, will often affect the location of a road. 

With regard to road widths, so long ago as 1905 
the Advisory Board of Engineers to the Royal Com- 
mission on London Traffic recommended that street 
widths from house to house within London and the 
Suburbs should be as follows :— 


Item. Total Carriageway 
Width. Width. 
Main avenues <= .. 140 ft. 94 ft. 
Ist Class arterial streets .... 100 ,, 64 ,, 


2nd ,, streets... prs S05 48 ,, 
3rd_,, - as Hs OO ,, 36.45 
4th ,, a .... 40 to 50 ft. 24 to 34 ft. 


These widths, it may be considered, are the ideals 
to be aimed at, except that carriageway widths should 
always be in multiples of 10 ft. How ideals shrink 
under pressure of circumstances may be shown by 
quoting a single instance. The latest and most im- 
portant large London street improvement is Aldwych, 
the width of which is 96 ft. from house to house, 
with a carriageway of 60 ft., as compared with 140 ft. 
and 96 ft., respectively, suggested above. 

Regarding trunk roads, that most recently opened 
is the Great West-road. The width of this as 
originally planned was 80 ft. On more mature con- 
sideration its width was increased to 120 ft., which 
was distributed as follows:—a central carriage- 
way of 50 ft., flanked by granite kerb, beyond which 
were two grass verges of 25 ft. each planted with 
trees; outside these were two 10-ft. footways, under 
which are to be laid pipes and mains. The tree-planted 
grass verges add greatly to the attractiveness of the road 
and provide a reserve that can be used for future 
widenings. 

Other new roads, such as Watling-street, can be 
cited. It will suffice to say that generally arterial 
roads are planned with a width of at least 100 ft., 
even though a carriageway of 40 ft. and sometimes 
only 30 ft. may suffice for present needs. A double- 
track carriageway may, in certain cases, be preferable 
to a single track, but where traffic is “tidal,” i.e., 
outwards in the morning and inwards at night, a 
single 30-ft. carriageway will be more serviceable than 
two tracks of 20 ft. The economic aspect of the 
100-ft., or more, road width is that the present cost 
of acquiring the extra land beyond immediate require- 
ments, is a mere fraction of the cost of acquisition in 
the future, of such land when developed and built on 
alongside the road. 

Regarding gradients, these should be avoided, 
where possible, and where this cannot be done every 
endeavour should be made to keep within a 1-in-30 
limit. At the same time, some fall should always be 
given to facilitate surface water drainage, but this 
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need not exceed 1 in 400. There will be loss of speed 
and an increase in petrol consumption on the rising 
gradient, which will not be compensated for by a 
corresponding saving on the return journey, since 
petrol consumption down hill amounts to not less than 
approximately 85 per cent. of that on the level. 

In another portion of this paper it is shown that the 
additional cost ‘‘ per ton per foot of rise” is 0-00707d. 
Applying this figure to 1,000,000 tons per annum, 
the cost of 1-ft. rise in extra petrol consumed equals 
28l., while the savings on the return journeys would be 
under 3/.; total loss, say, 251. per annum. This, 
capitalised at 5 per cent., equals 5001. Under these 
coyditions it would pay, therefore, to expend 500I. 
on eliminating each foot of rise in a gradient. The 
motor-driven vehicles (excluding trams) using Black- 
friars Bridge average 27,137 tons per day of 12 hours. 
(1924 census). If we assume that additional traffic 
for the balance of the 24 hours can be set off against 
Sunday and holiday traffic, the motor traffic can be 
taken as 27,137 x 365 = 9,900,000 tons per annum. 
On this basis alone it would be worth while to expend 
5002. x 9-9 or, say, 5,000. to get rid of each foot of 
rise in the gradients on each side of the bridge. To 
strengthen the argument, we can add the value of the 
relief which would be afforded to the balance of traffic 
using this bridge, trams and horse-drawn, which is- 
almost twice the tonnage of the motor traffic. A 
final remark may be made regarding the summit or 
apex of two gradients. It is good practice to ease off 
the steepness of gradients as they approach and 
finally meet, so that there is always a reasonable length 
of line of sight, say, 150 yards. With the powerful 
cars now in use, running speeds make such a length of 
sight line necessary for safe travelling. 

Road Construction and Maintenance Costs.—Table III, 
page 340, gives the costs of various types of roads, 
together with the life to be expected in each case. 
Maintenance and amortisation charges have also been 
given. It must be borne in mind, however, that all 
these figures may vary somewhat according to local 
conditions, the state of the market, and the price of 
labour. It is, nevertheless, considered that for com- 
parative purposes the figures represent a correct relation 
between the costs and charges of the various types 
of road. 

Level Crossings and Bridges.—A road proceeding 
across country will meet various obstructions; some- 
times other roads, sometimes railways, and sometimes 
rivers, canals or other waterways. All these have to be 
negotiated, and the manner in which this is done will 
largely determine the delays to which future traffic 
will be subject. In the case of railway level crossings, 
gates which shut off vehicular and railway traffic 
alternately are always a source of inconvenience, and, 
where traffic is dense, cause great inconvenience and 
delay. Although much has been done in the way of 
providing bridges to take vehicular traffic at these 
places there is still scope in this direction. Take, for 
instance, the county of Durham, where the number of 
level crossings has been recently reported as follows :— 


L. & N.E.R. Colliery. Total 
First-class roads .... 14 28 42 
Second-class roads .... ll 19 30 
Third-class roads .... 27 138 165 
52 185 237 


Even a bridge in place of a level crossing of itself 
constitutes a slight obstacle, since it introduces two 
gradients, which reduce the speed and increase the 
petrol consumption of vehicles. 

In the case of waterways, the opening bridge, swing 
or bascule, acts on traffic in much the same way as the 
gates of a level crossing, causing alternate delays. A 
fixed bridge securing an uninterrupted flow of traffic 
is generally desirable, provided that the water-borne 
traffic interests can be got to agree, and that they do 
not require an excessive headroom clearance above 
high-water level. Excessive clearance would probably 
call for long and steep approach gradients to the 
bridge, which might cause greater obstruction and 
expense to vehicular traffic than an opening bridge. 
Volume of traffic is a very large factor in determining the 
type of bridge suitable for any particular place. 
Inter-relation of Vehicle and Track.—From time to 
time, the legislation in force in this country has been 
altered to allow of improved speeds and greater weights 
of motor cars using the roads. As a sequel, the wear 
and tear on roads has tremendously increased, and at 
the present time an untreated water-bound macadam 
road can no longer be considered fit for motor traffic. 
The motor has caused road design to be put on a 
scientific basis, both as regards location, drainage, 
foundations and surfacing, the result being the fine 
roads which now connect the chief centres of England. 
Tt has caused gradients to be reduced, sharp and blind 
corners to be cut out, and efficient sign-posts, indicating 
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routes, &c., to be erected, and, incidentally, the lighting 
of roads in and around towns to be improved. But al} 
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this has only been accomplished at a considerable 
increase in maintenance costs, as reflected in general 
district rates in England and Wales. The effect of 
traffic on various forms of road construction is noted 
in Table III. On the other hand, the road has 
influenced the motor, resulting in the use of rubber or 
pneumatic tyres, better springing, higher powers and 
cheaper transit. The better roads have made possible 
long-distance haulage at high speed and reasonable cost. 

Fundamental Principles.—The basic requirements of 
a good track are :— 

(a) To provide as direct a route as possible between 
the selected terminals. 

(6) To provide a route on which traffic may proceed 
safely, and at its maximum economic speed. 

(c) To provide for the safety of all traffic using the 
track. 

(d) To keep down the cost of the track compatibly 
with efficiency. 

Regarding (a) directness, the straightest track is 





Regarding (d), economic cost will be enormously 
influenced by suitable location, by proper selection of 
the right materials, and by good judgment as to 
what is adequate provision in the acquisition of land 
for the road. Capital cost, maintenance and future 
widening must all receive due consideration. 

The basic requirements of a vehicle are :— 

(a) To transport passengers or goods cheaply. 

(6) To be able to sustain a high speed continuously 
and safely. 

(c) To travel without damage to the road, other 
vehicles, or itself. 

(d) A minimum outlay in first cost compatible with 
efficiency and maintenance. 

Regarding (a) cheapness of transport involves the 
design of a vehicle exactly suited, in each case, to the 
type of traffic to be carried, e.g., for a 10-ton lorry 
probably steam propulsion is still cheapest. The 
capacity of the vehicle must be the utmost possible 
having regard to its tare weight, which involves the 
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Per Square Yard. 
First Annual Costs or Charges which will 
Surface and Cost Life Class of Street vary considerably. 
Foundations. per yd. in and Traflic Remarks. 
Super. | Years. Suitable for. 
Cleaning | Amortisa- 
Repairs. | in Urban tion of Totals, 
Districts. | Surface. 
| Pence. Pence. Pence. Pence. 
2-in. powdered sheet as- 34s. 25 City .. ; | 1 4 6 Up to gradients of 1 in 
phalte on 10-in. rein- 50. 
forced concrete on 2-in., | 
clinker 
2-in. coarse gritted mas- 25s. 18 City and first- + 1} 5} 7+ Not on gradients over 
tic asphalte on 6-in. class roads | in 36. 
reinforced concrete 
4-in. wood blocks on 10-in. 323. 13 City .. 1 2 10 13 Not on gradients over 
reinforced concrete in 24. Noiseless 
with fair grip. Re- 
verse block to get a 
| further eight years 
wear. 
3-in. granite cubes on 10- | 34s. 30 Dock and mar- — 24 3 5 Grout entirely with 
in. reinforced concrete | ket areas bitumen mastic. Re- 
| duces tractive —re- 
sistance. 
2}-in. bituminous con- 19s. 12 First-class 1 2 6 9 Bituminous concrete 
crete on 6-in. reinforced roads graded to give maxi- 
concrete mum density. 
4-in. bituminous con- | 12s. 6d. 10 First-class 1} 1} 6 9 Bituminous _ concrete 
crete on 9-in. hardcore, roads on graded to give maxi- 
on 8-in. clinker high em- mum density. Re- 
bankments duce thickness to 
24 in. for second-class 
| roads. 
sin. of § in. bit. concrete | 
on (| Reduce thickness to 
1k hy 1} in. bit. con- | 3 ~ for seane-aas 
crete on 7 ‘ ® roads. s usually 
24 in. of 2 in. bit. con- 14s. 6d. ® _— class ‘ & 9 15 4 graded requires sur- 
crete on is face spraying annu- 
9 in. hardcore on 3 in. a. 
fine clinker 
1 in. of $ in. clinker as- (| Spraying required an- 
halte nually. Clinker re- 
3 in. of 2 in. clinker as- 14s. 3d. 9 First - class “ 2 } 9 15 j quires more bitumen 
phalte roads than ordinary road 
9 in. of hardcore l metalling. 
44 in pitch grouted maca- 13s. 9 Suburban 4 2 8 14 Requires surface spray- 
dam on 9-in. hardcore streets and ing every year. Must 
second-class be done under strict 
roads supervision and in 
fine weather. 
45-in. waterbound maca- 5s. 7 Light traffic 4 3 : 14 Unsuitable for gradients 
dam sprayed twice on second- steeper than 1 in 20. 
when dry class roads Annual spraying is 
| required. 
4-in. waterbound maca- ee Very light 5 9 12 26 Unsuitable for motor 
dam traffic ; not traffic. 
in first- or 
second-class 
roads | 














usually the shortest, but the necessity for avoiding steep 
hills, valleys, congested districts, buildings, &c., often 
makes the introduction of curves a necessity. Should 
the volume of traffic warrant it, cuttings may be 
made through hills, and viaducts or bridges may be 
‘constructed across valleys. 

Regarding (6), a route suitable for speedy and 
cheap transit firstly involves the elimination of all 
delays, necessitating the provision of a road width 
adequate to the volume of the traffic passing, the 
elimination of gradients where possible, or their 
reduction, the avoidance «f sharp curves, and the 
provision of bridges of suitable type at level crossings 
or waterways. The surface of the track and its 
foundation must be durable, in order to avoid delay 
due to road repairs. The road surface should also 
conduce to a low tractive resistance. 

Regarding (c) safety, here again the elimination of 
level crossings, blind corners, sharp curves, congested 
districts, &c., and the provision of a non-slippery road 
surface are all-important factors in promoting safety 
and reducing accidents. On the road, excessive 
camber, and the absence of or exaggerated banking at 
curves, should be avoided. Under this head also 
come the proper lighting and the provision of adequate 
and uniform sign-posts. 








use of light and strong materials in its construction. 
Delays due to breakdowns are costly and must be 
avoided by excellence of design and construction and 
by proper inspection. Although somewhat extraneous, 
it is necessary to mention the enormous influence on 
costs of taking a full load each journey. Under the 
present system of taxation, engine sizes require very 
careful consideration. 

Regarding (6), high speed and safety, control is 
the chief factor, and possibly the provision of 
adequate brakes is the most important item, following 
which comes the need for tyres having an adequate 
grip of the road surface. Here again an extraneous 
element must be mentioned, viz., the driver, on 
whom more than anything depends the safety of 
the motor when travelling at high speed. For night 
travelling, proper lamps are necessary. It is hardly 
necessary to emphasise the need for good materials, 
design and construction generally if accidents due to 
breakdowns are to be avoided. 

Regarding (c), travel without damage, under this 
head comes the limitation of the vehicle as to length, 
width and axle load, and the provision of suitable tyres, 
brakes and control. Once again it is necessary to 
point out the paramount importance of the driver. 
Regarding (d), economic cost will be, in the first 


instance, influenced by judgment in selecting or 
designing the type of vehicle for the class of transport 
involved. Efficient management, however, in con. 
trolling the labour required to run and repair the 
vehicle, and in the purchase and use of fuel lubricants 
and stores is perhaps the most important economic 
factor. 

In concluding I should like to add that the Govern. 
ment Department to which I have the honour to 
belong, keeps a watchful eye on all the main issues 
I have outlined above, and there is every reason to 
believe that, under the energetic direction of Sir Henry 
Maybury, an ever-increasing range of usefulness |ics 
open to the Roads Department. 





PASSIFICATION AND SCALE RESIST- 
ANCE IN RELATION TO THE Cor- 
ROSION OF ALUMINIUM ALLOYS.* 

By L. H. CatLenpar, B.Sc., A.I.C., A.R.C.S. (London), 
Tue problem of the corrosion of aluminium presents 

somewhat different features from those of many other 

metals, for aluminium is normally covered with a highly 
resistant and adherent scale which modifies all its 
reactions. While, therefore, we may adopt the 
electro-chemical conceptions of Nernst as the basis 
for explanations of the inception of the corrosion of 
metals in water, for a full explanation of the corrosion 
of aluminium we must add to this a knowledge of the 
chemical and physical properties of aluminium scales. 

Into this study enters also the question of passification, 

for the metal is normally passified by its hydroxide 

scale, so that, when immersed in water, if one part cf 

the metal becomes anodic to another part there is a 

tendency for hydroxyl ions, discharging at the anode, 

to combine with the metal and stop further electrolytic 
action. Corrosion can continue only by the solution 

or peptisation of this scale. In the peptisation of a 

hydroxide scale, the scale adsorbs the peptiser, becom- 

ing gelatinous, and finally passing into colloidal 
solution. In normal waters this type of action, 
locally removing the scale, may give rise to pitting. 

Precipitation of the peptised hydroxide may stop 

corrosion again, for the solubility of the hydroxide 

is reduced and the colloid precipitated by many salts, 

such as carbonate, borate, phosphate, chromate, &c. 

The norma! passification of the metal may be accelerated 

by immersion in a solution of a passifying salt, such as 

nitrate or bichromate. 

In the experiments that follow, a study is made of 
the action of passifying salts, and measurements are 
carried out on the rate of change of scale resistance 
for certain aluminium alloys immersed in various 
salt solutions. 

For these experiments, test-pieces 2 x $x fin.cut from 
cast plates were used. They were cleaned by polishing 
with emery, after which the natural film was allowed 
to re-form by exposure to the air for various times 
up to about 12 months. The analysis of the alloys 
used is given in Table I. 























Taste I.—Analysis of Test-Piece Alloys. ‘Per cent.) 
Dee | Mg. | Al. 
mattmcliae S” | Si. Cu. | Zn Sn Mg. | 
L.5 ..| 0-70 | 0-55 | 2-94 [14:10] — | — | Remainder 
L.11 0-61 | 0-40 | 6-91 | 1-30 -— _ x 
L.8 ..| 0-75 | 0-49 |11-90 _ — — ee 
W. ..| 0-42 | 6-25 | 0-56] — | — | 0-13 f 
RP: 0-11 | 0-11 —_ —_— eh 
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Preliminaru. Experiments on Nitrate Protection.— 
Potassium nitrate is one of the salts mentioned by 
Seligman and Williams as preventing the corrosion 
of aluminium in normal waters. 

Preliminary experiments, showed that the time 
of protection varied considerably with the alloys 
used. The chief cause of this variation is that the 
alloved metal modifies the physical properties of the 
anodic oxidation scale formed by the nitrate. Some 
results are given in Table I. ‘ : 

If the function of the nitrate is to assist anodic 
oxidation, it might be expected that a definite minimum 
TaBLE II.—Duration of Nitrate Protection with Aluminium 

Alloys in Laboratory Tap- Water. 








Appearance of 





cent. of potassium nitrate 


added to the water. in 250 days. 


quantity would be required to give protection for the 
same conditions. The following experiments illustrate 


Conditions of Experiment. | Alloy. Peaccaion. 
| eS . 
‘ 
Test-pieces totally immersed in | L.5 55 days 
50 cs of laboratory tap-water | L.11 136 ,, 
in small beakers. 0-01 per ag 
P. 


65, ; 
} Little visible action 








* Paper read before the Institute of Metals, at Glasgow, 
on September 3, 1925. Abridged. 
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this point. Standard identical test-pieces were used. 
They were immersed in tap-water containing different 
amounts of nitrate. To indicate the beginning of 
corrosion, two sets of phenomena were observed: 
(1) The appearance of half a dozen isolated tufts on 
the upper surface of the test-piece; (2) the surface 
browning (characteristic of this alloy) appearing a 
few days later. These two sets of results are plotted 
in the curves of Fig. 1. 

An examination of the solution, after corrosion had 
commenced, generally showed an absence of nitrate 
and the presence of its reduction product nitrite. 
The curves given in Fig. 1 appear to show an abrupt 
change of slope at the point, corresponding to 0-006 
percent. nitrate. This may be called the critical passi- 
fication quantity for this alloy under these conditions. 


Fig.1. 
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Fig.5. EXPERIMENT 2065. METHOD FOR 
OBTAINING THE TOTAL E.M.F. AND 
RESISTANCE OF CELL. ALLOYS L.5 AND 
L.8 AS ELECTRODES. 
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Experiments on the Rate of Reduction of Nitrate.— 
In a further series of experiments, the connection 
between the rate of reduction of nitrate and the 
appearance of corrosion was investigated. Test-pieces 
of aluminium alloys were immersed in tap-water 
containing different amounts of nitrate. After immer- 
sion for a number of days, the nitrate remaining in the 
solution was estimated by the phenol-sulphuric acid 
method. Experiments were duplicated and accom- 
panied by blanks. Series of tests were carried out with 
the alloys L.5, L.11, L.8, Wilmil, and also with pure 
aluminium. The results for L.5 are plotted in Figs. 
2 and 3. They show a sharp decline in the rate of 
reduction when the critical passification quantity is 
exceeded. The minimum for L.5, under these con- 
ditions, is about 0-008 per cent. sodium nitrate. Corro- 
sion is not usually visible until the nitrate is reduced 
below 0-001 per cent. 

The reduction of the nitrate depends both on the 
solution potential of the alloy and the porosity of the 
seale. L.5 is the most electro-positive, and L.8 the 


L.8, the reduction of nitrate is not at first easily detected, 
yet protection breaks down probably owing to the 
porosity and poor adhesion of the scale produced by 
the high percentage of copper in this alloy. A further 
factor may be that the aluminium compounds formed 
peptise the copper compounds, converting the black 
copper scale into blue non-adherent compounds. 
With pure aluminium and aluminium-silicon alloys, 





the reduction of the nitrate is extremely slow. The 
scale formed by aluminium-silicon alloys appears to be 
compact and adhesive. With pure aluminium, the 
comparative freedom from noble impurities raises the 
over-potential of the metal to a maximum and assists 
the formation of homogeneous protective films. 
Further experiments show that the amount of 











most electro-negative; 1.11 is intermediate.. With 





nitrate required to give protection is closely related to 


Fig. 2. RATE OF REDUCTION OF NITRATE 
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Fig.6. EXPERIMENT 2062. CHANGES OF 
» RESISTANCE AND POTENTIAL IN N/I000 
SODIUM-CHLORIDE SOLUTION. 
SEMI-LOGARITHMIC SCALE. 
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Fig. 7. EXPERIMENT 2070. CHANGES OF 
RESISTANCE AND POTENTIAL IN N/200 
CALCIUM-BICARBONATE SOLUTION. 
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the amount of chloride in the water. We may imagine 
that, at the anode, the chloride and nitrate ions are 
discharged at the same time. At first, the chloride 
will peptise the anodic scale formed by the nitrate. 
If the nitrate is in excess, the chloride ions near the 
metal will get consumed first, and the former will then 
carry out its passifying action, and corrosion will cease. 

Measurement of the Rate of Increase of Resistance 
of the Scale.—In the following experiments an attempt 
was made to measure the changes in potential and in 
resistance of the surface of aluminium when immersed 
in water and salt solutions. The method used consists 
in measuring the current given by a cell composed of 
aluminium, or an alloy, and a suitable cathode 
immersed in the required solution and connected 
through a micro-ammeter with a variable resistance. 
The arrangement is shown diagrammatically in Fig. 4. 

By means of the switch Sw, the external resistance 
can be altered from 20,000 to 20 ohms. In order that 
the results shall répresent only the changes on the 
surface of the anode, two conditions are required. 
First, changes produced in the cell whilst it is giving 
an external current must be reduced to a minimum. 
This is accomplished by having a key K in the external 
circuit. For a reading, the key is depressed, the initial 
steady reading of the micro-ammeter noted, and the 
key at once released. Further, the high-resistance 





reading was always taken before the low-resistance 





reading. Secondly, the resistance of the cathode and 
the solution must alter as little as possible. Alterations 
in the resistance and potential of the cathode could be 
largely eliminated by using a similar aluminium alloy 
that had been previously immersed in another sample 
of the solution to be tested until its resistance became 
constant. In the majority of experiments, the anode 
was polished on emery just before immersion. The 
electrodes were fixed in wax, and the back and sides 
coated with aluminium paint, so that only the inside 
immersed surfaces took part in the action. 

Calculation of Results—Calculations of the total 
e.m.f. and resistance are most conveniently carried 
out by plotting the current in closed circuit against 
the potential at high and low resistances. If these two 
points are joined and the line extrapolated to zero 
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Fig.8. EXPERIMENT 2061. CHANGES OF 
RESISTANCE AND POTENTIAL IN N/1000 
NaN0,SOLUTION. 
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Fig.9. EXPERIMENT 2065. CHANGES OF 
RESISTANCE AND POTENTIAL IN N/1000 
POTASSIUM-BICHROMATE SOLUTION. 
SEMI-LOGARITHMIC SCALE. 
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current and zero e.m.f., the total e.m.f. and current are 
obtained, and from these the internal resistance of the 
cell. The results from experiment 2065 are, plotted 
in Fig. 5. 

In the first series of experiments, the electrolyte was 
a dilute solution of sodium chloride or calcium bicar- 
bonate, or sodium nitrate or potassium bichromate. 
In the next series, tap-water was used and nitrate or 
dichromate added to it. These experiments always 
started with the surface of one electrode polished. In 
other experiments, after forming a scale on the metal, a 
study was made of its rate of removal by peptising 
agents. The changes in the potential and resistance 
are shown in Figs. 6-14. 

Experiment No. 2062. Effect of Chloride on Resis- 
tance and Potential_—Cell with L.5 anode and I.,1] 
cathode. Anode and cathode previously immersed 
in V/1000 sodium chloride solution for 10 days. Anode 
polished on inside surface, cell connected up,. and 
N/1000 sodium-chloride solution added. (Fig. 6.) 

Experiment 2061. Effect of Nitrate on Resistance and 
Potential—Cell .with L.5 anode and L.8 cathode. 
Cathode and anode polished and then immersed for 
one week in N/1000 sodium-nitrate solution. One 
surface of anode again polished, the cell connected up 
and a N/1000 NaNO, solution poured.in; 20 c.c. added 
and readings taken as soon as possible. (Fig. 8.) 
Experiment 2070. Effect of Bicarbonate on Resistance 
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and Potential.—Cell with L.5 anode and L.11 cathode 
in boiled out distilled water containing neutral calcium 
bicarbonate, about 18 parts CaCO, per 100,000 of water. 
Anode and cathode polished and immersed in similar 
solution for 2 days. Anode surface polished, solution 
poured in, and readings taken immediately. (Fig. 7.) 

Experiment 2065. Effect of Bichromate on Resistance 
and Potential.—Cell with L.5 anode and L.8 cathode. 
Both electrodes polished and then immersed in distilled 
water for 2 days. Inside surface of anode polished 
immediately before adding solution of N/1000 bichro- 
mate to the cell. Readings taken immediately. 
(Fig. 9.) 

Experiment 2151. Peptisation of a Resistant Scale by 
NaCl.—Cell of alloys L.5 and L.8. previously immersed 
in N/200 K2Cr20, solution. Rinsed out with distilled 
water, and then filled cell with N/250 NaCl solution and 
took readings of ‘micro-ammeter as usual. (Fig. 10.) 

Tap-Water Experiments.—In the following experi- 
ments, in place of the boiled-out distilled water, the 
laboratory tap-water was used. The results show the 
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combined action of the principal constituents, calcium 
bicarbonate and sodium chloride. The resistance in- 
creases more rapidly than was the case in experiment 
2062, where only chloride was present in the water. 

Experiment 2050. Cell L.5-L.8. One surface of 
L.5 polished just before immersion. Cell contains 
27 c.c. of tap-water. (Fig. 11.) 

Experiment 2051. Action of Nitratein Tap-Water.— 
Cell from previous experiment, one surface of L.5 
polished = am immersion. Cell contains 0-012 per 
cent. NaNO, in 27 c.c. tap-water. (Fig. 12.) 

Experiment 2052. Action of Bichromate in Tap- 
Water.—Cell from experiment 2051; test-pieces 
washed in distilled water. One surface of L.5 polished 
on emery. Added tap-water containing 0-0012 per 
cent. K2Cr20,. 27 c.c. water in all. (Fig. 13.) 

Results of these experiments are plotted in Figs. 
12, 13, 14. They show the same characteristics as the 
corresponding distilled-water experiments, Nos. 2061 
and 2065, but, owing to the presence of carbonate, the 
resistance increases more rapidly, and, owing to the 
presence of chlorides, the resistant scale is somewhat less 
adherent and there is less polarisation by the nitrate. 
‘The bichromategives a more highly resistant film because 
it prevents peptisation of Al(OH), by Cl. 

General Conclusions.—Aluminium and its light alloys 
are rendered resistant to corrosion by the presence of 
oxidising salts in water. The duration of this passi- 
fication is dependent more on the nature of the scale 
formed than on the solution potential of the alloy. 
The amount of passifying salt required to give pro- 
tection in normal waters is dependent on the amount 
of peptising agent present inthe water. When polished 
aluminium alloys are immersed in water, a resistant 
scale is formed, but when a passifier is present this 
scale is formed more rapidly and becomes much more 
resistant. The nature of the action is direct oxidation 
of the surface of the metal combined with anodic 
polarisation, followed by passification. With nitrate 

nt, nitrate ions are discharged at the anode. 
hese ions break down, liberating oxygen, which oxi- 
dises the metal and forms a resistant film. As long as 
nitrate is present, any breaks in the film are auto- 





in the presence of passifying salts. Oxygen will 
penetrate last into pores, cracks and crevices on the 
metal surface. Electrolytic action between these 
places and the rest of the metal will continue. In the 
presence of peptisers, a loosely adherent hydroxide 
film forms over these areas. This film hinders the 
accession of oxygen to the metal surface, but permits 
the passage of an electric current. If a small amount 
of passifying agent, such as nitrate or bichromate, is 
now added to the water, local corrosion is not usually 
affected, because this hydroxide film hinders the 
passage of the nitrate or bichromate ions to the metal 
surface. With larger amounts, penetration of the 
film occurs, the metal is rendered passive, and the film 
itself adsorbs the chromate, &c., becoming more com- 
pact and resistant. 

The nature of the action of solutions of bichromate 
of potash on metals has given rise to much controversy. 
Cushman and Gardner found that eight parts potas- 
sium bichromate per 100,000 of water prevented the 
corrosion of iron. Similar small quantities prevent the 
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corrosion of aluminium, and these experiments on 
aluminium show that the amount required and the 
duration of protection are directly dependent upon the 
amount of peptisers in the water. Part of the action is 
electro-chemical and the other part purely chemical. 
The important actions are direct oxidation of the 
greater part of the surface of the metal, the setting up 
of a current between the oxidised and unoxidised part, 
the latter being the anode, and the rapid oxidation 
of the anode by oxygen formed from the breakdown 
of the discharged bichromate ions—this completing 
the passification of the metal. The aluminium 
hydroxide formed at the anode adsorbs chromate 
from the water, and is rendered by it, compact, adhe- 
sive, and resistant. In a water containing peptising 
agents, such as chlorides, the addition of small quanti- 
ties of bichromate tends to reprecipitate the peptised 
hydroxide, and consequently to depress the action of the 
chloride. With dilute solutions of potassium nitrate 
and potassium bichromate containing equivalent 
quantities of available oxygen, the bichromate is about 
ten times as powerful a protective agent as the nitrate. 
This tends to show that the more important part of 


hydroxide appear on the surface, showing that the 
chromate was adsorbed by the aluminium hydroxide. 

Many writers have attributed the passifying action 
of these salts solely to the formation of a gaseous 
film of oxygen. While, initially, the fall in solution 
potential is evidently due to the formation of a layer 
of oxygen, it is equally evident that the oxygen rapidly 
reacts with the metal to form a solid film. It was 
seen from experiment 2061, that, after one day’s immer- 
sion in N/1000 sodium nitrate solution, 80 per cent. 
of the increase in resistance is due to the formation of a 
solid film. After one week’s immersion, the resistance 
is unaffected by brushing, and therefore the whole 
must be due to a solid film. The factor of adherence 
of the film is of supreme importance and requires 
further experimental study. 

In nearly pure water, the film appears to be only 
loosely adherent, but the low conductivity of such 
water interferes with the measurement of the film 
resistance. In practice, it is these solid resistant 
films which are important in preventing cor- 





Fig. 4. EXPERIMENTS 2050-52. 
CURVES SHOWING RATE OF CHANGE OF 
RESISTANCE IN TAP-WATER AND ALSO 
IN THE SAME WATER (1) WITH O-0l2 PER 
CENT. NaNO,, (2) 0-012 PER CENT. 
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zt 






8 
3 





Increase of Resistance, Ohms. 


g 
Ss 


0 
(9201.1) Time. Minutes 


“ENGINEERING” 


rosion. Experiment 2151 shows the breakdown of a 
solid resistant film by the action of chlorides in the 
water. Therefore, in practice, the important factor 
for the continuance of corrosion is the presence in the 
water of substances which tend to peptise or break 
down these solid resistant films. 





RECONSTRUCTION OF GREEK DESTROYERS.—The recent 
arrival at Piraeus of the Greek destroyer Panther marks 
the completion of a contract secured eighteen months ago 
by Messrs. J. Samuel White, and Company, Limited, of 
East Cowes, for the reconstruction and modernisation 
of four vessels of a similar type. The work carried out 
on the ships included the remodelling of the hulls, guns 
and torpedo armament. All the old machinery was 
removed, completely overhauled, and replaced, and new 
oil-fired boilers were installed. As a result of these 
alterations, official speeds on the measured mile of 32} 
32, 31-6 and 31-11 knots were obtained respectively by 
the Leon, Ierax, Panther and Aetos. The contract speed 
for the first-named three vessels was 30} knots, and for 
the Aetos, 30 knots. The Greek Ministry of Marine has 
expressed appreciation of the work, which has allowed 
of their acquiring four modern vessels at a moderate 
cost. 





GEOGRAPHICAL NAMES FOR OrFiciaL UsE.—lIt is a 
fact that the late war caused a large number of foreign 

lace names to be brought into prominence in the Press. 
ft is equally true, however, that in many cases a diversity 
of ways of spelling many of these existed. To remedy 
this difficulty a Permanent Committee on Geographical 
Names for British official use was established several 

ears ago, and from time to time this body has issued 
liste of names spelt in the manner approved by it. These 
lists, which are published by the Royal Geographical 
Society, of Kensington Gore, London, 8.W.7. take the 
form of leaflets, sold at 6d. each, having the more“impor- 
tant names of any one country or continent grouped 
together. Four such publications have just been received 
and these are entitled : ‘* First General List of Asiatic 
Names,” “‘ First List of Names in Palestine,”’ “‘ First List 
of Names in Abyssinia,” and “First List of Names 10 
Fiji.” When necessary, corrections are later issued by 





the protective action of the bichromate is the forma- 
tion of an insoluble solid resistant film on the metal 


the Committee, and, indeed, the list first named above 





through its adsorption by the aluminium hydroxide. 
When the metal has been immersed for some time in 
bichromate solution and is then taken out, washed, 
and re-immersed in fresh water, the film will protect 
the metal for prolonged periods. When this film 


is really a re-issue for the reason that the original 
publication, printed in 1921, contained several mistakes, 
now remedied. We would point out that the spelling 
given in these words is in all cases to be taken as 
correct English, though it may not always commend 
itself to people with some knowledge of the countries 








matically healed, and pores become filled with oxygen. 
The generally accepted theory of pitting ti 
Evans, explains the continuance of some action even 





finally breaks down, patches of green chromium 


concernea. 
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FULL-SCALE TESTS OF ARCHED 
DAMS. 


ARCHED dams have proved successful and 
economical in many situations, but their pro- 
portions have been fixed rather by instinct and 
judgment than on any rational. theory of their 
behaviour under load. The famous Bear Valley 
dam erected in California in 1884 was 48 ft. high 
and only 8-42 ft. wide at the bottom. © The calcu- 
lations made by Messrs. Vischer and Wagoner some 
four or five years after its completion showed that if 
it behaved as a perfectly elastic structure the tensile 
stress on the masonry would be about 80 per cent. 
as much as if the dam had been a straight gravity 
dam of identical cross-section. The calculated 
tensile stress was accordingly of the order of 500 lb. 
to 600 Ib. per square inch on the masonry. Never- 
theless, the dam showed no signs of weakness, and 
there is little doubt but that, being: statically 
indeterminate, the real stress was much less than 
the nominal and that the dam resisted more as an 
arch and less as a gravity dam than theory would 
indicate. 

In the case of the arched dams built in 
New South Wales, which were described in a 


a reservoir dam is, however, apt to be a very serious 
matter. The catastrophy which flooded Sheffield 
last century is now ancient history, but the terrible 
Johnstown disaster of 1889, in which 3,500 people 
lost their lives, is of relatively recent memory and 
has, by the references to it in ‘‘ Captains Courageous,” 
been made familiar even to the school boy of to-day. 
The engineers of the United States have accordingly 
been anxious to make more certain of their ground 
before adventuring further with the construction of 
arched dams based on no rational theory of their 
resistance. In 1922 they applied, accordingly, for 
assistance to the Engineering Foundation, which 
is a joint research association of the principal 
American engineering societies. In answer to this 
request, the Engineering Foundation organised 
a committee on arch dam investigation, of which 
Professor C. Derleth, Dean of the University of 
California, is chairman, and Mr. F. A. Noetzli, 
consulting engineer of Los Angeles, is secretary. 
In 1923 Mr. W. A. Brackenridge suggested the 
building of a full-scale experimental dam to be 
tested to destruction. On behalf of the South 
California Edison Company, he also offered a 
substantial contribution towards the cost and the 
use of a remarkably suitable site on Stevenson 
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SN S Creek, which is a tributary of the San Joaquin 
‘SN River. Here a small gorge with solid granite side 
SN walls provides a site on which a dam can be built 
! N | CROSS SECTION with but a very small reservoir capacity behind it. 
! N | OF DAM A.B. This offer has been accepted and arrangements 
= N have been made for the dam to be built under the 
8 \ superintendence of Mr. H. W. Dennis, construction 
\\ engineer to the South California Edison Company. 
H \ A sub-committee, under the chairmanship of Mr. H. 
N \ Hawgood, will control the tests, whilst aid in 
Ante" > B (9222) conducting laboratory tests on materials and the 


paper presented to the Institution of Civil En- 
gineers in 1909 by Mr. L. A. B. Wade, these 
were calculated as if they were complete rings 
resting on a frictionless plane. Actually, of 
course, the dams are “let in” to the subsoil, 
and for some little distance above ground level 
there can be little or no arch action. The mathe- 
matical theory of such a structure is now well 
known, but the differential equation obtained can 
only be solved in finite form in the simplest possible 
cases, lt is, however, merely a matter of arithmetic 
(but, it must be confessed, of very much arithmetic) 
to work out the solution for other forms of an 
encastré cylindric. In practice, matters are still 
more complicated, as the dam never forms a com- 
plete ring but terminates at the sides of the valley 
into which it must be regarded as being encastré. 
This condition has commonly been ignored, and 
to include it in the calculation would still further 
complicate the arithmetic necessary to obtain a 
solution. It seems probable, however, that this 
encastrément at the sides will affect but little the 
Stresses at the deepest section of the dam. In fact, 
the “ fixing ” of the arch at its “springings ” should 
tend to reduce the stresses at the intrados, which is 
where the maximum compressive stresses may be 
expected. 

In suitable situations arched dams are very 
economical, and they would no doubt be regarded 
with greater favour did the factor of individual 
judgment enter less preponderately into their 
proportioning. On the Pacific side of the United 
“tates there are many sites at which reservoirs 
could be economically constructed by building 
the barrage on the arched principle. The failure of 














like, and in interpreting the records taken will be 
given by Professor R. E. Davis, of the University 
of California, and Professor R. R. Martel, of the 
California Institute of Technology. 

A plan of the site and of the dam in its intended 
final form is reproduced in Fig. 2, annexed, whilst 
Fig. 1 shows the cross section at the deepest 
point, <s it will be when the preliminary tests 
are made. The corresponding height is 60 ft., 
which will ultimately be increased to 100 ft. or 
more. The radius of the up-stream face is 100 ft., 
and the thickness of the dam is 7 ft. 6 in. at the base 
and 2 ft. at the 30 ft. level. The span at the 
60-ft. level will be about 125 ft. The scantlings 
were fixed by an approximate theory, in which the 
dam was assumed to act partly by arch action 
and in part as a vertical cantilever. The maximum 
tension thus computed is 400 lb. per square inch. 

The preliminary tests will extend over a full 
year, so as to determine the effects of winter and 
summer temperatures. At the conclusion of these 
preliminary tests, the dam will be raised 10 ft. 
at a time, until failure occurs. This second part 
of the programme of tests is probably the more 
important of the two, since the relationship between 
stress and strength in a statically indeterminate 
structure is by no means clearly established, as 
has been conclusively proved by Professor Bridgman, 
of Harvard, in his tests on the strength of thick 
cylinders. 

During the construction of the dam resistance 
thermometers and strain measurers of the carbon- 
resistance type, developed at the U.S. Bureau of 
Standards, will be built into its structure. With 
these instruments both the temperature and the 





can be accurately determined by electrical means. 
During the process of ‘erection the ‘water passing 
down the creek will be diverted, so that the concrete 
will set in the dry, and be free from any strain 
which might arise from the accumulation of water . 
above it. 

When finished and the forms have been removed, 
a complete set of measurements will be made of 
temperatures, strains, and of the actual form and 
position of the dam. The latter measurements 
will include a series of precise levels along the crest, 
and of the distances between the dam face and 
certain permanent standards of reference which 
will be provided by towers specially erected for this 
purpose. The position of these towers will be 
checked from time to time by sights taken from 
fixed stations on the sides of the canyon, so as to 
provide the means of making corrections for any 
settlement or other movement they may undergo. 
In addition, bolts are to be inserted on the down- 
stream face of the dam at a number of vertical 
sections. At each section the bolts will succeed 
each other at intervals of 5 ft. The inclination of 
the line between two successive bolt-heads will be 
measured by an inclinometer, and the changes in 
this measurement due to temperature, or to water 
pressure, will be recorded. From the data thus 
obtained, the deflection can be readily calculated. 
After sufficient records of the state of the un- 
stressed dam have been obtained, and the lapse of 
at least three months from the date of the removal 
of the forms, the dam will be gradually put under 
pressure by admitting water in successive rises of 
10 ft. each. Complete records of the state of the 
dam will be taken at each Jevel, and when the 
stresses indicated approach (if they do) the limit 
considered safe for green concrete the water is to 
be lowered in similar fashion, new records being 
taken at each level. A comparison of this second 
set of figures with the original will show if permanent 
set has occurred. The above programme will be 
repeated every month or two for a year, in order 
to obtain data as to the effect of the difference 
between the summer and winter temperatures. 
In another test designed to determine the “ plastic 
flow ’’ of the concrete, the water will be admitted 
at such a rate as to take one or two weeks to fill 
the reservoir. This will then be kept full for about 
a month, during which frequent measurements of 
the strains will be made. 
The periods during which the reservoir is empty 
will be utilised to determine the movements of 
the dam under temperature changes acting alone. 
Having completed these tests on the dam, when 
60 ft. high, it will then be raised in steps of 10 ft. 
each until final failure, if this be practicable. 
An interesting point in this second part of the 
programme is that one flank of the dam will be 
continued on the straight as a gravity section. 
A long dam, in fact, derives but little benefit by 
being curved in plan. A very considerable saving 
can, however, often be effected by constructing the 
deepest section of the barrage as a curved dam 
of relatively small radius, supported by abutments 
in the shape of gravity sections along each flank. 
The erection of the dam will be commenced in 
November, and the committee ask for comments 
and suggestions, which may be addressed to 
Engineering Foundation, 29, West 39th Street, N.Y. 
These should be sent promptly, since the work of 
erection will start in a few weeks’ time. 





MESSRS. BROWN BAYLEY’S STEEL 


WORKS. 
(Continued from page 258.) 

A FEATURE that strikes the visitor to these works 
is the unusually small proportion of ingots with sur- 
face defects. The records of the melting depart- 
ment show that internal unsoundness is also corres- 
pondingly rare. The method, therefore, of pouring 
and of preparing the ingot moulds is of considerable 
practical interest. 

Both top pouring and cluster-cast bottom pouring 
are used, though much greater preference seems to 
be given to bottom casting than is usual in ordinary 
practice. This preference is not merely due to the 





strain at various points in the interior of the dam 


greater steadiness with which the mould is filled 
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and the entire avoidance of the risk that splashes 
from the stream of metal, either falling directly or 
rebounding from the molten metal already in the 
mould, may catch on the side of the mould and be 
chilled. This common accident in top-pouring 
involves two defects in the ingot, which follow it 
into the objects into which it is made if the defec- 
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Fia. 36. 


tive parts cannot be, or are not machined off. The 
chilled splash does not remelt, thus appearing as a 
scab on the ingot; and the chilled metal becomes 
covered with oxide, which reacts with the molten 
metal as it rises, and causes blowholes. These 
disadvantages of top pouring are generally recog- 
nised, though in most works they are set off 
against its greater directness and simplicity and 
the much smaller amount of metal required for 
runners, At best, however, the ladle must be 
close Cown on top of the ingot mould, thus pre- 
venting any sight of the metal that is rising in 
the mo ld; whercas with bottcm pouring it is 
always po:sible, even when a cluster is being cast 
from a central runner, to keep at least tvo or 
three of the moulds in view, and by a sufficiently 
continucus study of the aprearance of the ri: ing 
metal to keep a constant chick on the casting 
temperature. 

Seeing how much the steel may be affected by the 
temperature at which it is cast, and how impossible 











it is atthe present time to dispense with the judg- | 


ment of the skilled eye in assessing the temperature 
of the molten steel, the extra trouble of bottom 
casting is found for most ingots to be more than 


offset by the greater control of casting temperatures | 


that it permits. . 

Whether top or bottom cast, the ingot moulds are 
arranged as usual in casting pits, which are 6 ft. 
1} in. wide by a depth to suit the ingots that are 
being cast, the maximum being 7 ft. 9 in. One of 
these pits with ingot-mculds is shown in Fig. 36, 
and sections of some of the ingots most commonly 
made in Figs. 37 to 39a. Detai's of the lay-out of 
the pits, which is found of much practical conveni- 
ence, may be followed by reference to Fig. 1, page 
193, ante. They do not run parallel to the furnaces, 
as is the usual practice, but, as shown in the left 
bottom corner and centre of Fig. 1, are placed 
at an angle to them, of from 45 to 90 deg. 





Heavy cast iron plates and rails are provided 
on the top of the pit walls to carry the ladle 
carriage, and when the furnace is tapped and 
the charge of steel has been run direct from the 
lander into the ladle, the carriage is drawn along 
the tracks over the casting pit directly away from 
the heat of the recently tapped furnace. Thus, as 
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the successive clusters of ingots are poured the 
workmen are moving continuously away from the 
hot zone of the furnace into the cooler parts of the 
plant, which makes a considerable reduction in the 
fatigue of the operation. After the teeming is 
finished, the molten slag remaining in the ladle is 
run into the slag pit at the extreme outer edge of 
the casting pit, where it cools quickly and is easily 
removed, enabling the pits to be kept clean more 
readily and conveniently than when they are ar- 
ranged parallel to the furnaces. The Batho furnaces, 
shown as Siemens in Fig. 1, deliver into 27 ton 
ladles and the Newhall furnaces into 45 ton ladles. 
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Another group of details that contribute to the 
uniform production of clean and sound ingots con- 
sists in the arrangements for cleaning the ingot 
moulds and for casting the ingots, which are shown 
in Fig.40. For the cleaning of the moulds a vacuum 
cleaning arrangement is provided, operated by 
a steam blown ejector, which maintains a partial 
vacuum in a dust-receiving chamber, fitted with a 
flexible suction pipe. The ejector is a Gresham & 
Craven, No. 43, supplied from a 1 in. bore steam pipe, 
and is fitted with stainless steel nozzles and 
barrel. These fittings have been substituted for 
those originally provided, which were in bronze 
and had a life of only 9 months, and the present 
stainless steel fittings show no sign at all of wear 
after having been used for 12 months. As will be 
evident from time to time, the works, who are 
now making stainless steel for a large range of 
engineering purposes, take their own medicine 
when it is suitable, and appear to gain con- 
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siderable advantage by doing so. A 2}-in. suction 
main extends alongside the casting pit for 1ts 
whole length, and has branches at convenient 
intervals for plugging in the flexible pipe connection. 

While the moulds are being prepared, and after 
the cluster bottom mould, shown in the pit in eleva- 
tion and section, has had the runner bricks fixed 
and luted, as seen in the centre of the pit, fire-brick 
lined guits, seen vertically above each other and 
above the runner bricks, are erected inside the 
luting collar at the base of the mould and luted up. 
The flexible pipe of the vacuum cleaning apparatus 
is then connected to the top of the upper guit 
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pipe, and the ejector is used to create a strong 
suction in six feed ports provided in the base of 
the cluster bottom mould and upwards in the bore 
of the guits. Any loose sand, grit, &c., is thus 
dislodged and drawn into the dust chamber. The 
six moulds, with their headers, are now placed in 
position on the cluster bottom, and the moulds 
themselves are cleansed by inserting the suction 
pipe into the body of each mould successively. 
About an hour before the steel is ready for 
pouring, each mould is given a thin coating of tar 








Fia. 42. Movuxps In 


on its inside face.. This dries quickly, owing to 
the moulds being already warm, and they are 
then reedy for pouring. The ledle, which is 
carried in journals on the ladle carriage that runs 
over the pit, is next drawn to the furnace, and 
the steel is run into the ladle from the lander. 
The carriage is then run back over the pit until the 
teeming nozzle at the bottom of the ladle is directly 
over the trumpet or upper guit of the first cluster, 
when, by operating the nozzle lever, the nozzle 
stopper is raised and the pouring begins. When that 
cluster is completed, the nozzle is closed by the 
stopper, and the carriage is traversed along the pit to 
the next cluster of ingots to be poured, the workmen, 
as pointed out above, having thus to move further 











away from the hot zone of the furnace, and from the 


hot slag now being discharged by the furnace into 
the slag pit immediately below the lander. 

The fire-brick stopper is screwed on to its 
spindle, and is not merely fastened by an extern- 
ally luted-over bolt and nut. This modification 
of the previous practice arose from the occasional 
failure of plugs fastened only by bolts to lift with 
the rod, owing to the luting having failed 
and the bolt melting away. It was found sub- 


sequently that similar screwed plugs had been 
used previously by the Chinese. 


The ingots 
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are stripped from the moulds an hour after being 
poured. 

The excellent surface of the ingots is, of course, 
due primarily to the skin of the cast-iron moulds, 
and the iron foundry in which they are made, 


inch. About half the output goes in ingot moulds, 
and the remainder for a variety of other work, 
ranging from floor and furnace plates to rolls, box 
castings for special machinery, and special quality 
castings such as housings and guides for the rolling 
mills. The attention given to the ingot moulds 
is due to the fact that they become unserviceable 
for producing ingots of the quality required and have 
to be scrapped as soon as the inside face of the 
mould becomes roughened, chipped or cracked. 
As made, the ingot-moulds have a life of 60 to 70 
casts, which is considered good service for the class 
of work. The casts are consecutive heats of the 
furnace, which in the opinion of these works are 
less trying to the mould than alternate heats, a 
method preferred in some works. The only machines 
used for preparing the sand are pneumatic riddles, 
and ordinary revolving sand mills of 4 ft. 6 in. 
diameter with single rollers. The mixtures used 
for ingot moulds are one part Worksop to three 
parts floor sand for the outside box, and one part, 
Worksop to 1} parts old sand, mixed very porous 
for the core box. The ingot-moulds are cast mouth 
downwards, and the sand moulds, after the parts 
have been finished and received a coat of compo 
blacking, are stoved-dried. The castings, mostly 
4 ft. 4 in. or 7 ft. long and weighing respectively 
30 cwt. and 45 cwt., are allowed to cool in the 
sand. A typical analysis of an ingot mould that 
had a life of 70 casts wes as follows: Graphitic 
carbon 2-81, combined carbon 0-57, silicon 2-50, 
manganese 0-84, sulphur 0-048, end phosphorus 
0-052 per cent. 

(To be continued.) 





THE BRITISH ASSOCIATION MEETING 
AT SOUTHAMPTON. 


SECTION G.—ENGINEERING. 
(Continued from page 320.) 
LANDSLIDES. 


ALTHOUGH most of the sections concluded their 
meetings on Tuesday, September 1, those of the 
Engineering Section were continued on the following 
morning, the last session including a lecture by 
Mr. Edgar Morton on the subject of Landslides and 
a paper by Mr. Oliver E. Simmonds on the design 
and construction of flying boats. Sir Archibald 
Denny occupied the chair. 

Mr. Morton, who illustrated his lecture with a 
number of lantern slides, dealt first with the causes 
of landslides and the influence of geclogical factors 
on the stability of rock masses. He discussed the 
effect of the thickness and slope of strata and the 
arrangement of the jointing on the possibility of 
slides into railway cuttings, calling attention to the 
lubricating effect of bands of shale between strata 
and to the effect of percolating water. He gave 
some examples of engineering works affected by 
landslides and touched upon the legal questions 
involved in such occurrences. After dealing with 
rock slides, the lecturer referred to the causes of 
slides in unconsolidated strata, such as sands and 
gravels, and then Considered the various classes of 
clay. Boulder clays, he stated, were of a very 
mixed character, often containing as much as 60 
per cent. or 70 per cent. of sand, which rendered 
them particularly dangerous for engineering works. 
He mentioned, in connection with boulder clays, that 
these were frequently worked by brick manufac- 
turers, sometimes right up to the boundaries of 
railway property, depriving the lines of lateral 
support. The matter had involved much litigation, 
since, while minerals could be worked under railway 
property, boulder clays had been shown to be not 
true minerals, but soils or subsoils, and could there- 


together with other special castings that the|fore not be worked so close to the line that the 
works uses, is worth attention. As may be seen|support of the latter would be removed by the 
at the extreme right of Fig. 1, it is a building | material assuming its natural angle of repose. It 
that carries a 10-ton overhead electric crane of|might, the lecturer remarked, take sixteen to 
43 ft. span. The most striking feature of its| twenty years for the sides of a brick pit to assume 
appearance is its extreme simplicity. Parts of|their final position, but the slope should never 
the moulding and fettling shops ere shown in| exceed 11 deg., and the excavation must be limited 
Figs. 41 and 42. In addition to a 15-in. emergency | by this consideration. After describing a case of 
cupola, used for small work, it has a 3-ft. cupols | damage caused to buildings in the Rhondda Valley, 
with a capacity of 20 to 25 tons per day, which|by the sliding of colliery refuse tipped on the 





is blown at the low pressure of 44 oz. per square|side of a hill, the lecturer concluded with a 
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reference to slides caused by the erosion of the 
coast by the sea, numerous examples of which 
were illustrated. 


Tue DesiGN AND CONSTRUCTION OF FLYING 
Boats, 


After a vote of thanks to the lecturer had been 
proposed and carried, the Chairman called on Mr. 
Oliver E. Simmonds to read his paper on “ Flying 
Boat Design and Construction.”’ This paper we 
shall reprint in a later issue. On its conclusion, 
the Chairman remarked on the unsuitable design 
of the hulls of early flying boats, and Wing Com- 
mander Cave-Brown-Cave, the first speaker in the 
discussion, congratulated the author on the amount 
of technical detail given in the paper. He enquired 
whether the two-step arrangement of the bottom 
of the hull was satisfactory when taking off from a 
swell, and emphasised the importance of metal 
construction for the hulls of flying boats for use in 
the tropics. In connection with the metal con- 
struction of hulls, he expressed the view that the 
structure should be designed so as to expose the 
metal skin, as far as possible, to tension only, the 
thin metal being much more efficient in tension 
than in bending. He noticed that, in the flying 
boats illustrated in the paper, the petrol tanks were 
mounted on the wings, and this, he pointed out, 
was a most important feature. In this position 
the tanks were immune from fire risks, the petrol, 
even if ignited, being immediately extinguished by 
the airstream. After a brief reference to the handi- 
ness of the twin-engined flying boat on the water, 
Wing-Commander Cave-Brown-Cave remarked, in 
connection with the advantages of increased size 
referred to in the paper, that increased seaworthiness 
followed from increase in size. He did not agree 
with the author, however, that the large flying 
boat would be the best means for covering long 
distances oversea in thefuture. Such long journeys, 
even at high speeds, would take a considerable time, 
and passengers would demand a high degree of 
comfort. From this point of view, he thought the 
airship had enormous advantages over flying boats, 
although the latter had vast possibilities. One 
point in connection with flying boats was that, as 
the size was increased, the difficulties did not 
‘increase so much as was the case with large aero- 
planes. 

MissA.M.Trout, the next speaker, referred to some 
tests carried out at Farnborough on metal wings for 
Avro aeroplanes, mentioning that these wings broke 
with a load factor of 14-7 as compared with a load 
factor of 7 for wingsof the usual wooden construction. 
Professor F. C. Lea, who followed, said he had been 
interested in the all-metal construction of aeroplanes, 
and pointed out that the difficulty in connection 
with the use of metals was to obtain stable forms. 
‘Comparing the relative advantages of Duralumin 
and steel, Professor Lea remarked that, with regard 
-to tensile stresses, there was not much to choose 
between them, but Duralumin had a distinct advan- 
tage in compression. Owing to the lower density of 
Duralumin, members could be made of this material 
about 2} times the thickness of steel for the same 
weight, so that they were much more stable. Spars 
could be construct27d in Duralumin which would 
compare favourably with wood, but, in steel, such 
Spars were expensive, because théy had to be made 
up of curved forms which were difficult to manu- 
facture. With regard to the use of Duralumin 
for hull construction, Professor Lea expressed the 
view that the difficulties due to corrosion were taken 
rather too seriously. Duralumin, he thought, 
suffered from the disability that there was a possi- 
bility of inter-crystalline corrosion, but this was 
not very serious and couid be prevented by suitable 
protection. In any case, Duralumin plates could 
be made much thicker than those of steel and would 
not suffer more than ordinary steel from corrosion, 
although, perhaps, a little more than stainless steel ; 
the latter, however, was not easy to get or to work, 
In conclusion, Professor Lea urged the need for 
developing the all-metal hull for flying boats. 

The only other speaker, Mr. R. R. West, said he 
thought that great size was fundamentally wrong in 
aeroplanes. In the case of airships, both the weight 
and the buoyancy increased as the cube of the linear 
dimensions, but with aeroplanes, while the weight 





increased as the cube, or higher power, of the dimen- 
sions, the lifting capacity only increased as the 
square. In his opinion, therefore, it would be better 
to develop greater speeds and higher loading with 
aeroplanes, and he gave some figures to show the 
disadvantages of large machines as compared with 
small fast machines. 

Mr. Simmonds, who then replied to the discussion, 
said, with regard to the Chairman’s remarks on hull 
design, that he knew of a case of an amphibious 
machine the pilot of which, when landing on the 
ground, had omitted to bring the landing wheels 
into use, so that the hull, which was constructed of 
wood, slid along the ground until the machine came 
to rest. The only damage, however, had been the 
scraping off of the varnish. In answer to Wing 
Commander Cave-Brown-Cave, he stated that two 
steps were necessary on the hull in order to obtain 
a high degree of aerodynamic control as soon as 
possible. On a swell, the boat could be brought up 
on to the first step to get off, but if left to herself 
she would take off alone. He did not propose to 
discuss the question of thin sheets in tension, but 
he thought the remarks of the speakers went to 
show that before Duralumin and steel could be 
effectively used, bigger boats would be needed. 
With regard to airships, he thought these had a 
great future, but that on the Transatlantic route 
flying boats would be used in conjunction with air- 
ships. Flying boats could be made quite com- 
fortable, and they had a very definite advantage 
in the matter of speed ; moreover, they could alight 
on the water and take off again. The tests cited by 
Miss Trout, Mr. Simmonds’ remarked, proved the 
necessity for increasing size, since, while doubtless 
the thinnest sheets obtainable had been used for the 
construction of the wings in question, the strength 
was 100 per cent. in excess of actual requirements. 
Professor Lea’s remarks, he thought, also went to 
show that the large machine was necessary for the 
efficient use of thin steel. In answer to Mr. West’s 
remarks, he pointed out that designers were not 
aiming at size for its own sake, but found it necessary 
to increase size in order to render the use of metals 
an efficient proposition. He claimed the support 
of Commander Hunsaker and Dr. Rohrbach in this 
view. 

The Chairman, after proposing a vote of thanks to 
Mr. Simmonds, explained that a demonstration of 
gyroscopic apparatus, which was to have been given 
by Professor J. G. Gray, could not be carried out, 
owing to Professor Gray’s absence, so that the 
business of the Section was thus concluded. Profes- 
sor Lea then proposed a vote of thanks to the Chair- 
man, who suitably replied and also expressed his 
thanks to the recorder, Professor Lea, the secretaries, 
Professor G. Cook and Mr. J. 8. Wilson, and to the 
local secretary, Professor J. Eustice. The meeting 
then terminated. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCE. 


Tue additions to the provisional list of papers, 
which we published before the meeting on page 235 
ante, made the programme of Section A more 
complete and more instructive. Disregarding the 
sequence in which the papers were read, which has 
to be accommodated to the general interests of the 
Association, we shall begin our account of the pro- 
ceedings by dealing with the series of meteorological 
papers introduced by the presidential address of 
Dr. G. C. Simpson, F.R.S., Director of the Meteor- 
ological Office, and pass on to geophysical com- 
munications on tides and seismology. A few astro- 
nomical papers wiil lead over to another large 
group of optical and electronic problems, thermionic 
valves and radio-signalling. Finally, we propose to 
refer to a few papers of general physical and mathe- 
matical interest. The joint discussion with the 
geologists on variation in gravitational force, also 
to be noticed, was held in the Geological Section. 
The whole programme of Section A was disposed 
of in four morning sessions, but the discussions of 
papers had to be cut very short or disallowed 
altogether to keep within the pre-determined time 
allowances. The desire was expressed that more 
time should be given to discussions. Professor 
A. M. Tyndall, of Bristol University, is recorder 





of the Section, and Mr. M. A. Giblett (Air Minis- 
try), Mr. W. M. H. Greaves (Cambridge), Professor 
E. H. Neville (Reading), and Mr. H. Stansfield 
(Southampton), are the secretaries. 


THE New IpEaAs IN METEOROLOGY. 


Having referred to the death of Oliver Heaviside, 
Dr. Simpson dwelt in his address upon the 
remarkable advances which science has made in 
this century. In physics, the progress had been 
phenomenal, but meteorology, a child of applied 
mathematics and physics, had hardly been touched 
by the epoch-making discoveries in the house of its 
parents, such as the quantum theory, the structure 
of the atoms, and four-dimensional space. Yet there 
had been fundamental changes in our conception of 
the atmosphere which he might discuss under 
the heading: “‘The New Ideas in Meteorology.” 
The principles were by no means new, but their 
significance in meteorology had only been realised 
in recent years. The address was divided into 
four parts. 

In the first part, on the thermal stratification 
of the atmosphere, Dr. Simpson pointed out that 
the use of ballons sondes had taught us that the 
fall of temperature as we ascended in the atmosphere 
was limited to the lower shell, the troposphere, 
which was 20 km. thick at the equator and 6 km. 
thick at the poles in winter and less than 4 km. thick 
insummer. The “lapse rate” (temperature gradient) 
in this lower shell of the atmosphere increased with 
height, from 5-6 deg. C. to 7-4 deg. at about 8 km. 
Above the troposphere was the upper shell, the 
stratosphere, in which there was little or no change 
in temperature with height. The mean annual 
surface temperature at the equator was + 27 deg. 
and at the poles — 23 deg., whilst at 20 km. height 
it was — 80 deg. over the equator and — 30 deg. 
over the poles. The two shells were sharply divided, 
the one floating on the other like oil on water ; 
but the boundary was not concentric. On the 
entropy principle, Sir Napier Shaw had shown that 
the normal atmosphere was thermally stratified 
throughout and that the air travelled, horizontally 
on the whole, in the shell in which it was started 
unless heat were added or abstracted. There were 
ascending vertical currents, which were important 
in thunderstorms. Dry air rising would lose 
10 deg. per kilometre of ascent by adiabatic 
expansion, and could not rise more than 2 km. 
if 10 deg. warmer than its surroundings to start 
with, if we accepted the lapse rate mentioned. 
But air could not descend in a similar manner, 
as cold air through warm air. It would only sink as 
a whole column and spread out. In the mechanism 
of the atmospheric heat engine, considered in the 
second part of the address, the ascending and 
descending currents were not important factors. 

The old ideas of a general circulation due to hot 
air rising at the equator and cold air descending at 
the poles, and of cyclones and anti-cyclones as 
regions of ascent and descent, were not compatible 
with the thermal stratification and, though right in 
principle, were wrong in detail. There was no 
general flow of warm air from the equator to the 
poles. The problem of the transfer from potential 
to kinetic energy was solved by Margules (Vienna). 
If one of two compartments of a tank were filled 
with oil and the other with water and a vertical 
partition separating them were raised, the oil would 
be lifted by the water forcing its way under it, 
but would not rise through the water. So in the 
conversion of the solar energy into kinetic energy 
the warm air did not rise as in a chimney, but the 
subsiding cold air pushed its way as a wedge 
under the warm air. There was little direct 
mixing, but the surfaces of discontinuity (con- 
sidered in the third part) would soon disappear 
if it were not for the dynamic effects of the 
earth’s rotation. These Dr. Simpson explained 
on the lines of Helmholtz, Margules, V. and J. 
Bjerknes and Exner, by referring to an oil-water 
tank of great length provided with a longitudinal 
partition. 

These permanent surfaces of discontinuity were 
important factors in the origin and structure of 
cyclones, dealt with in the fourth part of the 
address, J. Bjerknes considered three such sur- 
faces: the first was the boundary between the 
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troposphere (the colder body) and the stratosphere ; 
the second was between the cold trade winds 
blowing towards the equator and the warmer 
anti-trades above them; the third the polar 
front; there were also other temporary discon- 
tinuity surfaces. If the cyclone were an advancing 
cylindrical vortex, according to the old conception, 
the streamlines should be continuous spirals leaving 
little temperature difference in different parts. 
According to Bjerknes, in a cyclone, a warm front 
of moist air from the tropics getting relatively more 
humid as it advanced and cooled, met a cold front 
of polar air, originally free from dust and becoming 
less humid as it warmed up, which pushed its way 
under it. That view accounted for the distribution 
of steady rainfall and of squalls in different portions 
of a cyclone. Exner’s explanation of a cyclone, 
however, made no use of the stability of the polar 
front, but we did understand the forces which 
brought the equatorial and polar air into juxta- 
position to produce cyclonic depression. Probably 
the air moved as a whole, troposphere and 
stratosphere together, in carrying polar and 
equatorial air to middle latitudes. 

In his concluding remarks, Dr. Simpson expressed 
regret that the number of official meteorologists was 
governed by the practical application of the work, 
and that the problems they had no time to work out 
were so much neglected by universities and schools 
of physics and mathematics. 

The Air Ministry and the Meteorological Office 
equipped a large room adjoining the reception 
room as a meteorological office in charge of Captain 
J. Durward, who was in constant attendance 
throughout the meeting, with two assistants. One 
of them was a wireless operator, who received his 
reports by Morse signals. The forecasts were 
transmitted by telegram or telephone. Demon- 
strations of the use of the various instruments and 
apparatus were given, and daily forecasts, much 
more detailed than those published by the daily 
papers, were issued. 


TRIGGER ACTION IN THE ATMOSPHERE. 

An abstract of this paper by Sir Napier Shaw was 
given, in his absence owing to indisposition, by 
Mr. M. A. Giblett. A line of discontinuity in 
atmospheric conditions, Sir Napier pointed out, was 
marked by the saturation of the air with water- 
vapour ; such air, under pressure reduction, behaved 
differently from unsaturated air. Certain rainfalls 
suggested a kind of catalytic or trigger action. The 
transformation of energy associated with rain was 
twofold ; gravitational forces made part of the air 
rise, and the latent heat in the vapour was trans- 
formed into sensible heat. The second cause 
limited the reduction of the temperature by the 
reduced pressure to an amount much below that 
which would occur in dry air, and thereby main- 
tained, or even increased, the amount of energy 
available in the environment for further automatic 
elevation. The development of this ancillary 
energy might be so great as to place the originally 
saturated air in an almost explosive condition and 
to justify the term “‘ trigger action.” The saturated 
air acted as the trigger, itself supplying the energy. 
The diagrams of pressure, temperature and humidity, 
on which these conclusions were based, were dis- 
tinguished as “‘tephigrams” (being referred to 
temperature ¢ and entropy ¢) and “ depegrams ” 
(referring to dew-point d and pressure p). 


INVESTIGATION OF THE Upper ATMOSPHERE. 

The report of this committee, of which Sir Napier 
Shaw is chairman and Mr. C. J. P. Cave secretary, 
referred to Sir Napier’s diagrams, and pointed 
out that the observation of pilot balloons for 
the determination of wind direction and velocity 
required the reintroduction of self-recording instru- 
ments. For the determination of the solar radiation, 
imstruments of the Callendar, Angstrom and Dines 
type were in use. Many geophysical questions, 
such as the amount of hydrogen in the air and the 
absorption in the ultra violet, could be investigated 
in the laboratory. 


SEASONAL VARIATIONS OF WEATHER IN THE NoRTH 
ATLANTIC. 
Sir Gilbert Walker, of Cambridge, dealt in this 


the southern oceans, in the North Pacific, and in the 
North Atlantic. The last of these was independent 
of the other two, and he ascribed it to pressure 
distribution rather than to sea temperature. The 
causes of the pressure variations were not yet under- 
stood, and Hildebrandsson’s suggestion, that the 
amount of ice was a controlling factor, presented 
considerable difficulties. 


PERIODICITIES IN WEATHER. 


In order to arrive at some estimate of the realities 
of weather periodicities, Mr. D. Brunt, of the 
Meteorological Office, in this report, analysed 12 sets 
of meteorological data from various places—London, 
Edinburgh, Paris, Berlin, Vienna, Stockholm, 
Milan, and Padua—concerning temperature, rainfall 
and pressure, limiting himself to records extending 
over at least 100 years. He found many periods, 
ranging from thirty-five years down to a few months. 
Edinburgh temperatures showed periods of 11, 13, 
17, and 23 years ; 15 years’ periods were observed in 
Stockholm, London and Paris, 14 years in Berlin 
and Vienna; in Vienna no other temperature 
periods were found. The 11 years might be the 
sunspot period, but it was distinct only in Edin- 
burgh, whilst the possible multiples of this period, 
23 and 33 to 35 years, were observed elsewhere. 
The sunspot period, however, was in itself of very 
uncertain length. All the periodograms had peaks 
suggesting possible further variations, and in view 
of the difficulties of assigning accurate values to the 
phase and amplitude of each period, Mr. Brunt 
concluded that his results could hardly be utilised 
for weather forecasting. He referred in his intro- 
duction to some meteorologists as suffering from 
the diseases either of periodicity or of correlation. 

Dr. Simpson remarked that the paper relieved his 
conscience, At Hull (1922) Sir W. Beveridge had 
criticised meteorologists for not finding the weather 
cycles which obviously existed ; Mr. Brunt’s long 
tabular report, which the Royal Society was going 
to print in spite of the heavy expense involved, 
refuted that belief. 


VERTICAL ATMOSPHERIC TEMPERATURE GRADIENTS 
NEAR THE GROUND. 


Mr. N. K. Johnson, of the Meteorological Office, 
gave a preliminary account of the first systematic, 
reliable and continuous series of temperature 
measurements at different levels near the ground so 
far published. The observations are being made on 
a steel tower erected on Salisbury Plain with the aid 
of platinum-resistance thermometers mounted, in 
aspirated tubes and properly petticoated to exclude 
radiation effects, at the levels of 1-2 m., 7-1 m. and 
17-1 m. above the ground ; the instruments are con- 
nected to automatic thread recorders of the Cam- 
bridge Instrument Company. Mr. Johnson discussed 
the results for the year 1923-24, both as to means and 
extreme values, distinguishing between “ lapses,” 
falls of temperatures with increasing height, and 
‘‘inversions,”’ rises of temperatures. Mean lapses 
of 2 deg. F. per 100 m. were rare, but inversions of 
2 deg. F. per 100 m. frequent. Large lapses were 
much more common in summer than in winter, 
partly owing to the sky condition. In the maxi- 
mum height difference available (16 m.) the mean 
lapse at noon in winter was only 0-7 deg. F., while 
in summer it was 2-5 deg. F. (24 and 8} times the 
adiabatic fall) ; but extreme inversions of 120 deg. 
had been observed, and the mean night inversion 
for the year between the two heights was 1-3 deg. F. 

Dr. Simpson, in drawing attention to the im- 
portance of these observations, mentioned that the 
research was undertaken for a definite purpose, not 
primarily in the meteorological interest. 


SEISMOLOGICAL INVESTIGATIONS. 


In presenting the thirtieth report of the Com- 
mittee on Seismological Investigations, Professor 
H. H. Turner, of Oxford, referred to Dr. C. Davison’s 
“History of British Earthquakes,” which men- 
tioned that the village of Comrie, Scotland, was 
accustomed to minor earthquakes, and was rather 
proud of them. Unfortunately, Professor Turner 
found on a recent visit, that these shocks had 
ceased. Professor Turner discussed earthquake 


tioned in. previous reports, a four-years’ period 
possible large multiples of this period, and others. 
A note on the Earth’s Thermal State, by Dr. Harold 
Jeffreys, dealing with the influence of the radium 
in the earth, was added to the report. Further, a 
note by Sir Gilbert Walker, who reported that the 
Calcutta seismograph (of the Ewing-Omori pattern) 
recorded microseisms when a storm from the Bay 
was approaching, whilst Dr. Banerji had not 
observed them on the Milne-Shaw seismograph at 
Bombay; the greater sensitiveness of the in- 
strument at Calcutta was attributed to the 
instability of the ground in that neighbour- 
hood. 

Mr. J. J. Shaw, Secretary of the Committee, stated 
that seismology was now on a better footing in this 
country, and that the International Union for 
Geodetics and Geophysics, meeting last year at 
Madrid, had re-elected Professor Turner president 
of the Seismological Section. He further mentioned 
an unexplained peculiarity. He set up in his 
vault in West Bromwich, two Milne-Shaw machines 
to test the effects of high pendulum periods 
upon seismograms. The magnification (250) and 
damping ratio (20:1) were the same for both the 
instruments, but the pendulum period of the one 
was 25-2, and the tilt sensitivity 192 mm. amplitude 
for 1 second of arc, while the period and amplitude 
of the other were 9-3 seconds and 27 mm. respec- 
tively. The primary and secondary waves and 
the maximum phases were much greater on the first 
than on the second instrument, as expected, but 
the amplitudes of the microseisms were the same 
for both machines. From this it would appear 
that microseisms were purely horizontal, but 
they were also recorded on vertical - component 
instruments. Other observations referred to similar 
Milne-Shaw instruments mounted at Bidstone and 
at Dyce, Aberdeen. At Bidstone the instrument 
was mounted in an excavation in the Kuyper sand- 
stone, 180 ft. above the sea and 2 miles from it., 
The sandstone seemed to yield by 0-3second of are 
under the weight of the high-tide water. At Dyce, 
the machine rested on gravel. An earthquake from 
Athens deflected the beam at Bidstone three times 
as much as at Dyce; a later earthquake from the 
Aleutian Islands, however, gave the same deflections. 
Now the Athens wave would meet the line Dyce- 
Bidston broadside on. In the case of the Aleutian 
wave, a great circle through the pole would pass 
through both the spots. It is satisfactory to note 
that the two-component seismograph installed at 
the bottom of Astley colliery, at a depth of 
2,500 ft., has been purchased by the Lancashire 
and Cheshire Coal Research Association to deter- 
mine whether premonitory movements precede 
the more important ruptures occurring from time 
to time. 


Tue Errects or Capes, Bays AND ISLANDS ON 
Loca TIDEs. 


Professor J. Proudman, of the Tidal Institute, 
University of Liverpool, dealt in this mathematical 
paper with tidal phenomena, particularly of the 
Irish Sea and North Sea, by applying the funda- 
mental principles of mechanics to small portions of 
sea water, in order to formulate rules relating to the 
changes from place to place of the time and of 
the height of high water. His forces were calculated 
from the pressure, and he neglected in the first 
instance various factors, including friction. In the 
Trish Sea round the Isle of Man, he showed that the 
currents were largely non-rotatory. Along the 
current lines high water occurred at the same 
time, whilst along lines at right angles to these 
current lines the range of tide did not vary. 
Off the coast between the Forth and the Humber, 
high water occurred at about the time of the maxi- 
mum current, which was parallel with the coast. 
The time of high water was the same along lines 
perpendicular to the coast, and the range of tide 
the same along lines parallel to the coast. As a 
secondary consequence, the time of high water 
would change more rapidly round a cape, and more 
slowly round a bay, than on a straight coast line. 
Professor Proudman further dealt with calculations 
of the tides near rectangular bays and circular 
and elliptical islands, and indicated the possi- 








paper with three well-established oscillations, in 


periodicities, including his 21-minute period men- 
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been observed, though they probably existed in some 
parts of the globe. 


TIpDE-PREDICTING MACHINES. 


The new tide-predicting machine, which Dr. A. T. 
Doodson, of the Liverpool Tidal Institute, described, 
was constructed by Messrs. Kelvin, Bottomley and 
Baird, of Glasgow, and hasalready been used. Itis 
installed at Bidston, for predicting the 1926 tides at 
Liverpool, Portland, and several ports in Australia 
and New Zealand. It is a Kelvin machine, dis- 
tinguished by having the constituent pulleys 
arranged in two parallel planes, so that it forms a 
double machine with its two halves back to back. 
The arrangement allows of determining an increased 
number of constituents. Dr. Doodson explained 
that the machine was provided with double recording 
mechanisms. The revolving drum on the one side 
was of the ordinary type; the pen drew its time- 
elevation graph on a roll of paper. The drum on 
the other side was simply covered with a small sheet 
of paper on which the pen marked a helical curve 
of dots; the sheet would serve for six months. To 
facilitate the reading of the chronograph, whic’ is of 
the De Graaf-Hunter type, Dr. Doodson has made 
the time of drum revolution correspond to 25 hours. 
By means of two sleeves on the two main shafts, the 
sleeves themszlves acting as driving shafts, accurate 
gear ratios were secured without using wheels with 
too many teeth. Room was Jeft for the insertion 
of gears and pulleys for three further consti- 
tuents. Routine work on the machine was so far 
effected with a tape of pure nickel, but the best type 
of wire or tape was still a matter of investigation. 


THE FixinG OF THE POSITION OF THE EQUATOR. 


‘Sir Frank Dyson’s paper concerned the funda- 
mental problem of the position of the celestial 
equator, the great circle at 90 deg. from the 
poles to which star declinations are referred. 
The vertical and the zenith, the Astronomer 
Royal explained, were determined by pointing 
the telescope downward on to a trough of 
mercury and finding the position in which the 
wire in the telescope coincided with its image 
in the mercury mirror. A star near the pole was 
then observed at upper and lower culminations, 
12 hours apart ; the point halfway between the two 
positions gave the pole and the colatitude (distance 
from the pole). Similar colatitude measurements 
were then taken on a star near the equator. The 
difficulties of the observations were possible flexure 
of the telescope and atmospheric refraction, for 
which corrections were made. The results were 
checked by observations of the sun movement in the 
ecliptic; the mean distance of the sun from the 
pole in the course of a year ought to be 90 deg. 
Unfortunately, the flexure determinations did not 
agree with the sun observations. A second check 
was obtainable by comparing observations at dif- 
ferent places, fo: example, at the Cape and at Green- 
wich, but flexure, refraction and colatitude were too 
involved. The comparison of the present positions 
of stars and their positions a hundred years ago 
indicated a general drift of the solar system towards 
a point of declination 35 deg. and right ascension 
270 deg.; spectroscopic observations, however, 
made the declination 30 deg. Errors made now or 
previously might account for some discrepancies. 
The star-declination discrepancies between Green- 
wich and the tables of Lewis Boss amounted to less 
than a second of arc; yet they called for further 
checks. Greenwich was now engaged in precise 
vertical observations. 


(To be continued.) 





THE STAVE FALLS DEVELOPMENT, 
BRITISH COLUMBIA. 
(Concluded from page 282.) 

In a previous article in our issue of September 4 
(pages 279, et seg.), we described the reconstruc- 
tion of the main dam and intakes at Stave Falls. 
In the present article we shall deal chiefly with the 
construction of the dam which the enlarged scheme 
has necessitated across the main channel of the 
river, about a quarter of a mile from the power- 
house site. The low-level scheme originally deve- 





loped required this channel to be blocked, but only 
by a low dam, which was nothing more than a rock- 
filled timber crib structure, provided with ten 
14-ft. stop-log sluice-ways, the sill level of which 
was 6 ft. below the normal working level. Ordin- 
arily, the working level was regulated by the four 
large sector gates in the old dam close to the power 
house. In the reconstruction, as described in our 
first article, the latter has now been rebuilt as a 
solid dam, and the regulation has been transferred 
altogether to the other channel, across which has 
been built the dam illustrated in Figs. 28 to 51 on 
pages 349, 350 and 351, and on Plate XXIV, with 
our issue of this week. Further illustrations of the 
undertaking, to which we shall refer in due course, 
will be found in Figs. 52-55, page 358. 

The Blind Slough Dam, as this new structure is 
termed, was begun in April, 1922, and completed in 
November, 1923. It has been built slightly down 
stream of the old crib dam, which can be seen in 
position in the views given in Figs. 46 and 47, 
Plate XXIV. The old structure was made to carry 
a road, which is now accommodated on the top of 
the new one. The new dam provides ten stop-log 
sluice ways, and four large sector-gate sluices. It 
has a length of 640 ft., and is shown in plan and 
elevation in Figs. 28 and 29, opposite. The small 
drawings, Figs. 30 and 31, show typical sections of 
the stop-log and sector-gate sections, respectively. 
Further details of the sector gate section are given 
in Figs. 32 to 34, page 349, and Figs. 38 to 40, 43 
and 44, page 350. Figs. 35 to 37, 41 and 42, refer 
to the stop-log section. The general views, Figs. 46 
and 47, Plate XXIV, give a good idea of the site and 
of the whole work in the early stages, while Fig. 48 
shows the sector-gate sluice openings, these being 
again seen in the foreground in Fig. 49. In the 
background of the latter is the stop-log portion of 
the dam. Fig. 50, page 351, gives a general view 
of the completed work, and Fig. 51 is a view of the 
sector-gate sluices taken while the gates were in 
course of erection. 

The sector-gate sluic2-ways provide clear open- 
ings, 19 ft. 0} in. in width and 19 ft. 6 in. in height. 
They permit together of a flow of about 36,000 
cusecs. The ten stop-log sluices, with 22 ft. 
openings, allow of the passage of water amounting 
to 60,000 cusecs, the clear passage through the 
dam thus making provision for a flood flow of 
96,000 cusecs, with water at about the normal level 
of El. 340. This capacity is about 60 per cent. in 
excess of the worst flood known, when some 60,000 
cusecs. passed over the old crib dam at this site and 
through the old sluice dam. 

Dealing first with the sector-gate portion of the 
work, the chief features of this will be followed 
from Figs. 32 to 34. The dam here consists of piers 
and an abutment, between which was laid a con- 
crete platform about 7 ft. thick under the gate sills. 
The sill level at this part of the dam is at El. 294-75 
and the deck level El. 343-5. The piers are centred 
29 ft. 04 in. apart, and are 10 ft. thick by about 60 
ft. in the up and down stream direction. Each is 
anchored into the rock by twenty-four 2-in. diameter 
bars grouted into 4-in. holes drilled in the rock. 
Between the piers, the platform is bonded to the 
sides of the piers by means of 1]}-in. bars. Up- 
stream the pier faces are finished with vertical 
pointed cut-waters reinforced with l-in. vertical 
bars and ¥,-in. horizontals. 

Above the sluice opening is a curtain wall shown 
in section in Fig. 32. This is 7 ft. thick, and is 
reinforced on the lower and down stream sides with 
1}-in. horizontal bars and }-in. vertical bars. The 
whole is topped with decking, having a ruling slab 
thickness of 6 in., with beams extending 23 in. 
below the slabs. Both decking and beams are 
reinforced, as shown in Figs. 43 and 44, the beams 
with ?-in. bars and 3-in. stirrups and the decking 
with triangular meshing. The sector gates are 
carried by four hinge castings mounted on hori- 
zontal reaction beams shown in section in Fig. 32 
and in the elevations in Fig. 33. A hinge is pro- 
vided opposite each of the triangular main frames 
of the gate structure. With conditions of normal 
head the load on these beams amounts to over 
400 tons. The beams are 7 ft. 6 in. wide front to 
back, and 4 ft. deep. They are shown in detail in 
Figs. 38 to 40, and are of reinforced concrete. The 








main reinforcement is of l-in. and 1}-in. bars. 
Towards the ends the section is enlarged, so that 
where the beam merges into the piers the width, 
front and back, is between 11 ft. and 12 ft.; {-in. 
bars are extended from the piers, across the gussets 
into the beam proper, as shown in Fig. 38. The 
sector gates may be seen in course of construction 
in Fig. 51. These are, as previously mentioned, 
the gates taken from the original intake dam. 
Some delay arose in re-erecting them in the new 
Blind Slough dam, as it was only possible to dis- 
mantle them at the old site as opportunity occurred 
of putting the generating units out of action one 
at a time. 

The sector gates are steel-framed structures, 
faced with steel plating. They are fitted with 
circular oak seals, bolted to the gates, and making 
a water-tight joint with circular steel guides set 
in the concrete, as shown in Fig. 32. Oak sealing 
strips are also fitted on the sill and curtain wall. 
Each gate is worked by an 8-h.p. D.C. motor, 
installed in a concrete building constructed on 
the deck of the dam, as shown in Figs. 29 and 31. 
This is also well seen in the general view of the 
dam givenin Fig. 50, page 351. The building also 
accommodates a motor generator set for supplying 
the direct current for the gate-hoisting gears, as 
well as to emergency gate hoist and stop-log 
machines to which we shall refer below. 

Just in front of the curtain wall grooves are 
provided in the piers, as shown in Fig. 32, and in 
the left half of Fig. 34. An emergency gate can be 
accommodated in these, if it should be necessary 
to cut out for a time any one of the sector gates. 
The emergency gate is 21 ft. wide and 20 ft. high. 
It is constructed of joists, with plating on the 
down stream side, and is fitted with a spring brass 
sealing strip on the back, seating on the roller 
path. The gate is operated by a 15-h.p. motor 
on the top of a tower capable of being traversed 
along the deck. When not in use, the gate can be 
lifted clear of the roadway and the tower moved 
off the dam. This travelling tower is well shown in 
Fig. 46, Plate XXIV. In Fig. 50 it is to be seen 
behind the machinery house. 

The stop-log section of the dam is shown in the 
small Fig. 30. It is 300 ft. long and consists, as 
stated, of 10 bays. Details of the piers, &c., are 
shown in Figs. 35, 36 and 37. The piers are 6 ft. 
thick in the body, tapering to 3 ft. 6 in. down- 
stream, They measure 41 ft. from the tip of the 
reinforced cut-water to the toe. The sill level of 
the concrete platform for this part of the dam is 
at El. 320, the normal working level being at 
El. 340. The platform averages a_ thickness 
of 12 ft. From sill to deck level the height of the 
structure is 25 ft. The decking and supporting 
beams are reinforced as in the case of the sector- 
gate section, details being shown in Figs. 41 
and 42. It may be pointed out that Fig. 35, in 
addition to showing one of the stop-log piers in 
plan, shows also the 8-ft. pier where the stop-log 
and sector-gate parts of the dam join. 

The stop-logs are accommodated in grooves lined 
with steel channels and plates set in the piers. 
A 14 in, by 18 in. timber seal is let into the sill. 
The stop-logs consist of two baulks bolted to 3-in. 
stiffening plates to form logs 34 in. deep. For 
each bay, four logs of this depth and 20 in. thick 
are furnished as well as three of 17 in. thickness 
for the upper levels. The logs are operated by a 
stop-log machine formerly in use on the old sluice 
dam. This machine travels on rails on the deck. 
It is operated by a 20-h.p. D.C. motor, and 
may be seen in the middle of the part of the 
dam which it serves, in Fig. 50. It may be noticed 
also in position at the old dam in Figs. 18 and 19, 
Plate XIX, in our issue of the 4th inst. 

The deck carries a main roadway with concrete 
parapets. The roadway and parapet have expan- 
sion joints at about every 66 ft., viz., at every 
third pier. The position of these is indicated in 
Fig. 35, details of both the horizontal and vertical 
joints being shown in Fig. 45. The joints are 
made with wood, lead and asphalte. 

The work necessitated the excavation of some 
12,500 cub. yards of rock, in order to secure satis- 
factory foundations. The rock (granite) wa; badly 
seamed and decomposed. At one point, a seam 
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of clay was found at the position of one of the 
sector-gate piers. This was about 10 ft. to 12 ft. 
in width, and ran in an up- and down-stream 
direction. Borings were taken to adepthof 100 ft. 
at this point without encountering rock, but the 
material was found to be impervious at a short 
distance below the surface. To meet these condi- 
tions it was decided to excavate to 8 ft. below 
rock level on either side, and to fill in with a 
heavily reinforced concrete slab 8 ft. deep and 
about 40 ft. in length, to carry the pier and seal 
off the seam, the slab being supported by the 
sloping rock on each side. 

In the whole work the placing of some 41,500 
cubic yards of concrete has been entailed. This is 
distributed as follows: In the Blind Slough Dam, 
described above, 19,500 cub. yards ; in the main 
dam, some 9,000 yards; and in the intake dam 
and west wing wall described in our previous 
article, some 13,000 cub. yards. 

In the case of the Blind Slough Dam, the concrete 
was placed by a Lidgerwood cableway, with a span 
of 900 ft., the trolley of which was operated by a 
112 h.p. 2,200-volt induction motor. The concrete 
was delivered by this in a tapered bucket of 1} cub. 
yd. capacity, to 8 ft. by 10 ft. hoppers standing on 
towers at the work and from which the concrete 
was fed to the working points by means of chutes. 
These hopper towers could be moved from place 
to place by the cableway, as necessary. The 
cableway can be seen in Fig. 47, in which and in 
Fig. 48 may also be seen thedistribution hoppers. 








The rate of placing was about 200 cub. yd. per nine- 
hour day. The concrete plant consisted of two 
}-yd. mixers driven by 20-h.p. motors. The 
sand and gravel was delivered by narrow-gauge 
railway into three 50 cub. yd. bunkers (one for 
sand and two for gravel). These discharged direct 
into the mixers. From the cement storage shed, 
with a capacity of 10,000 sacks, the cement was 
conveyed to the mixers by a belt conveyor, being 
delivered first to a storage bin from which it was 
measured off for the different mixers. 

In the case of the main and intake dam previ- 
ously described, the concrete was handled by two 
cableways, one operated by a 100-h.p. Flory engine, 
run on compressed air, the other being a Lidgerwood 
cableway operated electrically. Each had a capacity 
of 9 tons. They were used for all work in con- 
nection with the concrete, sluice gates, &c. The 
concrete plant for this part of the work included 
two }-yd. mixers and storage bunkers of 75 cub. 
yd. capacity for sand and 160 cub. yd. for gravel. 
The cement-storage shed had a capacity of 8,000 
sacks, and an electrically-driven belt conveyor took 
the cement from this to the measuring bins. 

In the early stages of the work, the sand and 
gravel were obtained for the Blind Slough Dam 
from the river bed at a point some 2} miles below 
the site. It was excavated by means of a 2-yd. 
drag bucket worked on a cable suspended between 
a 60-ft. tower and a deadman and operated by a 
Lidgerwood hoist. The material was delivered to a 
crusher, being subsequently screened and washed. 
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For this, the material was raised by an elevator to 
the top of a structure containing three 100 cub. yd. 
bunkers, above which the washing and screening 
plant was placed. 

As the proportion of gravel to sand in the material 
taken from the river bed was unsatisfactory, a 
small rock crusher plant was installed near the 
Blind Slough Dam. This is shown in Figs. 52 and 
53, page 358.. This plant was supplied by 1+ cub. 
yd. cars from a quarry, by a short cable railway, the 
cars being hauled by an electric winding winch. 
The cars were automatically discharged into the 
crusher hopper. At a later period, a gravel pit 
was opened about half a mile below the dam site. 
This was worked hydraulically, two 4-stage centri- 
fugals being installed, driven by a 450-h.p. 2,200- 
volt, 3-phase induction motor, and coupled in 
series with a single-stage pump. A 10-in. pipe 
line was carried to the pit and 3-in. and 4-in. 
hydraulicking nozzles were employed. The wooden 
flumes, lined in places with sheet iron, were 20 in. 
wide and on a 4 per cent. grade. This plant 1s 
illustrated in Figs. 54 and 55. Three revolving 
screens of 3 in., 1} in., and } in. mesh graded the 
material into four sizes. The three screens deli- 
vered to chutes, which dumped the material within 
reach of a derrick fitted with a grab bucket, as 
shown in Fig. 54. This removed it to the bunkers. 
This plant produced some 19,500 cub. yd. of gravel 
and 10,800 cub. yd. of sand. ; 

In conclusion, we may state that Mr. R. 5. 
Kelsch, Montreal, acted as consulting engineer 
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Fie. 50. THe Compitetep Dam. 





Fia. 51. Srctor Gatss 


for the work, which was carried out under the 
direction of Mr. J. I. Newell, electrical superinten- 
dent of the British Columbia Electric Railway 
Co., Limited, Mr. R. M. Skinner acting as super- 
intendent of construction and Mr. A. F. Tedcroft 
as resident engineer. 





HIGH-FREQUENCY INDUCTION 
FURNACE.* 
By Donatp F. CaMPBELL. 

THe use of high-frequency currents for induction 
heating has added a new series of physical conditions 
to those under which metallurgical operations may be 
performed. Although still in its early stages of develop- 
ment, it provides an unrivalled means for rapid experi- 
mental and research work on alloy steels. It is being 
used for several metallurgical operations of the utmost 
importance, notably in the preparation of new special 
alloys having desirable electrical characteristics, which 





- Paper read before the Iron and Steel Institute, 
irmingham, on September 10, 1925. Abridged. 
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offer such opportunities for acceleration in submarine 
telegraphy that they will have a marked influence on 
inter-continental communications and commerce. 

Inductive heating has recently found wide applica- 
tion in the non-ferrous trade in furnaces having a ver- 
tical channel worked on normal commercial frequencies. 
But all these furnaces have the disadvantage of requir- 
ing an iron core, as the result of which the molten metal 
is contained in small channels surrounding the iron 
core as well as in the main bath of thefurnace. This 
entails wear and tear of the refractory material, and 
great length of furnace banks, as compared with the 
total weight of the metal contained in the furnace. 

In the case of high-frequency heating, the ideal form 
of container is available, a cylindrical vessel holding a 
maximum metal with a minimum of radiating surface 
and refractory material exposed to corrosive action. 
Obviously, inductive heating is superior in thermal 
efficiency to any arc furnace or fuel-fired equipment, 
owing to the fact that the heat is actually generated 
in the charge to be melted, and consequently there is 
no loss of heat in the passage through refractory con- 
tainers as in crucible furnaces, or in flue gases as in the 
case of open-hearth or reverberatory furnaces. 





The high-frequency furnace has an immensely steep 
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heat gradient between the molten metal and the out- 
side of the furnace, the distance between molten pla- 
tinum at, say, 1,900 deg. C. and a water-cooled copper 
coil, being only ? in. in platinum-melting furnaces. 
This somewhat extraordinary fact does not produce 
excessive heat losses owing to the rate of input of 
calories into the charge, and the loss, being a function 
of time, is only considerable during the last few 
minutes of the melting operation, when the tempera- 
ture of the metal is high. 

The great disadvantage of high-frequency melting 
lies in the difficulty and expense of obtaining the 
necessary equipment to produce high-frequency cur- 
rents, this problem being still in its early state of 
development, but its solution is advancing along 
several different lines with great rapidity. A furnace 
installation consists of a source of high-frequency 
current, with suitable power factor correction, and a 
furnace of extreme simplicity of design. 

High-frequency currents may be obtained by means 
of rotary generators, valves, or a combination of spark 
gaps and condensers. The latter equipment was that 
first used by Dr. Northrup, and it has been applied 
in the case of the many small furnaces used for the 
melting of platinum and for general research work. 
Spark gaps and valves are at present available for 
small units only, and are not the robust type of 
machinery desirable for metallurgical works, but they 
will be gradually replaced or supplemented by ordinary 
rotating high-frequency generators, as the demand for 
larger melting units increases. Such machines can 
now be obtained of simple and substantial construction 
up to 500 kilowatts capacity, though a high degree of 
accuracy and workmanship are required in their 
manufacture. 

The frequency required varies according to the 
size of furnace and quality of metal to be melted. 











The design of furnaces and high-frequency equipment 
involves a high degree of electrical and metallurgical 
experience, for the factors involved are not all well 
understood, and figures obtained from involved 
mathematical calculations must be interpreted with 
liberal additions of empirical results. Unfortunately, 
all high-frequency electrical generators are expensive 
at the present time, but it is probable that the cost 
will be reduced. 

The high-frequency furnace illustrated on the next 
page, consists merely of a container or crucible (C) placed 
inside a flat cylindrical coil (A). The intermediate 
space between coil and crucible, which generally does 
not exceed 1 in., is filled with zircon, or other insulating 
material, contained in a silica or mica sleeve. The 
crucible or container may be of very thin construction, 
as it fulfils a different function from an ordinary 
crucible. If it be 4 in. thick, there is a distance of 
only 1} in. between the coil, which is generally water- 
cooled, and the molten metal, which may be heated 
to over 2,000 deg. C. Thus a greater temperature 
gradient is obtained than in any other process of 
melting metals in bulk. 

As the. heat is generated within the metal itself, 
the temperature of the crucible is very much lower 
than that of the metal and the heat passes from the 
metal to the crucible, and is not conducted through 
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the crucible walls, as in other processes. Consequently 
reactions between the metal and the crucible walls are 
reduced to a minimum, and crucibles of materials 
quite inadmissible for melting certain metals by 
ordinary methods stand well in the furnace. 

Also the crucible is supported outside by well-packed 
ground zircon, and even if a crack occurs there is 
seldom loss of metal, or any tendency for the crucible 
to break in pieces. Thus, an ordinary clay crucible, 
such as is used for gold assays, will make from 10 to 
30 heats of nickel-iron alloys containing less than 
0-02 per cent. of carbon. This proves that the 
conditions under which the crucible works are funda- 
mentally different from other processes. 

As the metal container is an ordinary crucible of 
cylindrical form, there is no necessity to leave metal 
in the furnace, or to have narrow channels or any of 
the other features which have rendered the old type 
of induction furnace uneconomical and obsolescent 
for the steel trade. 

High-frequency furnaces mix the metal intensely, the 
surface of the molten metal being pronouncedly 
convex, owing to the violent upward current at the 
centre of the liquid mass. This is a great advantage 
for the manufacture of alloys containing metals which 
do not readily mix, and difficult alloys can be melted 
with exceptional uniformity. The frequencies may 
be termed high or medium, and have varied from 
20,000 to 400 periods per second, the lower figures 
being applicable to the larger furnaces for melting 
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nickel-silver and similar alloys. Furnaces of a capacity 
of 600 lb. are now working on certain nickel alloys, 
and this method of melting is worth consideration by 
makers of tungsten and cobalt crucible steels, and anyone 
engaged in the manufacture of alloys of the highest 
quality for electrical work where freedom from carbon 
is of the utmost importance. 

Capital cost of equipment is high, but this ntay be 
reduced in the future. The rate of melting is rapid, 
and the conditions of working exceptionally clean, 
accurate and comfortable for the workmen. 

Thermal efficiency is high, but the total consumption 
in kilowatt-hours per ton melted is in excess of good 
arc furnaces. This may be improved in the future, as 
the excessive losses occur in the comparatively- 
undeveloped equipment now used for producing high- 
frequency current and are not inherent in the furnace 
system. The power factor of the furnace is low, 
but this can be counteracted, to any desired degree, 
by the use of one of the various devices well known to 
electrical engineers, such as condensers or synchronous 
motors, which involve scme capital expenditure, but 
do not add appreciably to the working cost. 

High-frequency heating may be found useful in 
the forging and heat treatment of steel, especially in 
the case of small objects of irregular shape, as the 
heating effect, to a great extent, is independent of the 
shape of the object submitted to the field. At present 
the principal application of this method of heating is 
in the preparation of alloys of nickel and iron, with 
small percentages of other metals and the lowest 
possible amount of carbon, these alloys being used for 
the manufacture of continuously-loaded cables. By 
the use of this metal, the speed of signalling on long- 
distance submarine cables has been raised from a 
maximum of 300 letters per minute for the old type 
of cable to 1,800 with the continuously-loaded cable. 


SUN CLOCKS. 























This performance was obtained on a cable from the 
Azores to the United States and has given an entirely 
new aspect to the economics of submarine telegraphy, 
which, coupled with the secrecy and reliability of this 
form of transmission, ensures extensive demands for 
a larger production of this remarkable series of alloys. 

The furnace will also find use in the preparation of 
other alloys for telephonic apparatus and transformers, 
and in the development of the electrical alloys which 
have not received the attention they deserve either 
from metallurgical or electrical engineers, although they 
offer a field of research which will certainly yield good 
results. Among these may be mentioned magnet 
steel containing a high percentage of cobalt. 

An installation recently completely in England has 
by far the largest melting capacity of any high-frequency 
metallurgical works yet erected. 

The equipment consists of 42 small converter units, 
each of 35 to 40 kilovolt-ampere capacity, fitted with 
furnaces capable of melting 20 Ib. of nickel-iron alloys 
of exceptional purity in 40 to 45 minutes. Two or 
more converter units may be used on single furnaces 
of double or treble this capacity. The melting capacity 
is several tons per day, and a steady and continuous 
output is being maintained under strictly commercial 
conditions. 

The advantages of high-frequency furnaces for 
research work are very great, owing to the speed with 
which small heats can be made, either in vacuo or in 
air. In one instance, where an investigation was 
being made into the properties of a series of alloys 
with a relatively high melting point, twenty 2-Ib. heats 
were made in 8 hours. The consequent saving of the 
investigator’s time and the increase in the amount of 
work he was able to perform were of the utmost import- 
ance. 

The discovery of the two principal alloys used for 
cable loading, Permalloy and Mumetal, to which 
reference has already been made in this paper, was 
made possible by the use of a high-frequency furnace, 
and further investigations now being made in several 
different countries may result in the discovery of alloys 
with properties previously unknown. 





MricuigAN COLLEGE OF Mines.—The Year Book of 
the Michigan College of Mines, 1924-25, has now reached 
this country from America. The college, established 
40 years ago, is situated at Houghton, on the Upper 
Peninsula of Northern Michigan, in the centre of the 
copper region of Lake Superior. In the immediate 
vicinity, mines are operated on a large scale. Here mills 
for treating copper ore and smelting plant for reducing 
it to the metal, have for long been worked. As is 
implied by the name of the institution, the subjects 
in which instruction is available include chemistry, 
metallurgy, ore dressing, mineralogy and_ geology. 
Nevertheless complete mechanical, civil, and electrical 
engineering courses of study, leading to degrees, may be 
taken. The year book contains full details of the classes 
to be provided during the session 1925-26. Work 
commences on September 29. A staff of some 40 in- 
structors is under the supervision of Charles MacDonald 
Carson, Ph.D., the Acting President of the College. The 
year-book contains particulars of a number of scholar- 
ships tenable at the College by graduates and students 





commencing classes. 
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SUN CLOCKS. 
To THE Epitor oF ENGINEERING. 


Sir,— ENGINEERING regularly comes first to my 
desk, but having been on a month’s auto. trip 
through Canada, I have only just seen the letter in 
your issue of July 17 last on the Cooke sun clock; but 
I did receive letters about it from friends from Maine 
to California. They wrote because they recognised its 
similarity in principle to dials or sun clocks I had 
given them last year. 

The illustrations read in conjunction with your 
description tell the whole story. 

The specifications I set for myself were :— 

(a) To be sufficiently rugged to bear much abuse. 

(6) To be uninjured by repeated ice storms. 

(c) To have but one moving joint. 

(d) To give both “‘ standard ” and “ daylight ” time. 

(e) To be easily read to within two or three minutes, 
which is perhaps half the refraction error when the 
sun is near the horizon in our latitudes. 

Experience in ordnance led to elimination of all 
adjustments, hence several base patterns were necessary 
for widely different latitudes. The correction for 
longitude was made by properly placing the dial on 
the base and then dowelling it. It is not the fine 
astronomical instrument of Professor Cooke, but a 
simple, rugged, all-the-year out-of-doors proposition. 
It is easily made and not patented. 

Very truly yours, 
V. E. Epwarpbs, 
Vice-President, Morgan Construction Co. 
Worcester, Mass., August 27, 1925. 








SCREW-THREAD STANDARDS. 
To THE EpIToR OF ENGINEERING. 

Sir,—The editorial on Screw Thread Standards in 
your issue of July 3 (page 18) and the letter from Mr. 
Wickman in your issue of July 17 (page 84), were of 
unusual interest to the writer. The discrepancy 
between the closeness of the tolerances called for by 
the British and American Standards has been @ 
fruitful source of speculation to us on this side of the 
Atlantic. I do not think that we fully understand 
the reasons for the discrepancies, and I am _ hopeful 
that this correspondence may lead to an interchange of 
experience which will clear up the matter. 

As stated by Mr. Wickman, in the finer pitches our 
loosest tolerances can be roughly compared with the 
British close tolerances. In the coarser pitches the 
discrepancy is not so great. The accompanying 
diagram illustrates the relationship. In this diagram 
the Class 4, or close fit, is not shown, as it is used only 
on special work such as cylinder studs, &c. } 

The fundamental reasons which have made this 
closer practice possible are, I believe, quite other 
than those suggested by Mr. Wickman. They re, 
in fact, due to unusual attention to form and lead 
errors in the screw-thread practice of this country. 
In supporting this belief reference should be made only 
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to the field of large lot manufacture as found in our 
largest industries. This is allowable, however, since 
it is for the most part these firms who are actually 
working on standard tolerances, and the sum total 
of their threaded fits probably accounts for nearly 
one-half of all those made in the country. 

For sizes above }-in. our Class 1 or loose fit is not 
generally used, as it is considered much too “‘ sloppy.” 
We have, in fact, never found a manufacturer con- 
fronted with a §-in. bolt or nut of accurate lead and 
shape, and made to the maximum loose-fit tolerance, 
who would be willing to admit that he ever made a 
screw fit as loose as that. We have not found users 
anxious to accept as loose a fit, or any body of opinion 
favourable to it except for special cases where con- 
ditions of dirt or bruised threads have to be reckoned 
with. It is admitted that such a thread is strong 
enough for the ordinary length of engagement of one 
diameter, and that with ordinary materials the bolt 
will fail in tension rather than by shearing of the 
threads ; but the fit is so loose that no conscientious me- 
chanic would care to be found dead with it in his pocket. 

In addition to this, American assembling practice 
for ordinary conditions demands that a nut shall be 
capable of being spun into place with the fingers. It 
should be clear how this demand for nuts which shall 
spin on to bolts has set a lower limit ; while the demand 
for a fit which will not be too “sloppy” has set an 
Upper limit; and that there is not a large margin of 
pitch diameter tolerance between the two. So long 
4s it is permitted to screw a nut on to a bolt with con- 
siderable pressure on a wrench handle, wide variations 
in pitch diameter can be masked by errors in lead and 
errors in form, but this permissible variation dis- 
4ppears when free assembling is required. 

It should, furthermore, be evident that as soon as 
these errors in lead and errors in form are reduced to 
4 minimum, so that the errors in pitch diameter are the 
principal ones to be attended to, the latter are found 
to be so easy to control that they may be adjusted 
to much closer limits than had hitherto been possible. 

The demand for lead and form accuracy has been 
long continued and insistent, and has resulted in the 
development of the ground tap and of thread-cutting 
chasers of a corresponding degree of accuracy. The 
ground tap is, in fact, a standard production tool 
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and throughout all branches of machinery building. 
But even where it is not in use its accuracy has set a 
new pace for unground taps, which has resulted in 
a tremendous improvement in their lead and form 
within the past two or three years. 

The same process of improvement has been going on 
in the chasers used in automatic opening dies, and in 
the dies used for thread rolling, which are the tools 
used for the greater part of the large-production bolts 
and screws. It is, however, only within the past 
year that chasers with ground and lapped teeth have 
been on the market at commercial prices. These are 
now ‘available for the same standards of accuracy as 
have been obtained with the ground taps. 

I am not at all sure that this general improvement 
in our threading tools has extended to those made here 
for the British market. There being no ground-thread 
taps or chasers to compete with, the incentive to 
improve the accuracy is lacking. 

The control of lead and form in America has been 
largely by optical means, the company with which the 
writer is connected having sold a large number of 
instruments for this purpose which are in constant 
use. My own predictions would be that as Mr. Wickman 
gains ground with this own excellent scheme of optical 
and mechanical control, in British practice as well as 
here makers of screw-thread fits will become ashamed 
of the looser tolerances. When these tolerances are 
unmasked by lead and form errors, it will be found 
highly desirable and easily possible to come inside 
of closer limits in every-day work. 

There has been one factor in British screw-thread 
practice which has made it difficult to apply to it the 
same degree of accuracy that is getting to be common 
in American practice. This difficulty is the shape of 
the Whitworth thread, which does not readily lend 
itself to grinding. I have reason to believe, however, 
that these difficulties are on the point of being over- 
come, and that ground-thread Whitworth taps and 
chasers will soon become available for everyday use. 
When that time comes, it is probable that British 
practice will tend to leave the coarser fits and come 
toward the closer ones, as has been the case in America. 
Yours very truly, 
Jones AND Lamson MacainE Company. 
Rate E. Firanpers, Manager. 






PLANING MACHINE DRIVES. 
To THE Eprror oF ENGINEERING. 


Str,—Your article in ENGINEERING of August 2, by 
Mr. L. Miller, giving a comparison of two types of 
drives for planing machines is extremely interesting, 
and very fairly, as far as it goes, shows the theoretical 
advantages of the single motor drive and the Ward 
Leonard drive. 

The overall efficiency of the single motor drive is open 
to question, and would appear in actual practice to 
be much lower than might be imagined, owing to the 
heavy peak currents drawn from the line at reversal. 
Again, these peak currents have to be dealt with by 
contactors, involving severe wear and tear, and requir- 
ing time for opening and closing. These disadvantages 
as well as others, are absent in the Ward Leonard 
drive, better known perhaps, as the “ Lancashire ” 
drive, which in practice, does not deal with heavy 
current at reversal, and whose popularity is amply 
testified by the number of repeat orders from engineers 
who have in the first instance tried the two types of 
drive, side by side. 

Yours faithfully, 
For the LANCASHIRE DyNAMO AND Motor Company, 
Limtrep, 
A. P. Woop, Managing Director. 
Manchester, September 10, 1925. 





CAST ALPAX RAILWAY-COACH DOOR. 


THE composition, properties and possibilities of the 
new aluminium casting alloy, Alpax, have already been 
referred to in our issues of January 9 and February 6, 
last, on pages 46 and 174 respectively. The alloy, which 
is a binary one, containing some 86-5 per cent. of 
aluminium and 13-5 per cent. of silicon, is subjected to 
a special “ refining” or. “‘ modifying” process in the 
foundry. This treatment changes the original proper- 
ties of the alloy and produces a fine grain material 
having great strength, ductility and toughness. The 
tensile strength of Alpax amounts to some 13 tons per 
square inch and the elongation in 2 in. averages 
7 percent. The British rights of the American patent 
taken out by Dr. A. Pacz of Cleveland, Ohio, the origin- 
ator of the refining process, are owned by Messrs. 
Lightalloys, Limited, Stafford House, King William- 
street, London, E.C. 4, who are turning out industrial 
castings of Alpax in their foundry at St. Leonard’s 
Road, Willesden Junction, N.W. 10. 

We illustrate, on page 354, a casting of the new 
material, a one-piece railway-coach sliding door. A view 
of the latter, completed and ready for painting, is de- 
picted in Fig. 1. The front elevation of the finished 
casting is shown in Fig. 2, the plan in Fig. 3 and the 
side elevation (in section) in Fig. 4; Figs. 5 to 16 show 
various sections of the casting and give details of the 
fittings and accessories. This all-metal door is not 
only lighter and stronger, but is also more rigid than 
a built-up wooden door; moreover it has no tendency 
to warp when exposed to adverse weather conditions. 
Again, the extension at the lower end which provides 
a wide wheel base, thus preventing the possibility of 
jamming by tilting, when opening or closing, would be 
almost impossible to obtain in the case of a door made 
of wood. Large quantities of these Alpax doors are 
being cast at the Willesden foundry for the new rolling 
stock of the London Electric and other railway 
companies. The process involves the following opera- 
tions :— 

The charge of virgin metal consisting of unrefined 
aluminium-silicon alloy is placed in graphite crucibles 

and melted down in a crucible furnace using coke as 

fuel. The temperature of the metal is regulated by 
means of a pytometer, and when the melt has reached 

the desired temperature and fluidity, the crucible is 

withdrawn, the slag removed, and the refining powder 

composed of a mixture of chloride and fluoride of 

sodium is added to the contents. After careful stirring 

and mixing, the slag is skimmed off and the metal 

poured at a temperature of approximately 750 deg. C. 

The casting box used is of the usual two-part type; 

the pattern is of metal and the moulding material 

consists of a mixture of Erith loam and Mansfield 

sand, The mould is dried by means of gas jets. The 

door is cast flat, the upper portion being bent to 

shape in a subsequent operation. 

After pouring, the casting is allowed to cool slowly, 

the time occupied being usually two hours, it is then 

removed from the mould and trimmed. In the next 

operation the door is flattened by hand, using lead 

hammers. It is then jigged for the necessary drilling 

operations and, finally, the upper portion is pressed 

into shape. In this process the top of the door is 

annealed to a predetermined temperature over gas 

burners in a furnace of the open-fronted oven type. 

The temperature is gauged by means of small lead 

and zinc cones, used)after the manner of Seger cones in 
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Springfield, Vermont, U.S.A., August 25, 1925. 


the determination of the melting point of refractory 
























354 


ENGINEERING. 


[Sepr. 18, 1925. 








CAST ALPAX RAILWAY-COACH DOOR. 


CONSTRUCTED BY MESSRS. LIGHTALLOYS, LIMITED, ENGINEERS, LONDON. 
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. material. The hot casting is bent to shape in a 
hydraulic press, and is then ready to receive its fittings 
and accessories. The casting is sound, foundry cracks 
are unknown, and the smooth, even, and non-porous 
surface requires little cleaning prior to painting. As 
already pointed out in a previous article, the alloy has 
a very low density (2-5 to 2-65) and a relatively low 
solidification shrinkage. The latter is due to the fact 
that silicon contracts on melting and expands on 
freezing. 

The door is supported on two ball-bearing wheels, 
the inner race being stationary and held in position 
by three rivets passing through two steel plates 
let. into recesses in the main casting. The outer 
race, which is free to rotate, is formed with a groove 
and runs on a rail fixed to the floor of the coach. 
Details of the system are clearly depicted, in section, 
in Figs. 6 and 13. The whole arrangement is thus 
firm and solid, and cannot shake loose. The ball 
bearings are manufactured by the Skefko Ball Bearing 
Company, Limited. The top guide is of extruded 
manganese bronze, and is shown in section in Fig. 7. 
The flexible edging, consisting of rubber, vulcanised on 
to patent leather, is firmly fixed to the front edge of 
the door by means of aluminium binding strips. A 
long strip of rubber fastened on the back of the door, 
and shown in section in Fig. 5, acts as a dust excluder 
when the door is closed. The slot for housing the roller 
guide used in the mechanical opening, and closing of 
the door is lined and faced with 88: 10:2 bronze; 
it is depicted in section m Figs. 10, 14 and 15. The 
small plough, fixed to the bottom front end of the 
door (shown in Fig. 16), is an Alpax die casting and 
maintains the sliding-rail slots free from foreign 
matter. 

Perhaps the most remarkable foundry property of 
Alpax is the facility with which it may be cast into 
thin and rapidly changing sections without cracking 
and without porosity. That this is a distinct ad- 
vantage need hardly be emphasized; it is probably 
due, partly to the great fluidity of the alloy, and 
partly to the fact that there appears to be little tendency 
towards segregation. The usefulness of Alpax, the most 


recent addition to the series of light alloys, appears 
now to be well proved and its place in industry 





definitely established. 
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THE CORNISH TIN INDUSTRY. 


Ar a meeting of the Cornish Institute of Engineers 
at Camborne, on Saturday last, an interesting address 
was delivered by the President, Mr. Sydney Furze, 
of East Pool. Starting with an historical survey of 
the Cornish tin-mining industry, Mr. Furze remarked 
that the alluvial deposits were worked by the ancient 
Britons, who smelted the ore obtained in furnaces 
that were just hollows scraped out of the ground. 
These furnaces were lined with wood, and a simple 
form of bellows supplied the blast. There was a 
fairly considerable demand for tin even in the early 
days, and it commanded a relatively high price in 
consequence of its scarcity. The tye strip an 
hand buddle were the principal appliances used by the 
old tin dressers, mechanical contrivances for crushing 
the ore and concentrating it being comparatively recent 
introductions. Crudely constructed as they were, the 
advent of the Cornish stamps marked a tremendous 
step forward. In their early forms the ore had to be 
thrown under the stamp heads with a shovel by an 
attendant. Water was employed for driving them until 
1812, in which year Woolf erected at Wheal Vor the 
first steam-driven stamps, in which he used the ratchet 
wheel still employed. Cornwall was also the birth- 
place of the husband, or pneumatic stamp. The 
introduction of the Brunton calciner about a century 
ago was another step forward in tin-dressing practice, 
and so sound were the principles of the machine 
designed that it stood well to the fore to-day. 

The treatment of the slimes produced in crushing the 
ore in stamps proved a very serious problem to the 
Cornish tin dressers, and the best minds of the day 
were brought to bear upon it. Several appliances 
were invented to deal more effectively with this product. 
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The automatic “dead”? frame was invented by Mr. Cook 
and introduced at Cook’s Kitchen about 1860. Borlase 
invented an inclined revolving buddle, and there was 
no doubt that it was from this machine that the Cornish 
revolving slime frame developed. Dolcoath was said 
to have erected the first revolving slime frame, but the 
first to be erected on a tin streaming plant was on the 
works of Mr. J. Rodda at Carn Entral, about 45 years 
ago. The next development of importance was the 
introduction of the vanner. This machine was tested 
at Dolcoath against the Bilharz table in 1898 and proved 
its superiority. Capt. Hall, of St. Day, was nearly 
the first, if not the first, to erect a “‘ bumping table 

for concentrating tin ores. Cornish engineers were 


d| greatly interested in the ‘‘ flotation” of ores, and the 


second plant ever constructed (an Elmore oil plant) 
was erected at Tywarnhale mine in 1903. 

The invention and perfection of the Cornish pump 
led to a very considerable development in deep mining 
in Cornwall and Devon, and the engineers of those 
days gave their best attention to the many mechanical 
problems connected with the prosecution of mining 
where heavy inflows of water were encountered. 
Among the talented men associated with this enter- 
prise were Savory, Newcomen, Watt, the Trevithicks, 
Woolf, Hornblower, Taylor and Grose. Savory’s 4Is- 
placement pump quickly gave way to ——— 
atmospheric engine, and in turn Watt’s engine Cis 
placed Newcomen’s. At a later date the electrically” 
driven plunger and turbine pump shared the field wit 
the Cornish pump. The next step of importance pow 
the introduction of the steam engine for hoisting, the 
first of which was erected by Trevithick at Dolcoath in 
1806. The application of high pressure principles © 
the steam engine and the invention of the Corns 
boiler by Trevithick contributed in a marked degree 
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HAND SHEARING AND BENDING MACHINES FOR CONCRETE-REINFORCING BARS. 


CONSTRUCTED BY MR. HENRY PELS, ENGINEER, LONDON. 
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to further engineering progress. The introduction of 
powder for blasting by Thomas Epsley at Wheal Vor 
in 1689, and the invention by Bickford in 1831 of the 
safety fuse were epochs in Cornish mining. Of prime 
importance was the invention in 1706 by John Taylor, 
founder of the firm of John Taylor and Sons, of the 
Cornish roll. The rolls were first used in Cornwall at 
the Consolidated Mines, Gwennap, in 1831, where 
Richard Taylor, about the same time, erected the 
first jigging machine which was practically automatic 
in its operation. 

A big factor in increasing the efficiency of mining 
operations was the installation, at Tresavean mine in 
1842, of the first man engine in Cornwall. The adop- 
tion of the gas engine and electrical power followed 
quickly when they had reached a stage of efficiency 
and reliability. The advantages of the flexibility 
of electrical energy appealed to modern engineers, 
the entry of whom into the county had given the com- 
paratively light and economical electrically-driven pump 
the opportunity of proving its worth by competing with 
the Cornish pump on its own ground. The modern 
tube mill also had its birth in Cornwall. Cornish 
engineers were to be commended for experimenting 
with the latest types of mining machinery, for it was 
only by so doing that the future success of the industry 
could be assured. Not only had the latest appliances 
been called into service but the knowledge which 
had come from recent scientific and geological investiga- 
tions had been applied with conspicuous success, as 
developments at East Pool and Tresavean would show. 





HAND SHEARING AND BENDING 
MACHINES FOR CONCRETE-REIN- 
FORCING BARS. 

Tue portable hand machine which we illustrate in 
Figs. | and 2, above, has been introduced primarily 
for shearing and bending round bars for use in connec- 
Won with reinforced concrete. It can, however, 








readily be adapted to crop flats, angles or tees, and 
should, on this account, prove useful in the erection of 
any class of structural steelwork. The machine has 
been introduced by Mr. Henry Pels, of 40, Great Marl- 
borough-street, London, W.1, and follows the usual 
design of the tools manufactured by this firm in having 
an armour-plate frame, designed to stand up to the 
roughest usage. The tool is made in four sizes, with 
blades varying in length from 3} in. to 64 in., and can 
be supplied with or without the bending attach- 
ment in each size. The smallest machine will either 
shear or bend 3-in. rounds; while the largest will 
shear or bend 1l}-in. rounds. By using special 
blades, either for the top only, or both top and bottom, 
the smallest machine will crop 2 in. by # in. flats, or 
1}in. by l}in. by fin. angles or tees ; the corresponding 
figures in the case of the largest machine are 4 in. 
by 2 in. for flats, 3 in. by 3 in. by % in. for angles, and 
2} in. by 2} in. by + in. for tees. When using the 
standard blades for shearing round sections, long bars 
can be placed in position from the front of the 
machine, but if profiled blades for special sections be 
used, the bar must be fed in sideways. The machine 
will deal with bundled rounds, provided that the total 
area of cross-section of the small bars does not exceed 
the capacity of the machine. 

The tool is simple in construction, and does notinclude 
any parts likely to get out of order. The general 
appearance, without the bending attachment, is shown 
in Fig. 1, from which it will be seen that the frame is 
built up from two armour plates, separated by distance- 
pieces, and held rigidly in position by fitted stay-bolts. 
The lower blade is bolted to one of the side plates, 
while the upper is carried on a floating lever, which 
slides in the space between the two plates. At the 
top, this lever is in the form of an eccentric strap which 
embraces an eccentric carried on the main spindle of 
the machine, and at the back of the machine, it is 
coupled up by means of a short link to a cross-shaft. 
The latter is extended beyond the side plate on one 
side, and is utilised to give a purchase for the hand 
screw, visible at the end of the rocking lever in the 
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illustration. The method of mounting the upper blade 
results in a slight rocking motion being imparted 
to it, in addition to its vertical travel, but this action 
has no detrimental effect, and may even assist in 
producing a clean cut, as the blade is drawn across 
the metal to a slight extent. In the case of the smallest 
machine, the hand lever actuates the main spindle 
directly, but in the three larger machines a multiplying 
device toincrease the mechanical advantage is employed. 
For this purpose, the rachet wheel shown in the illus- 
trations is keyed to the main spindle, but the hand 
lever rotates freely on an extension of the latter. The 
lower end of the lever has teeth cut upon it, so that 
it forms a portion of a pinion, and these teeth engage 
with a similarly toothed quadrant, which is pivoted 
on a spindle projecting from the side plate at the back 
of the machine. The quadrant carries a pawl, which 
engages with the rachet wheel, and thus rotates the 
spindle at a lower speed than when it is directly coupled 
to the handle. It will be evident that the machine can 
be instantly made direct-acting for shearing small 
sections by lifting the pawl attached to the quadrant, 
and dropping the second pawl, shown in the illustra- 
tions attached to the handle. When the shears are in 
operation, the work is held in position by the rocking 
lever shown on the side of the machine, which is 
adaptable to sections of various diameters. 

When the tool is provided with a bending attachment, 
it is fitted with a somewhat longer main spindle. 
The extension serves to carry the link shown in Fig. 2, 
which terminates in a bending roller. The machine, in 
addition, is provided with a special holder at the top, 
which can be seen in the same figure. The holder can 
be clamped down on the top of the bar, as shown in the 
illustration, and prevents the bar from jumping while 
it is being bent. The bending can either be performed 
directly, in the case of small bars, or by utilising the 
reducing motion when dealing with larger sections. A 
number of typical bends made on the machine appear 
in Fig. 2, which also serves to give an idea of the size 
of the machine, in comparison with the ordinary hand 
trolley on which it is mounted. 
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THE WORLD-POWER CONFERENCE. 


Ar the conclusion of the meetings of the First World 
Power Conference at the British Empire Exhibition 
last year (see ENGINEERING, vol. cxviii, page 123), the 
activities of which attracted the attention of engineers 
throughout the entire world, it was suggested that 
arrangements should be made for meetings of an 
International Executive Committee, which was then 
appointed, in order that the valuable work done should 
be increased by the organisation of future conferences. 
This committee held a meeting in London at the end of 
July at which 20 countries were represented. At the 
first session, in the course of a discussion on the future 
activities of the movement, an invitation was extended 
by Dr. E. Tissot, on behalf of the Swiss National 
Committee, to hold the Second World-Power Conference 
at Basle in 1926, on the occasion of the International 
Exhibition for Inland Navigation and Utilisation of 
Hydraulic Power. It was, however, decided that it 
was necessary to have a period of about five years 
between the successive conferences, but to keep alive 
the interest of engineers in the matters dealt with 
in such conferences, sectional meetings should be 
held in Basle at the time suggested and certain 
subjects should then be discussed. The proposed 
programme consists of the following subjects: the 
development of hydro-electric power combined with 
inland navigation ; the inter-exchange of electric power 
between countries, especially from the standpoint of 
financial and legal questions; the economic relation- 
ship between hydro and thermal power; electricity 
in agriculture; and railway electrification, It was 
further recommended that, in the programme, emphasis 
should be given to the necessity for dealing with the 
financial and economic aspects of these subjects. 

A constitution was proposed for an international 
organisation to control the work of the World Power 
Conference, and this will be submitted to the various 
national committees for consideration. It was also 
decided to publish a “‘ Journal of the World-Power 
Conference ”’ at regular intervals. A proposal to hold 
the Second World Power Conference at Rome in 1930 
was made, and it was decided to accept this proposal 
provisionally, pending a final decision at a future 
meeting of the executive committee. Testimony was 
then given to the value of the meetings of the power 
engineers of all countries by Mr. R. A. van Sandick, 
of Holland, in the form of a resolution, which met with 
general approval. 





ENGINEERING TRAINING AND 
EDUCATION. 


The Municipal College of Technology, Manchester.— 
From the Mechanics’ Institution, which was founded in 
1824, was developed the great Municipal College of Tech- 
nology in Manchester, an institution of University rank 
which attracts students from every part of the world. 
As it constitutes the Faculty of Technology of the Uni- 
versity of Manchester, students, following its prescribed 
courses are eligible for the degrees of Bachelor and 
Master of Technical Science. The College authorities 
are alive to the requirements of the best technological 
training, and have on hand, at the present time, the 
erection of further laboratories for research and 
demonstration in connection with internal-combustion 
engines. These laboratories are to be equipped with 
many examples of modern gas engines and Diesel 
engines, and with special plant for testing motor-cars 
and gears. A new dynamo room is also being pro- 
vided. The engineering departments are superintended 
by Professor G. Gerald Stoney, D.Sc., F.R.S., on the 
mechanical side and by Professor Miles Walker, 
D.Sc., on that of electrical technology. The courses 
of study for university degrees and college certificates 
are detailed in the recently-issued prospectus, a copy 
of which may be obtained from the College; they 
start on Thursday, October 8. Features of the work 
of the College are the complete evening courses and 
those arranged for young engineers who may be 
allowed by their employers to devote a whole day 
each week to technological study. 

University College, Lo ndon.—Another of the colleges 
in which engineering instruction has been provided 
from early days is the University College, Gower- 
street, London, This institution has done commendable 
work since it was founded in 1828, as the result of 
the advocacy of a university in London by Thomas 
Campbell, the poet. Other colleges were instituted 
later in the metropolis, and the University of London, 
which has served the requirements of its ever-increasing 
number of students, was eventually founded. In the 
Faculty of Engineering of University College, Professor 
E. G. Coker, of the Department of Civil and Mechanical 
Engineering, is Dean, and Professor J. A. Fleming, 
the Head of the Electrical Engineering Department, 
is Vice-Dean. Associated with them in their work 


great experience in different branches of engineering 
activity, such as Professor M. T. M. Ormsby in 
Municipal Engineering, Mr. A. H. Barker in Heating 
and Ventilation, Mr. A. C. Cookson in Railway 
Engineering, and Dr. Brysson Cunningham in the 
subjects of Waterways, Harbours and Docks. Instruc- 
tion in Chemical Engineering is also provided by 
the Ramsay Professor, Mr. E. C. Williams. From the 
prospectus, which has just been issued, we learn that 
classes will be resumed on Monday, October 5. 

City and Guilds of London Institute-—The programme 
for the session 1925-26 has been published for the 
Department of Technology of the City and Guilds of 
London Institute by John Murray, of Albemarle-street, 
London, W.1, at a price of 3s. 6d. net. The work 
contains the general regulations and syllabuses for the 
Institute’s examinations in technological subjects and 
for teachers’ certificates. Before competing in the 
examinations it is necessary for candidates to have 
completed approved courses of instruction in the 
subjects of the tests at recognised institutions. For 
this reason those intending to sit in examinations during 
the forthcoming session should make immediate 
application to the department for forms of registration, 
to be filled up and submitted for the approval of the 
Board of Examiners. 

Westminster Technical Institute—A prospectus of 
the technical classes to be held during the session 
1925-26 at the Westminster Technical Institute, 
Vincent-square, Rochester-row, London, 8.W.1, has 
now been published. As is evident from a perusal 
of this booklet, the subjects in which instruction is 
given are those associated with civil engineering, 
structural engineering, and architecture. Both day 
and evening classes are held, but the latter are a 
special feature of the work of the Institute. Group 
courses extending over several years may be taken 
entirely at classes given in the evening, and these 
furnish complete preparation for the examinations 
of professional institutions. Heating, ventilation, 
gas engineering and the preparation of specifications 
are taught, in addition to more usual subjects, under 
the supervision of the Principal, Mr. J. Stuart Ker. 
Students will be enrolled during the week commencing 
September 21, 1925. 








BOOKS RECEIVED. 


Proceedings of the Rugby Engineering Society. Vol. 
XVIII. 1923-24 Rugby: Offices of the Society. 
[Price 10s. 6d.] 

Le Rotor Instrument a Progrés. By B. A. CuHatr. Anvers: 
Anvers-Bourse. [Price 6 francs. ] 

United States Bureau of Labour Statistics. Bulletin 
No. 373. Wages and Hours of Labour in the Slaughter- 
ing and Meat Packing Industry, 1923. Washington : 
Government Printing Office. [Price 15 cents.] 

Talks About Wireless. By Str OLIvER Loper. London: 
Cassell and Co., Limited. [Price 5s. net.] 

Field Engineering. A Handbook of the Theory and 
Practice of Railway Surveying, Location and Construc- 
tion. Vol I. Text. Vol. II, Tables. By Writt1am 
H. SEARLES. Nineteenth edition. revised and en- 
larged by Howarp C. Ives. New York: John Wiley 
and Sons, Inc. London: Chapman and Hall, Limited. 
{Price 12s. 6d. net each volume.] 

Gas and Oil Engines. Running and Maintenance. By 
PETER 8S. CALDWELL. London: Constable and Co., 
Limited. [Price 3s. 6d. net.] 

Electrical Engineers’ Data Books. Edited by E. B. 
WeEpmorgE, M.I.E.E. Vol. I. Lighting, Traction and 
Power Distribution. By D. V. Onstow. Vol. II. 
Manufacture, Design and Laboratory Work. By D. V. 
Onstow. Vol. III. Radio Engineering, with Special 
Sections on Telegraphy and Telephony. By J. H. 
Reyner, A.C.G.I., B.Se. London: Ernest Benn, 
Limited. [Price 15s. net each volume. ] 

British Wire-Drawing and Wire-Working Machinery. By 
H. Dune tt, A.C.G.I. London: Constable and Co., 
Limited. [Price 21s. net.] 

Spanabhebende Werkzeuge fiir die Metallbearbeitung. By 
Dr. Ing. e-h. J. Remnpt. Berlin: Julius Springer. 
[Price 28.50 gold marks. ] 

Schaltanlagen in elektrischen Betrieben. I. Allgemeines, 
Schaltpline Einfache Schalttafeln. By Dr. F. Netr- 
HAMMER. Berlin and Leipzig: Walter de Gruyter 
and Co. [Price 1.25 marks. ] 

Die Elektromotoren: Ihre Arbeit ise und Ver g 
méoglichkeit. I. Gleichstrommotoren Mehrphasige Syn- 
chron-und Asynchronmotoren. By Dr. F. NEIrHAMMER. 
Berlin and Leipzig: Walter de Gruyter and Co. 
__ [Price 1.25 marks.) 

Osterreichisches Montan-Handbuch, 1925. Wien: Verlag 
fiir Fachliteratur G.M.B.H. 


de 











ALTITUDE ReEcorD By LicHT AEROPLANE.—It may 
be of interest to record the fact that the light aeroplane, 
Wee Bee I, which we illustrated and described in our 
issue of October 10, 1914, on page 525, recently attained 
a height of 13,566 ft. at Renfrew, and a certificate to 
this effect has been awarded by the Royal Aero Club. 
The machine, it will be remembered, was constructed 
by Messrs. William Beardmore and Co., Limited, 
Dalmuir, while the engine fitted was a Bristol Cherub. 
Some particulars of the latter will also be found in 





are many permanent assistants and others who have 


the article above referred to. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic—As measured by official returns of 
traffic via Hull, the shrinkage in South-Yorkshire coal 
trade is unabated. Compared with the corresponding 
month last year, the total received during August, 
266,064 tons, represented a decrease of more than 
200,000 tons. The gross tonnage exported was little 
more than a third of that of August, 1924, there being 
a fall in shipments over the eight months of over half a 
million tons. Business was on a reduced scale with 
nearly all the principal overseas markets. Sales to 
Germany for the month were less than one-fifth those 
of August, 1924, to France less than one-half, and 
to Sweden less than one-sixth. The only substantial 
improvement was in business with South America, 
which was practically double. 


Iron and Steel—The demand for a Government 
Inquiry into the conditions of the steel, engineering and 
allied industries has met with a mixed reception in the 
Sheffield district. The opinion of leading manufacturers 
seems mainly antagonistic to the setting up of a Royal 
Commission, on the ground that the root of the trouble 
is already well known. According to a prominent 
business man holding high office in manufacturers’ 
associations, the reason is that foreign customers are not in 
@ position to absorb what can be made at present prices, 
and that before any appreciable improvement is seen 
there must be an all-round reduction in quotations. 
This may connote longer hours of work and lower wages, 
and therefore involve several highly-contentious subjects. 
Whatever the remedy, Sir George Hunter’s observations 
appear to be wholly true so far as the local heavy trades 
are concerned. For several weeks past conditions have 
steadily become worse, until to-day business is badly 
wanted to enable makers of steel billets, bar iron, pig- 
iron and other semi-manufactured materials to operate 
profitably. The heavy foundries are also finding them- 
selves short of work owing to the continued absence of 
orders for steelworks plant, while there is virtually 
nothing doing in wagon building. On the other hand, 
most of the tool branches continue to show a high level 
of activity, particularly so far as hand tools and imple- 
ment parts are concerned. Russian orders for files, 
saws and the like, which twelve months ago represented 
a mere bagatelle in comparison with the gross weight of 
contracts locally booked, are becoming more and more 
substantial. 


South-Yorkshire Coal Trade.—A shrinkage in output, 
resulting from the Doncaster Races, has had a stiffening 
effect on several sections of the market. There is, 
however, no actual scarcity of housecoal or steam hard 
supplies, The former are, for the most part, in poor 
demand, while business in the latter is adversely 
influenced by the continued slump in Continental pur- 
chases. Improved business in slacks is anticipated with 
Lancashire as soon as the wakes influence is removed. 
Cobbles and nuts are both on the weak side. Furnace 
and foundry coke are slightly firmer. Quotations :— 
Best branch handpicked, 30s. to 33s.; Barnsley best 
Silkstone, 27s. to 29s. ; Derbyshire best brights, 22s. 6d. 
to 29s. ; Derbyshire best house, 22s. to 24s. ; Derbyshire 
best large nuts, 18s. to 20s.; Derbyshire best small 
nuts, 12s. 6d. to 14s.; Yorkshire hards, 18s. to 22s. ; 
Derbyshire hards, 18s. to 22s.; rough slacks, 10s. 6d. 
to 13s.; nutty slacks, 8s. 6d. to 9s. 6d. ; smalls, 3s. 6d. 
to 5s. 6d. 





FREEZING PoInts OF GLYCERINE-WATER MIXTURES.— 
Extending previous researches on the freezing points of 
aqueous solutions of glycerol (the name for the pure 
chemical), Leonard B. Lane, of the Armour Soap Works, 
Chicago, finds (Industrial and Engineering Chemistry, 
September) that as the concentration of glycerol is 
increased, the freezing point of the mixture continues to 
descend to — 46-5 deg. C. at the concentration 66-7 per 
cent. (by weight) of glycerol. The freezing point then 
rises with increasing concentration; a 75 per cent. 
glycerol froze at — 28-5 deg., a 93-5 per cent. glycerol 
at — 1 deg., a 95 per cent. glycerol at ++ 7-7 deg., and a 
100 per cent. glycerol at + 17 deg. These latter figures 
are novel and somewhat surprising; but the most 
concentrated glycerol has not m much investigated, 
and in the technical application of glycerine as non- 
freezing fluid high concentrations are not wanted. The 
glycerol did not seem to expand appreciably even at 
— 72 deg. C. when completely frozen ; at any rate, glass 
tubes full of glycerol did not burst at that temperature, 





Execrric RresistaNcE Furnace.—In connection with 
the meeting of the Iron and Steel Institute at Birming- 
ham, a demonstration of an electric-resistance muffle fur- 
nace was given at the Summer-lane Power Station of the 
Birmingham Corporation, by Messrs. Electric Furnace 
Company, Limited, of 17, Victoria-street, London, 8.W. 1. 
The furnace shown was of the nichrome-wire resistance 
type; the wire is arranged in the form of helical coils, 
which fit into longitudinal grooves formed in the 
refractory bricks of the furnace lining. The muffle 
requires 60 kv.-a. ; it is 40 in. wide, 20 in. high, and has & 
length of 60 in. The temperature is regulated by means 
of the automatic-control apparatus of the Cambridge 
Instrument Company, Limited ; the maximum —— 
ture at which the furnace may be used is approximately 
1,000 deg. C. Two silver fuses, which project some way 
into the furnace, are provided to protect it, both from 
excessive current and from attaining too high a tem- 
perature. A Venner time switch is also included in ~ 
equipment. The muffle is suitable for such metallurgi® 
operations as normalising, annealing, heating prior to 
quenching, tempering, and case carburising. Furnaces 
of this type have also proved very successful for use 
connection with vitreous enamelling processes. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The demand for Cleveland 
pig-iron is only moderate, and is almost entirely for 
home use, comparatively low Continental quotations pro- 
hibiting trade with customers abroad. Home buyers 
are pursuing a cautious policy and, believing that quota- 
tions have not yet touched bottom, are markedly dis- 
inclined to commit themselves ahead to any extent. 
Thus sales rarely extend to delivery beyond a week or 
two. Prices are barely maintained, though makers are 
emphatic in their declaration that current rates are 
much below cost of production. Nov. 1 is on sale at 
72s., and No. 3 g.m.b. is offered at 68s., but purchasers 
state that they can obtain the latter at below the figure 
named, and as a rule are not disposed to pay more than 
67s. 6d. for the ruling quality. Foundry No. 4 is quoted 
at 67s., and No. 4 forge at 66s. 6d. 


Hematite.—Transactions in East-Coast hematite have 
shrunk considerably, but makers have derived some 
assistance in upholding prices by the temporary reduction 
of output as the result of a furnace going out of operation 
for repairs. Stocks are now low, but dearth of orders 
is causing uneasiness. No. 1 is 75s. 6d., and mixed 
numbers are 75s. 


Foreign Ore.—Foreign ore is as difficult as ever to 
dispose of, consumers having no need to purchase, as 
they still have large arrears of deliveries to take up 
against old contracts. Nominally market rates remain 
on the basis of best rubio at 20s. c.i.f. Tees. 


Blast-Furnace Coke—Durham blast-furnace coke is by 
no means extensively sought after by local customers, 
and values tend downward. Good average qualities 
are 18s. 6d to 19s., delivered to consumers in this dis- 
trict. 


Manufactured Iron and Steel.—There is no new feature 
in manufactured iron. As regards steel, better accounts 
are given of the rail and constructional material depart- 
ments, whilst sheet manufacturers are very heavily 
sold; but demand for shipbuilding requisites is still 
extremely light. Common iron bars are 11l. 12s. 6d. ; 
iron rivets, 13/7. 10s.; packing (parallel), 8/.; packing 
(tapered), 111. ; steel billets (soft), 77. 10s. ; steel billets 
(medium), 8/.; steel billets (hard), 9/.; steel ship, 
bridge and tank plates, 8/.; steel angles, 7/. 15s. ; steel 
rivets, 131.; heavy steel rails, 81. 10s.; steel joists, 
71. 15s.; and galvanised corrugated sheets, 161. 10s. 





PersonAL.—Mr. H. G. Blakemore has resigned his 
position as general manager of the Ransome Machinery 
Company (1920), Limited, and has commenced business 
at 180, Piccadilly, London, W.1, as an agent for the 
supply of machinery, plant and materials required in 
connection with railway, dock, harbour and general 
engineering work.—Messrs. International Combustion, 
Limited, of Africa House, Kingsway, London, W.C.2, 
have announced that offices have been opened at 
11, Southampton-row, London, W.C.2, where all business 
connected with pulverising plant will be transacted. 
The company has concluded an agreement with the 
Hardinge Company as a result of which mills of the 
Hardinge or Raymond type, as well as screens, air 
separating plant and lime hydrating equipment, of 
British manufacture, can now be supplied. 


Contracts.—Messrs. Ruston and Hornsby, Limited, 
engineers, of Lincoln, have secured an order from the 
Director-General, India Store Department, for the supply 
of two further large dragline excavators to be used in 
connection with Lloyd’s barrage and canal construc- 
tion scheme. In our issues of December 21 and 28, 
1923, a fully-illustrated description was given of one of 
the excavators of this t constructed by the firm, also 
for service in India.—The Selson Engineering Company, 
Limited, of 26-28, Charles-street, London, E.C.1, have 
obtained a contract for the complete machine-tool equip- 
ment of the first motor-car factory to be built in Poland. 
That the firm is to be commended for the display of 
considerable enterprise in obtaining this order, which is 
of the value of some 75,0001., will be apparent from the 
circumstances of the case. Polish engineers commonly 
possess a thorough knowledge of German machine tools, 
and consequently the original specifications for those 
required for the car factory were framed to German 
standards. One of the directors of the English company 
visited Poland and persuaded a director and the chief 
engineer of the motor-car company to inspect the making 
of tools in this country. After seeing the work carried 
out here the contract was duly placed with the Selson 
company by the visitors. All material will be delivered 
by the end of this year.—Messrs. Howden-Ljungstré6m 
Preheaters (Land), Limited, of 133, Helen-street, Govan, 
Glasgow, have received an order from Cortonwood 
poliiecien Company, Limited, of Wombwell, near 
Barnsley, for one large air preheater to work in con- 
junction with three Lancashire boilers.—The Underfeed 
woe Company, Limited, of Aldwych House, London, 
| elger have secured, amongst other orders, contracts 
od eight Underfeed stokers from the Leyland and 

irmingham Rubber Company and for four travelling 
grates from Messrs, Bryant and May, Limited, of London. 
~The Relay Automatic Telephone Company, Limited, 
Marconi House, Strand, London, W.C. 2, have secured, 
: —— its Paris house, the contract for the construction 
, & 3,000-line automatic public telephone exchange at 

ontainbleau, Department of Seine et Marne. 


NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—The improvement in demand in 
the Scottish steel trade which was expected to come 
along about the autumn has not yet made its appear- 
ance, nor is there any sign of its arrival yet. Con- 
sumers in general are not committing themselves ahead 
and the demand is largely of a day-to-day character, 
and is not very great at that. The shipbuilding industry is 
so quiet that specifications from that quarter are still 
very poor, while general users of steel material are also 
suffering from the depressed state now prevailing all 
round. In the black-sheet trade there is a good deal of 
business, mostly on export account, and a steady run is 
assured for the next month or two. The heavier gauges 
are not in such good demand as the lighter ones, and local 
buyers are not so much in evidence at the present time. 
The following may be taken as the current prices: Boiler 
plates, 111. 10s. per ton; ship plates, ~ in. and up, 
81. 2s. 6d. to 81. 5s, per ton ; sections, 7. 17s. 6d. per ton ; 
and sheets, # in. to } in., 91. 15s. to 91. 17s. 6d. per ton, 
all delivered Glasgow stations. 


Malleable-Iron Trade.—No change falls to be noted in 
the West of Scotland malleable-iron trade and the output 
is much restricted. The demand, both on home and 
foreign account, is very limited and inquiries are few. 
In the steel re-rolling departments there is not much life 
meantime. ‘The price of Crown bars is unchanged at 
11l. 12s, 6d. per ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—The conditions in the Scottish 
pig-iron trade have varied little over the week. The 
demand overall is small, and little difficulty is experienced 
in executing orders. Stocks are still ample to meet 
requirements. Prices have an easier tendency, but the 
following are to-day’s market quotations: Hematite, 
4l. 2s. 6d. per ton; foundry iron, No. 1, 41. 48. 6d. to 
4l. 7s. 6d. per ton, and No. 3, 41. 2s. to 4l. 5s. per ton, 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, September 12, amounted to 956 
tons. Of that total, 925 tons went overseas and 31 tons 
coastwise. For the corresponding week of last year, the 
figures were 130 tons to foreign destinations and 45 tons 
coastwise, making a total shipment of 175 tons. 


Shipbuilding.—Messrs. Yarrow and Co., Scotstoun, 
have received the order from the Parsons Marine Steam 
Turbine Company for the high-pressure Yarrow boilers 
for the Clyde steamer being built by Messrs. Denny, 
Dumbarton. The boiler pressure will be 575lb. per sq. in., 
or more than double what has hitherto been adopted in 
marine work. Superheaters will raise the temperature of 
the steam to about 750 deg. F., and boiler efficiency will be 
increased by the introduction of Yarrow air heaters. 
The absence of bolted joints in the type of boiler used 
makes it particularly suitable for high pressures. In 
anticipation of a demand for water-tube boilers both for 
marine and land installations, the firm has recently com- 
pleted arrangements at Scotstoun for the manufacture 
of high-pressure boilers. 





ACCIDENTS IN UNITED STATES CoAL MINES.—Statistics 
published by the United States Bureau of Mines show 
that 1,262 lives were lost in the coal-mining industry 
throughout the country in the first seven months of 
this year. 


PropvuctTion oF IRON AND STEEL IN AvuGust.—The 
National Federation of Iron and Steel Manufacturers, 
of Caxton House, Westminster, London, S8.W.1, has 
announced that the production of pig iron in August 
amounted to 444,500 tons, compared with 492,700 tons 
in July and 588,900 tons in August, 1924. No change 
throughout last month was recorded in the number of 
furnaces in blast, namely, 136. The monthly production 
included 106,400 tons of hematite, 155,500 tons of basic, 
131,600 tons of foundry and 24,800 tons of forge pig 
iron. Steel ingots and castings amounting to 477,100 
tons were produced in August, compared with 590,400 
tons made in July. The holiday season, however, 
mainly accounts for the reduction in the latest return 
compared with that for July. The figure for August, 
1924, was 527,000 tons. 


THE ELEMENTS OF THE KINETIC THEORY OF GASES: 
Erratum.—A correction is required in the argument 
(page 252 ante) by which an expression was derived 
for the probability that the energy possessed by a 


molecule was proportional to e~8E_. It should have 
been as follows: Let ¢@(E) represent the probability 
that a molecule has an energy greater than E. Then 
this probability is independent of how this energy is 
distributed amongst the several degrees of freedom. 
Let us, for the moment, therefore assume that the 
energy E is in one degree of freedom only. Then the 
probability that the molecule has an energy greater 
than A E in another degree of freedom is @ (A E). Hence 
the probability that the total energy is greater than 
iE ++ AE is the product of these two independent 
probabilities. But this is also represented by ¢ (E + A E). 
Hence ¢ (E) ¢ (A E)= ¢@ (E -++- A E). Expanding ¢ (A E) 
by Maclaurin’s theorem and ¢(E+ AE) by Taylor’s 
theorem we get ¢ (E)(¢o0 + ¢o’- AE) = ¢ (E) + $’(E)-AE. 
But ¢o is equal to unity, since it is a certainty that the 
molecule possesses an energy greater than zero, and ?’o 
is a constant which may be denoted by — 8. Hence we 





get —8.¢(E). AE = ¢’(E).A E, whence ¢ (E) = e~ BE, 








NOTICES OF MEETINGS. 


THE Rapio Society oF GREAT BRITAIN.—Wednesday, 
September 23, at 6 p.m., at the Institution of Electrical 
Engineers, Savoy-place, Victoria Embankment, W.C. 2. 
Address by Sir Oliver Lodge, D.Se., LL.D., on “‘ The 
Mechanism of Radiation.” 


Tue Hutt Association oF ENGINEERS.—Saturday, 
September 26, at 7.15 p.m., at the Technical College, 
Hull. Lecture: ‘‘ Carburation,” by Professor G. E 
Scholes, M.Se., M.1.A.E. 








NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 

The Coal Trade.—Conditions in the Welsh steam-coal 
trade have not shown any improvement during the 

ast week. Supplies remain excessive with prospective 

uyers still following a hand-to-mouth policy. In fact, 
the volume of actual business is insufficient to keep the 
collieries working anything like regularly, and the supply 
of shipping in dock is too small to provide a ready outlet 
for current production. The result is that colliery 
stoppages through lack of trade and want of empty 
wagons are numerous and of frequent occurrence. The 
volume of shipments continues to fall, last week’s total 
of 325,330 tons showing a further reduction of 4,000 tons. 
Exports from Cardiff amounted to 213,130 tons, from 
Newport 43,330 tons, Swansea 40,100 tons, Port Talbot 
23,530 tons, and Llanelly 5,240 tons. Of the total, 
42,700 tons went to Argentina, 13,900 tons to Brazil, 
17,600 tons to Canada, 89,880 tons to France, 49,400 tons 
to Italy, and 20,980 tons to Portugal. The only classes 
of coal which are kept to quoted figures are No. 2 and 
3 Rhondda smalls, and bituminous and dry nuts. All 
other grades are in plentiful supply, though for Admiralty 
large descriptions salesmen are refusing further to modify 
their prices, which rule from 24s. to 25s. for bests and 
23s. to 248. for seconds. Monmouthshires are in abundant 
supply, at anything from 20s. 6d. to 21s. 6d., while dry 
large coals rule from 21s. to 24s. Smalls are a drug on 
the market and range from 9s. to 11s. 6d., according to 
quality. 

Coal Trimmers and the Dole.—Coal trimmers at Cardiff 
and Penarth are signing the unemployment register and 
claiming the out-of-work pay. Up to the present, the 
authorities have refused to pay them, but a dozen cases 
are being taken as a test and will decide the claims of the 
whole. The trimmers have a pool by which their 
earnings are shared, but it is understood that trimmers 
in the North country and at Newport are already drawing 
the out-of-work pay. At present it is reckoned that there 
is only sufficient work to keep about two-thirds of the 
1,500 trimmers employed, and it is intended to stand 
some of the men off periodically, during which time they 
will claim the out-of-work benefits to which they have 
been contributing since 1920. At the moment, the men 
are only averaging about two or three shifts a week. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 16,404 tons, compared with 12,900 tons 
in the previous week. Shipments of tinplates and terne- 
plates amounted to 8,195 tons against 5,935 tons, black- 
plates and sheets to 4,844 tons against 2,776 tons, 
galvanised sheets to 2,890 tons against 1,467 tons, and 
other iron and steel goods to 475 tons against 2,722 tons. 








CANADIAN MAGNESITE.—The Bureau of Mines of the 
Quebec Provincial Government desires to have attention 
drawn to the magnesite deposits and treating factories 
in the district. Both the dead-burned and calcined 
material are available for export, and as the former is 
largely used by the steel trade in the United Kingdom 
it would appear that a considerable trade in the com- 
modity could be established between the two countries. 
In 1924, shipments amounting to 2,250 short tons of 
dead-burned, and 1,536 short tons of calcined magnesite, 
were recorded. These quantities represent 7,952 short 
tons of crude rock. 





CoNVERSION DIAGRAM FOR METRIC AND OTHER 
Units.—A copy of a useful diagram by which weights 
and measures in English, American and metric units 
can be converted from one system to any other has 
reached us from the publishers, the Conversion Diagram 
Company, 15, Broad-street, New York, U.S.A. The 
diagram, which is actually an alignment chart, consists 
of two main scales uniformly divided in millimetres 
and centimetres, the latter being numbered from 
0 to 100, and the scales reading from right to left and 
from left to right, at the top and bottom, respectively, 
of alarge sheet. The zero ends of the scales are connected 
by a straight line ruled diagonally across the paper, 
and having a number of points marked along its length 
corresponding to the particular pair of units from, 
or to, which it is detleed 4a make a conversion. To use 
the diagram for the conversion of miles to kilometres, 
for instance, a straight edge is placed on the diagram 
so that its edge marks the number of miles on the upper 
scale and also passes through the point on the diagonal 
line corresponding to miles and kilometres. The 
reading on the lower scale at the point where the 
straight-edge cuts it then gives the equivalent number 
of kilometres directly. A very large number of similar 
conversions can be made in this way, the diagonal line 
having 42 points marked on it, each of which points 
connects one pair of corresponding units. In addition, 
there are two separate horizontal scales for the conversion 
of temperatures from Fahrenheit to Centigrade units 
and vice versa. The price of the diagram, which is 
obtainable from the address given above, is 3 dols. 
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Fig. 46. 
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PLATE XXIV. 





[ENT SCHEME, BRITISH COLUMBIA; THE BLIND SLOUGH DAM. 


(For Description, see Page 348 ) 
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Offices for Publication and Advertisements, 
$5 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
--omewhat similar titles. 

TELEGRAPHIC) ‘“‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 

TrLEPHONE NUMBERS—3663 and 8598 GERRARD. 


‘SUBSCRIPTIONS, HOME AND FOREIGN. 


«““ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 











'n advance :— 
For the United Kingdom ....................000 £3 5 0 
For Canada— 
Thin paper copies .............c0csc0 £218 6 
Thick paper copies..................00 £3 3 0 
For all other places abroad— 
Thin paper Copies .......0.......ssessee £3 3 0 
Thick paper copies ................0 £3 7 6 





Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address, 


| When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. ‘Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
ide, divisible into four columns of 2} in. in width. 
ial advertisements will be inserted with all practic- 
ble regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 























)10 days previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” LTD. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.O.2. 
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THE METERING OF FLUIDS. 


One of the collateral advantages associated with 
the use of electricity for lighting or power is the 
ease and accuracy with which it can be metered. 
The station engineer can easily determine with 
practically laboratory precision the output of his 
generators, but it is far less easy to fix with corres- 
ponding rigour the steam-rate of his turbines. 
In the discussion on boiler trials held last winter at 
the Institution of Civil Engineers, most of the 
speakers held to the view that the only reliable 
method of determining the figure in question lay in 
the use of calibrated tanks to receive the condensate 
from the turbines, As we suggested at the time in 
commenting on the debate, this distrust of meters 
was unduly pessimistic, though it cannot, of course, 
be denied, that the engineer who purchases the first 
meter that offers and instals it at the first convenient 
spot, is simply asking for trouble. 

In opposition to the general view, Mr. J. L. 
Hodgson maintained that steam and water meters 
were not merely convenient, but that properly 
designed and intelligently located they might be 
fairly classed amongst instruments of precision. 
In a paper entitled ‘‘ The Orifice as a Basis of Flow 
Measurement,” contributed to the Proc. Inst. C.E., 
and now published, Mr. Hodgson gives particulars 
of the long and painstaking investigation into the 
discharge through orifices on which he based his 
claims. The research extended over a period of 
16 years, and in it was thoroughly examined, the 
effects on orifice flow of different ratios of pipe 
diameter to orifice diameter, of the rate of flow, 
and of the physical properties of the fluid. 
Accurate tests were made with orifices fixed on 
mains ranging from 3? in. up to 44 in. in diameter, 
and in the case of elastic fluids with pressure ratios 
ranging from nearly unity up to the critical value. 
The results have been plotted.as curves, the abscissz 
in some cases being Reynolds number, and in others 


*| the pressure ratio, or the ratio of pipe diameter to 


orifice diameter. The complete set provides co- 
efficients for calculating discharges which cover all 
practical cases. In the plots made with Reynolds 
number as abscisse it is noticeable how observations 
made with air fall on the same curves as results 
obtained with various mixtures of water and 
glycerine. 

Mr. Hodgson is a strong advocate of the simple 
square edged hole in a fairly thick plate, as opposed 
to nozzles and sharp edged orifices. The simple 
square edged hole can easily be reproduced with very 
great precision, which is not the case with its rivals. 
The use of a relatively thick plate is recommended 
because it has been found that when, as in some 
makes of steam meter the orifice plate is only 
2 in. thick for an 8-in. pipe, it is very liable to 
buckle in service. Mr. Hodgson holds that even 
for a 3-in. pipe the orifice plate should not be less 
than +; in, to } in, in thickness. 

On pulsating flows all orifice meters are liable to 
give an inaccurate reading. In the case of liquids 
the pulsations can be damped out by the use of air 
vessels or break pressure tanks, but with gases 
pressure waves may travel up and down the pressure 
pipe and cause spurious readings. This difficulty 
does not arise with steam because the pressure 
pipe fills with water which damps out the pressure 
waves. For air metering Mr. Hodgson recommends 
either that the pressure be reduced to that of the 
atmosphere before the fluid reaches the meter, or 
that sufficient receiver capacity and throttling be 
introduced between the source of the pulsations and 
the meter. 

No matter how carefully an “ orifice ” meter has 
been designed and calibrated, its value may be 
entirely discounted if it be fixed in the neighbour- 
hood of a valve, or a bend or other discontinuity in 
the pipe line. When a fluid passes round a bend 
it leaves it in a very disturbed state, and the charac- 
ter of the flow in the straight pipe beyond the bend 
is abnormal for some considerable distance. Now, 
the pressure recorded by a gauge fixed to a pipe 
through which fluid is moving in turbulent flow can 
never be the true static head. This follows because 
in turbulent flow a particle of the fluid is at one 
moment close to the wall, and at the next is near 
the centre of the pipe. Radial momentum has, 
therefore heen destroyed and generated at the wall. 
Hence, the gauge reading must be correspondingly 
greater than the true static head. In most cases 
the error involved is negligible as the correction is 
small. Where, however, small differences of head 
are to be measured, the pressure represented by the 
destruction and generation of radial momentum 
may become of importance. In the case of a 
fluid in normal flow through a straight pipe, the 
head due to this momentum effect will be constant 
along the whole length of the conduit, and a 
differential gauge will give a true value for the 
difference in static head. If, however, the flow 
be more turbulent at one part of the pipe than at a 
succeeding part, the correction for the radial- 
momentum effect will no longer cancel out, and the 
gauge will give inaccurate readings. It is the 
effect above described which is responsible for 
co-efficients of discharge in excess of unity, which 
have at times been recorded with extemporised 
Venturi meters operated at very low rates of 
discharge. It is thus important in the case of all 
meters of the orifice type that there shall be a fair 
run of straight pipe in front of the meter. 





THE WRECK OF THE SHENANDOAH. 


TuosE who have closely followed the progress 
of the rigid airship experiments upon which the 
United States Navy Department has been engaged 
during the past two years must have been painfully 
surprised to learn that the Shenandoah, the smaller 
of the two United States airships, was wrecked 
on the morning of September 3, with the loss of 
life of 14 of her crew. The vessel had already 
successfully negotiated so many difficult and 
severe ordeals that it seemed as if her structure 
had been proved sufficiently strong, and her 
commander and his men skilful, resourceful, and 
courageous enough to win through the most trying 
situation forced on them. The airship was on a 





voyage from her base at Lakehurst to Minneapolis 
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in Minnesota, a distance, as the crow flies, of 
about 1,000 miles. She had started on the morning 
of the previous day, and had completed a little 
over a third of her westward journey, when she 
was wrecked in a severe thunderstorm near Ava, 
a small town in Ohio. Unfortunately, Captain 
Lansdowne, her commanding officer and a very 
skilful and experienced pilot, as well as several 
officers and men, lost their lives in the accident. 
Of a total of 41 persons on board at the time, 
10 of whom were in excess of her normal complement, 
22 escaped death or injury. 

According to the accounts which have come to 
hand, the airship was flying at a height of about 
3,000 ft., the ordinary navigating level, and for 
some time previous to the accident was observed 
to be frequently changing course, as if uncertain 
of the best course to follow, or possibly selecting 
a suitable landing place. One of the crew has 
since stated that for four hours strong adverse 
air currents were encountered, which rendered 
navigation difficult, and caused the commanding 
officer to reduce the weight of his ship by releasing 
water ballast and petrol tanks, and ordering his crew 
to take up positions along the middle line gangway. 

To add to the difficulties there were no meteoro- 
logical stations in the vicinity to give the airship 
the extent, position, and movement of the atmo- 
spheric disturbance, and to guide as to the direction 
to be taken to avoid it. In endeavouring to steer 
a course which would take the airship outside the 
disturbed area the commander appears to have 
run into the centre of the storm. Strong vertical 
air currents were experienced, and in one of these 
the airship was rapidly carried from the normal 
height of 3,000 ft. to one of 5,500 ft. or, according 
to one report, 7,000 ft. In this position the airship 
was broken into three parts, of which one was 
small and is reported to have been carried away 
by the strong wind. Of the two main portions, 
the larger, the after part of the ship, is stated to 
have been about 450 ft. long, and if this is correct 
the five engine cars would be suspended from it, 
whilst the forward portion had the control car 
attached. The length of the after portion indicates 
that the fracture occurred at the greatest cross- 
section. Both parts fell to the ground, but pre- 
sumably at a slow rate, since the casualties are 
relatively small. The larger portion remained 
where it fell, but the fore end, in striking the ground, 
released the control car, and in doing so became 
buoyant, ascended into the air and was carried 
some miles by the wind before it again grounded. 
The remains of the control car were lying within 
50 yards of the after portion of the wreck, and 
in it were found the bodies of the commander 
and some of his officers and men whose posts of 
duty were in the car. 

Such appears to have been the sequence of 
events which followed the failure of the airship’s 
structure, although the cabled reports are not at 
all clear about the circumstances. One eye-witness 
is reported to have stated that the structure did 
not fracture until the airship struck the ground, 
but this is probably explained by the two main 
portions, perhaps lightly connected, falling together, 
and the fore part rising and being blown away 
when the control car was liberated. There was 
no sound of an explosion, such as might have 
been expected if the gasbags were inflated with 
hydrogen. 

The cause of the failure of the structure of the 
airship is obscure. A rapid increase in the height 
from 3,000 ft. to 5,500 ft. would cause the excess 
pressure in the gasbags over the outside atmospheric 
pressure to be augmerted, and this under ordinary 
circumstances is easily and readily reduced to the 
normal amount by “ valving ” the gas, an operation 
carried out from the control car by opening the 
manoeuvring valves on the gasbags. If the release 
of gas by this means is insufficient to regain the 
normal excess pressure, an automatic safety valve 
is fitted to each gasbag which opens and releases 
gas before a predetermined and safe excess pressure 
is reached. According to Captain Heinen, a 
German airship expert who was employed as an 
adviser on the construction of the Shenandoah, 
the number of safety valves had recently been 
decreased from 18 to 10, and to this modification 


he attributes the wreck of the airship. Generally 
each gasbag is fitted with an automatic valve, and 
the reduction in number referred to would imply that 
eight of the gasbags had no safety valves. It is 
suggested that this modification was introduced to 
secure a greater economy in the consumption of 
helium gas, but, if this is so, it is certain that the 
Navy Department would insist upon the addition of 
other means by which an equal or a greater degree 
of safety would be secured, The statement is a 
very serious one. which the responsible authorities 
are understood to be investigating at the earliest 
possible moment. 

It appears improbable, however, that a reduction 
in the number of safety valves was the primary cause 
of the accident. Even supposing the gasbags were 
full at the time, which is unlikely after a 24 hours’ 
flight, the increase in the excess pressure in the 
gasbags in rising 2,500 ft. or even 4,000 ft. would 
be insufficient seriously to strain the material of 
the gasbags or the girders of the ship, even if gas 
were not “valved.” When all the circumstances 
are considered, it appears more than likely that 
the girders failed primarily by excessive stresses 
brought on the structure as a whole. Four engines 
out of the five fitted were working at full revolu- 
tions corresponding to a speed of 50 m.p.h. to 
55 m.p.h. ; at times the storm inclined the airship 
to appreciable angles in the longitudinal direction, 
whilst the air currents were continually and rapidly 
varying in direction and magnitude. Insuch a com- 
bination of circumstances large bending moments 
and shearing forces are brought on an airship, the 
material of the structure as a whole is severely 
strained, and it is probable that, in this instance, 
the stresses exceeded the safe limit and the material 
failed. The conditions in which the Shenandoah 
was navigated were altogether abnormal, and such 
as cannot be reproduced in an aerodynamical 
laboratory or even approximately allowed for in 
calculations, There is no doubt a thorough investi- 
gation into the accident will be ordered by the 
Secretary of the Navy, and in due course the results 
of the inquiry will be published. 

The Shenandoah was the only rigid airship which 
has been designed and built in the United States. 
The design was the work of the Bureau of Aero- 
nautics of the Navy Department, and is understood 
to have been based on the British R.35 class, of 
which R.36 remains and is being reconditioned for 
experimental work in connection with the designs of 
the new British airships. Compared with R.36, the 
Shenandoah was about 10 ft. longer, the diameters 
were the same (79 ft.), whilst the volume was 2} 
against 2,!, million cubic feet. The Shenandoah was 
fitted with five 350-h.p. engines each in a separate 
car, which gave a speed of about 70 m.p.h. The 
airship R.38 was larger, and during her construction 
at Bedford, American officers watched the work, 
and the experience so obtained was utilised in the 
building of the Shenandoah. In addition, a British 
airship expert was loaned to the United States 
authorities as an adviser and overseer. 

The inquiry into the disaster to R.38 was attended 
by an American officer and full details of the results 
of the experiments carried out at the National 
Physical Laboratory and elsewhere to elucidate 
problems arising from the accident were given to 
the American naval authorities. As a result, 
several important modifications were introduced 
into the original design of the Shenandoah, by which 
any likelihood of similar defects to those experienced 
in R.38 was entirely obviated. 

The Shenandoah was completed two years ago, 
and after being subjected to very extensive and 
successful tests was passed into the naval service. 
She has since carried out several long flights, and 
passed through some exacting experiences, which 
have already been referred to in our columns. 
Recently she was successfully moored for some time 
to a sea anchor, and was also towed by the Patoka, 
the U.S. floating airship base, for a distance of 
20 miles. It had just been decided by the Navy 
Department to replace her five engines by three of 
about 700 h.p. each, and by this modification it was 
expected the radius of action would be increased 
and the weight of machinery appreciably reduced. 
Tt was also intended that machine guns should 








be fitted in the near future. 


It will be interesting to watch the sequel to the 
wreck of the Shenandoah in so far as it affects the 
airship policy of the U.S. naval authorities. Two 
years’ experience with the Shenandoah should have 
been sufficient to determine the value of such craft 
as an adjunct to the fleet, whilst the twelve months’ 
very active commission of the Los Angeles should 
have indicated whether the airship was likely to 
prove a successful commercial venture. As yet, 
the responsible authorities have ventured no public 
pronouncement on naval or commercial airships, 
although it has been recently announced that the 
closing of Lakehurst naval airship station is con- 
templated in next year’s estimates. Mr. Wilbur, 
the Navy Secretary, will neither confirm nor deny 
this, but the President is reported to be in favour 
of airships, and has given it as his opinion that a 
ship to replace the Shenandoah will be built. In 
this respect he will probably be guided by the 
responsible technical departments, and these must 
be influenced, to some extent, by the report of the 
inquiry into the loss of the Shenandoah, 

It does not appear unlikely that the wreck of the 
Shenandoah and the resulting decision of the 
U.S. Navy Department on the future of naval 
airships may have some effect on rigid airship 
building in this country, especially as it comes at a 
time when a committee is thoroughly to investigate 
the expenditure of the fighting departments with a 
view to enforcing the strictest economy. 





RAILWAY ACCIDENTS. 


THE year 1924 was not a very fortunate one for 
the railways of this country. The returns which 
have just been issued by the Ministry of Transport 
chronicle a considerable increase in the number of 
accidents and in the casualties resulting therefrom. 
The casualties, indeed, of all classes number nearly 
2,500 in excess of those occurring in 1923, The 
number of persons killed rose by 55 to 462, a great 
part of the increase falling to passengers involved in 
accidents to trains. The number of accidents due 
to collisions was 290, an increase of 44 on the 
previous year. Derailments, it is satisfactory to 
note, showed a decrease, but the number of trains 
running into level crossing gates increased from 
263 to 331. Fires occurred in trains to the number 
of 98, the same figure as that for 1923. 

The number of collisions was higher than for 
several years past. Since the war the figure for this 
class has been as low as 181, but in 1920 there were 
346 collisions on record. Derailments, though 
more numerous last year, with a record of 401 
cases, than in 1921 and 1922—the lowest figure being 
301 for the latter year—were by no means s0 
numerous as in 1920. In that year the high figure 
of 551 was recorded. 

Among the accidents due to failure of rolling stock 
or permanent way, the largest class by far is that 
covering accidents due to failure of couplings. 
Although this class embraces 10,586 accidents it is 
interesting to note that this figure is a good deal 
below that for 1920 (13,002), though again much 
above the lowest figure of 8,885, in recent years, 
recorded for 1922. ‘This class is divided into 
accidents occurring while running, or in starting and 
stopping. For 1924 the figures are 2,904 for the 
first category and 7,682 for the second. Breakages 
numbered 9,210, the largest sub-section being wagon 
drawbars or hooks, of which the failures are put 
down at 4,943. No less than 1,376 accidents arose 
from couplings becoming unhooked. 

It is satisfactory to see that failures of engines, 
due to the bursting of tubes, &c., or breakdown of 
machinery show no tendency to increase. The 
figures for both these classes have fluctuated slightly 
in recent years, but the degree of reliability on the 
whole is high. The number of tyre failures also 
fluctuates about the same levels, in the three years 
1920, 1922 and 1924, the records showing between 
50 and 60 cases, and in 1921 and 1923 between 70 
and 80, In this class, in 1924, when the total was 58, 
wagons were responsible for 38 failures, and engines 
for 16. Passenger coaches may be said to be 
immune from this type of failure, only one casé 
being recorded for 1924. With regard to fastenings, 








19 cases of failures are recorded for Gibson’s patent 
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method, 3 for the Mansell method, and 17 for bolts 
and screws. The tyre failures are classified further 
as 3 failure at bolts and screws, 39 transverse 
fractures and 16 longitudinal splitting, suggesting 
that the material was mainly responsible and not the 
form of attachment. 

The failures of axles show a considerable decrease 
on recent years. In 1920 the figure for these was 
no less than 107; last year it was 71. Engine 
crank-axles were responsible for most of these, 
viz., 31, eight being failures of iron axles in use on the 
London and North Eastern. Straight engine-axles 
to the number of 16 also failed. The number in the 
case of coaches is 5, and for wagons 11. 

As regards rail failures the total recorded for 
1924 is 195, compared with 231 for the previous 
year. No double-headed rail failures are chronicled 
for last year, but 158 single-headed failures and 
35 for Vignoles rails. Other accidents due to the 
condition of permanent way arose from flooding 
and slips. These totalled 78 last year, a number 
which is unusually high, but which is, of course, to a 
great extent dependent upon the meteorological 
conditions of the year. 

The records for 1924 show a considerable increase 
in the number of accidents to employees while 
coupling and uncoupling, getting on and off engines 
and wagons, braking, spragging, &c., while attending 
to machinery in motion, working on the permanent 
way, andsoon. Although the accidents to employees 
were more numerous than in 1923, most of the 
increase is shown, fortunately, in the minor classes. 
Engine drivers, firemen and guards come in for the 
more serious classes, such as amputations and 
fractures, though permanent-way men and shunters 
suffered far more fatalities than others. 





THE IRON AND STEEL INSTITUTE. 
(Concluded from page 334.) 


CONTINUING our report of the recent meeting of 
the Iron and Steel Institute, at Birmingham, we 
have now to deal with the second and third 
papers presented on Wednesday, the 9th instant. 


THe Davis Steet WHEEL. 


The paper, entitled ““The Davis Steel Wheel 
and its Manufacture in England,” was read by 
its author, Mr. W. R. Martin, who stated that 
he had been in England for some time acting 
in an advisory capacity to Messrs. John Brown 
and Co., Limited. This firm had put into opera- 
tion a new plant, specially laid down at their Scun- 
thorpe works, for the production of Davis wheels. 
The Davis wheel, as it was known to-day, consisted 
of a soft and safe plate and boss, and a long- 
wearing tread of water-toughened manganese steel. 
The most successful combination was arrived at by 
utilising a high-grade commercial cast steel of 
relatively low carbon content, that portion of the 
casting which formed the tyre of the wheel having 
added to it sufficient manganese to provide the 
strength and wear-resisting qualities desired. The 
manganese was added in the form of finely divided 
80 per cent. ferro-manganese. To bring under 
satisfactory control this addition of manganese 
had been a difficult matter, and necessitated a 
control of the rate of flow of the molten steel. 
This had been accomplished by the introduction 
of an intermediate pouring cup, which, though in 
itself a very simple device, gave remarkably satis- 
factory results. Having developed this differential 
composition in a one-piece structure, the next 
problem was that of suitable heat treatment. As a 
first operation, a standard annealing treatment was 
evolved. After this annealing, the wheels were put 
through the finishing operations, including the 
turning of the tread to contour. The tyre portion 
of manganese steel was then given a special water- 
toughening quench, in such a manner as to produce 
a tread metal with the particular combination of 
the toughness, hardness, and high-tensile properties 
desired. This heat treatment was followed by 
various quality tests, which formed part of the final 
inspection before the wheel was despatched for 
service. 

The author gave a very detailed description 
of the method of manufacture of the Davis wheel 





and of the special plant required, illustrating his 
remarks by means of lantern slides. We hope to 
reproduce this paper in a subsequent issue. 

Sir William Ellis, who opened the discussion, 
stated that he found himself in a somewhat difficult 
position on account of the direct association of his 
firm, Messrs. John Brown and Company, with the 
manufacture of the Davis wheel. He thought, 
however, that the paper was of considerable 
metallurgical importance. The application of this 
method of casting had made much progress in 
America, and he considered the matter to be of 
scientific interest to members of the Institute. 

Mr. E. H. Saniter said that he was very interested 
in the centrifugal method of casting employed. 
He welcomed the paper as being of considerable 
importance from a metallurgical point of view. 
The expression ‘‘ water-toughened manganese-steel 
tread ” had been used. When the slide, giving the 
chemical composition at various points of the 
wheel, -was shown on the screen, he found that this 
was not Sir Robert Hadfield’s manganese steel, but 
a material containing something under 2 per cent. 
of manganese, which had been hardened intensely 
by the water treatment. He thought that the 
author should have given details, in his paper, as 
to the chemical compositions of the casting. 

Mr. R. Mather thought that the information 
contained in the paper was somewhat scanty. On 
reading the paper, he had also thought that the 
tread was composed of high-manganese steel ; 
the author should have included analyses of the 
metal. Further information with regard to heat- 
treatment temperatures would also be of interest. 
The centrifugal casting of a piece of steel of differen- 
tial composition, was interesting. He thought that 
the process must have necessitated much experimen- 
tal work before successful results were obtained. 

Mr. F. W. Harbord asked the author to furnish 
particulars as to whether the manganese was 
injected in the solid or in the liquid form. 

Dr. W. H. Hatfield said that, like Sir William 
Ellis, he was directly interested in the Davis wheel. 
He was well acquainted with the process of manu- 
facture, and had inspected a large number of the 
finished castings. He had sectioned them in all 
directions and had done many macro-etchings. He 
admitted that he had had doubts as to the process, 
at first, but he could assure the members that the 
plant worked well and the results obtained were 
quite consistent. Mechanical tests conducted on 
pieces cut from the centre of the Davis wheels gave 
tests of the same order of consistency as those 
obtained from ordinary wheel centres. The tread 
gave a uniform Brinell figure of approximately 
300 and the tapering off of the hardness was quite 
gradual. Mr. Harbord had asked if the manganese 
was added in the solid or in the liquid form. It was 
added in the form of powdered ferro-manganese. 
He could assure the members that the manganese 
did find its proper place in the wheel. He had 
every confidence that the manufacture of the Davis 
wheel would be considerably extended. The 
problems with regard to tyres and wheel centres, 
which faced engineers, were very real, and he 
thought the wheel they were discussing would go 
far in the solving of them. 

Mr. C. E. Stromeyer stated that the reduction in 
thickness of the rim, and its relation to questions of 
vibration in the rolling-stock, would be a matter of 
great interest to railway engineers. 

Sir William Ellis paid a tribute to the complete 
and straightforward way in which American metal- 
lurgists had supplied information to their confréres 
in England. The latter had experienced little 
trouble, because they had had the benefit of the 
experience of the former. From the engineering 
point of view, the Davis wheel was of interest. 
In the case of metropolitan and tube railways, the 
braking was heavy and continuous. Considerable 
heat was generated. and the liability of the tyres 
to come away from the centres was a contingency 
which was quite absent if Davis wheels were em- 
ployed. This also applied to railways where the 
braking was perhaps not so continuous, but where 
heavy gradients were encountered. The introduc- 
tion of the Davis wheel on the Indian railways was 
likely to prove useful. Tyres on Indian rolling stock 
appeared to suffer much more from rapid wear than 











was the case in this country. The introduction 
of a new wheel must be, and ought to be, reason- 
ably slow, to permit of exhaustive tests being carried 
out, and the greatest attention to tests was being 
paid by his firm, before the wheel was introduced 
into main-line service. 

Mr. Martin, in his reply, stated that he had been 
unable to go into great detail ; his paper was intended 
to give a general idea of the manufacture of the 
Davis wheel. In answer to one question, the 
ferro-manganese was added in finely-divided form 
which was carefully sized. The injection of the 
manganese was very simply accomplished by means 
of compressed air, used at a fixed pressure. The whole 
operation was nearly automatic, requiring only the 
working of a valve, In the making of a wheel, the 
time, during which the manganese was added, could 
be controlled to one-fifth of a second. Tables of 
Brinell numbers showing the differential hardness, 
and other figures of interest, would be communi- 
cated for inclusion in the report of the discussion. 


Street Moutpirne SANDs. 


The last paper taken on Wednesday. was 
a Carnegie Scholarship Memoir, entitled ‘“‘ Steel 
Moulding Sands and their Behaviour under High 
Temperatures’; it was read in abstract by the 
author, Mr. A. L. Curtis. A wide difference existed 
in the character of the materials used in the prepa- 
ration of moulds for casting steel. These materials 
might be divided into three groups, namely— 
A. Steel moulder’s composition. B. Natural argil- 
laceous sands. C. Artificial ‘steel facing sands,” 
or proprietary mixtures, 

The present research was chiefly devoted to an 
investigation of B and C. It was proved that 
very great variation occurred in natural argil- 
laceous sands of Pliocene origin, of which the 
variety found at St. Erth (Cornwall) might be 
taken as well representative, and, that similar varia- 
tion occurred in steel-facing mixtures used in current 
practice. It was, therefore, safe to assume that 
much more frequent control tests were necessary 
before, either choosing supplies of raw sands, or 
preparing facing mixtures in the steel foundry. 
The variation in quality of natural sands was shown 
to be more quickly proved by refractory and wash- 
ing tests than by chemical analysis. Control tests 
could, therefore, be rapidly made by these methods 
whilst permeability and crushing (dry) tests, 
afforded a sufficient indication of the physical 
qualities of any resultant facing mixture. We hope 
to deal more fully with Mr. Curtis’ paper in a 
subsequent issue. 

Sir Robert Hadfield, who spoke first, said that 
metallurgists owed a debt of gratitude to the author. 
Formerly the mixing of sands in the foundry was 
done very much by “rule of thumb,” but, owing 
to the efforts of men like Mr. Curtis the subject 
had been placed upon a more scientific level. 
Bad castings had often been produced by the 
use of bad moulding mixtures. The quality of 
the steel had been blamed, but the sand from 
which the mould had been made was really the 
faulty material. 

Professor T. Turner agreed that the composition 
and character of sands for moulds was a highly 
important matter. The British Cast-Iron Research 
Association and the Foundrymen’s Association had 
carried out much good work in this connection. 
Mr. Moss, one of his students, had conducted an 
extensive investigation upon the sands used in the 
Birmingham district. He was pleased to note the 
good results obtained by the author in his deter- 
minations of the softening temperatures of sands, 
by means of the oxy-hydrogen blowpipe. The 
permeability apparatus used by Mr. Moss and 
himself was very similar to the one described by 
the author. A moulding sand should not be too 
fine, nor too argillaceous, neither should it be 
too dry, nor too readily melted. The question 
of porosity was also of great importance. Professor 
Turner was of opinion that Mr. Curtis’s paper was 
the most comprehensive contribution, which the 
Institute had yet received, upon a very important 
subject. 

Mr. H. B. Toy said that the question cf a suitable 
moulding sand was as important as that of a 
suitable steel for casting purposes. He found that, 
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abroad, the department in which the moulding sand 
was mixed, was considered to be the most important 
section of the foundry. He quite agreed with that 
view. Foundrymen found it necessary to alter 
the sand used according to the weight of the 
casting produced. He, also, wished to thank the 
author for the invaluable information he had 
given them. 

Mr. Sillars questioned a statement, made by the 
author, which was to the effect that refractory 
tests carried out by means of the oxy-hydrogen 
blowpipe gave a better indication of the variation 
in quality of sands than did chemical analysis. 

Mr. Curtis, in his reply, stated that he would 
have welcomed a little more criticism on the part 
of members. He was convinced of the value of 
the oxy-hydrogen blowpipe tests. Little informa- 
tion could be gained from chemical analysis alone, 
as to how firebricks would behave at high tem- 
peratures in, say, a rotary cement kiln used for 
calcining clinker. ‘Tests involving exposure of the 
material to the blowpipe for a very short space of 
time at 1,700 deg. C., had supplied the necessary 
data. He asked members who were faced with 
foundry problems to submit samples of their 
moulding sands to him and he would be pleased 
to examine them. The question of permeability 
was of great importance ; the permeability of steel 
facing-sand mixtures, used in English steel foundries, 
which he had examined, had been found to vary 
from 29-5 to 134-6; the best results were obtained 
with sands having a permeability ranging from 
70 to 100, 

Dr. W. H. Hatfield here asked if the author 
could give him any information as to the correlation 
of fusion temperature with the non-adherence of 
the steel to the surface of the mould. 

The author stated in reply that this question 
was not so much one of refractoriness as one of 
using a sand of the right grain size. 

The Chairman thanked the authors for their 
contributions and declared the meeting adjourned 
until Thursday morning, September 10. After a 
luncheon at the Grand Hotel, given by the local 
reception committee, the members visited various 
metallurgical works in the Birmingham district. 


Buast-FURNACE PRACTICE IN INDIA. 


The meeting was continued on Thursday, the 
10th inst., when Sir Frederick Mills again occupied 
the chair, He announced at the beginning of the 
proceedings that Sir W. Peter Rylands had under- 
taken the office of President for the ensuing year. 
Mr. G. C. Lloyd, the secretary, also announced 
that Mr. Arthur Dorman had been asked to fill 
an interim vacancy which had occurred on the 
council. 

The first paper taken was entitled ‘‘ Notes on 
Blast-Furnace Practice in India, with Special 
Reference to Economy in Coke Consumption” ; 
it was by Mr. J. L. Keenan, of the Tata Iron and 
Steel Company, Jamshedpur, who read it in abstract. 
The author stated that the hematite used at the 
Tata blast-furnace plant was obtained from three 
mines, each situated at a distance of some fifty miles 
from the works site. These ores gave average 
analyses of 59 per cent., 56 per cent., and 65 per 
cent., of iron, and 0-066 per cent., 0-093 per cent., 
and 0-065 per cent. of phosphorus respectively. 
Both dolomite and limestone were used as fluxes ; 
the two chief deposits worked were, respectively, 
106 and 120 miles from the works site, on the main 
line of the Bengal-Nagpur Railway. Coking coal 
was obtained from the Jherria coalfield and gas coal 
from the Raniganj coal-ficld; both were served by 
the East Indian Railway. The Tata blast-furnace 
plant consisted of five skip-filled furnaces. Furnaces 
A and B were 77 ft. in height, and the original 
12-ft. hearths had been enlarged in 1916 to 14 ft. 8 in, 
Furnace E, originally at Battelle, Alabama, was 
dismantled during the war and re-erected in India 
with the same lines as A and B. Furnaces 
C and D were of quite recent construction ; 
they were 87 ft. high and had 17-ft. hearths. The 


coke-oven plant, consisting of ovens of various 
types, produced approximately 2,350 tons of coke 
per 24 hours. The two main features of interest 
concerning furnace practice in India were: (1) the 


of high ash content (average 21-4 per cent.) and 
high solubility ; (2) fuel economy resulting from 
changes in furnace lines. Experiments in the latter 
connection had given interesting results. Whilst 
theory with regard to reduction in coke consumption, 
consequent upon lowering the top of the bosh and 
therefore the zone of fusion, was a matter of pure 
conjecture, the author believed that such economy 
was the result of a more economical production and 
utilisation of CO. Whatever the correct theory, 
the main commercial result held—namely, that 
by such alteration in furnace lines the coke con- 
sumption per ton of pig-iron produced had been 
lowered by 470 lb., a reduction of 17 per cent. 

Mr. E. C. Evans was of opinion that members 
owed Mr. Keenan a debt of gratitude for his excellent 
paper. Blast-furnace practice in India differed in 
many respects from current English practice. While, 
on the one hand, a pure ore was used, on the other, 
the coke available was of inferior quality. The 
high ash content of Indian coals was a question 
which had always presented serious difficulties. 
He would like to ask Mr. Keenan a few questions. 
The author had said that, by increasing the stove 
heat and paying particular attention to the rotation 
of filling, the pressure on all the furnaces was reduced. 
He was not quite clear as to Mr. Keenan’s meaning 
and would like further information. He would 
also like to know if the change in furnace lines had 
made any difference to the life of the furnaces. 
From observations made during his stay in India, 
he had come to the conclusion that the coke made 
in that country, although small, seemed to be 
comparatively tough. Mr. Keenan had said that 
Indian coke possessed a high solubility ; he did not 
know whether it was more soluble than British coke. 
This was a point which he would like to investigate. 

Mr. J. Henderson thought that the question of 
fuel economy in blast-furnace practice was a most 
important one. Speaking of the North Lincoln- 
shire area, he was of opinion that coke consumption 
could be reduced. 

Mr. A. Hutchinson, who spoke next, stated that 
the most interesting point revealed in Mr. Keenan’s 
paper was that, in India, they had succeeded in 
producing a good iron, using pure hematite and a 
coke, which was certainly inferior to high-grade 
Durham coke. He also would like to know what 
effect the alteration of the lines of the furnace had 
upon the life of the latter. 

Mr. D. Sillars said that the author had given 
them very complete records of the operation of 
his blast furnaces. He was desirous of knowing, 
however, the percentage of error which was likely 
to exist in the various determinations. Figures 
for the volumes of air blown, were difficult to obtain, 
and he would like to know how the values quoted 
had been arrived at. He quite agreed that furnace 
lines had a high influence upon production. In 
Great Britain, however, blast furnaces were so 
seldom blown out that it was difficult to study the 
effect of changes in furnace lines with any degree 
of continuity. The theoretical considerations given 
in Mr. Keenan’s paper were, he thought, not new ; 
they were nevertheless of great interest. 

Mr. R. Mather stated that one point in connec- 
tion with Indian blast-furnace practice, which had 
not been mentioned in the paper, was that, work- 
ing with a pure hematite ore, basic pig iron was 
produced. This was due to the fact that the coal, 
from which the coke was made, contained so much 
phosphorus that only a phosphoric pig could 
result. A notable feature of the work at Jamshedpur 
was the regular grade of sizing of all raw materials 
passing into the furnaces. Figures gleaned from 
the appendices, given by the author, showed that, 
for the first two months of the present year, 66,000 
tons of pig had been made, at the rate of 560 tons 
per furnace per day, on less than 14 ewts. of fixed 
carbon per ton, under circumstances which involved 
over 12 cwts. of slag per ton, and charging less than 
4 cwt. of scrap per ton of iron. Using British blast- 
furnace practice as a basis of contparison, he thought 
that these were results upon which Mr. Keenan 
was to be heartily congratulated. The view had 
been expressed in England that, if a big production 
of iron were aimed at, the quality of the material 
would suffer. When in India, as Metallurgical 
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Inspector to the Government, it had been his duty 





to inspect products from the Tata works. Tests 
had shown these to be satisfactory in every way. 
With regard to furnace lines, the author had said 
that he would have an opportunity, in the near 
future, of observing the saving in fuel resulting 
from shorter boshes, as one of the old units was at 
present being relined. Mr. Mather hoped that he 
would furnish the Institute with particulars of this 
new investigation. 

Professor H. Louis asked if Mr. Keenan would 
give the meeting the number and the diameter of 
the tuyeres, and the height of the tuyere lines, 
He also asked if any marked difference in Indian 
practice was caused by the change in the atmosphere 
during the wet and the dry seasons. The question 
of high-ash coal was of interest and importance. 
Some 18 years previously he had proceeded to 
India, in company with the late Mr. EK. P. Martin, 
to investigate the iron-making industry in that 
country. He had paid a great deal of attention 
to the coal, and had examined specimens by means 
of the X-rays. He found the ash to be so very 
finely divided that he had given up all hopes of 
washing the coal free from it, on a commercial 
scale, at all events. 

Mr. E. Adamson said that Mr. Mather had raised 
the question of quality and had laid stress on that 
point. It had been his experience that if one 
increased outputs by “hard-driving” a furnace, 
the product obtained did not give the same results 
as that produced in a furnace which had not been 
driven at the same high rate. 

Mr. E. E. Wood stated that the ash percentage 
in the coal had been given as 21-4. He thought 
it would be of interest if they could be informed 
of the chemical composition of the ash. 

Mr. J. L. Keenan, in reply to Mr. Evans’s question 
regarding the use of the expression “‘rotation of 
filling,” stated that he meant the order in which 
coke, ore, and flux were charged into the furnace. 
The bells of the charging hoppers were 12 ft. in 
diameter, in the case of furnaces C and D, and 9 ft. 
in diameter in the case of furnaces A and B, i.¢., 
they were smaller by 4 ft. than the diameter of the 
top of each furnace. The blast was supplied by 
two power-houses. Furnaces A, B and E were 
equipped with three Escher Wyss 35,000 cub. ft. 
capacity, and one 37,000 cub. ft. Ingersoll Rand 
turbo-blowers. Furnaces C and D were equipped 
with four 45,000 cub. ft. General Electric turbo- 
blowers. The volume of air passing into each 
furnace was determined frequently, and this deter- 
mination presented no great difficulty. In answer 
to Professor Louis, the tuyeres of furnaces A and 
B were eight in number, and those of C and D were 
12 in number. The diameters and lengths varied, 
some being 6 in. in diameter and 12 in. or 15 in. 
long, while others were 5 in. in diameter and 
12 in. or 15 in. long. Other questions would be 
answered by correspondence. 


THe PROPERTIES OF SINGLE IRoN CRYSTALS. 


The paper by Professor C. A. Edwards and 
Mr. L. B. Pfeil, entitled, “The Tensile Properties 
of Single Iron Crystals, and the Influence of Crystal 
Size upon the Tensile Properties of Iron,” and the 
note by Miss C. F. Elam on “The Orientation of 
Crystals Produced by Heating Strained Iron,” 
were considered together. 

The first of these two contributions was sum- 
marised by Mr. L. B. Pfeil, who stated that the 
present investigation was an extension of a research, 
the results of which had been presented at the May 
meeting of the Institute, in 1924.* The material 
used was of the same analysis as that employed 
previously, and the crystals were prepared in 
much the same way as had been described in the 
earlier paper; some small modifications had been 
introduced, however, which allowed very large 
crystals to be made with greater certainty. Re- 
viewing the results of tensile tests made on a num ber 
of single iron crystals, it was seen that, with very 
few exceptions, the tensile strength value given 
by large crystals was about 10 tons per square inch. 
The limit of proportionality, for a single crystal, 
was very low, amounting to only about 2 tons per 
square inch, or one-fourth that of finely-crystalline, 








* See ENGINEERING, vol. cxvii, pages 632, 651 and 687. 
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iron. The limit of proportionality had, moreover 
b2en found to bear no relation to the tensile strength. 
Values for elongation were very variable; there 
was a tendency in the direction of greater elonga- 
tion with greater tensile strength. A point of 
interest was that relatively small single crystals 
gave more variable results for tensile strength than 
relatively large ones. The various factors which 
governed the growth of crystals, after recrystallisa- 
tion, in pure, or nearly pure, iron were by no means 
well understood. Great difficulties had been en- 
countered in the present investigation in obtaining 
certain desired crystal sizes. The undesired pro- 
duction of columnar crystals, of a very large size, 
was, perhaps, the greatest difficulty encountered. 
It was evident that a great deal more work was 
necessary before complete understanding as to 
the relation existing between the mechanical 
properties and the structure of iron could be 
arrived at. 

The second paper was then read by Miss C. F. 
Elam. We reprint this on page 368 of the present 
issue and therefore proceed at once to the discus- 
sion. Miss Elam, who spoke first, said that the 
authors of the first paper considered that the 
lowest value for tensile strength in an iron crystal 
would be obtained when two slip planes of the 
crystal made angles of 45 deg. with the axis of 
stress—that is, when two planes coincided with 
planes of maximum shear—and that higher values 
for tensile strength would be obtained when there 
were no planes lying at this angle. She doubted 
whether it was possible or wise to speculate too much 
upon the question of slip planes until the matter 
had been more fully investigated. Her paper was 
really a contribution to the discussion on the paper 
by Professor Edwards and Mr. Pfeil. 

Professor H. C. H. Carpenter stated that the 
determination of the crystal axes relative to 
the direction of straining, as carried out by 
Miss Elam, was work of the utmost value. The 
authors of the first paper had stated that, in the 
preparation of their crystal strips, they had found 
it necessary to remove the surface film of fine 
crystals by careful filing before the existence of the 
large crystals could be detected by light etching. 
He desired to know whether they had carried out 
their tests on the filed strips or whether these had 
been subsequently polished. Stress-elongation 
curves of single crystals plotted by the authors 
were, scientifically, extremely interesting, since they 
showed that no yield point had been obtained. 
Other stress-elongation values determined upon a 
range of test-pieces containing a steadily increasing 
number of crystals per square millimetre, showed 
that yield point developed as crystal size diminished. 
The figure, given by the authors, for the limit of 
proportionality for single iron crystals was 2 tons per 
square inch. He thought this value was too high. 
The authors had probably tested the metal in the 
filed condition; they might have subjected their 
specimens to a subsequent polish, but, in any case, 
they had given them a filing treatment. This 
procedure had, he thought, an effect on the limit 
of proportionality, possibly causing it to be on 
the high side. With reference to the preparation 
of single crystals, he would like to know whether 
the authors had experimented with round or square 
bars. He was pleased to note that they were 
extending their researches, and he wished them 
every success. 

Sir William Ellis said that he had recently spent 
an interesting morning at the University College, 
Swansea, and he was pleased to note the growing 
importance of this comparatively new centre. 

Professor Desch said that researches of the type 
they were discussing were important in that they 
concerned the fundamental behaviour of metals. 
The stress-elongation curves of single crystals, 
plotted by the authors, showed no indication of 
yield point because this latter property was due to 
the rapid transference of stress from one crystal to 
another. The elastic limit of a single crystal, one 
would expect to be extremely low. The authors 
had given 45 deg. as being the angle between two 
slip planes and the axis of stress, when slipping 
occurred. He thought that 40 deg. was a more 
likely figure. Liiders lines appeared, not at 45 deg., 
butat 40 deg. He agreed that it would be interesting 





to find out along which planes slipping occurred in 
crystals. Miss Elam’s paper also contained much 
of interest, her microphotograph which showed two 
adjacent crystals having entirely different charac- 
teristics was very striking. 

Dr. F. Johnson was of opinion that single crystals 
obtained from round bars would be preferable 
in many ways. The first paper was of great interest 
to him because he had carried out work of a similar 
nature upon copper. With regard to the figure in 
Miss Elam’s paper, showing etching pits on the one 
crystal and none on the other, the author had 
suggested that the crystal containing etching pits 
was softer than the other. He advanced the theory 
that it was possible that the “flowed” metal on 
the crystal, which was considered to be the harder, 
had not been completely removed. 

Professor C. O. Bannister stated that the first 
authors had submitted two curves, in which the 
limits of proportionality and the tensile strengths had 
been plotted against crystal size. They had shown 
that, with large crystals, the limit of proportionality 
was very low; as the crystal size decreased, however, 
the limit rapidly rose until a maximum of 10 tons 
per square inch at 145 crystals per square millimetre 
was reached. With still smaller crystals, the 
limit rapidly fell to 6 tons per square inch, after 
which it remained constant, the finest crystal size 
(300 crystals per square millimetre) having a limit 
of proportionality of 6-0 tons per square inch. In 
another series of experiments, conducted on similar 
lines, the maxima did not occur at the same crystal 
size, and the authors had stated that this might be 
ascribed to the difference in composition of the two 
samples of mild steel sheet, from which each series 
of specimens had been taken. He contended that 
there was insufficient evidence to show the impor- 
tance of these maximum points. With regard to the 
differences in the chemical composition of the two 
steel sheets employed, he thought that these 
differences were so small that they were within the 
limits of analytical experimental error. The 
methods which the authors had used in order to 
obtain various sizes of crystals had differed widely. 
He was of opinion that it would be necessary to have 
a uniform method of preparing the crystals before 
definitely comparable results could be put forward. 

Professor Edwards, in his reply, agreed that 
Miss Elam’s paper was really a contribution to the 
discussion on the paper contributed by Mr. Pfeil 
and himself. He would reply in writing to many 
of the points raised by members. With regard to 
the production of single crystals from round or 
square bars, he said that Mr. Pfeil was actually 
obtaining them from this type of material. He 
agreed, to some considerable extent, with Professor 
Bannister’s remarks; possibly when research had 
been carried further, they would find that the 
maxima were rather misleading. The authors were 
of opinion, however, that the results, which they had 
obtained, possessed some significance. With regard 
to the chemical composition of the steels used, he 
did not think that the slight differences in manganese, 
phosphorus and other similar ingredients had much 
effect, but there were other elements to be con- 
sidered. The original content of oxygen, which 
they had, to a large extent, removed, had, very 
probably, a bearing upon the subject. The authors 
had been compelled to adopt different methods of 
heat treatment in order to produce crystals of 
various sizes. Whether the results obtained were 
due to crystal size or whether they were due to the 
effect of the different heat treatments, rendered 
necessary, were matters which needed further 
investigation. 


TEMPERATURE AND THE NOTCHED-BaR TEST. 


The next paper considered was entitled ‘The 
Effect of Temperature on the Behaviour of Iron 
and Steel in the Notched-Bar Impact Test.” The 
authors were Dr. R. H. Greaves and Mr. J. A. 
Jones; the paper was read in abstract by the 
latter. It contained an account of tests made in 
the 30-kilogram-metre Charpy machine, using the 
B.E.S.A. standard test-piece. Notched-bar tests 
were made on a wide variety of materials, at 
temperatures ranging from — 80 deg. C. to 1,000 
deg. C. Experiments were also made with a view 


of the impact value-temperature curve. Further- 
more, the shape of the notch and other factors 
affecting the test were investigated. 

We hope to reproduce the paper, in abridged 
form, in a subsequent issue. 

Sir Robert Hadfield stated that he was surprised 
to find that no reference had been made to the 
work of M. Charles .Frémont, who had been awarded 
the Bessemer Gold Medal in 1921. He (Sir Robert) 
had dealt with low temperature impact tests in a 
paper presented in 1900. He had shown that all 
steels were embrittled by exposure to low tempera- 
ture, with the exception of those which were, on 
micro-examination, found to have been austenitic in 
structure. These appeared to be improved by the 
temperature treatment. 

Mr. C. E. Stromeyer was of opinion that the 
expression ‘‘ blue-heat”’ had too wide a meaning. 
He recalled that it was a term which had been 
coined by Mr. Barnaby at the Admiralty over 
forty years ago. 

Mr. 8. A. Main referred to a paper which Sir 
Robert Hadfield and he had presented to the 
Institution of Civil Engineers in December, 1920. 
Specimens cut from the same piece of steel gave 
results which were occasionally widely divergent. 
This was a point always to be borne in mind when 
applying shock tests to materials. He was glad 
that the B.E.S.A. form of test piece had been 
adopted ; standardisation was particularly useful 
in the case of notched-bar impact tests. 

The Chairman asked the authors to communicate 
their reply to the discussion in writing. 


Ancient Iron. 


Mr. W. E. Thorneycroft then read a paper by 
Dr. J. Newton Friend and himself, entitled, ‘““Ancient 
Tron from Richborough and Folkestone.” The 
authors had examined a considerable number of 
specimens of iron found in the course of the recent 
excavations at Richborough Castle, near Sandwich, 
Kent. These specimens could be divided into two 
groups, namely, (a) iron nails, certainly of Roman 
origin ; (6) pieces of iron of various shapes, and in 
various stages of corrosion, most probably of 
Roman origin, but possibly somewhat later. Iron 
articles emanating from the Roman villas, excavated 
recently at East Cliff, Folkestone, were also 
examined. A micrographic examination showed 
the metal to be very irregular in structure, some 
portions gave a typical ferrite structure, with only 
small amounts of pearlite. The more highly 
carburised portions showed varying structures. 
Tests showed Roman iron to be distinctly less 
corrodible than the modern metal. It was deeply 
pitted, and it seemed as though the pits tended 
to end at the laminations, and not to pass indefinitely 
through the metal, as frequently occurred in modern 
homogeneous mild steel. Probably, therefore, it 
was the irregularly laminated structure which 
assisted in the preservation of these early specimens. 
The low density of the metal was, undoubtedly, 
largely due to the- presence of hollows, and slag or 
oxide inclusions. 

Sir Robert Hadfield recalled a paper which he had 
presented to the Institute in 1912. In this he had 
given the results of an investigation upon ancient 
Sinhalese iron and steel. Soon after the paper 
was read, he had received pieces taken from the 
famous Delhi iron pillar. The latter had been 
made in the year 300 a.D. and was, therefore, 
over 1,600 years old ; analysis showed that it con- 
tained 99-72 per cent. of iron (by actual estima- 
tion). All impurities were low, with the exception 
of the phosphorus, which amounted to 0-114 
per cent. The material from which the pillar 
was made seemed less corrodible than modern 
iron, and the striking fact about it was that it 
was freer from inclusions than any other iron he 
had examined. It was purer even than Swedish 
charcoal iron. He thought that this freedom from 
inclusions accounted for the non-corrodibility of 
the pillar, because he believed that inclusions 
were the basis of corrosion. How the pillar had 
been made, it had been impossible to ascertain 
with any certainty. A theory that it had been 
built up by the welding together of small lumps 
had been advanced. Professor Desch had dealt 
with this matter in his book on metallography. 





to ascertaining the effect of cold work on the form 
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The fact remained that the iron was of better 
quality than any we could produce to-day. It 
was undoubtedly a charcoal iron, but the charcoal 
used must have been of high purity. 

Professor H. Louis thought that the degree to 
which Roman iron had become corroded was very 
much a matter of atmosphere and condition of 
soil. Specimens of Roman iron excavated near 
Newcastle had been found, upon examination, to 
consist entirely of iron hydroxide. One could not, 
therefore, come to definite conclusions as to the 
non-corrodibility of ancient iron. 

Mr. H. G. Graves said that he had seen the Delhi 
pillar, and also, many other columns of a similar 
type, which existed in various parts of India. Some 
were rustless, while others were corroded ; in the 
case of a few columns, portions of the surface were 
smooth and unattacked, while other portions had 
suffered erosion. He was of opinion that, on the 
whole, the non-corrodibility shown by various 
pillars in India was, not so much a question of 
chemical composition, as one of sun and soil. 

Mr. Marks considered that marine corrosion was 
due primarily to segregation in the steel. The circu- 
lation of electrical currents from the ship’s hull, 
parts of the latter being in an anodic condition, had 
a bearing on the subject. The voltage necessary to 
produce corrosion was very low indeed. Of late 
years measures for protecting condenser tubes had 
been instituted ; these were mechanical, chemical, 
or electrical. He thought the most dangerous of 
these three methods was the electrical one. 

Mr. C. E. Stromeyer asked if it would be possible 
to reduce, with hydrogen, or by some other means, 
the hydroxide of iron adhering to excavated speci- 
mens, in order to obtain the article, as nearly as 
possible, in its original form. 

Mr. T. H. Turner invited the members to come 
and inspect a collection of ancient metal specimens 
belonging to the University of Birmingham. 

Sir Frederick Mills asked the authors of the paper 
to reply to the discussion in writing. 


Hien-FreQqQuency InpuUCTION FURNACE 


The last paper taken was by Mr. D. F. Campbell ; 
it described a high-frequency induction furnace, 
which had given excellent results. This will be 
found reproduced on page 351 of this issue. 

As time was limited the Chairman asked 
members to send to the Secretary their contri- 
butions to the discussion. The remaining papers 
on the programme were taken as read, and 
Sir Frederick Mills thanked all the authors for 
their contributions. The usual vote of thanks, to 
the University of Birmingham, for the accommo- 
dation they had kindly afforded for the meeting, 
and to the Chairman, concluded the proceedings. 

Works of interest in the vicinity were visited by 
members on Thursday afternoon, while Friday, 
September 11, was devoted to an excursion to 
Kenilworth, Warwick, and Stratford-on-Avon. 





SCIENTIFIC EXHIBITS AT THE 
BRITISH EMPIRE EXHIBITION. 

In the exhibits collected by the Royal Society 
at Wembley, to which a brief general reference was 
made in our issue of July 10 last, on page 53, 
the largest group is concerned with physics, and 
principally with those physical phenomena that are 
known to be, or are interpreted as, dependent on elec- 
tromagnetic oscillations and radiations. One of the 
great achievements of the last thirty years has been 
to add to the small range of rays contained in 
the visible spectrum, and the extensions on each 
side that were known to e::ist beyond the red and 
the violet, a more or less continuous range of 


waves extending from enormously large wave-| natively from entirely different sources. 


lengths on the one side to unimaginably small on 


the other. The exhibit to which we now propose|in the order of the wave-lengths to which they 
to refer in greater detail, is introduced by a| refer, but they are preceded by a few of considerable 


chart showing the sequence of these waves in the 


order of their lengths. Made to any single scale,| groups of wave-lengths. These are concerned 


such a chart, as the Royal Society’s excellent 


handbook drily remarks, would have the incon-| apparatus and diagrams illustrating the present 
venience of being very many times as long as the| theory of the subject. 


circumference of the earth, and accordingly a|theory is obscure, and some is inconclusive. 


numerical value of the wave-length of the rays in 
each octave ten times that of its predecessor. 

The conception of such a chart does so much to 
map out the range of the radiations now demon- 
strated that Fig. 1 has been prepared after it to 
indicate the radiations with the principal wave- 
lengths that have been measured up to now. The 
wave-lengths are expressed in centimetres, and as near 
an approach as possible may be obtained to visualis- 
ing the extent of the range by remembering that 
10-?° cm. is the ten-thousand millionth of a centi- 
metre, while 108 cm. is 1,000 kilometres. A fact in 
the theory that collates these radiations, or strains 
in the ether of space, is that wherever their velocity 
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being for the most part consistent with all or 
most of the known facts, it provides explana- 
tions for which, up to now, no equally acceptable 
alternatives have been found. For the time being, 
therefore, it holds the field on which the present 
rapid progress of physical science may be expected 
to extend; and whether ultimately all of it will 
remain part of the theory or not, any substitute 
will have to explain phenomena that would prob- 
ably have not been detected without it. 

Among the most important, as well as historically 
the most interesting, of these, are two pieces of 
apparatus used by Sir Joseph Thomson in detecting 
the existence of electrons and measuring their mass 
and velocity, and the modified form of Perrin tube 
by which, in 1897, he showed that the negative 
electrification produced when cathode rays were 
deflected by a magnet, followed exactly the same 
course as the rays that produced the fluorescence, 
These pieces of apparatus are also, perhaps, as near 
as any in the history of modern physics to being 
generally familiar, and are therefore not dealt with 
here. 

An allied group of exhibits consists of diagrams 
contributed by Sir Ernest Rutherford, illustrating 
many of the most notable of his own discoveries 
in regard to the intimate structure of matter. In 
the radiations from radium three kinds are dis- 
tinguished, known, respectively, as alpha, beta and 
gamma. Rutherford discovered that the alpha- 
rays behave like positively-charged particles pro- 
jected with a high velocity; and he determined 
this velocity, together with the ratio of the electric 
charge of the particles to their mass. These 
determinations were made by deflecting them in 
magnetic and electrostatic fields, consequent on 
Rutherford’s discovery that such deflections could be 
produced in alpha-rays, though occurringin a mag- 
netic fieldin the opposite sense to the deflection pro- 
duced in cathode or beta-rays and used by Thomson. 
Fig. 2 shows the apparatus by which the determina- 
tions were made in an electric field. The rays eman- 
ating from § pass between silvered glass plates PP, 
between which there is a high potential difference, 
are deflected by the electrostatic field of 1,000 to 
2,000 volts, and produce a spectrum on a photo- 
graphic plate. From the observed deflection, the 
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has been measured it has been found to be the same, 
viz., 3 X 10'° cm. per second, within what may be 
assumed as possibly the Jimits of experimental 
error, Accordingly the astounding range of wave- 
lengths corresponds to a similar range of frequency, 
which extends from the order of 10° waves per 
second for the gamma rays to 85 for the slow 
oscillations corresponding to very long wave- 
lengths. The original chart—and it may be worth 
mentioning that this, with a series of short mono- 
graphs by Sir Joseph J. Thomson and others of the 
most distinguished living British physicists, is bound 
up with an excellent catalogue raisonné of the 
exhibits, and sold at Wembley and by Messrs. A. and 
F. Denny for 3s. 6d.—also gives a summary 
statement of the several ways in which the various 
radiations are generated and detected, illustrating, 
amongst other things, how radiations of adjoining 
wave-lengths may overlap and be produced alter- 


The exhibits in this section are arranged generally 


historical interest, which do not relate to individual 
mostly with the structure of matter, and include 


At present some of this 





scale of 62 octaves has been introduced, with the| What, however, is remarkable about it is that, 
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value of ms (m = mass of an alpha-particle,"» its 


velocity, and eits electrostatic charge) can be calcu- 
lated, and similar observations in a magnetic field 


give the value of _. The figures so obtained are 


consistent with the view that the alpha-particle 
has twice the charge and four times the mass of the 
hydrogen atom. The photographs reproduced in 
Figs. 2a and 2B show the deflections in the 
electrostatic and the magnetic fields, respectively. 
When the number of a particles in a given space 
is known, it becomes possible, from the above results, 
to calculate the actual charge on each particle, and 
diagrams of two methods of counting them are shown. 
One, devised by Geiger, depends on the fact that a 
screen of phosphorescent zinc sulphide, exposed to a 
rays, displays a luminosity which, when examined 
under the microscope, is found to consist of scintillat- 
ing points of light, which appear and disappear very 
rapidly. Each scintillation is interpreted as repre- 
senting the impact of an a particle on a zinc sulphide 
crystal,and as Band y particles impart a much weaker 
luminosity to a zinc sulphide screen, the number of a 
particles falling on the screen is determined very 
simply by counting the scintillations. An electrical 
method, used by Rutherford and Geiger, is illustrated 
in Fig. 3. It depends on the fact that, up to limits 
of potential difference and of vacuum, a gas exposed 
to an electrostatic field is increasingly ionised, the 
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process being ascribed to collision between the ions 
already generated and the molecules of the gas. 
The a particles ionise gases, and, by adjusting the 
electrostatic field and the vacuum of the chamber 
under observation suitably, the ions produced 
through the action of the a rays are multiplied 
several thousand times by collision, and produce a 
magnification which, as in the scintillation method, 
enables the entry of a single a particle into the 
chamber to be detected. The arrangement shown 
in Fig. 3 uses a string electrometer of the Cambridge 
Instrument Company’s design for detecting the 
entry of the a particles. The source of a par- 
ticles at R is placed so that they fall on the counter 
C, which is maintained at a potential of 1,500 
volts above the earth’s potential. The current in 
the counter, which is led by a wire to the string 
electrometer BB and prevented from disappearing 
to earth by an alcohol-xylol resistance P, responds 
to the entrance of each a particle, and allows the 
string of thin platinum, or platinised quartz, to 
deflect through the momentary current produced 
by the particle, thus producing a record on the 
electrometer. Fig. 4 shows two diagrams taken 
photographically on a film moved at the rate of 180 
em. per minute, which show the effect on the electro- 
meter record of the entry of each a particle, even 
when as many as 1,000 of them enter the counter 
per minute. The upper record corresponds to the 
entry of about 690 per minute and the lower to 900. 


(T'o be continued.) 





Ciry or Coventry Pustic Lisrarres.—A catalogue 
of periodical publications giving the names of the 
periodic journals regularly displayed in the city of 
Coventry public libraries, has now been published. In 
eaitions to giving a complete subject index and alpha- 
betical index of titles of papers available for perusal, the 
analoges shows, at a glance, all the publications which 
sea with one subject. We note, for example, that the 
eading “‘ Engineering,” is followed by a number of 
sections, according to the usual divisions of the subject, 
and under each of these the periodicals dealing with the 
particular branch of the subject are alphabetically 
rw i _A particularly useful feature of the catalogue 
b at periodicals regularly filed are marked throughout 
. ae. Class letters and numbers give a guide 
26 location of all apers, the selection of which is 

oth numerous and well chosen. 
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LEAD BURNING WITH THE OXY- 
ACETYLENE FLAME. 

THE process of lead burning is used extensively in 
works where chemical products are manufactured, 
as well as in accumulator making and the erection 
of batteries and in general plumbing work. Generally 
speaking, the workers are highly skilled and the 
process, which is essential to success in many 
industries, is somewhat expensive. Any means, there- 
fore, that may be adopted to reduce the cost of 
working or increase the rate at which satisfactory 
work may be done is worthy of the serious consideration 
of those concerned with its application. There are 
now three processes available, and these make use 
of flames caused by the combustion of coal gas, 
hydrogen or acetylene with oxygen. Coal gas for 
general application, as it is usually obtained from 
the town’s mains, is only practicable where a general 
supply is available. Even in large works it has the 
disadvantage of necessitating a large use of oxygen 
and the work is slow, due to the comparatively low 
calorific value of the gas. Where cylinders are used 
for the coal gas, to attain portability, this advantage 
is only obtained at increased cost. Hydrogen was 
first used for the process in combination with air. 
For the purpose the gases were mixed before entering 
the blowpipe, by means of foot bellows or pumps. The 
process was slow, wasteful and dangerous, and was 
replaced by the oxy-hydrogen method. Gas for this 
work may be generated on the site, but this is going 
out of practice because of the difficulty of obtaining 
sufficient pressure and the excessive consumption of 
oxygen. Though the apparatus may be termed 
portable, it must be owned that it is somewhat cumber- 
some. Cylinders of hydrogen can be obtained for the 
work, but the sources of supply are few and the cost 
of working on this system is fairly high. Under such 
conditions it is not surprising that efforts are being 
made to popularise the use of the oxy-acetylene blow- 
pipe for the purpose. In this process the advantage 
is obtained that both the combustible gas and the 
oxygen may be used at lower pressures than are 
necessary with the other systems. 

From the results of a series of experiments, details of 
which have been furnished us by Messrs. Allen-Liver- 
sidge, Limited, of Victoria Station House, Westminster, 
S.W.1, it seems to have been demonstrated that the 
use of oxy-acetylene has much to recommend it. 
Tests were made with workers skilled in the use of 
the coal gas and hydrogen processes, and comparisons 
were made of their work with those methods, with 
what they achieved with oxy-acetylene. Work was 





4, 


done with the thinnest sheets up to metal of 1-in. 
thickness and covered a period of observation of 
14 working days. From these investigations it was 
found that the volume of Dissolved-Acetylene required 
was one-quarter of the volume of coal gas and one- 
sixth of that of hydrogen for any specified amount 
of work. The consumption of oxygen for the D.-A. 
process was also less than that for the others and was in 
each case only one-half. As the amount of work done 
by the operators was increased by the application of 
acetylene to the extent of 50 per cent. over that 
obtainable with coal gas and by 40 per cent. over 
that possible with hydrogen, it will be appreciated 
that the acetylene process deserves careful consideration. 
In making comparison of working costs, considering 
gas consumption and labour, it was found that working 
for an hour with Dissolved-Acetylene cost 1d. more 
than with the oxy-coal-gas method, and 1$d. less 
than with oxy-hydrogen. The coal gas used was 
obtained directly from the mains, and was not com- 
pressed. Were compression introduced it would 
probably mean that working for one hour with coal 
gas and with acetylene would result in the same 
expenditure. Bringing these figures into association 
with the production, it is found that the use of 
Dissolved-Acetylene makes possible a saving of about 
30 per cent. in dealing with the same output as with 
coal gas, and slightly more than that figure when 
compared with hydrogen. Messrs. A!len-Liversidge, 
Limited, have, therefore, introduced a lead-burning 
equipment, under the trade name “ Alda,’’ which is 
suitable for a range of work from the thinnest lead 
to the thick metal used to meet the exacting require- 
ments in chemical works. The burner used can be 
adjusted to obtain, with a single blowpipe, the 
equivalent of five separate blowpipes, in order to 
meet all the conditions of thickness of metal for 
which the process is suitable. It may be stated also 
that the same equipment may be used to deal with 
other metals in thin sections, such as zine and 
aluminium, as well as block and sheet tin. 





Unitep States CrupE PETROLEUM PRODUCTION IN 
1924.—The production of crude petroleum in the United 
States in, 1924, amounted to 713,940,000 barrels, each 
of 42 United States gallons, a decrease of 18,467,000 
barrels compared with the 1923 output. Imports into 
the country amounted to 77,775,000 barrels in 1924, 
compared with 82,015,000 barrels in 1923. The indicated 
domestic consumption was 747,516,000 barrels in 1924, 
compared with 714,862,000 barrels in the preceding 
year; the exports 17,973,000 barrels compared with 
17,385,000 barrels. 
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LABOUR NOTES. 


TAKING one consideration with another, last week’s 
Trades Union Congress may be said to have ended 
pretty much as well-informed people expected it 
would. The General Council were, in effect. denied 
the autocratic power that the extremists desire for it, 
the delegates would have nothing to do with the ideal 
of ‘‘one big union,” the overthrow of capitalism was 
affirmed to be an important aim of the movement, 
and the Reds got a lot more publicity than their 
propaganda deserved. The question of the General 
Council’s powers is still, it is true, in abeyance, and the 
Communist element may be depended on to make 
the most of Congress’s indecisionin the matter. But if, 
in the interval] between the Scarborough Congress and 
its successor, the General Council exceeds its clearly 
defined authority, one of two things will happen. 
Either Congress will meet and repudiate its action, 
or it will not meet at all. If the extremists are not 
careful there will be a serious split, for the rank and 
file are not at all in love with either the General 
Council’s ‘‘ General Staff’ idea, or its Russian policy. 
By way of rejoinder to that statement, it may be said 
that the delegates who, more or less, supported the 
General Council on both these questions are directly 
elected by the rank and file of the trade unions. At 
first sight, that certainly seems to be the case, but, in 
fact, itis not. In the case of practically every + fiiliated 
organisation, the delegates were elected by a minority 
of the niembers, and if these large issues continue to 
be raised in national conventions, that sort of thing 
is bound sooner or later to cease. Trade unionism has, 
as a matter of fact, reached a highly critical stage, and 
if its prominent men are not careful there will assuredly 
be a crash. And a crash is exactly what the Com- 
munists and their Minority Movement desire. 





The resolution of the Tailor and Garment Workers 
on the subject of Factory Committees was hailed in 
some quarters as ‘‘a success for the Reds.” It cer- 
tainly seemed to be a carefully-drawn Communist 
proposal, but, regarded independently of the speeches 
of its supporters, it contained nothing that bodies of 
organised workers have not previously affirmed over 
and over again, “‘The trade union movement must 
organise,” it declared, ‘‘to prepare the trade unions, 
in conjunction with the party of the workers, to 
struggle for the overthrow of capitalism.” ‘* The 
party of the workers” indicated was, no doubt, the 
Communist Party; but apart from that fact—which 
was very likely obscure to most of the delegates— 
there was nothing new in the declaration. ‘* At the 
same time,” the resolution proceeded, ‘ Congress 
warns the workers against all attempts to introduce 
capitalist schemes of co-partnership, which in the past 
have failed to give the workers any positive rights but 
instead have usually served as fetters retarding the 
forward movement.” There cannot be said to be 
anything new in that either, since trade unionism has, 
Officially, been opposed to co-partnership for a con- 
siderable time. ‘‘Congress further considers,” the 
proposal went on, ‘“‘that strong, well-organised shop 
committees are indispensable weapons in the struggle 
to force capitalists to relinquish their grip on industry, 
and, therefore, pledges itself to do all in its power to 
develop and strengthen workshop organisation.” 
Shop committees already operate in several industries. 
“To force the capitalists to relinquish their grip on 
industry’ is not, however, one of their objects, and, 
obviously they could not function as shop committees 
if it were. 

A resolution on the subject of the Weir steel houses 
was unanimously passed by the Congress on Friday. 
It was as follows :—*‘ That, in view of the attacks made 
by the firm headed py Lord Weir on the rates of wages 
and working conditions prevailing in the building 
industry in its attempts to secure the erection of 
steel houses by non-building union labour, this Congress 
calls upon the trade unions and the working-class 
movement generally to use their utmost endeavours 
to repel these attacks; that it regards these attacks 
as a very serious attempt to undermine the whole 
operation of the fair wages clauses which our movement 
has established with so. much labour and sacrifice ; 
that it warns the workers that if Lord Weir is permitted 
to break down the fair wages clause in respect of 
building work, then other firms in other industries 
will assume that they are free to do likewise as far 
as their own particular industries are concerned; and 
that it calls upon the working-class representatives on 
all public bodies interested in housing schemes to do 
their utmost to frustrate the adoption of the Weir 
house scheme until Lord Weir’s firm agrees to observe 
the same rates and conditions as every other employer 
in the building industry.” 





An interesting discussion took place later on the same 
day on a resolution relating to agreements, which was 
proposed on behalf of the National Union of Boot and 





Shoe Operatives. The resolution was as follows :— 
‘This Congress instructs the General Council to urge 
upon his Majesty’s Government the desirability of 
giving to national agreements, voluntarily entered into 
and approved by joint industrial councils, the same 
validity as awards under the Trade Board Acts,1909 
and 1918, with the object of ensuring the observance 
of fair conditions of labour by all engaged in the 
industry whenever requested by the parties to the 
agreement.’ Mr. Thomas, who took part in the 
discussion, contended that the proposals contained in 
the resolution and in the Bill which had been drafted 
would deprive the unions of the immunity against 
legal proceedings conferred on them under the Trades 
Disputes Act. Mr. Bevin said that if he thought 
the resolution would touch the Trades Disputes Act 
he would oppose it; but it would not. Sections of 
the workers in his union did not require the adoption 
of the proposals contained in the resolution, but his 
union had been used to lift up the lot of the workers 
in the domestic trades, and it was the domestic trades 
that were the difficulty. They would never lift up 
the conditions of the women workers to their proper 
level by trade boards alone. Trade boards took into 
consideration the worst conditions. He desired to 
reverse this state of things and to allow the best 
employers to determine the conditions. On a card 
vote the resolution was carried by 2,799,000 votes to 
900,000. 





The September issue of The Monthly Journal of the 
Amalgamated Engineering Union states that in August, 
the home branch membership of the organisation 
increased from 211,919 to 212,028 and the colonial 
branch membership from 25,541 to 25,614. The 
number of members receiving donation benefit was 
10,565—a decrease of 3,343 as compared with the total 
for the preceding month. The total number of un- 
employed members was 17,726—an increase of 199— 
which was equal to a percentage, calculated in the 
usual way, of 8-06. 





It has been suggested that while the craft unions with 
members employed in railway shops were unwilling to 
submit their wages question with that of the railway- 
men’s unions to the Wages Boards, they were agreeable 
to submit it to the Industrial Court. That is not, 
however, the case. At a conference in York on 
August 18, the railway shop delegates of the craft 
unions declared themselves ‘* definitely opposed to any 
reduction of wages or war bonus”’ and “ not prepared 
to refer ’’ the question of withdrawing the 6s. 6d. per 
week remaining of the 16s. 6d. per week war bonus “ to 
arbitration or the Industrial Court.” 





Although the strike of Belgian metal workers is at an 
end, the Amalgamated Engineering Union is, on the 
suggestion of the Central Committee of the Inter- 
national Metalworkers’ Federation, balloting its 
members for or against ld. levy in aid of the strikers. 
‘*Our members will readily recognise,” Mr. Brownlie 
says, ‘‘ the serious effect that a reduction of wages to 
the Belgian metalworkers would have upon the metal- 
workers in this and other countries, in view of which 
the executive council strongly urge our members to give 
financial assistance to their Belgian brothers.” 





Sir George B. Hunter’s appeal to the Prime Minister 
to set up a Royal Commission to inquire into the 
circumstances and causes of British industry’s present 
unhappy state is not untimely, for there, probably, 
never was a period in our history when manufacturers 
for both home consumption and export found it more 
difficult to recover a satisfactory degree of economic 
buoyancy. Many business men, however, who, like 
Sir George, know the position from the inside, are less 
sure than he appears to be, that this is exactly the way 
to go about the business of putting industry generally 
ona better footing. Good results are more likely, they 
say, to flow from mutual efforts to adjust matters by the 
employers and trade unions in the country’s main 
industrial groups. The Shipbuilding Employers Feder- 
ation and the shipyard trade unions are, as is known, 
mutually endeavouring to effect an improvement so 
far, at any rate, as their industry is concerned. The 
Engineering and Allied Employers National Federation 
and the engineering trade unions might do worse than 
follow a similar course, and of several other important 
groups of trades much the same may be written—with 
reasonable assurance that it is true. What Mr. 
Baldwin thinks of Sir George’s proposal remains to 
be seen, but whatever his decision is, the head of the 
Swan, Hunter and Wigham Richardson organisation is 
assured in advance of credit for the courageous way in 
which he has invited the country to look the facts 
boldly in the face. 

The Royal Commission which is to inquire into the 
state of the coalmining industry held a private meeting 
at the Mines Department on Monday for the purpose of 





discussing the programme to be followed. A further 
private meeting is to be held to-day when details of 
procedure and possible lines of investigation will be 
considered. 

The Ministry of Labour states that on September 7, 
1925, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,345,500, viz., 1,054,100 men, 42,000 boys, 215,500 
women, and 33,900 girls. On August 31, 1925, the 
number was 1,354,302—1,058,384 men, 44,370 boys, 
217,105 women, and 34,443 girls—and on September 8, 
1924, it was 1,163,648—871,804 men, 39,546 boys, 
217,604 women, and 34,694 girls. 





At the end of August, 23,854 members of the United 
Society of Boilermakers and Iron and Steel Ship- 
builders were “‘ signing the books,” as compared with 
24,123 a month earlier. The expenses in July —which 
included five weeks’ disbursements—amounted to 
124,868/. 2s. lld.; in August the expenditure was 
112,9837. lls. 1ld. In the September issue of the 
organisation’s Monthly Report—from which these 
figures are taken—Mr. Hill, the general secretary, 
states that, as a result of the prolonged trade slump, 
some thousands of the Society’s elderly members have 
come to the conclusion that they may never have the 
opportunity of again finding employment, and have 
applied for their superannuation benefit. A consequence 
of that is, it is pointed out, that the expenditure on 
superannuation benefit now exceeds the superannuation 
income. The question is one, Mr. Hill says, to which 
the members will require to give attention, and a 
special effort will be necessary to balance the current 
accounts of the fund. 





Messrs. Siemens Schuckart, the German contractors 
for the Irish Free State’s Shannon electricity generating 
undertaking, have come upon Labour trouble rather 
early in their task. They offered to pay local un- 
skilled labour at the rate of 8d. per hour, and the 
Transport Union, to which most of the men belong, 
rejected the terms. It is demanding 1s. ld. per hour— 
which is claimed to be the district rate recognised by 
public bodies in the neighbourhood. 





THE Late Mr. Tuomas Pore.—The death took place 
at Hillbank, Purley, on September 13, of Mr. Thomas 
Pope, a member of the engineering staff of the 
Southern Railway Company. Mr. Pope, who was 
born in London on July 2, 1866, was, in 1883, articled 
to Mr. Olander,~ A.M.I.C.E., of the Great Western 
Railway Company, at, Paddington Station. After the 
completion of his pupilage, during which he gained 
experience in erecting ironwork and surveying and 
levelling, Mr. Pope was engaged for four years with 
the firm of Messrs.,Reid and Reilly, of Chancery Lane, 
London. Here he prepared drawings in connection 
with the numerous works designed by them. At the 
end of this period he returned to the engineering depart- 
ment at Paddington Station, taking part in the prepara- 
tion of designs and estimates for bridges, roofs, and 
general railway constructional work. In May, 1901, 
Mr. Pope entered the service of the South Eastern and 
Chatham Railway Company at London Bridge Station, 
where he remained until September, 1923, when he 
was transferred to Waterloo Station on the amalgamation 
of the Southern Railway group. From the latter date 
until the commencement of his fatal illness he was 
engaged mainly in designing constructional steelwork in 
the engineer’s new works office. Mr. Pope was an 
Associate Member of the Institution of Civil Engineers. 





MECHANICAL HANDLING OF MAILS AT MANCHESTER.— 
The facilities available for the handling of mail bags 
at the Manchester General Post Office Sorting Depart- 
ment, at Newton-street, have recently been improved 
by the installation of a belt conveyer which carries 
bags from mail vans to the sorting floor. This con- 
veyer, supplied by Messrs. Henry Simon, Limited, 
Manchester, is of the endless type, and runs on ball- 
bearing rollers over the distance of approximately 
260 ft. which separates the cartway from the point of 
delivery of the packages. Vans are backed up to an 
unloading platform outside the sorting office, and 
parcels are then passed down an opening in the platform 
floor on to the conveyer, situated immediately below. 
The latter transports the load to the sorters. The 
conveyer is controlled by electric push buttons, being 
started or stopped by one at the loading platform and 
stopped by another at the delivery end. A steel casing 
is provided which prevents bags falling off the band, 
while the underside of the latter is guarded by a wire 
netting extending over the whole length of the conveyer. 
Driving is performed electrically by means of a sma 
motor operating through worm-reduction gearing, 
whilst tension on the belt is maintained by means of 
a balance weight. A travelling carriage is supplied 
at the delivery end, and instantly and automatically 
takes up any variation in the load or length of the 
belt. The installation under discussion, however, forms 
only part of the new equipment, being provided by 
Messrs. Henry Simon, Limited, for the Post one 
authorities. Series of conveyers are about to be fitte 
at. the head sorting office at Glasgow, and at the new 
sorting office at Mount Pleasant, London. 
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THE FREE VIBRATIONS OF AN 
AUTOCAR.* 


By Proressor JAMES J. GUEST. 

Waite the springs and elastic tyres of a car are 
primarily devices for dealing with difficulties arising 
from the inequalities of the road, the resulting move- 
ment of the car body depends largely upon its periods 
of free vibration and the manner in which these vibra- 
tions take place. 

This ‘“‘ period of vibration” of a car is a term in 
frequent use. In design, it is calculated as being the 
period of a simple pendulum, the length of which is 
the compression of the springs under the weight of 
the body, and practically it is determined by making 
the car body bounce vertically. It is generally recog- 
nised by engineers that, for comfort in the car, this 
period should lie within certain limits. More recently, 
however, recognition has been given to the fact that 
there is also a pitching vibration, in which the car 
rocks about a horizontal axis through its centre of 
gravity perpendicular to the length of the car, and that 
this may have a different period. There is also, 
clearly, a rocking oscillation about a horizontal longi- 
tudinal axis through the centre of gravity of the car, 
which can usually be treated easily and separately, 
and also three other vibrations if the car body be 
considered as a rigid mass elastically suspended. The 
bounding and pitching motions, which may be regarded 
as the motion of the car in the vertical longitudinal 









GP.GQ = PF, the square of the radius of gyration of 
the car about the axis through G about which the 
GQ 
If masses M, = PO M 
and M, = oO M be placed at P and Q, respectively, 
and supposed connected by a weightless rigid rod, 
this system of two masses has a total mass M, its 
centre of gravity is at G, and its moment of inertia 
(M,GP? + M, GQ?) is equal to MR. Thus, it can 
take the place of the actual car body in any dynamical 
action and can be regarded as a substitute for it in any 
calculations. 

Consider the points A and B, at which the springs act, 
to be in the horizontal line through G and select the 
point Pin this line. Since any point may be selected as 
P, there are thus a singly-infinite system of such points, 
here termed dynamically conjugate, along the line. 
They are connected by the relationship GP. GQ= i?. 
If a rectangular hyperbola zy= k® be drawn 
having asymptotes GQ and GD, and a line GT bisecting 
the angle AGD, Fig. 2, then the position of P, dyna- 
mically conjugate to Q, can be found by drawing QR 
vertically to meet the hyperbola in R, RT parallel to 
AB to meet GT in T, and TP perpendicular to GQ. As 
the position of P and Q in relation to G depends on k? 
only, the effect of another car body, or of alterations, 


rocking oscillation occurs. 





finity. The position of C, which may be termed the 
spring centre, is given by \AC= uu BC. 
Equation (1) may then be written :— 


“(BC+ CP!1)(C Q!-—CB) =A(AC - CP!) (AC + CQ!) 
which reduces to 
CPl x CQ!. =CA.CB = AR? (say) 


Thus P! and Q! are related to the spring centre 
exactly as P and Q are to the centre of gravity. Their 
corresponding positions can therefore be represented 
by the preceding hyperbolic method. The _posi- 
tions elastically of conjugate. points, therefore, may be 
regarded as dependent only upon the position of C and 
the value of A and not upon the precise positions of 
A and B or upon the stiffnesses of the springs. The 
effect of varying the stiffnesses of the springs at A and 
B is to change the position of C. If C be any spring 
centre in AB, the value of h is the ordinate CJ to the 
semi-circle on AB. The dotted curve shown in Fig. 4 
indicates the effect of a variation of the springs. 

Now consider the superposition of the mass system 
upon the elastic system. Let Fig. 2 be traced and 
placed upon Fig. 4 so that G is in the correct position 
between A and B. If the tracing be now adjusted 
perpendicularly to AB until the inclined line GT passes 
through the spring centre C, the position being shown 
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plane, are the most important, and I propose in this 
paper to give a preliminary consideration of a new 
point of view, which will bring out certain character- 
istics of the motion clearly, and will enable calculations 
concerning the vibrations to be made with ease. 

The effects of friction are omitted, and in the 
apparatus used to demonstrate some of the con- 
clusions, the friction is kept small, as damping, such 
as is desirable in practice, hinders the observation of 
some of the phenomena. If a mass M, free to move 
vertically only, gently placed upon an elastic support, 
descend through a distance / in taking up its position 
of equilibrium, it will, on receiving a displacement, 
vibrate with a simple-harmonic motion in the same 


period, 2 7 -. as that of a simple pendulum of 


that length. This length 1 is easily calculated in 
any particular case, and the method is in common 
use, and is that usually employed for the predetermina- 
tion of the “‘ bouncing ”’ period of a car. The stiffness 








\ of the spring will be * (in gravitational units), and 


it is to be noticed that, the net restoring force on M 
due to any displacement x being \2, such restoring 
forces, in considering the vibrations, can be con- | 
veniently reckoned from the equilibrium position. 
The velocity and acceleration of the mass at any time 
vary harmonically and are easily calculated. 

Now consider the car body to be a rigid mass M, 
and suppose it to have planar vibratory motion, its 
centre of gravity G moving vertically, and the body 
rocking at the same time under the action of two 
pairs of springs, stiffnesses \ and pu, acting on the car- 
body at A and B (Fig. 1). Firstly, consider the mass 
system of the car independently of the elastic supports. 
Let any point P be taken, and a point Q then found 
in the line PG on the opposite side of G to P, so that 








._* Paper read before Section G of the British Associa- 
tion at Southampton, on September 1, 1925. 


enter here only through the substitution of a hyperbola 
having the new value of k, such as is indicated by the 
hyperbola shown in broken lines. The particular points 
A and B, at which the springs act, do not, so far, enter 
into the subject. 

We now turn from the consideration of the mass and 
its distribution, to the elastic system consisting of a 
weightless rod AB carried on the springs, and consider 
the effect of displacing it from the position correspond- 
ing to that which it has under the load of the car. As 
before alluded to, the initial compression of the springs, 
which result from the car load, will have no effect. 
If a vertical force X (Fig. 3) be applied at a point P! 
it will, in displacing the weightless rod to a position of 


ingeegl : BPl AP! 
equilibrium, produce forces AB X at A and AB X at 
ee ‘ 1 BP! 
B, which will cause displacements AD = — — X 


AX AB 


1 
1 AP’ X. Unless these happen to be 


and BF = TAB po 
equal, the new line DF of the rod will cut its previous 
position, AB, in some point Q!, which will be given by 


BQ BF _API, x AB r AX AP 


See ae a ees 
x o BP 





Soecoone sur ee ae eee 
AQ AD AB 7 B Ppl 
so that 

ux BPlx BQ=AX xAPl xAQqi «- @) 


As, in this relationship, P! and Q! may be inter- 
changed, if a vertical force at any point P! produced no 
displacement at a point Q!, then a vertical force at 
Q! will produce no displacement at P!. Such points 
may be termed elastically conjugate. As P1 is selected 
anywhere on AB, there will clearly be a singly-infinite 
system of these points. The existence of pairs of points 
having this reciprocal relationship can readily be 
checked on the apparatus. 

For some position C of the point of application of the 
vertical force, the rod will be displaced parallel to itself, 
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in Fig. 4, in which Fig. 2 has been reproduced in broken 
lines, the two hyperbolas will intersect in some point 
R. Drawing lines RQ perpendicular to AB, RT paral- 
lel to AB to meet CT in T, and TP perpendicular to AB, 
points P and Q are determined which are conjugate on 
both the mass and elastic systems and so may be termed 
doubly conjugate. If the masses M, and M, be fixed 
to the weightless bar AB at P and Q, they will vibrate 
in the same manner as the car body will. If M, at P 
alone receive a displacement, no displacement will 
occur at Q and no forces will arise during any motion 
of M, to cause any motion of M,. Hence M, will 
remain at rest and the bar APBQ, with the mass M, 
at P, will vibrate about an axis through Q with simple- 
harmonic motion. The period of this motion can easily 


be found as the mass M, at P is known, ee M), and 
the strains in the springs caused by its application being 
M, PB M; PA % 
* Zz and <2 respectively, the total displace- 

2) 3 M, (PB? PAg 
ment of P itself will be “1, (“= + == 
the period, regarding the motion of M,, supported on 
the equivalent spring, will be, by the rule previously 
mentioned 





). Hence 








AB g9 GP 


N Me 





T, = 2m M oe to 


The same reasoning applies to the motion of M, 
alone, so that the bar APBQ carrying the masses can 
also oscillate harmonically about a fixed axis through P, 
| the period being 
Le eagle a oF oe, WH) 

AB 9 GQ\n mn 

The pair of rocking oscillations about the axes at 
P and Q thus found are, therefore, the fundamental 
simple-harmonic vibrations: of-the. car. 

These vibrations are completely independent of one 
another. If the car receives two vibrations simul- 
taneously, each vibration will take place as if the other 
did not exist, and the movement of any point of the 
car can be found by the combination of the movements. 
Thus, with definite conditions as to the start of the 
motion, the position, velocity and acceleration of any 
point of the car at any time can be found. Vibrations 
are usually generated by forces applied through the 
springs at A and B, and then both types of oscillation 
are impressed simultaneously upon the car. The 
motion of any point of AB will thus, in general, 
consist of the sum of two simple-harmonic motions 
and its motion will be by no means simple, particularly 
as the periods T, and T, will usually have no simple 
fractional relationship such as would cause the motion 
to repeat after a short number of the simple periods. 
The motion of the two points P and Q, however, will 
always be simple harmonic. Thus if a person be 














AD being equal to BF, and the point Q! will go to in- 


seated at the point P he will receive simple-harmonic 
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motion only, instead of the more irregular motion 
which he would receive elsewhere. 

If a seat be desired at any definite position, by the 
aid of the hyperbolic curve the springing can be 
adjusted to render that a point of simple-harmonic 
motion. Into this adjustment only the positions of 
G and C and the values of k and h will enter. The 
actual values of M, and u affect the actual values 
of the periodic times. Thus if M be already decided 
upon, and a certain period be desired for the vibration 
of P it can be secured by adjustment of the spring 
stiffnesses while keeping their ratio constant. 

The points P and Q have another important property, 
namely, that the addition of loads at them does not 
change their position, but only affects the actual 
periods of vibration. Thus, if a seat be fixed at P, 
the passenger will receive harmonic motion only 
whatever his weight may be. The total load, the 
position of the centre of gravity, and the value of k& 
are altered by the mass placed at P, but the position 
of the points which have simple-harmonic motion are 
clearly, from the above discussion, unaltered. 

Suppose that the rod AB be displaced parallel to 
itself vertically, released, and left to vibrate. It will 
have two harmonic angular vibrations about P and Q, 
of equal amplitude, existing simultaneously. If the 
periods be nearly equal it would initially move up 
and down, keeping nearly horizontal—that is, it would 
have a ‘“‘bouncing’’ motion. Gradually, however, 
one of the angular oscillations will gain upon the 
other, and when it has gained half a period P will 
be at the top of its movement and Q at the bottom 
of its movement—that is to say, the ‘‘ bouncing ”’ will 
have become a “ pitching’? movement about a point 
mid-way between P and Q, which point is temporarily 
at rest. The motion will gradually revert to the 
“‘ bouncing ’”’ type and the process continue, the rate 
of change being faster the more the ratio between 
the periodic times of the two angular oscillations 
departs from unity. The change is clearly shownif the 
model has little damping, and illustrates the fact, 
already shown, that the ‘“‘ bouncing”’ and “ pitching ” 
periods, usually spoken of, have no existence. They 
are mere appearances due to the super-position of 
the fundamental angular movements, the existence of 
which has been shown above. 

If, however, the point C is made to coincide with G— 
which is a matter of adjusting the ratio of the spring 
stiffnesses or the position of the centre of gravity— 
the hyperbolas do not intersect at a finite point, but 
the point Q goes off to infinity and P coincides with 
the centre of gravity. The motion about Q now 
gives parallel motion of ‘‘ bouncing ”’ and that about P 
** pitching,”’ which, in this case, are the independent 
simple-harmonic vibrations. 

The periods will be different unless h= k, in which 
case, as these main periods are equal, the car may be 
said to have one main period of vibration. In this 
case, the mass and elastic hyperbolas are coincident, 
and hence any pair of points are doubly conjugate. 
If a load be placed on such a system at any point it 
will disturb the arrangement, but, in accordance with 
what has been pointed out earlier, this load will 
remain one of the doubly-conjugate points and will 
receive harmonic vibration only. 

The above investigation of the main vibration of a 
car and the methods evolved, show readily the effects 
of changes in the springs, of variations of tyre pressure, 
and rearrangements of the loading. They are suitable 
for graphical calculation and for use in design. 





MorTor-VEHICLE NuMBER PuatTes.—The Ministry 
of Transport has announced that motor-vehicle number 
plates to which numbers and letters are securely riveted 
in such a manner that considerable violence is required 
to detach them from the plates will be considered as 
fulfilling Provision 3 of the Fourth Schedule to the Road 
Vehicles (Registration and Licensing) Regulations, 1924. 





CuInEsE Rattway Survey Corps.—The Chinese 
Ministry of Communications is planning the organisation 
of railway survey corps for all lines throughout the 
country. These corps will investigate the economic 
conditions of the different railway systems and the 
geographical and geological features of the surrounding 
districts. The possibility of building additional goods 
depots and locomotive shops on the routes will be 
examined, and the advisability of constructing branches 
and extensions to existing tracks considered. Each 
survey will be thorough, for it is intended that the 
growth of towns and villages, the centralisation of 
population, the living conditions of the people, industry, 
currency and banking, mineral, agricultural and other 
resources of the country-sides, should all be fully studied. 
The personnel of each corps will consist of a leader, a 
surveyor and an investigator, together with clerks, 
field assistants, and servants. The object of these tours 
will be to provide the railway authorities with the 
maximum of information regarding the transportation 
services, and consequently to enable the best possible 
use of capital to be made and the maximum financial 
returns to be obtained. 
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THE ORIENTATION OF CRYSTALS 
PRODUCED BY HEATING STRAINED 


IRON.* 
By Miss C. F. Exam, M.A. 


In describing experiments on large crystals produced 
by annealing strained iron, Professor Edwards and Mr. 
Pfeilt noticed that square etching pits were frequently 
obtained with a diagonal in the direction of straining, 
and from this and other observations they formed the 
opinion that there was a similarity of orientation of the 
crystals. Professor Edwards has kindly given the 
author several crystals for X-ray examination, and the 
crystal axes relative to the axis of the strip, t.e., the 
direction of straining, of ten crystals have been deter- 
mined. Some of these were determined by Mr. R. W. 
Aston at the Cavendish Laboratory, Cambridge, who 
has kindly allowed his results to be included here. 
The method of depicting the axis of a specimen relative 
to the crystal axes has already been described.t Fig.3 
represents part of the stereographic projection of the 
crystal axes with the positions of all axes of the test- 

ieces, and hence the direction of straining, marked 
y a point. The relation of each point to the three 
principal crystal axes, i.e., the apices of the spherical 
triangle marked (100), (110), and (111), indicates the 
orientation of the crystal. The diagram shows that 
the points are scattered throughout the triangle and 
that the orientation of the crystals is consequently 
very varied. 

Only two crystals showed cubic etching pits, and in 
both of these the surface of the strip was parallel to a 
cubic (100) plane in the crystal. These crystals began 
to show pits very quickly on etching in dilute nitric 
acid, while other crystals appeared quite unattacked. 
The pits were somewhat like indefinite-shaped pyramids 
at first (Fig. 1), but on prolonged etching became 
square, similar to those frequently found in iron. 
Crystals of other orientations only showed pitting on 
prolonged etching, and although the form varied from 
crystal to crystal, the pits had no regular shapes. This 
applied even when there was an octahedral plane 





* Paper read before the Iron and Steel Institute, Bir- 
mingham, on September 10, 1925. 

+ Edwards and Pfeil, ENGINEERING, vol. cxvii, pages 
651, 687 and 632. 

t Taylor and Elam, Proceedings of the Royal Society, 





1925, vol. eviii (a.) 


OF IRON CRYSTALS. 
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parallel to the surface of the specimen. In Fig. 2 are 
shown two crystals, one of which is deeply pitted and 
has a cube face (100) nearly in the plane of the section. 
The other is attacked more uniformly, and X-ray 
examination showed that the plane of the section was 
approximately a (112) plane. It is interesting to note 
that in a body-centred cubic lattice, of which iron is an 
example, this plane is one of those thickest in atoms. 
It is also interesting to note the differences in the appear- 
ance of the scratches on the two crystals, indicating 
a difference in hardness. 

From these experiments it appears that crystals pro- 
duced in iron by this method have not necessarily the 
same orientation, but that it should be possible to pick 
out those in which a (100) plane lies in or near the plane 
of section. The etching effects on other planes are 
not sufficiently definite to enable their crystallographic 
position to be determined. 





RETAINED AUSTENITE.* 
By Joun A. Matuews, Ph.D., Sc.D. 


THE retention ofaustenite, or gamma-iron, at ordinary 
temperatures is frequently mentioned in metallurgical 
literature, but it seems that little effort has been made 
to determine the exact causes or conditions under 
which its presence may be expected, or to measure 
its amount or its effects upon the properties of steel 
and steel alloys when variable amounts of alpha- and 
gamma-iron are present. In the author’s opinion it is 
present much more frequently than it is generally 
supposed to be, and in substantial amounts. 

In some recent investigations the author has reached 
conclusions which may be summarised as follows :— 

1. In all normally hardened medium or high-carbon 
steels, and in the usual engineering alloy steels, 
gamma-iron or austenite is always present with the 
martensite. This conclusion is based upon the nature 
of the volume changes which occur upon tempering 
hardened steels. 

2. In a wide variety of alloy steels, notably those 
capable of hardening readily in oil, there is more 
austenite retained after the oil quench than after 
the water quench in normal hardening. 

3. Retained austenite is a contributing cause to 
increased permanence or retentivity in permanent 
magnet steels and in many alloy steels not used for 
permanent magnets. Pine 

This conclusion may seem strange when it 18 
remembered that gamma-iron is, in itself, non-magnetic. 
In that capacity its influence is to reduce the maximum 
induction of the steel containing it, and at saturation 
it may be that the difference is roughly proportional 
to the quantity present. It not only cuts down the 
maximum induction at saturation, but it also makes 








both magnetising and demagnetising more difficult. 
It is not merely an inert dilutant of the alpha-iron. 
The nature of the newly discovered cobalt magnet 
steels seems to confirm this conclusion. They contain 
from 15 per cent. to 35 per cent. of cobalt, added bea 
from 5 per cent. to 10 per cent. of the ordinary 





* Paper presented to the Iron and Steel Institute, 





Birmingham, on September 10, 1925, Abridged. 
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constituents of permanent magnet steel—tungsten, 
molybdenum, chromium, and manganese. Such steels 
have marked austenitic characteristics, and some of 
them by overheating may become almost non-magnetic. 
Photomicrographs (Figs. 3 and 4) were made for the 
author by Mr. Francis F. Lucas; they are taken at a 
magnification of 3,230 diameters, and illustrate the 
effect of liquid air on overheated steel—Fig. 3 as 
hardened, and Fig. 4 after liquid air treatment. 

In 1914, the author called attention to the fact 
that a large class of alloy steels showed greater magnetic 
hardness when quenched in oil than when quenched 
jn water. The general belief, at ‘that time, was that 
the harder a given steel could be made the lower 
would be its induction and the higher its retentivity. 
By magnetic hardness is meant high coercive force. 
This was tested out for a wide variety of alloys, and 
for all these steels it was found that, as quenched in 
oil, they showed a lower Brinell or Shore hardness 
than when quenched in water, yet in all cases the 
coercive force was higher in oil than in water—that is, 
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Fie. 3. Cosatt Magnet STEEL HARDENED IN O1L FROM 2,000 Dze. F. 


the oil-quenched samples were more resistant ‘to 
Magnetising and more permanent after magnetising. 
It is natural to think of the effect of oil hardening 
as being somewhat equivalent to a water hardening 
followed by a greater or less degree of tempering. 
ere is some justification for this view when the 
tesulting mechanical properties are considered. Steels 
could be made of the same clastic limit or Brinell 
hardness by such methods, but magnetically and 
structurally the results are not the same. Fig. 1 


are shown. In heavy lines are shown the differences 
hetween oil and water quenching—a lower maximum 
induction, residual induction, and a higher coercive 
force are seen to result from oil quenching. The 
dotted curve shows what happens when a water- 
hardened steel is mildly tempered; the induction 
is raised and the coercive force is lowered. This is 
directly opposed to the effect of oil hardening. 
At the time this 


set in oil and one set in water for both steels. These 
were then tempered at 100 deg. F. intervals from 
200 deg. F. to 600 deg. F., holding at heat for half an 
hour. The two steels behaved similarly, and results 
of one of them only need be given, namely, M-31, 
as shown in Fig. 2. 

The striking similarity between length changes and 
magnetic changes is at once apparent. The shrinkage 
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illustrates the difference. The descending position 

the magnetising curves of a steel containing some 
*% per cent. carbon, 0-30 per cent. silicon, 0-35 
Per cent. manganese, and 2 per cent. chromium 
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were reached after the tests described below had 
been made. 

A comparison between the changes of length upon 
tempering and the magnetic changes induced by that 
tempering, was made with two steels of the following 





analyses :— 


M31. M62. 
Carbon 0-84 0-91 
Silicon 0-20 0-25 
Manganese .... 0-47 0-34 
Chromium .... 2-96 2-16 


Test specimens, 3-in. round, were prepared and 





hardened from a temperature of 1525 deg. F., one 


200 300 400 500 


DRAWING TEMPERATURE °F 


Fia. 2. 


which first takes place is due to the tempering of 
martensite with the precipitation of carbides. The 
expansion begins when austenite is transformed to 
martensite. It will be noted that the shrinkage is 
greatest in the water-hardened piece, while expansion 
is greatest for the oil-hardened specimen, suggesting 
varying proportions of martensite and austenite 
resulting from the methods of quenching. The 
magnetic properties follow the length changes very 
closely, and the greater slope of the “‘ oil ” line between 
400 deg. and 500 deg. is followed by a greater slope 
for increase of maximum induction (Bmax.), residual 
induction (Br), and decrease of coercive force (Hc). 

It is known that hardened steel is lighter than 
annealed steel; in fact, martensite is the lightest, that 
is the most voluminous, condition of steel. A hardening 
which produces the lowest specific gravity (greatest 
volume) may be considered as the most complete 
martenisation possible for that steel. A hardened 
steel of greater specific gravity (smaller volume) must 
indicate retained austenite or that the hardening has 
gone beyond the martensite stage towards troostite or 
pearlite. In order to check this point, specific-gravity 
determinations were made not only on the two steels 
referred to above but on several others, as shown below, 
and in every instance the water hardening produced the 
lower specific gravity, indicating more martensite, 
while the higher density in oil was, the author believes, 
due to gamma-iron : 


Oil Water 
Steel. Quenched. Quenched. 
M-62 No. 1 . 17-8548 7-8416 
M-62 ,, 2 ..... ... 7°7996 7-7861 
M-31 .... ae .. 7°8371 7-8302 
5 per cent. tungsten... 8-1292 8-1015 
2 per cent. Cr, 1 per 
cent. Ni _.... w. 78255 7-8177 
2 per cent. Cr, 1 per 
cent. W.... cue A OC 7-8580 


These figures suggest retained austenite due to oil 
quenching, but probably there is gamma-iron, or 
austenite, present in all cases, although in varying 
degree, as the expansion curve in Fig. 2 indicates. 
It should not be assumed that 400 deg. F. is a fixed 
temperature for all steels, for we need only recall that 
the austenite-martensite transformation begins at 
about 1,000 deg. F. in hardened high-speed steel. 

Not only a retarded rate of cooling due to quenching 
in oil, but also a retarded cooling due to the cross- 
section or size of the test-piece result in lower induction 
and increased retentivity. This was pointed out by 
the author many years ago, but the experiment was 
repeated recently with a different sample, a different 
testing method, and a different observer; but in this 
matter of size it is found that increased size, both as 
water and oil quenched, makes for increased magnetic 
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hardness. This, again, is opposed to the idea that the 
harder one can make a given steel and the more 
drastically one can cool it, the less permeable and the 
more permanent it will become. From a single bar of 
# in. steel, test-pieces of # in., } in., and } in., respec- 
tively, were made, one set being hardened in oil and one 
in water from a temperature of 1,525 deg. F. The steel 
used contained 0-81 per cent. carbon and 2-91 per 
cent. chromium. The magnetic properties are shown 
in the following table :— 


Table Showing the Effect of Size on Magnetic Properties. 
































1,525 Deg. F. in Oil. 1,525 Deg. F. in Water. 
4 In. 4In. | 34 In. | § In. | 4 In. | 34 In. 
Bmax. (H = 
00) .-| 15,400 | 1~,490 | 18,600 | 16,600 | 16,600 | 15,500 
Bres. ..| 9,650 ' % 580] 8,780 | 10,600 | 10,400 | 10,300 
er --| 60-3 62-2 66-0 65:2 58-1 58-8 
Br/He 160 | 151 133 192 179 175 








In producing the austenite-martensite transfor- 
mation by tempering, some tempering of the martensite 
already present must also be produced, but it is believed 
that this change may be produced by immersion in liquid 
air without disturbing the martensite. Accordingly, 
the six test-pieces of the table were immersed for two 
hours, and after several days were re-tested, with very 
interesting results. The oil-hardened bars, suspected 
of having an increasing amount of austenite as the size 
increased, were found to have increased in residual 
magnetism (Br) by 6, 8, and 14 per cent. from small 
to large, while the coercive force (Hc) had decreased 1, 
2, and 7 per cent., respectively. The water-hardened 
bars were but little changed, 1 to 2 per cent. in residual 
magnetism and 2 per cent. in coercive force, but the 
coercive force increased instead of decreased, as in the 
other case. This seems fairly conclusive evidence in 
support of the influence of austenite on the permanence 
or retentivity of magnetism. 

Through the co-operation of two metallurgists, 
Mr. Edgar C. Bain and Mr. Francis F. Lucas, it is 
possible for the author to add some confirmatory evi- 
dence obtained from portions of identical samples 
upon which magnetic tests had been made. Mr. Bain, 
after X-ray examination, reports faint lines corres- 
ponding with the gamma-iron pattern in both steels, 
for both oil and water quenching. A further test 
warranted him in stating that it is fairly clear that the 
oil-hardened specimen shows more gamma-iron than 
the water-hardened specimen. The indications are 
that the amount of gamma-iron in either case is not 
very great, perhaps 6 to 10 per cent. Mr. Lucas 
examined both steels under high-power magnification. 
Ordinary magnifications are of little use in studying 
these extremely fine-grained steels. At 3,000 diameters, 
and with nitric-acid etching, no great differences could 
be detected between water-and oil-quenched specimens, 
but upon boiling in sodium picrate the martensite and 
carbides darkened, leaving numerous uncoloured areas, 
believed to be austenite. Several photo-micrographs 
were taken of each steel as oil or water quenched, and it 
was readily possible to separate these into two groups, 
based upon the quantity of the white constituent, 
austenite, which is plainly more pronounced in the oil- 
quenched condition. The photomicrographs shown 
in Figs. 5 and 6 illustrate the difference in appear- 
ance of the M-31 steel as oil and water quenched. 

It would seem that the confirmation afforded by the 
work of Mr. Bain and Mr. Lucas justifies the conclusions 
stated at the beginning, and a new viewpoint as to the 
nature of the hardening process must result, which may 
prove of interest and value in interpreting various 
phenomena met with in daily work. These new 
concepts offer a logical explanation of the magnetic 
anomalies to which the author first called attention in 
1914, for which no other explanation has ever been 
made. It is obvious that in answering these questions 
another question is raised—why does oil hardening 
retain more gamma-iron than water hardening in a 
considerable variety of steels ? It is believed that a more 
intensive investigation of quenching stresses rather than 
of quenching rates may afford an explanation. May 
it not be that this is an important function of the 
commoner alloys—chromium and manganese, and 
their mixtures with nickel, vanadium, molybdenum and 
others, to promote the retention of austenite, and that 
to this fact is due some of the properties of alloy 
steels as compared with carbon steels ? 





LAUNCH OF THE STEAMER ‘‘ HomEFrRe.’’—Recently 
Messrs. 8S. P. Austin and Son, Limited, launched from 
their Wear Dockyard, Sunderland, the steel screw 
steamer Homefire, which is being built to the order of 
The Gas Light and Coke Company, of London. The 
vessel is designed to carry a deadweight of about 1,850 
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tons on a light draught, and has a length between per-; the ship to pass under the Thames bridges. Hatch- 
pendiculars of 225 ft., a breadth of 36 ft., and a moulded | ways have been arranged to allow of the rapid ees 
depth of 17 ft. 3} in. She is of the raised quarter deck | and discharging of cargo. Ample provision has been mas 16 
type, with the propelling machinery situated aft. The | for carrying water ballast. The auxiliary machinery 38 
latter has been supplied by Messrs. George Clark, Limited, | operated by steam supplied from a Cochran type donkey 
of Sunderland. The funnel and mast have been con-| boiler. The Homefire is being built to meet the requize- 





structed so that they can be lowered in order to permit ! ments of Lloyd’s 100 A.1 class. 
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Fie. 6. M-31. 
IRON BACTERIA AND PIPE 
INCRUSTATION.* 


Investigation to Ascertain the Responsibility of Iron- 
Bacteria and other Organisms for the Formation of Iron- 
Incrustations in Water-Pipes. 

By Professor Davip Etuis, D.Sc., Ph.D., F.R.S.E. 


Wuen bacteria are found in tumours and other 

pathogenic structures it is often, at first, hastily assumed 
that they are responsible for the particular disease 
associated with such structures. As a working hypo- 
thesis such an assumption is, of course, justifiable, but 
until a causal relationship can be established between 
the microbe and the pathogenic phenomenon in 
question the assumption has very little value. 
_ The same hasty inference has been made that the 
iron-bacteria, which are often inseparably associated 
with the nodules that appear on conduit pipes, are 
responsible for the formation of such nodules and for 
the further developments of which the appearance of 
the nodules is only the first stage. As is well known, 
the nodules, when the conditions are favourable, spread 
and amalgamate, and iv time seriously interfere with 
the flow of water through the pipes. Some of the pipes 
of this kind which I have examined were so thickly 
incrusted that the passage had been completely blocked. 
_ There are various complications in iren pipes asso- 
ciated with the oxidation of iron to ferric hydroxide. 
In some, the incrustation is hard pressed against the 
sides of the pipes; in others, the iron is attached to 
streamers which float in attachment to the sides of the 
pipes. In yet another combination, the iron is present 
in colloidal form in the water and only gradually, 
after days, sometimes weeks, forms a precipitate of 
ferric hydroxide. 

The present investigation is concerned with a detailed 
examination of an instance of the first kind, and 
particularly with the responsibility of the iron-bacteria 
48 causative agents in the formation of the hard incrus- 
tations which had threatened to block up the pipes 
completely. The case is one that is typical of a 
condition that very frequently occurs, and one which 
'S @ source of anxiety to the water engineers who are 
responsible for the care of the conduit pipes. Many 
gtave charges have been made against the bacteria 
and, from a biological standpoint, it would have been 
gratifying to have been able to record still another on 





“ * Paper read before Section G of the British Associa- 
‘on, at Southampton, on September 1, 1925. 
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the list. The chief interest of the present inquiry lies in 
the fact that, whilst on a first inspection every circum- 
stance pointed to the results of bacterial endeavour, a 
more extended investigation showed that the bacteria, 
although present, were to be held as innocent of direct 
responsibility for the formation of the incrustations. 

I propose to take the points in order as they arose 
during the course of the investigation :— 

1, As the result of what was to me a fortunate 
accident to the pipes, I was able to obtain a sample of 
a pipe in which the nodules were in an incipient state 
of formation. In this fragment, the nodules are dotted 
on the inner surface of the tube. The appearance of 
the tube is such as would convey to the mind of the 
bacteriologist the presumption that he was dealing with 
a bacterial infection, for the first appearance of the 
presumed disease takes the form of spots dotted over 
the surface of the iron, and not a continuous layer or 
film. The dotted appearance suggests the fact that 
each nodule is the work of a colony of bacteria. If 
the layer had been continuous, physical or chemical 
action would have been indicated. In other words, 
the development of the nodules and their general 
appearance recalled the appearance which follows the 
development of microbial colonies in food that is just 
beginning to go bad. 

2. Nodules inside the Tar-coating—A closer exami- 
nation of the nodules revealed the fact that they were 
apparently completely separated from the iron of the 
tube by the tar-coating. This circumstance was one 
of very great interest, for it appeared to establish the 
fact that all the iron of which the:nodule was composed 
had come, not from the substance of the pipe, but from 
the water. If this could have been definitely established, 
an extremely important fact would have been added 
to our knowledge. Hitherto, although often made the 
subject of dogmatic statements, there has not appeared 
indubitable evidence establishing the origin of hard 
incrustations on the inner side of the pipes solely from 
the water, and eliminating the substance of the pipes 
themselves as contributors to nodule formation. In 
this instance, however, there appeared to be an irre- 
futable example. 

3. Iron-bacteria in Nodules.—A search was next 
made for the micro-organisms in the nodule, and 
particularly for the iron-bacteria which have been so 
often associated with the formation of incrustations. 
As the nodules are normally immersed in water, and 
water, even the best, contains microbes of different 
kinds, there was no difficulty in finding the ordinary 


water bacteria. In addition, however, there were 
found in small numbers the following iron-bacteria :— 
Gallionella ferruginea, Leptothrix ochracea, and Clado- 
thrix dichotoma. There seemed, therefore, another 
link added to the chain which connected the nodules 
with the organisms that thrive in ferruginous waters. 

4. The Chemical Examination.—The examination 
along chemical lines is not the best method of ascer- 
taining whether a certain drinking water has nutritive 
powers sufficient for the sustenance of bacterial or 
micro-organismal life. The following analysis was 
supplied to me by the chemist of the municipality 
which had charge of the water-works :— 


Typical Analysis. 
Total solids 24 milligrams per litre. 


After ignition .... pig ee 2 


Oxygen absorbed... 8°7 ” (KMnQ,) 
HQe » ss saa a ee per litre 
Cl a aes 0) Se a <a 
CaO, ....;:. tee as Ce a 
MgO... at en <i ee 

Fe we ocd Fess (et as 

Free CO, a Sean Se ss od 
Free Oxygen .... ey 2 * 

Py aha ; 6-0 ne “ 


I do not attach much importance to the results of the 
chemical analysis of a drinking water, for in too many 
cases waters which have been passed as quite satis- 
factory on the strength of the chemical analysis have 
been found, on a bacteriological examination, to be 
able to support an enormous number of bacteria. 
The water under investigation showed a comparatively 
high figure for the ‘‘ oxygen absorbed’ column, thus 
indicating the possibility of organic contamination 
The other noteworthy feature was the very small 
iron content. The Py value being 6, the water is 
neither too acid nor too alkaline to interfere with 
bacterial life. So far as the chemical analysis gives 
indication of the condition of the water, it is to be 
regarded as favourable for the support of micro- 
organismal life. 

5. The Bacterial Examination.—The chief test is the 
ascertainment of the actual number of bacteria in the 
water. A drinking ‘water is primarily dangerous in 
direct ratio to the amount of organic matter in solution 
which it contains. This particular water contained 
between 10,000 and 60,000 bacteria per cubic centi- 
metre, and it was evident that there must have been 
sufficient organic matter in it to sustain this large 
number. The iron bacteria are essentially saprophytic 
organisms and do not thrive unless there is sufficient 
organic matter in the water to give them sustenance. 
The bacteriological analysis indicated clearly that, if 
other conditions were not unfavourable, the water in 
question would not fail the iron-bacteria for want of 
adequate sustenance. 

If now we review the bearing of the facts which 
were obtained in this investigation, the evidence for a 
vital explanation to account for the formation of the 
nodules appears very strong. The distribution of the 
nodules at the beginning of the formation of the 
incrustations is suggestive. The apparently complete 
separation of the nodules from the iron of the tube 
appears to put the onus of the formation of the incrusta- 
tion on the water in which the iron bacteria live; there 
was a little, though very little, iron in the water; the 
presence of the iron bacteria was noted; and, finally, 
the organic matter in the water was more than ample 
to give sustenance to these micro-organisms. The 
circumstantial evidence was thus sufficiently strong to 
justify the hopes that were raised that the blame for 
the incrustations could be definitely fixed on the iron 
bacteria. The further development of the bacteria in 
the incrustations was therefore followed with the 
expectation of positive results. The whole of the cir- 
cumstantial evidence, however, broke down completely 
with a more detailed examination of their behaviour. 
Whilst the formation of the incrustations had 
proceeded apace, the numbers of the iron bacteria had 
not altered. . In the later incrustations, their numbers 
had actually diminished, showing conclusively that 
the growth of the incrustation had proceeded indepen- 
dently of the bacteria: and this showed that the 
presence of the bacteria in the nodules, in the first 
instance, had been of a casual nature. As the nodules 
had appeared to have derived their iron content from 
the water and not from the pipe, the discovery of the 
innocence of the iron bacteria led me to examine the 
tar coating with greater care. The coating was found 
to be porous to water, and, even in the nodular stage, 
there was found to be a clear passage through the tar 
covering, so that even in spite of appearances to the 
contrary, the iron was derived from the pipe and not 
from the water. : 
The oxidation of the iron in the water was allowed to 
proceed unchecked for several months in the laboratory. 
The process continued actively without the slightest 





help from'the iron bacteria. We at this point, may paren- 
thetically remark that, inasmuch as the membranes 
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of the iron bacteria become more or less petrified 
by being fortified by ferric hydroxide, they do not fall 
to pieces on the death of the organism, but persist 
unchanged, so that it is quite a simple matter to observe 
where the iron bacteria have been at work. 

If we seek now for an explanation of the reason for 
the appearance of the nodules in colonial form, I think 
it is to be found in the uneven nature of the iron surface 
when the tar coating was laid down. On such a surface 
there must be many points at which the coating is 
much thinner than on the rest of the surface, and at 
such points would be found the first result of the attack 
of the water upon the iron. 

Finally, I have not, in my experience, known a 
hard iron incrustation in wooden pipes or such as are 
made of any other material than iron, as should 
commonly happen if the iron in the nodules were 
supplied by the water and not by the pipe. 

Whilst I hope I have made it clear that the iron- 
bacteria are not directly responsible for the formation 
of hard incrustations on iron pipes, which are the chief 
sources of trouble to the water-enginecr, the indirect 
effect of the multiplication of large numbers of bacteria 
of all kinds in promoting the oxidation of iron to the form 
of ferric hydroxide has to be considered. Its discussion, 
however, is beyond the scope of this paper. If we leave 
the hard incrustations and consider the softer, more 
shiny, ferruginous festoons and streamers which some- 
times gather in water pipes, the outlook is quite different, 
and the iron appears to come directly from the water. 
Such a condition in the water is to be regarded as a 
purely biological problem. 

Whilst the hard incrustations present a physical or 
chemical problem and the festoons one that is purely 
biological, we sometimes find a peculiar ferruginous 
condition in drinking water in which both biological 
and physical factors comeinto play. This is a condition 
of the water in which discoloration has taken place, 
the tint being the familiar yellow of newly-formed 
ferric-hydroxide. The iron is present iv the water 
in a colloidal form. So far as my experience of this 
kind of water is concerned, my conclusions are that the 
colloidal condition comes into being as a result of the 
following factors :— 

1. The exposure of the iron to the water owing to 
inadequate protection. 

2. The presence of a larger number of bacteria in the 
water than should be found in a drinking water. 

The intermittent, or somewhat spasmodic, appearance 
of the phenomenon indicates the almost certain respon- 
sibility of the microbes for the condition, and their 
activities are given full play when there is an abundance 
of organic matter in the water for their sustenance. 
The multiplication of the bacteria brings naturally in its 
train a change in the constitution of the water, and the 
chief of these is the liberation of carbon-dioxide. There 
may possibly be a connection between this fact and the 
appearance of the colloidal form. The matter is worthy 
of being investigated. Whilst the discoloration of the 
water is not to be regarded as being in itself injurious 
to health—it may even be a tonic—the fact that the 
condition arises as the result of the presence of an 
inordinate number of bacteria in the water, should 
be taken into account. The discoloration is an index 
therefore, more of an undesirable condition in the water 
than an evil in itself. 





Mortor-’Bus SERVICE AND THE NANKING Raltway.—A 
motor-’bus service established to operate between Nanking 
City and Hsiakwan has become a formidable competitor 
to the Nanking City Railway. The latter connects the 
terminus of the Shanghai-Nanking Railway at Hsiakwan 
to Ching Cheng Chieh, in Nanking City, the distance 
between these points being about eight miles. The 
travelling public prefers to use the motor-’bus because it 
obviates the necessity for — long periods of waiting 
such as are experienced on the City Railway, where an 
hour may elapse between trains. Lack of locomotives is 
the primary cause of the bad service. The fact that 
whilst the daily operating expenses of the railway amount 
to 200 dols., the daily gross receipts at present only 
amount to between 50 dols. and 100 dols., is most 
disconcerting for the line. 





LAUNCH OF THE LocomoTIVE CarRRyinG M.S. “ BEL- 
nor.’’—The motorship Belnor, a steel single-screw vessel 
specially designed for the transport of completed loco- 
motives, was recently successfully launched from the 
Walker Shipyard of Sir W. G. Armstrong, Whitworth and 
Co., Limited. The ship is of the single-deck type, with 
poop, bridge, and forecastle, and has an overall length 
of 318 ft. 6 in., a moulded breadth of 46 ft., and a moulded 
depth to the upper deck of 23 ft. 3 in. The hull has a 
double-bottom arranged for the accommodation of feed 
water, oil’ fuel, and water ballast. Two large cargo 
holds are provided with special cargo hatches in view 
of the nature of the cargo. A load of about 4,100 tons 
will be carried on a mean draught of 19 ft. 9 in. The 
propelling machinery consists of an Armstrong-Sulzer 
Diesel engine of the two-cycle type, having four cylinders 
600 mm. in diameter with a piston stroke of 1,060 mm., 
and capable of “ye rage 1,350 b.h.p. at 110r.p.m. Both 
machinery and ship will conform to the requirements 
of Lloyd’s highest class. 


Fig. 7. 
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MOULD AND CORE-DRYING STOVES. 


CONSTRUCTED BY MESSRS. AUGUST’S MUFFLE FURNACES, LIMITED, HALIFAX. 
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MOULD AND CORE-DRYING STOVES. 


THE maintenance of a regular output of castings of 
good quality from the foundry is dependent largely 
on the efficiency of the mould and core-drying system 
installed, and this is especially the case if the work 
is of such a nature that oil-sand cores have to be used 
at allextensively. It is essential, under such conditions, 
that an adequate volume of clean hot and dry air 
should be available, and that the arrangement of 
the stoves should permit the temperature of the 
air to be readily and accurately controlled. A mould 
and core-drying stove embodying these and other 
interesting features has been installed recently in the 
works of the Birtley Iron Company by Messrs. August’s 
Muffle Furnaces, Limited, of Thorn Tree Works, 
King’s Cross, Halifax. This stove forms the subject 
of the illustrations, Figs. 1 to 4, on this page. 

The drawings are practically self-explanatory, but 
a brief reference to some of the more important 
features of the stove may not be out of place. It 
will be observed from Figs. 1 and 2 that the installation 
consists of one battery of mould and core-drying 
stoves, each 30 ft. long by 10 ft. high, but having 
widths of 19 ft., 11 ft., and 9 ft., respectively. The 
largest stove is used for dry sand moulds and large 
loam jobs, the intermediate stove for smaller moulds 
and oil-sand cores, and the smallest stove for special 
pipe work, such as small loam cores. The stoves are 
equipped with doors of the maker’s insulated and 
vertical lifting type, which are suspended by wire 
ropes terminating in balance weights. The pulley shafts 
run on ball bearings, resulting in the handling of the 
doors being exceptionally easy. Each stove is provided 
with the usual rail system for the core wagons. The 
combustion chamber is contained in a pit below the floor 
level, and can be seen in plan in Fig. 2. The pit is 
totally enclosed, and is supplied with air at low 
pressure from a Davidson Sirocco fan, which is shown 
mounted above the pit in Fig. 4. This fan also 
supplies air to assist the natural draught of the chimney, 
a branch being taken from the delivery side for this 
purpose. The proportions of air passing to the stoke- 
hold and to the chimney can be regulated as required 
by means of suitable dampers. It will be observed 
from Figs. 2 to 4, that the fire-box is surrounded at 
the top and sides by an air space, which is in communi- 
cation with the flue. The tempering air enters this 
space from the air boxes which can be seen on each 
side of the furnace near ground level in Fig. 4. The 
proportions of air passing over and through the 
fire-box can be regulated by means of the air-box 
and furnace dampers. It will be evident that this 
arrangement ensures the total combustion of the 
fuel, resulting in a supply of clean dry air to the 
stoves. After leaving the fire-box flue, the hot gases 
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can be seen in section in Fig. 3, and in plan in Fig. 2. 
From this conduit the gases are admitted to the stoves 
by the inlet dampers shown in the latter figure. By 
means of this arrangement any of the stoves can be 
put out of commission at will. The waste gases 
are withdrawn from the stoves through a number of 
openings communicating with a space under the 
floor, as shown by: the arrows in Fig. 3. This space 
is in communication with a second underground 
conduit, terminating in the chimney, which appears 
in plan in Fig. 2. The withdrawal of the waste gases 
at floor level prevents the formation of the mist which 
frequently surrounds the mould when other systems 
are adopted, and which greatly impedes effective drying. 

The arrangement of the various gas passages 
described gives a natural flow for the gases, and 
results in good fuel economy. The latter is obtained 
by complete combustion of the fuel, in conjunction 
with minimum heat losses by conduction and radiation. 
It will be noted that the heat radiated from the fire-box 
is usefully employed in heating up the tempering air, 
while at the same time the passage of this air over 
the crown of the furnace assists in cooling the latter. 
Heat losses throughout the system are minimised by 
the fact that all the gas passages are underground, 
the earth thus providing a very effective insulating 
medium. 





Launcu or Bucket Hopper DREDGER “ WoopFoRD.” 
—Recently Messrs. William Simons and Co., Limited, 
launched from their yard at Renfrew, Scotland, the twin- 
screw bucket hopper dredger Woodford, which is under 
construction for the Port of Spain, Trinidad. As is 
customary practice with the builders, the dredger was 
launched with all machinery on board ready for work. 
The hopper has a capacity of 150 tons, the bucket ladder 
being heed to dredge to a depth of 24 ft. The pro- 
pelling machinery consists of two sets of compound, 
surface-condensing engines to which steam is supplied 
by a cylindrical multitubular boiler arranged for burning 
coal or oil fuel. Both hull and machinery have been 
built to meet the requirements of Lloyd’s highest class- 


Japanese Exxcrricat Exursrrion.—It is announced 
that arrangements are being made by the Kwesee, 
(Western Japan) Branch of the Electric Association © 
Japan for the holding of an electrical exhibition on " 
considerable scale, at Osaka, from March 20 to May 31, 
1926. The promoters state that exhibits from foreign 
countries will be welcomed, although only Japanese 
goods will be eligible for prize awards. A special buies 
with an area of some 1,200 square yards will be ave 
for the display of foreign goods, but, if necessary, ” ie 
tional space will be provided elsewhere. Applications: rJ 
space should be received by December 30, and “8 
particulars of the nature of the goods to be shown, t ‘ 
area, and current required, should be given at the 
time. All correspondence should be addressed to the 
Office of the xhibition, Denki Kyokwai Kwansat 
Shibu, Dojimanaka 2 Chome, Kita-ku, Osaka, Japa” 
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IDDO ISLAND WHARF; LAGOS 
HARBOUR. 


WHEN describing the improvements made in the 
harbour of Lagos, the principal port of the Crown 
Colony of Nigeria, in West Africa (see page 137 of 
our issue of August 3, 1923), we made a brief refer- 
ence to a wharf, then under construction, on Iddo 
Island for handling imports of coal and kerosene 
into the Colony. Iddo Island, it should be ex- 
plained, lies at the upper end of the harbour, as can 
be seen from the map reproduced in the article above 
referred to, and is connected with the mainland by 
Denton bridge, over which runs the main western 
railway line from Kano, some 700 miles inland. 
We now propose to describe the Iddo Island wharf 
which is completed and in service, in greater detail 
from particulars placed at our disposal by Messrs. 
Coode, Fitzmaurice, Wilson and Mitchell, 9, Victoria- 
street, Westminster, S.W.1, who have been respon- 





| ally to provide a depth of 20 ft. at low water, 
although, at present, the dredging has only been 
| carried far enough to give a depth of 18 ft. 
in the approaches and at the berths. As will be 
seen from the transverse section, Fig. 2, the wharf 
is constructed on steel screw piles, which are spaced 
at 15-ft. centres longitudinally and at 16-ft. centres 
transversely. The upper portions of the piles are 
composed of four pile-channel sections riveted 
together, while the lower lengths, below the ground 
level, are solid shanks 7 in. and 6 in. in diameter. 
The cast-iron screws of the front and back rows of 
piles are 4 ft. in diameter and those of the middle 
row are 5 ft. in diameter. The piles, which are 
strongly braced both laterally and longitudinally, 
carry a superstructure of steel girders and trough 
flooring, the arrangement of which is illustrated in 
Figs. 3 and 4, on Plate XXV. These illustrations 
have been reproduced from photographs taken as 
the work of construction was approaching comple- 
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sible for its design and for the technical supervision 
of its construction, as well as for that of the moles, 
training bank, and wharfage facilities constituting 
the main harbour-improvement works at the port. 
Before doing this, however, it will be as well to point 
out that the coal unloaded at Iddo Island is actually 
mined in the Colony, being obtained from the Udi 
coalfields, some 150 miles inland from Port Harcourt 
on the eastern section of the railway. This line 
is not, at present, connected with the western 
main line, which has its terminus on Iddo Island 
and serves the most important part of the country, 
although, it will eventually be so connected, as will 
be seen on reference to page 550 of our last 
volume, where we discussed a report on the position 
of the Nigerian Railways, prepared by Lieut.-Col. F. 
D. H. Hammond. The coal has, therefore, to be 
brought by rail to Port Harcourt and loaded into 
2,100-ton Government colliers, which convey it 
a distance of some 300 miles by sea to Lagos, 
where it is unloaded at the Iddo Island wharf. 
From here it is supplied for use on the railway, 
on steamers and dredgers and for other purposes. 
The kerosene, of course, is supplied from overseas, 
usually in drums, and part of the wharf is utilised 
for handling this fuel. 

_ The design and construction of the wharf, which 
is 720 ft. in length, as shown on the plan, Fig. 1 
on this page, are such that it will be possible eventu- 
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tion, and from Fig. 4 it will be seen that the rails 
for the cranes, transporters and railway lines are 
fixed directly to the trough flooring ; the latter, how- 
ever, was subsequently filled in with concrete up to 
the level of the top of the rails. The girders support- 
ing the flooring are of the simple web plate type, those 
of the middle row of piles being of somewhat heavier 
section than the remainder. They are, however, all 
of thesame depth, viz., 2 ft. 3ins. The trough floor- 
ing is formed from §-in. plates, the troughs being 
108 in. deep, the spacing being 2-ft. 6-in. centre 
to centre. The Horseley Bridge and Engineering 
Company, Limited, of Tipton, were the contractors 
for the whole of the steelwork for the wharf. 

From the plan given in Fig. 1, it will be seen that 
an area of about 18 acres of land behind the wharf 
on the south side of the island has been reclaimed 
from the harbour, the filling being retained by 
rubble-stone banks deposited under the wharf and 
along the approaches at each end. The necessary 
stone in the bank was brought by rail a distance of 
60 miles from the quarries at Abeokuta, referred 
to in the above-mentioned article on the Lagos 
harbour works. For reclaiming the area, which 
was required for the storage of coal and to give 
railway access to the wharf, special plant was 
used. The requisite filling material was supplied by 
dredged material from the various navigable channels 
in the harbour, the spoil, as raised, being delivered 


into 1,000-ton, open-well barges, which were brought 
alongside a reclamation vessel berthed in a con- 
venient position for the work. The reclamation 
vessel employed was the Romulus, built by Messrs. 
Fleming and Ferguson, Limited, of Paisley, in 
1913, This vessel is fitted with 27-in. pumps, which 
raised the dredged material from the barges and 
delivered it through a pipe line on to the area to be 
reclaimed. The pumps are capable of discharging 
material through a pipe line up to 4,000 ft. in length, 
and have an output of about 1,000,000 tons per 
annum. The material handled in this way amounted 
to 2,000,000 tons in all, but part of it was deposited 
on the low-lying areas of the island itself in order 
to raise the ground level for the erection of the power 
station and other buildings indicated on the plan. 
Figs. 5 and 6 on Plate XXV are reproduced from 
photographs of the western end of the wharf, 
taken while the work of filling the reclaimed area 
was in progress. 

For unloading coal at the collier berth, which 
extends over a length of 300 ft. at the eastern end 
of the wharf, two electrically-operated travelling 
bridge transporters have been provided. These 
are fitted with Temperley high-speed grab machinery, 
and were constructed by Sir William Arrol and Co., 
Limited, Parkhead, Glasgow. A view of one of 
the transporters in position on the wharf is given 
in Fig. 7, on Plate XXV, while general-arrangement 
drawings are reproduced in Figs. 8 and 9; Fig. 10 
is a plan of the machinery cabin drawn to a 
larger scale. The grab is of the three-rope 
suspension type with plate buckets and plain 
cutting edges, and is of 1} tons capacity. The 
whole of the motions, including hoisting, opening 
and closing the grab, transporting, travelling, and 
lifting the hinged beam at the outer end of the 
structure, are operated electrically by three-phase, 
50-cycle, current at 400 volts. The main dimensions 
of the transporter are given in Figs. 8 and 9, so that 
they need not be repeated here, but it should be 
mentioned that the hoisting speed, with the grab 
filled, is 180 ft. per minute, the transporting speed 
600 ft. per minute, and the travelling speed 40 ft. 
per minute. With these speeds, the machine can 
easily handle 60 tons per hour, lifting the coal from 
the holds of the collier and loading it into wagons 
on the wharf, or placing it on a stack at the back 
of the wharf for subsequent disposal. The travel 
of the machines and the width available at the 
back is such that 6,000 tons of coal can be stored 
up to the limiting height of 15 ft. 

The transporters follow the usual Temperley 
system of construction, the track or beam for 
the travelling carriage being built up of steel 
sections strongly braced and stiffened at short 
intervals by steel brackets. As previously men- 
tioned, the outer end of the beam is made to 
hinge upwards so that it can clear the collier’s 
top hamper. To carry the fixed portion of the 
beam, a steel bridge girder of triangular cross 
section is employed, the girder being supported 
at each end by a steel frame or tower. That at 
the water end, which runs on the wharf, is fitted 
with two steel-plate hoppers to guide the coal 
discharged from the grab into trucks on the 
wharf as shown in Figs. 7, 8 and 9. The portal 
is wide enough to permit the passage of two lines 
of standard-gauge railway track. Both the water- 
end and land-end towers are mounted on cast-steel, 
double-flanged wheels which are driven by electric 
motors through spur gearing. Each travelling 
motor has its own controller, but both are started 
up simultaneously by the operation of a single 
lever. Suitable rail clips are provided to anchor 
the transporters to the track in high winds, and, 
to secure the machines when not in use, they are 
fitted with shackles and chains which can be 
attached to eyebolts in the track. Travelling 
compensators are provided to enable the load to 
be transported while the hoisting winch is stationary, 
and these compensators also serve to support the 
ropes and prevent excessive sag. ‘The operations 
of lifting and lowering and opening and closing 
the grab are effected by the double drum shown 
in the plan, Fig. 10, the two drums being driven 
through an epicyclic balancing gear, and the 
opening and closing being controlled by a hand 
lever and pedal. A counterbalancing device is 
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provided to balance part of the weight of the 
grab. All the control gear is located at the driver’s 
eabin, the position of which is clearly visible in 
Figs. 7, 8 and 9. It may be of interest to mention 
here that since the wharf has been completed and 
the transporter equipment installed, it has been 
the usual practice to unload a collier carrying 
2,100 tons of coal in less than two days as compared 
with five to six days required with the arrangements 
previously in use. The saving of time is, of course, 
of considerable importance since it enables each 
of the vessels engaged in the coal traffic between 
Port Harcourt and Lagos to make about ten addi- 
tional voyages per annum. 

The kerosene berth, previously referred to, is 
equipped with an electric portal jib crane constructed 
by Messrs. Samuel Butler and Co., Limited, of 
Stanningley, Leeds. This crane, which can be 
seen in Fig. 6 on Plate XXV, runs on rails spaced 
at 15-fi. centres, and is of the level-luffing type 
capable of handling loads of 30 cwt. at a maximum 
radius of 35 ft. The hoisting and travelling speeds 
are 200 ft. per minute and 50 ft. per minute, 
respectively, and the operation of luffing from 
maximum to minimum radius and vice versa is 
performed in 17 seconds; slewing is at the rate 
of two revolutions per minute. Each of the motions 
is operated by a separate motor. 

In conclusion we should mention that Messrs. 
Coode, Fitzmaurice, Wilson and Mitchell, who, as 
previously stated, are responsible for the design 
and construction of the wharf, also supervised the 
construction of the equipment, the orders for which 
were placed by the Crown Agents for the Colonies. 
We wish finally to express our indebtedness to 
them for the particulars from which we have 
prepared the above account of what is certainly 
an interesting example of the class of work by 
means of which the resources of the Empire are 
being developed. 





MESSRS. BROWN BAYLEY’S STEEL 
WORKS. 
(Continued from page 345.) 

BEFrorE passing to the mills and other manufactur- 
ing departments of the works, it may be convenient 
to give particulars of some of the internal appliances 
with the help of which they are carried on. 

The steam provision of the works is of some 
variety. It includes 16 Lancashire, 4 Stirling, 
2 Cochran and 1 vertical cross-tube boilers, all fired 
with slack, and in addition some steam is obtained 
from six waste-heat boilers of the Rastric, Stirling 
and Woodeson types. The practice of the works in 
respect to the use of waste-heat boilers is of 
some interest, as it differs from what might have 
been expected from a firm so keen on making all 
practicable economies. While, as the above list 
shows, they do not rule them out in all circumstances, 
they are disposed to view them with suspicion. 
They are of opinion that in the past designers 
have built heating furnaces to deal with a certain 
output irrespective of the amount of fuel used, 
being led to this extravagant practice by the know- 
ledge that the installation of a good waste-heat 
boiler would retrieve part of whatever heat was 
left over. It thus happens that even to-day a 
steel works may point with pride, say to a large 
forging press, because it is entirely driven by the 


steam from waste-heat boilers connected with their |- 


furnaces, when, as a fact, the waste-heat would 
not have been available at any temperature worth 
using if the furnaces had been properly designed. 
Doubtless for some considerable time there is 
likely to be a field for waste-heat boilers, but in 
many cases in which they are used it would have 
been possible, as well as far cheaper in first cost, to 
obtain an equally good economic result by spending 
the money on efficient furnaces, and keep to at 
least as low a fuel bill with a much better output 
per unit of capital expenditure. How far these 
views are of general application must depend 
doubtless on the working temperatures, and in 
particular on that of the flue gases of the improved 
furnaces, but so strong a view as that expressed 
and adopted in these works deserves careful con- 
sideration. Where waste-heat furnaces are already 


in existence modified forms of furnaces have been 
installed, in which more complete combustion is 
obtained without absorbing the waste heat required 
for these boilers. By such means it has been found 
possible to reduce the cost of heating steel to half 
its previous figure, while increasing the steam output 
by nearly the same percentage. The increased 
steam output is due to the fact that in the old 





which is conveyed through a deep cable culvert 
to the firm’s sub-station in the centre of the works, 
and there transformed or converted as required. 

The plant in the sub-station is ventilated and 
cooled by means of a Matthews and Yates wet 
air ccoler and fans, and comprises a 2,000 ' kw. 
motor converter adapted for the town current as 
delivered (Fig. 43) and three 500 kw. 2-phase 50- 





Fic. 43. 2,000-K.W. Motor ConveRTER IN Power Hovsz. 
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Fig. 44. 2,000-H.P. Moror ror MILL. 


furnace the waste gases consisted largely of smoke, 
which was chilled as soon as it came in contact 
with the heating surfaces of the boiler, while in 
the new furnaces combustion has been nearly 
completed before the gases enter the boiler. 
While, therefore, waste-heat boilers continue to be 
used in these works, the tendency is to reduce their 
number rather than to increase it. 

A large part of the power in the works is, of course, 
supplied electrically. The current is obtained from 
the Sheffield Corporation Electric Supply Depart- 








ment as 3-phase 50-cycle 11,000-volt current, 





cycle motor converters, all delivering at 460 volts. 
The main 11,000 volt current from the corporation 
supply is connected through suitable switchgear 
direct to the A.C. side of the largest machine, but 
is transformed before passing to the three smaller 
converters. All four machines deliver continuous 
460-volt current, and each is connected to a main 
feeder panel on the switchboard, the current 
passing through suitable circuit breakers to the 
main busbars, from which supplies are taken to the 
various sub-feeder panels. As mentioned above, & 
special smaller sub-station is provided for the electri¢ 
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furnace, where the Corporation main supply is 
transformed down to 65 to 95 volt 2-phase current. 

Practically all the motors, numbering over 300, 
used throughout the works are for 460-volt con- 
tinuous current. The aggregate power is about 
7,000 h.p., the largest individual motor being a 
2,000 h.p. motor (Fig. 44), which drives a mill. Three 
3-high bar mills are motor driven, a 14 in. and a 10 
in. being driven direct by 2,000 h.p. and 400 h.p. 
motors respectively, while a 94 in. mill is driven 
through ropes by two 200 h.p. motors. All the 
motors are of the variable speed continuous current 
460-volt class, the 10 in. mill motor starter being 
of the Brookhirst type and the 14 in. and 9} in. 
of the push button and contactor type. In one 
27 in. steam-driven reversing mill the skid gear, 
roller gear and screw-down gear are all driven 
by series-wound reversing motors, operated by 
master controls and contactor gear. Contactor 
gear has been found very satisfactory for this and 
similar work, and is also being used for automatic 
starting gear for hydraulic pumps and for hoisting 
motions on important cranes. 

Lifting magnets are used extensively throughout 
the works, and are fitted to practically all overhead 
travelling cranes. Their use for all the work of the 
two Siemens scrap and assembling yards has already 
been described. 

The general works hydraulic service is supplied 
by a Fullerton, Hodgart and Barclay triple-expan- 
sion engine, delivering pressure water throughout 
the works at 500 Ib. per square inch through two 
large accumulators and steel and iron mains. It 
serves a number of hydraulic machines, such as 
mill manipulators, furnace pushers, cranes and lifts, 
&c., of usual design. Reference will be made later 
to furnace pushers with certain new features used 
at one of the mills. 

Compressed air is supplied at a pressure of 100 Ib. 
per square inch by three motor-driven air com- 
pressors, with a total capacity of 850 cub. ft. of 
free air per minute. The largest machine is shown 
in Fig. 45; it has a capacity of 600 cub. ft. and is 
driven by a variable-speed motor with a 2: 1 ratio. 
It is an efficient machine, and is regarded as a good 
example of the high quality of workmanship put 
into British compressors at the present day, as it 
has been running night and day for the six years 
Since it was started without requiring repairs of any 
description. Compressed air is used throughout 
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hammers, drilling machines, grinding machines, 
manipulating cylinders, and other purposes, Anti- 
cipating a little the strict course of the present 
description of the works, mention may be made of 
a pneumatic stamping machine of some interest, 
which is attached to the cogging-mill shears, and is 
shown in Figs. 46 to 48. It is used for stamping 
each billet with the number of its cast automatically 
as it is sheared. The operation, which can be 
followed readily on the drawings, is that the down- 
ward stroke, during which the billet is marked, is 
made by means of compressed air admitted to the 
cylinder through a valve operated by the moving 
head of the shears, the return stroke being made 
by means of a spring on the top of the cylinder. 
The marks, usually five in number, are held in a 
loose container, which is slipped into a pocket in 
the bottom of the ram, and held in place by a 
spring-loaded keypiece, which may be released by 
means of a lever. The operation of changing from 
one cast number to another can thus be made in a 
few seconds. 

As will have been seen on Fig. 1, the works are 
amply served by railway tracks within the shops 
and yards, which are connected with the L.N.E.R. 
main line. The firm’s locomotive equipment for 
communications with the outside lines consists of 
four saddle-tank, outside-cylinder, four-coupled loco- 
motives of a type usual for works shunting; while 
for handling ingots, loading up into wagons, &c., 
14 steam jib locomotive cranes are used. Twenty- 
six wagons are employed exclusively for general 
internal works use, in addition to 69 8 to 12-ton 
wagons used for maintaining supplies of coal, &c. 
For carrying ingots numerous 60-ton to 70-ton bogies 
of special design are employed. Fig. 49 on page 376 
shows one of the locomotives with a 60-ton bogie, 








the works for pneumatic chipping and riveting 


and Figs. 50 to 52 show the bogie. These bogies were 
designed principally for carrying ingots from the 
stock-yard to the various departments of the works. 
In the past bogies of the usual size were apt to be 
seriously overloaded, and the trouble has been got 
over effectively by designing them to carry at least 
60 tons. The main frame is built up of deep plate 
sections with angles. The buffers are self-contained, 
with an internal spring inside the buffer case. In 
contrast with usual railway practice, the wheel and 
axle are arranged for the wheel to revolve on the 
axle, so allowing easy movement round the sharp 
curves it has been necessary to use in order to 
utilise the available space. The tare of the bogie is 
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Pyrumatic Bitter STAMPER FOR Cast MARKs. 


only 11 tons 5 ewt. 1 qr., which compares very 
favourably with that of ordinary practice, where 
a tare of 50 per cent. of the load carried is usual. 

The bogies have now been in use for five years, 
and have not required any repairs except the 
usual attention to buffers. 


(T'o be continued.) 





THE BRITISH ASSOCIATION MEETING 
AT SOUTHAMPTON. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCE. 
(Continued from page 348.) 


THE BALMER ABSORPTION SERIES IN STELLAR 
SPECTRA. 

Miss Creciti1a Payne, of Harvard-College Observa- 
tory, described observations of the absorption spectra 
of hydrogen made with the object of estimating 
the gas pressure in stars. Authorities differ some- 
what as to the number of series lines which can 
be counted in the hydrogen spectrum, In bright 
A stars, Miss Payne found 18 lines; later, she 
observed over 300 other stars of 5th and 6th 
magnitudes, photographing their spectra through 
a flint-glass objective (not quartz, which is note- 
worthy), using long exposures to bring out the 
ultraviolet, and she concluded that there was a 
definite relation between the absolute brightness 
and the number of lines. During the discussion 
of the paper by the Astronomer Royal, by Pro- 
fessor Ornstein (who indicated how Miss Payne’s 
relative-absorption determinations might be made 
absolute), Professor R. W. Wood, of Baltimore, 
said that in the laboratory he had observed 19 
and possibly 22 lines. The extreme lines were 
very faint and came out only in the absence of 
all traces of molecular (not atomic) hydrogen. 
This investigation had led him to a commercial 
application of the Balmer series. Atomic hydrogen, 
at l-mm. pressure, passing out of a very long 
vacuum tube, would remain atomic and keep a 
tungsten wire incandescent by catalysis. Langmuir 
had developed this into a blowpipe for welding, 
supplied with atomic hydrogen, in which tungsten 
melted like butter. 


OpticaL ExciITaTION OF MeRcuRy VAPOUR. 


Professor Wood then gave a further account 
of his own work on the optical excitation of 
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mercury vapour, and on the controlled orbital 
transfer of electrons in mercury vapour. The 
research is difficult to» explain without detailed 
diagrams. Professor Wood pointed out that 
electrons transferred from an inner to an outer 
orbit emitted radiation of a certain wave-length 
when falling back, and that, conversely, radiations 
were absorbed while the electrons were moving 
in the opposite direction. The electrons might 
also rotate in the orbit to which they were trans- 
ferred and there receive optical excitation, and be 
transferred to outer orbits. He used long, narrow 
quartz vacuum tubes, drawn out at one end and 
capped by a prism at the other end for axial 
observation. Along this tube was placed a mercury 
vapour lamp (water-cooled), supplying the exciting 
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radiations, and between the two were interposed 
light filters of vapours of bromine, chlorine, &c. 
The exciting invisible radiation of \ 2536, examined 
by a Lummer-Gehrcke plate, according to Nagadka, 
consisted of seven or eight components, of which 
only one was double, in a strong magnetic field. 
Professor Wood found five components, all double. 
The transfers and re-excitations by various rays 
brought out very strongly certain faint or absent 
lines and eliminated others. When the mercury 
vapour itself contained other gases, ¢.g., nitrogen 
or air, new radiations appeared of greater 
wave-lengths, up to 5,461, and it looked as if 
the electrons remembered their history and 
transfers. The phenomena were complex, but 
combination of the optical excitation by ultra- 
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violet light with the electric excitation offered 
advantages. 
Ligut-Quantum THEoRy oF DISPERSION. 

Professor L. 8. Ornstein, of Utrecht, discussed 
in his paper—the first read in the Section—the 
equilibrium of electrons and radiation from the 
quantum standpoint, on the assumption that the 
probability of a collision between an electron and 
a light quantum was proportional to the square of 
its wave-length, and that a light quantum was 
a spherical volume of electromagnetic energy— 
which could not be homogeneous, he added, in 
answer to Professor J. W. Nicholson—with dimen- 
sions of the order of a wave-length. When e 
quantum struck an atom, a force was exerted on the 
quantum proportional to the field gradient in the 
quantum and to the volume of the atom. From 
the momentum hc/A v (where c was the velocity of 
light and » the velocity of the quantum), the 
retardation of the quantum by the atom could 
be calculated, and the index of refraction for 
long waves be deduced, and, similarly, Rayleigh’s 
formula for the scattering of light. Dispersion 
could be accounted for by taking the inertia of the 
mass in the atom into consideration. The quantum 
theory and Einstein’s law of photochemical equiva- 
lence had received an important confirmation by 
the work of Compton and of Bothe and Geiger. 
The explanation of refraction and dispersion on 
the quantum theory, Professor Ornstein thought, 
was a step towards bringing the Maxwell ard 
Planck theories into harmony, though interference 
phenomena remained unexplained. 


THE ForcE ON A SPINNING ELECTRON. 


Of the mathematical paper of this title, by 
Professor H. Bateman, of California, we can only 





say that his electron is a revolving sphere, denser 
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in the core than in the outer portion, and possessing 
mass apart from the electromagnetic mass. 


Tue Free Pata or Excitation To EMISSION OF 
Lieut sy 4 Movine Hyprocen ATOM. 

Dr. B. Dasannacharya, M.A., of Madras, gave 
an account of a research conducted at Munich 
under Professor Willy Wien; the title was “ The 
Free Path of Excitation to Emission of Light /, 
of a Moving Atom of Hydrogen and the Free Path c 
of its Disturbance.” The idea is the following: 
Positive (canal) rays of moving hydrogen atoms 
are admitted into a vessel containing hydrogen 
or some other gas at higher variable pressure ; 
this gas pressure and the collisions retard the 
motion of the atoms and limit their free path ; 
the retarding influences may be expressed as the 
free path of the disturbance. The light emitted 
by the hydrogen was measured, as to intensity, 
and studied in a quartz spectrometer, and the 
Doppler effect was determined. The number of 
hydrogen atoms taking part in the light emission 
was calculated from the current carried by the 
cana] rays and the ratio of charged to uncharged 
atoms under similar conditions. For the observa- 
tions, the Hg and H_lines of hydrogen were used, 
the hydrogen velocity being 13, 21-5. 30 kilovolts 
in different series of experiments at 1 mm. initial 
hydrogen pressure. From the results the period 
of light emission and decay at various velocities 
and opposing gas pressures, and the free paths 
were estimated. The /,, the distance a hydrogen 
atom had to traverse before emitting Hg and Hy, 
was found to be 24 cm. and 108 cm. 


Arrempt To Detect Aa CoRPUSCULAR RADIATION 
oF Cosmic ORIGIN. 


Professor W. F. G. Swann, now of Yale College, 
Newhaven, discussed in this paper another funda- 
mental problem. We do not know, as Dr. Simpson 
subsequently also emphasised, how the loss of the 
earth’s charge through the atmosphere is being 
maintained. If cosmic electrons were to effect 
that replenishment, some 1,500 should enter the 
earth per square centimetre per second. Those 
electrons should produce ions near the earth in 
numbers thousands of times greater than those 
observed and otherwise accounted for. 

Professor Swann, whose experiments are being 
continued under the auspices of the Franklin 
Institute, connected two hollow copper cylinders 
to a quadrant of an electrometer; each cylinder 
was jacketed by a larger copper cylinder, the two 
latter being joined to the ends of a megohm resist- 
ance connected at the midpoint with the electro- 
meter case. The battery (150 volts) connections 
were such that the ionising currents in the two 
systems balanced. Each of the inner cylinders 
could be filled with solid copper. From the obser- 
vations it was possible to estimate the rate of 
charging the copper by any absorption of radiation 
of corpuscular origin, such as might penetrate 
into our atmosphere from outside. The results, 
as in previous experiments at Kew, were negative 
or inconclusive, and, at any rate, could not account 
for the maintenance of the earth’s charge. 


Magnetic Storms AND EartH CURRENTS. 


In this paper—the last coming before the Section 
—Mr. W. J. Thorowgood, the engineer-in-charge 
of the signal service on the Southern Railway, 
discussed the great magnetic storm of May 13 to 
May 17, 1921, and the simultaneous earth currents 
on the basis of records obtained in Great Britain, 
India and New Zealand, which showed that the 
storm was felt almost all over the earth. In his 
tables, the data were reduced to Greenwich mean 
time. During magnetic storms, he explained, 
the magnetic elements were disturbed and earth 
currents passed through nearly all telegraph circuits 
earthed at both ends, whilst on metallic return- 
circuits, without earth connections, no currents were 
discernible with available instruments. ‘his latter 
fact disproved the assumption that the earth currents 
were caused by magnetic induction in the wires, due 
to changes in the earth’s field. Apparently the 
current divided between the conducting circuits 
and the earth itself, inversely as the resistance. 
Hence the difference of potential between the ends 
of a circuit could be calculated by Ohm’s law. 





Mr. Thorowgood suggested that the current passed 
from a spot at high potential to another spot of 
lower potential on the other side of the globe. The 
exceedingly rapid changes in the intensity and 
direction of the currents might be due to emana- 
tions from the sun of positive and negative charges 
striking a spot in rapid alternations. The main 
current directions were N-S and E-W, or vice versa. 
Assuming that the total length of the current path 
was half the circumference of the globe, the tests 
made at Bombay and Madras gave the values of 
589-68 and 693-15 volts for these two alternative 
paths. Unfortunately, we had no systems of wires 
radiating from the points struck, and had to rely 
on indirect measurements along oblique paths. 


THe Stupy or WIRELESS WAVE FRONTS BY 
DrrecTIonAL METHODS. 


Dr. R. I. Smith-Rose, M.Sc., of the National 
Physical Laboratory, followed with a very able 
summary of the principles and recent work in 
directional wireless with special regard to the 
utilisation of these methods for the st@dy of radio- 
wave propagation. In a simple wave, he said in 
his introduction, the electric and magnetic forces 
were at right angles to each other and to the direc- 
tion of propagation ; the plane of these forces was 
known as the wave-front. The ordinary aerial of a 
wireless transmitter might be regarded as the upper 
half of a dumb-bell oscillator, the other half taking 
the form of an image below the surface of the earth 
supposed, in the first instance, to be a perfect con- 
ductor. The electric force would then be vertical, 
the magnetic force horizontal, and the wave-front 
at the surface might be considered as a vertical 
plane. Since the earth was not a perfect conductor, 
the electric force was slightly altered in direction, 
but the magnetic force remained unaltered. The 
direction-finder used a wire loop capable of turning 
about a vertical axis. The e.m.f. induced in this 
loop by an incoming wave varied with the cosine of 
the magnetic component; when the e.m.f. was 
zero, the plane of the loop was parallel to the 
horizontal-field component. In that way the 
direction was determined. 

The observations of recent years showed that 
errors due to local conditions of the direction-finder 
arose from the presence in the neighbourhood of 
metal, trees, tuned aerials, long stretches of overhead 
wires, &c. These errors in the direction deduced 
might amount to 50 deg., and were unavoidable on 
board ship and aircraft; but there they could be 
corrected and compensated for. The deviations 
from the correct direction varied with several factors. 
On moderate wave-lengths, between 450 m. and 
2,000 m., the daylight departure of the horizontal 
magnetic component was generally less than 4 deg. ; 
during the dark hours, starting an hour or so before 
sunset and ending an hour after sunrise, the depar- 
tures were much greater, 10 and 20 deg., and might 
rise to 90 deg. On long waves, 2,000 m. to 13,000 m., 
these diurnal variations were much less marked, 
especially during winter. But in winter the strong 
night deviation might extend far into day time 
and might occur at noon, while at night sudden 
fluctuations of 40 deg. per minute had been observed 
on waves of 450 m., these departures being roughly 
inversely proportional] to the wave-length employed. 
Where transmission was over jand, the variations 
increased with distance up to 100 or 200 miles ; but 
beyond that distance no increase had been observed 
up to the maximum tested, viz., 1,500 miles. So far 
it seemed that the use of damped or undamped 
waves, the shape and dimensions of aerials, and the 
direction of transmission made no difference. 

With overland transmission, the diurnal variation 
became noticeable at distances of 30 miles. When 
the transmission was entirely oversea, the minimum 
distance was three times as great and, as in marine 
navigation the range of direction-finding rarely 
exceeded 50 miles and never exceeded 100 miles. 
95 per cent. of the observed bearings were correct 
within 2 per cent. Errors were present, however, 
when the line of transmission was parallel to a 
coast. Almost all these latter observations had 
been made with damped waves of 450 m. 

The minimum e.m.f. observed in these determina- 
tions was sometimes so flat that the coil might have 
to be rotated through 5 deg. and even 20 deg. before 








any change in the signal strength could be detected. 
That might indicate that the horizontal component 
was no longer strictly linear, but of an elliptical 
polar form, owing to the arrival of two waves 
differing in phase and amplitude; the apparent 
direction of wave arrival would then be vertical 


to the major axis of the ellipse. An extreme 
case was that of circular polarisation; the signal 
was then practically of uniform intensity for the 
complete coil rotation of 360 deg., and the bearing 
could not be determined. The case was compara- 
tively rare on long waves (2,000 to 13,000 m.), but 
so frequent on short waves (450 to 1,000 m.) that 
definite bearings could not be taken during the 
night in 10 per cent. to 50 per cent. of the cases. 

In order to determine the complete directions of 
the magnetic forces, the closed-loop receiver was 
made capable of rotating about the horizontal 
as well as the vertical axis. The minimum e.m.f. 
was first determined as indicated. The coil was 
then turned through 90 deg., so that the horizontal 
axis was perpendicular to the horizontal component ; 
by rotating the coil further about its horizontal 
axis, the inclination of the force was ascertained. 
In cases of elliptical or circular polarisation, this 
was possible to a limited extent only. For the 
determination of the electric force, a straight open- 
wire aerial (Hertzian rod) was used, supported at 
its mid-point. When rotated about its horizontal 
axis, the rod, at zero signal intensity, would be 
perpendicular to the electric force, if linearly 
polarised, or perpendicular to the major axis, if 
elliptically polarised, when the axis of rotation was 
parallel to the direction of the wave-propagation. 
The rotation should be repeated about a perpendi- 
cular horizontal axis. When these methods were 
adopted, the electric force, as mentioned, was found 
to be not quite vertical, but slightly tilted forward 
and slightly polarised elliptically. That this should 
be so because the earth was an imperfect conductor 
had been predicted by Zenneck. The tilts measured 
in the south of England ranged from 0-5 deg. on 
6,900-m. waves to 3 deg. on 350-m. waves. The 
earth conductivity deduced ranged from 0-6 to 
4 x 108 (electrostatic units); the measurements 
were very difficult, but there was no consistent 
relation between the results and the nature of the 
subsoil or its surface condition. 

As regards transmission over long ranges and night 
conditions, it was assumed that one or more waves 
were received, refracted or reflected from the upper 
atmosphere, in addition to the wave propagated 
along the earth’s surface. If this down-coming wave 
were polarised, the departures from correct bearings 
could be explained without assuming that the waves 
departed from the great circle plane between trans- 
mitter and receiver. But the determination of the 
down-coming wave was no easy matter, because 
an earth of the conductivity mentioned would be 
a moderately good reflector and the down-coming 
wave would give rise to a reflected wave of nearly 
full amplitude. The combined effect of these waves 
was that the resultant electric force had no hori- 
zontal component and the magnetic force no 
vertical component. Such a wave could hardly be 
distinguished, by directional measurements, from 
a horizontally-propagated wave. The departures 
for long waves, should be only fractions of a degree, 
and observations made during the last eighteen 
months on wave-lengths ranging from 2-6 km. to 
12-4 km. had, indeed, given departures from the 
normal directions of the electric and magnetic waves 
amounting only to about 1 deg., although many of 
these experiments were made under conditions 
known to be affected by night disturbances. On 
shorter wave-lengths, the practical difficulties 
greatly increased ; under suitable night conditions 
the resultant electric force deviated by 12 deg. 
maximum from the normal day value, and the 
magnetic force by 5 deg. 

These experiments, which were continued by the 
Radio Research Board at Slough simultaneously 
with other measurements, promised to throw much 
light upon this most important scientific problem 
in the propagation of radio waves. 


THERMIONIC-VALVE PROBLEMS. 


“The first of three problems,. which Professor E. V. 
Appleton, of Cambridge, dealt with, concerned the 
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use of the valve as an oscillator and oscillation hy- 
steresis. The oscillation amplitudes, he pointed 
out, were peculiar, and it sometimes looked as if the 
magnification had received an electric or magnetic 
kick. Listeners to broadcast telephony frequently 
used too much reaction, and -the set, though natur- 
ally stable, began to oscillate violently. A set 
might be made to oscillate with either of two stable 
amplitudes. Three types of oscillation decrements, 
due to dynamic damping, might be distinguished. 
The second problem was the lag observed in the 
valve action. With a sudden increase of the grid or 
anode potential, the electron seemed to jump to a 
peak from which it fell back to its final value ; 
that might take 0-8 second, but Professor Appleton 
and Dr. E. A, Owen were not in agreement as to 
the electronic curves. The lag was not due to any 
sluggish action of the electrons which really res- 
ponded instantaneously to any potential impulse, 
but to the change in the thermal conditions of the 
filament on closing the anode circuit. The elec- 
tronic emission was then diminished owing to the 
anode reaction and the space current, and the fila- 
ment was made cooler at the negative end and hotter 
at the positive end, heat being required for the 
evaporation of the electrons ; the final result was 
a cooling of the filament. The important point 
in these problems and in the third problem, the 
explanation of the valve characteristic, was the 
fact that electrons were sent out by the anode 
and the grid as well as by the filament, and that 
the electrons from the filament might curve round 
the grid (as if under gravitational attraction) and 
fall back upon the filament instead of striking the 
anode. In order to study these features, Professor 
Appleton constructed a valve, the filament of which 
he could move up and down, and filled the valve 
with a weak conductor, diluted copper-sulphate 
solution, for measuring the ratio of grid current 
to anode current while keeping their potentials 
equal with respect to the filament potential. 


DIFFUSION OF SUSPENDED PARTICLES AND 
AvoGapRo’s NuMBER, 


Captain J. H. Shaxby, of Cardiff University, 
described how particles of a suspension could be 
counted when they were made to adhere to the 
vertical walls of the container which they reached 
during their Brownian movements. The number 
of particles adhering increased with depth and gave 
a@ measure of the diffusion; it also provided its 
own time record when the rate of settling was 
known, The Avogadro number deduced was 
5:9 x 10%, which is in excellent agreement with 
other determinations. These experiments which 
were made with the minute spheres of staphylo- 
coccus gave rise to enquiries by Professor 
H. H. Turner, Mr. E. A. Fisher (of Rothamsted), 
and Miss Fry about possible applications in 
various fields, 


MATHEMATICAL PAPERS. 


The committee on Calculation of Mathematical 
Tables (chairman, Professor J. W. Nicholson ; 
secretary, Dr. J. R. Airey) presented tables of 
Bessel functions of half-odd integral order and of 
{ommel-Weber functions, compiled with the aid 
of a Burkhardt Arithmometer. The two mathe- 
matical papers read were by Professor A. E, Ken- 
nelly on ‘Some New Properties of Hyperbolic 
Functions and Integral Series of Numbers with 
Applications to Electrical Engineering,” and by 
Professor H. Bateman on “A Certain Series of 
Partial Differential Equations.” 

In responding to the vote of thanks to the Presi- 
dent, proposed by Mr. R. 8. Whipple at the end of 
the transactions of the Section, Dr. Simpson re- 
marked that he had been called the “‘ hard-hearted 
president.”’ He felt sure, however, that members 
of the Section quite appreciated the manner in 
which he presided over the proceedings and his 
strict application of the closure, and only regretted 
the necessity for its application—as we pointed out 
in our introductory remarks. 

We proceed to the joint discussion with Section 
C, which was held in the rooms of this section, 
Professor W. A. Parks, of Toronto, President of 
Section C, being in the chair. 


VARIATION IN GRAVITATIONAL ForRcE AND DIREC- 
TION AND GEOLOGICAL History. 

In opening this discussion with a paper on 
“Tsostacy and Geological Structure,” Dr. J. W. 
Evans, of London, stated that Gesner, who died at 
Ziirichin 1565, had already recognised that the lofty 
mountains could not be supported by an earth 
crust of general average density. Gravity deter- 
minations later indicated that there was a defect 
in density below mountains which, Pratt and Airey 
suggested in the fifties, floated in the less dense 
layers. According to the theory of isostacy the 
balance between different portions of the earth’s 
surface was now almost complete, and the total 
mass underlying unit surface tended to become the 
same under the Himalayas and under the oceans. 
Geodetists ascribed the actual irregularities and 
density fluctuations mainly to local expansions 
and contractions. Geologists rather believed that 
the disturbances of the equilibrium, at any rate 
those still continuing, were chiefly due to the accu- 
mulation of sediments, ice sheets (during periods 
of glaciatiom@, lava and volcanic ashes, and to 
the subsequent removal of the surface material 
by erosion, melting and other causes. Sediment 
accumulating would depress the floor and would 
warp and be corrugated under the lateral pressure 
as it sank; the folding might extend to heights 
far above our present mountains and to great 
depths, but subsequent erosion would conceal and 
balance these irregularities. German scientists had 
suggested that the Alps, which probably had risen 
and sunk several times, were kept temporarily 
floating by the “‘swimming-belt”’ action of the 
Jura and other ranges. 

The process of adjustment might take many 
centuries, but the modern advocates of isostacy 
(C. E. Dutton 1889, J. F. Hayford 1912, W. Bowie) 
believed that isostacy was practically complete 
now on a large scale, at any rate in America. 
The Americans, who had done most of the recent 
work and had done it well, started from theoretical 
consideration of what gravity ought to be locally ; 
in Europe they started from observation by the 
pendulum bob and the gravity balance, and deduced 
the theory. The Americans supposed that there 
was equilibrium at a certain level ; that level was 
first fixed at a depth of 140 kni., then at 97 km. 
A column of lesser density than that of the moun- 
tains (or of a higher density than that of the ocean) 
was supposed to extend down to the equilibrium 
level where the pressure was the same all over 
the globe. Professor Evans thought that the 
balance was maintained by the greater or lesser 
depth to which the column extended, and considered 
that the most recent observations favoured this 
view. 

Professor Horace Lamb, who had dwelt on these 
problems in his presidential address (see page 267 
ante) remarked that the matter was simpler to the 
mathematician than to the geologist, who had to 
study the historical problem. Captain H. Shaw, the 
next speaker, pointed out that the deviations from 
the true vertical due to heavy masses below the 
surface could only be exceedingly small, and their 
determination at stations 100 m. apart might take 
aweek, The Edtvés torsional balance measured the 
actual difference in gravitational force (g-+dgq/ds) 
at two points near one another; they could with 
this balance measure to 10-° c.g.s. unit, but they 
were, as their first work in the basement of the 
Science Museum at South Kensington had shown, 
very much influenced by temperature fluctuations. 
In Hungary (Baron Eétvés died at Budapest in 
April, 1919) the balance had been used successfully 
to determine the slope of the mountain outrunners 
under the surface and the locality of ore, coal 
and salt deposits. In his own field work Captain 
Shaw had, with the balance placed within a 
double-walled hut to keep the temperature constant, 
explored a limestone hill imbedded in reclaimed 
ground, He had failed to discover an ore deposit 
which a borehole had found ; but more boreholes 
had proved this ore pocket to be insignificant, 
and he had corrected the map of the hill, based 
upon boreholes and survey. Captain Shaw also 
pointed out that a heavy and a light mass in the 
same column would have isostatically the same 


below the light, but the balance would show a 
difference. Mr. E. Lancaster-Jones, of Cambridze, 
who had been associated with Captain Shaw in these 
researches,* said that though 90 per cent. of the 
gravitational anomalies in America and in India 
might be explained by the theory of iscstacy, 
certain anomalies remained and must remain 
unless we were able to. take density determinations 
correct to 0-01 in every area down to a depth of 
at least 5 miles. The discussion was continued 
by Dr. Harold Jeffreys from the geodetic stand- 
point, Mr. F. P. White and others. 


(To be continued.) 





WEB-PLATES IN COMPRESSION 
MEMBERS. 


Some eighty years ago Fairbairn, as the result 
of experiments made in connection with the design 
of the Conway and Britannia tubular bridges, laid 
down the rule that the thickness of the web plate 
of a compression member should not be less than 
one-thirtieth of the width. This rule has governed 
the design of compression members ever since. 
Experience has indicated that the limit of thickness 
thus fixed is a safe one, but little has been done 
in the way of direct experiment during the past 
three generations to confirm it. This omission has 
led to a very complete reinvestigation of the matter 
by the engineers responsible for the design of the 
Delaware River suspension bridge, which is now 
approaching completion. The centre span of this 
great structure will be 1,750 ft., and the two main 
cables will be 30 in. in diameter, and will each 
consist of 18,666 individual wires. 

The primary object of the investigation made 
into the proper thickness for web plates was to 
secure reliable data for the economical proportioning 
of the great steel towers of the structure, but the 
opportunity was taken of extending the inquiry 
somewhat beyond the immediate need of the 
moment, <A description of the research is given 
in a paper by Mr. Clement E. Chase, the principal 
assistant engineer to the Bridge Commission. This 
was read last May before the Engineers’ Club of 
Philadelphia and the local branch of the American 
Society of Civil Engineers. 

The test pieces were 10 ft. long and 2 ft. 11 in. 
wide between flanges, which were each constituted 
of two 6 in. by 4 in. by ? in. angles, secured to 
the web by a double row of 1-in. rivets. The webs 
used were respectively 3 in., 3 in., § in., 2 in. and 
1 in. The thinner web plates proved to be not 
quite flat, the depth of some of the buckles being 
as much as yy in. Under test these buckles 
developed progressively. ‘The yielding of the plate 
under increasing loads was shown up by giving 
the webs a light wash of Portland cement as a 
preliminary to the test. This scaled off as the 
metal yielded, displaying well the buckles and the 
Lueder lines. The following table shows the ratics 
of the width to thickness tested, taking this width 
in the one case as the distance between the toes of 
the flange angles, and in the second as the distance 
between the lines of rivets :— 





ate 
_ 
5 
nad 
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Thickness of web-plates 


Distance between angles ..| 61°3 | 46-0 | 36-8 | 30-7 | 23-0 





Thickness of webs 


Distance between rows of rivets 
Thickness of webs 





52-0 | 41-5 | 34-7 | 26-0 


69°3 
| 








The #-in. and the }-in. webs failed to stand up 
and take their fair share of the load. The 3-in. 
web behaved much better, but suffered from 
having been buckled ab initio. The }-in. plate 
wes much flatter, and did not begin to buckle 
until the flanges had reached their limit of resistance. 
The general conclusion arrived at was that Fair- 
bairn’s rule was approximately correct, but that 
in applying it the width might safely be taken 
as the distance between the toes of the flange 
angles, and not as the distance between the rows 
of the rivets. 

Other experiments made in connection with the 
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effect, whether the heavy material was above or 
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Delaware bridge had reference to the strength of 
the splices in the wires of the cable. These were 
made by ferrules having right- and left-handed 
threads which were screwed on to the wires. The 
latter had their ends cut to an angle of 45 deg. 
so that opposing ends locked each other, and the 
ferrule was tightened. These splices developed 
a strength equal to more than 95 per cent. of 
that of the body of the wire, although the cross 
section of the latter was reduced about 18 per cent. 
by the screw thread. ‘The wires had, it may be 
added, a tensile strength of 215,000 lb. per square 
inch. 





* THe Errictency oF MARINE AUXILIARY MACHINERY : 
ErratumM.—With reference to the paper on the Efficiency 
of Marine Auxiliary Machinery read recently before 
Section G of the British Association, at the Southampton 
meeting, the author points out that the figure of 1,900 
given in the last column of Table II, page 336 ante 
should read 900, and the figure 350 should read 1,350. 





Hicu-FREQquENCY InpucTION FurNAcE.—In connec- 
tion with the paper, entitled ‘‘ High-Frequency Induc- 
tion Furnace,” read at the recent Birmingham meeting 
of the Iron and Steel Institute, by Mr. D. F. Campbell, 
some additional particulars were placed before the 
members. The author stated that the first commercial 
application of high-frequency melting in Europe had 
been made by the Telegraph Construction and Main- 
tenance Company, Limited, of London, for the prepara- 
tion of nickel-iron alloys required for the manufacture 
of submarine cables. The new furnace had quickly made 
possible the perfection of the series of alloys known 
under the name of “‘ Mumetal ” (so called because the 
Greek letter “‘ 4” was the symbol for permeability). A 
typical Mumetal alloy had the following percentage com- 
position :—Nickel, 74-0; iron, 20-0; copper, 5-3; 
manganese, 0-7. The magnetic permeability of an a!loy 
of this composition, was 7,000. The chief characteristics 
required of these materials were low hysteresis loss with 
@ very high permeability at low magnetising forces. The 
composition of the alloy, and the annealing, could be 
80 varied as to give maximum neutral permeability, or, 
maximum permeability at magnetic saturation, or, high 
or low fields for magnetic saturation. Freedom from 
carbon was however one of the primary essentials, and, 
for this reason, the high-frequency furnace had proved 
the only suitable melting equipment. In the case of 
certain types of cables, an increase in electrical resist- 
ance of the alloys was desirable, and, for this purpose, an 
extra element, which might be tungsten, chromium, sili- 
con, vanadium, titanium, molybdenum, or aluminium, 
could be added in small quantities. More than 5,000 
miles of submarine cable loaded with these alloys would 
shortly be laid, and there was little doubt that this reli- 
able and rapid means of signalling would profoundly 
modify inter-continental communications. The Telegraph 
Construction Company had more high-frequency melting 
furnaces than were employed in any other installation. 
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AUTOMATIC ELIMINATORS FOR 
ALLUVIAL MATTER IN WATER- 
TURBINE SUPPLIES. 

(Concluded from page 316.) 

THE maximum dimensions of the particles of 
alluvial matter carried into a supply channel are 
determined by the position of the intake with 
reference to the river, by the arrangement of the 
intake and by the form of the protective devices. 
These devices comprise grids and perforated screens, 
of which the distance apart of the bars, or the dia- 
meter of the holes, varies usually from 10 to 30 mm. 
(0-4 to 1-2 in.) or more rarely from 40 to 50 mm. 
(1°5 to 2 in.). To perform its purpose in any par- 
ticular case, the automatic eliminator should free the 
water from all solid material of a size between that 
capable of passing a screen with bars, say, 30 mm. 
(1:2 in.) apart and much smaller material, of which 
the limit is determined by the efficiency of the 
eliminator. 

The determination of the limit of efficiency de- 
sirable in an eliminator is a question of considerable 
importance because the limit chosen will settle 
not only the dimensions and cost of the installation, 
but also the degree of separation realised. When 
the question at issue is merely that of preventing the 
silting-up of a canal, the limit of efficiency of the 
eliminator will be determined by the removal of all 
particles which will not be carried-off naturally 
by the moving water. If, however, it is desired to 
prevent attrition of the bottom of the canal the 
separation must be more complete, while if the 
canal serves water turbines the efficiency of the 
eliminator must be set sufficiently high to prevent 
wear of the machines. In this case the limit which 
is set to the size of grains to be removed must be 
finer as the fall utilized is greater, the material 
of the alluvial matter harder, and its quantity 
greater. Advantage should be taken of the greater 
efficiency possible when the conditions of the site 
and the cost of material are favourable. The 
most efficient separation is necessary when the 
eliminator is installed to prevent the silting-up 
of reservoirs or to treat water which is to be 
employed for industrial purposes. 

The efficiency of separation of automatic elimina- 
tors veries generally between the removal of all 
material greater than 0°2 mm. (0°008 in.) in diameter 
and the removal of all material greater than 
0°5mm, (0°02in.) in diameter, but these figures may 
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AUTOMATIC ELIMINATORS FOR ALLUVIAL MATTER IN WATER-TURBINE SUPPLIES. 


Fig. 35. EFFICIENCY OF THE ACKERSAND SAND ARRESTER. 
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be passed in either direction if necessary. For a 
given flow of water the dimensions of an eliminator 
to meet any chosen condition of efficiency may be 
exactly calculated from observations on the alluvial 
matter carried by the water. It will, of course, be 
understood that the eliminator will be larger as 
the dimensions of the grains to be separated aze 
smaller. Any degree of separation may be guaran- 
teed and obtained. The automatic eliminator at 
the Ackersand station was built under guarantee 
that the quantity of grains greater than 0-5 mm. 
(0°02 in.) in diameter in the treated water should not 
be greater than 5 per cent. of the total volume. 
Actually in the summer of 1919 the quantity of 
grains greater than 0-4 mm, (0°016 in.) diameter in 
the mud of the water leaving the eliminator was 
only 1-55 per cent. Some further information 
relating to the performance of this eliminator is 
given in Figs. 34 and 35. The left hand side of 
Fig. 34 shows alluvial matter collected from the 
flushing water, and the right hand side that 
collected from the turbine water. Since the 
Ackersand eliminator was constructed, a number 
of other plants designed to separate all matter 
down to 0-2 mm, (0-008 in.) in diameter have all 
come well within their guarantee. 

It may be suggested that, even if the automatic 
eliminators accomplish all that is claimed, they have 
the disadvantage of diverting a certain percentage 
of the water available, for flushing purposes, Ex- 
perience has shown, however, that in practice this 
is no disability, since, at the time when large quan- 
tities of alluvial matter are brought down, the 
supply of water is always much greater than is 
needed by the power station. This condition is 
well illustrated by Figs. 36 to 40, which show the 
water flow in some well-known Alpine rivers. 

Before concluding, it will be well to refer to some 
actual results obtained in practice with automatic 
eliminators, of which the oldest—that at Florida- 
Alta has now been in operation for more than ten 
years. Precise results are, in general, difficult to 
obtain, since their estimation requires considerable 
work, the taking of many observations, and the 
collection of statistics regarding a number of different 
factors. The quantity of alluvial matter carried by 
a river varies very much from year to year. Fig. 41, 
which is taken from Dr. L. W. Collet’s paper, entitled 
‘“*Le Charriage des Alluvions dans Certains Cours 
d’Eau de la Suisse,” published in the Annales 








Suisses @ Hydrographie, vol. ii, illustrates the large 
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ig. 44. CURVES OF WATER-FLOW IN THE RIVER DRANCE AND MATERIAL IN 
SUSPENSION IN THE WATER AT MARTIGNY-BOURG 1909-13. 


Water Flow is represented by Fine Lines and Material in Lines. 
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variations in the quantity of alluvial matter carried |The Ackersand power station originally possessed 
by the River Drance. an old separator, which was flushed periodically, but 

In spite of these difficulties, the results obtained | which at certain times allowed water to pass to the 
with some automatic eliminators can be quoted :! turbines containing sand and pieces of gravel up 
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to 12 mm. (0-47 in.) in diameter. The wear on the 
machinery was such that it was necessary to replace 
three nozzles and a turbine wheel every year. The 
automatic eliminator, which was put into service in 
1919, limited the size of the grains entering the 
mawvhines to a diameter of 0-4 mm. (0-016 in.) in 
diameter, and prolonged the life of the parts which 
were previously eroded in the proportion of about 
1 to 3. Fig. 42 shows the efficiency of the station 
in 1918 and 1919, at the end of the period during 
which alluvial matter is carried by the water. The 
weight of material collected by the eliminator in the 
summer of 1919 amounted to about 8,020 tons. 

The Monthey Power Station in Switzerland, 
which generates 10,400 h.p. under a fall of 257 m. 
(843 ft.) has a normal arrangement for the intake 
from the river, which, nevertheless, permits quan- 
tities of gravel up to 50 mm. and 60 mm. in diameter 
(2 in. to 2°3 in.), sand and mud to penetrate 
into the conduits. The deposits in the conduits and 
forebay at one time used to form to the extent of 
several metres in thickness, while the guide vanes 
and wheels of the machines had to be replaced after 
from five to eight years of service. An automatic 
eliminator was put into service in 1921, and has 
limited the grains of alluvial matter carried into 
the conduits to a diameter of 0-8 mm. (0°032 in.). 
Since it was put into service there has been no 
further deposit in the head works and no wear of the 
machines. The Modane station in France, utilises a 
fall of 180 m. (590 ft.) and has an output of 950 
h.p. The water is used for industrial purposes in 
paper manufacture, in addition to the driving of the 
turbines. With only comparatively primitive intake 
arrangements, which, however, were furnished with 
a settling basin, the works received water carrying 
the whole of the alluvial matter which was capable 
of passing a screen with 10 mm. (0°4 in.) spaces 
between the bars. Under these conditions, guide 
vanes of the turbines, valves and other parts of the 
plant had to be replaced as often as two or three 
times a year. A year after the installation of an 
automatic eliminator—in July, 1923—which removes 
all material down to a diameter of 0-2 mm. (0°008 in.), 
no piece of apparatus has required replacement. 

The Premont station in France, which generates 
14,000 h.p. under a fall of 70 m. (229 ft.), has an 
intake furnished with a screen which limits the 
size of alluvial material which can be carried 
into the conduits to 45 mm. by 15 mm. (177 in. 
by 0°58 in.). The quantity of material which 
passed through the machines, in spite of this pre- 
caution, was so great that in summer the guide 
vanes and wheels of some turbines had to be replaced 
after as little as 27, 18 or even 12 days of service. 
An automatic eliminator was put into service m 
July, 1924, arranged to remove all material greater 
than 0-5 mm. (0°02 in.) in diameter. Since that 
time no turbine wear has been observed. 

The number of automatic eliminators designed on 
the author's system built or ordered up to the end 
of 1925 was 27, and the total power of the stations 
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ELECTRIC-BATTERY. MINING LOCOMOTIVE. 


CONSTRUCTED BY MESSRS. JOSEPH BOOTH AND BROS., 
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to which these are applied is over 300,000 h.p. 
In view of the very diverse conditions under 
which hydro-electric installations work, those most 
fortunately situated utilising water which is always 
clear even under high-head conditions, the serious 
wear and the means of remedying it that have been 
dealt with in this article must not be too broadly 
generalised. Nevertheless, it can be said that 
whenever the water utilised carries solid matter 
which causes wear, there is loss from irregular 
Operation, fall in output, and attendant expense 
for repairs. For all installations in which the 
economic utilisation of the water available and the 
maximum output possible is aimed at, the data 
here put forward call for serious attention and 
consideration. The method outlined should be of 
interest to all who are concerned with hydro- 
electric development and should do something 
towards helping forward its progress. 


ELECTRIC-BATTERY MINING 
LOCOMOTIVE. 


It will be remembered that some time ago Mr. 
Charles Markham, of Chesterfield, offered a prize of 
1,0001. for a mining locomotive which could be used to 
replace pit ponies for the haulage of tubs underground. 
A very stringent specification was prepared in connec- 
tion with the competition, on the results of which the 
prize was to be awarded. The competition attracted 
10 entries, from which five were selected for final tests, 
and these tests were carried out at the Brodsworth Main 
Colliery, Doncaster, last May. The result of the tests 
was that the whole of the 1,000/. prize was awarded to 
the Union electric-battery mining locomotive. This 
machine, which is illustrated in Figs. 1 to 4 above, was 
manufactured by Messrs. Joseph Booth and Bros., 
Limited, of Rodley, Leeds. We are indebted to 
Mr. W. Delap Goslett, who is in charge of the Sales 
Department for these locomotives at 47, Victoria- 


particulars on which the following description is 
based, 

The locomotive, which is of 2 ft. gauge, has a wheel- 
base of 2 ft. 3 in., and wheels 22} in. in diameter. The 
overall length is 8 ft. 10 in., the height 3 ft. 5} in., and 
the overall width 3 ft. 14 in. The weight in working 
order is 63 cwt. One of the conditions of the speci- 
fication was that the machine should be capable of 
turning through an angle of 90 deg. on a radius of 
13 ft., with an overhang of not more than 12 in. 
Actually the overhang of the Union locomotive under 
these conditions is only 11 in. The machine is fitted 
with a single motor of 10 h.p., working on a 76-volt 
circuit, and coupled to the driving wheels through worm 
reduction gear. The haulage speed, with full load 
on a gradient of 1 in 24, is 34 miles an hour, and with 
light load on the same gradient, 5 miles an hour. A 
hand-screw brake is fitted which applies shoes to the 
wheels. 

A special feature of this machine, of great value in a 
mining electric locomotive, is the Union patent 
device, comprising an arrangement by which all the 
electrical parts, consisting of the controller, resistances, 
circuit-breaker, motor and all wiring, can be lifted out 
of the locomotive as a unit free from the mechanical 
parts. Two frames are provided, the inner one 
consisting of two steel side castings carrying the axles 
mounted rigidly between them. The outer frame, 
which is built up of heavy steel plate with buffer 
castings at each end, carries all the electrical mechanism. 
Guides are provided on the inner frame in which the 
cross-channel bracings of the outer frame slide. These 
cross channels are suspended from the inner frame 
by helical springs. The details will be followed 
from Figs. 1 and 3. It will be clear that the effect of 
this arrangement is that, while the inner frame and its 
parts are quite solid, the outer frame is spring borne. 
Bolts are passed through the springs to secure the 
two frames together and subject the springs to sufficient 
compression to ensure smooth and easy running. 

All moving parts are carried on Hoffman ball or 
roller bearings, and ball thrust bearings are fitted in 
connection with the worm drive. The axles are 
coupled by means of side rods carried on ball bearings 
on pins on the wheels. The wheels have cast-steel 
centres with renewable rolled-steel tyres shrunk on. 
The screw-down hand brake acts on all four wheels, 
while sand boxes are provided at each end of the 
locomotive, with operating levers placed conveniently 
for the driver. Draw gear is fitted, which is a great 
advantage in a machine of this kind, allowing easy 
starting and smooth acceleration and tending to prevent 
breakage and jumping of the tub couplings. 

The battery is housed in two units, each of which 
contains two compartments, or boxes, made of mild- 
steel plate riveted and welded solid. An angle-iron 
is riveted round the top to constitute a flame-proof 
joint. Ventilation is arranged for by holes in the cover- 
plate, which are fitted with the Union patent ventilating 
device. This consists of pieces of nickel-wire gauze 
clamped to the battery box-cover by perforated mild- 
steel plates and all riveted together. Another piece of 
solid mild-steel plate is placed over the holes and held 
tightly against them bysprings. This effectively closes 
the holes against coal dust or other foreign matter, 
but, at the same time, allows efficient ventilation and is 
flame-proof. The battery boxes are supported on rollers 
carried in brackets, which are mounted on the outer 
frame. This arrangement allows the battery boxes to - 
be rolled off the locomotive on to a platform, which is 
also provided with rollers. The total time required for 
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this operation is less than two minutes. When in 
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position, the boxes are secured by four bolts. The 
arrangement will be followed from Figs. 1 to 3, and 
also from Fig. 4, which shows the appearance of the 
machine. 

The controller, which was manufactured by the 
Electro-Mechanical Brake Company, is of the built-up 
drum type, and is provided with a dead-man handle. 
The circuit breaker is of the double-pole, free-handle 
type and is totally enclosed in a welded mild-steel case. 
Mica insulated studs are provided for making permanent 
flame-proof joints. 





THE CERAMIC SOCIETY. 
REFRACTORY MATERIALS SECTION. 


THE autumn meeting of the Refractory Materials 
Section of the Ceramic Society was held on Septem- 
ber 16 and 17, at the Rooms of the Chemical Society, 
Burlington House, London, the President, Mr. Frank 
West, occupying the chair. 

The first paper considered at the meeting was 
entitled, ‘‘ The Influence of Foreign Matter on the 
Thermal Expansion and Transformation of Silica,’’ by 
Messrs. J. F. L. Wood, H. 8S. Houldsworth, M.Sc., and 
Professor J. W. Cobb. It was read by Mr. Dale, and 
opened by stating that many users of silica bricks de- 
termined, either directly or indirectly, the degree of con- 
version of quartz into cristobalite or tridymite that 
has taken place during the burning, by finding the true 
specific gravity or the after-expansion of the bricks, or by 
microscopical examination. The degree of conversion 
attained depends upon the nature of the raw material, 
the fineness of grinding, and the temperature and dura- 
tion of the heating in the kiln. The fineness of grinding 
is limited by other considerations, and the extent of 
heating in the kiln is largely an economic question. 
Many workers have sought for a catalyst which 
would facilitate the conversion of the quartz without 
unduly increasing cost, but the results have been 
disappointing. The degree of conversion, in these 
investigations, was determined by microscopical 
examination, or from the specific gravity of the fired 
material. The authors decided to determine the 
reversible thermal expansion of quartzite test pieces 
to which small portions of foreign matter had been 
added before burning, in the hope of getting valuable 
indications. 

The preliminary experiments described in the paper 
were made on a quartzite of Welsh origin (Bwlchgwyn), 
which had been ground fine. The specimens were 
fired at cone 9, cone 12 and cone 14 for two hours 
before examination, and the results were compared 
with those obtained with standard test pieces containing 
2 per cent. of lime. The true specific gravities, 
porosities and refractoriness were also determined. 
The differences in the specific gravities were so smal! 
that the determination of these alone would have 
given no certain indication of accelerated action. The 
reversible thermal expansion of the samples, however, 
clearly indicated distinct changes resulting from the 
additions in some cases. With 2 per cent. of boric 
acid added, and the test piece fired to cone 14, there 
was no evidence of any unconverted quartz being 
left, although the density of the material was only 
2-39. More striking results were obtained on adding 
5 per cent. of boric acid to quartz, and burning at cone 
14, the total expansion from 15 deg. to 300 deg. being 
only 0-74 per cent., although no quartz was left in 
the test piece. This suggests that a substantial 
amount of the quartz had been dissolved. On burning at 
cone 18, the expansion from 15 deg. to 300 deg. was 
reduced to 0-35 per cent., suggesting that some of the 
cristobalite formed at the lower temperatures had 
now been dissolved. When 10 per cent. of boric acid 
was added, and the sample burned at cone 12, there 
was very little quartz and cristobalite left, and, after 
firing at cone 14, a regular expansion was obtained. 

The transformation of the quartz was aided by 
2 per cent. of potassium carbonate, potassium chloride, 
potassium chromate, biolite sodium, felspar, ferric 
oxide, ferric chloride, and ferrous silicate, and again 
some of the quartz transformed was dissolved. Lithium 
chloride and magnesia also accelerated the transforma- 
tion of the quartz. An increase in the lime content, up 
to 6 per cent., did not increase the degree of conversion 
to any marked extent. The addition of 5 per cent. of 
cristobalite to the specimen containing lime did not 
accelerate the conversion of the quartz in any way. 
Finely-ground Deepcar ganister, with 5 per cent. boric 
acid, behaved like the Welsh quartzite. Refractoriness 
was lowered from a half to two cones by the addition 
of the materials mentioned. Further investigations of 
the effects of the more promising of the materials 
used, and also of natural borates, on the reversible 
thermal and on the after-expansion, are to be made. 

The second paper taken was read by the author, 
Mr. C. E. Moore, on “‘ Some Changes taking place in the 
Low-Temperature Burning of Stourbridge Fireclay; II.” 





In this, after a brief reference to his former paper on 
the same subject, the author stated that further 
experimental evidence was now brought forward, the 
burning of clays in general being discussed on the 
same basis as before, namely, a hexite-pentite theory 
of the clay-substance molecule, as originally propounded 
by Doctors W. and D. Asch. Houldsworth and Cobb 
showed that the coefficient of expansion was affected 
by the degree of porosity of clay, but the author saw 
more connection with changes in molecular constitu- 
tion. By plotting the coefficient of expansion against 
burning temperature, he obtained a curve which 
showed a decrease in the coefficient of expansion on 
attaining the dehydration-temperature range, an in- 
crease at 690 deg., followed by a reversal, and, from 
about 800 deg. onwards, a continuous increase along a 
straight-line curve, but showed two steps marking 
decreases at 905 deg. and about 1,000 deg., respectively. 

Some interesting results were obtained in ascertaining 
the solubility of samples of clay in 30 per cent. caustic 
soda solutions, the amount dissolved increasing with 
increase of burning temperature of the clay. Quench- 
ing effects are also described, and also results of tests 
of “elastic hardness.” 

Rehydration of fired clay was efiected by the 
prolonged action of 40 per cent. caustic soda solution. 
Suspensions of clay in water gave, on analysis, different 
results from those obtained on analysing the original 
clay. Careful contraction experiments were made with 
different clays and at different rates of heating, giving 
different results. In an appendix is given a description 
of the method used for determining the coefficient of 
expansion, together with the coefficients found for 
temperatures ranging from 500 deg. to 1,055 deg. 

A paper by Mr. W. Emery, entitled ‘‘ Refractories 
for the Pottery Industries,” was next read. The subject 
matter of this paper is not so narrow as the title might 
lead one to suspect, for much of it has a fairly close 
bearing on other industries, as will appear from the 
statement that among the topics dealt with are 
refractories used in the construction of (a) intermittent 
ovens and kilns, and (b) continuous ovens and kilns. 
Fusible slags and clinkers make their appearance when 
fuel containing a fairly high percentage of fusible, 
ferruginous ash is burned in a moderately reducing 
atmosphere. These conditions are general in the 
manufacture of pottery, so that in a comparatively 
short time the fire-box, walls, midfeathers, and bags 
(short chimneys running up just behind the fire- boxes) 
are covered with a layer of semi-fused material, these 
effects being associated with a considerable increase in 
the proportion of iron-oxide present in the material 
attacked. The problem of minimising the effects of 
such actions is a difficult one. These chemical 
attacks are resisted better when the bricks have a 
close-grained structure and even surface, and to produce 
a surface and density favourable to resistance it is 
the general practice to fire the bricks rather hard. 
This treatment often results in the formation of 
incipient slag spots causing a blotchy appearance. 
These slag spots are, of course, points of weakness 
when the bricks are in use. Similar troubles may arise 
in other cases where a fusible ash may lead to slag- 
ging, as in the furnace walls of water-tube boiler 
installations. Allusion was made to a manufacturer 
of refractories, who conducted a works research on 
this question and, as a result, devised a special mode of 
firing, which usually gives the desired properties of 
higher density, low permanent after-contraction, refrac- 
toriness, and clean surface. Stress was laid oif the 
importance of securing minimum joint spaces, particu- 
larly in roofs and arches. The material used for filling 
joints is often of very inferior quality for the purpose. 
Application to the surface of bricks of a more refrac- 
tory substance might prove beneficial. 

‘‘ A Further Note on the Storage of Silica Refrac- 
tories” was contributed by Mr. W. J. Rees, B.Sc. Addi- 
tional evidence was brought forward in this paper to 
emphasise the importance of protecting silica bricks 
from the weather while they are waiting to be used. 
Four different makes of commercial silica bricks, of 
which two were fine-grained, one medium-grained, and 
one coarse-grained, were subjected to various tests. 
Their chemical composition, mechanical strength, and 
certain other physical properties were recorded. The 
results of the tests indicated quite clearly that well- 
fired, close-grained bricks were decidedly more resistant 
to deterioration from exposure (to rain, frost, &c.), 
than bricks which had been less thoroughly burned, 
though none of the bricks showed any external sign of 
deterioration. The results of the tests also showed 
that, although high-quality silica bricks were more 
resistant to deterioration from exposure to weather, 
some deterioration would take place on prolonged 
exposure. It was obviously advisable to protect the 
bricks properly during storage, and, especially in the 
case of blocks, to take precautions to avoid wetting 
during transit. 

Another contribution by Mr. Rees was “ A Note on 
Some Cases of ‘ Spalling’ in Silica Gas Retorts,” In 





the two unusual cases in question, the spalling occurred 
during the removal of “‘ scurf”’ from the retort, small 
pieces of retort material, with adhering scurf, becoming 
detached from the retort. On careful examination, it 
was found that scurf penetrated the retort body and 
was deposited in small patches on the inner wall of the 
retort as well as on the outside. Analysis showed that 
the black patches contained not only a substantial 
amount of carbon, but a much larger proportion of 
iron-oxide than the ordinary wall of the retort. The 
phenomena were reproduced by applying ferrous-sul- 
phate solution to give a local concentration of iron 
oxide and then heating in carbon-monoxide gas, but 
this was only accomplished when the iron-oxide con- 
centration exceeded 4 per cent. It was thus evident 
that the presence of segregated iron-oxide in silica 
material, when the material is heated in the presence 
of carbon monoxide, may lead to the deposition 
of carbon internally when the concentration of iron- 
oxide is high enough. Segregation of iron-oxide might, 
in some cases, originate in grinding machinery. 

Another paper presented at the meeting was one by 
Mr. S. R. Hind. It was entitled “Tunnel Kiln for 
Burning Firebricks, Part I.’ This paper dealt with 
the question of the value of the tunnel kiln to the British 
firebrick maker. In America such kilns are used exten- 
sively for burning firebricks, and, indeed, for most 
ceramic wares. They are also in use on the Continent. 
The first extensive application of the tunnel kiln in 
Germany was made by Otto Bock to the burning of 
building bricks, but they were not very successful in 
competition with the Hoffmann ring kiln, the mech- 
anical simplicity of the latter enabling it to attain a 
practical degree of perfection before its tunnel-kiln rival. 

For burning firebricks, continuous kilns have now 
proved to be superior to intermittent kilns. Con- 
tinuous kilns, in which the goods are stationary, have 
been established a long time, notably the Dunnachie 
kiln and the Belgian kiln, while others are making rapid 
progress. There seems to be no valid reason why tunnel 
kilns, in which the goods move and the fires are 
stationary, should not become close competitors with 
the stationary goods type of continuous kiln. Except 
in the smallest works, no new intermittent kilns should, 
the author contended, be erected for burning firebricks. 
As regards fuel economy, the most economical of both 
types of continuous kiln would burn firebricks at cone 
10 0n less than 10 per cent. of fuel on the weight of the 
product. The tunnel kiln had the advantage that its 
structure was maintained constantly at a fixed range of 
temperatures, whereas the stationary-goods type of 
kiln was subject to loss of heat from the periodic heating 
and cooling of the walls. The difference, however, was 
not likely to be of immediate practical importance. All 
continuous kilns had achieved an important reduction 
of the smoke nuisance in comparison with intermittent 
kilns. The quality of the product varied with the type 
of kiln, and with the method of working. - The chamber 
kiln, working chamber after chamber on the ,down- 
draught principle, produced a very satisfactory uni- 
formity of burn, and the product from such kilns, under 
proper control, was difficult to improve upon. In the 
tunnel kiln, the difficulty of securing uniformity of 
burning was increased by the essentially horizontal 
course taken by the flames and hot gases within the 
kiln. Nevertheless, a Belgian tunnel kiln (the E.I.C.T. 
kiln) was found to give a very satisfactory uniformity 
of burn throughout the truck-load of goods. It is 
hoped, in Part II of the paper, to give details of observa- 
tions on this particular tunnel kiln. 

With reference to cost of construction and upkeep, 
the tunnel kiln would probably cost considerably more 
to erect than a chamber kiln or ring kiln of similar 
capacity, but there would now be little difference in cost 
of upkeep. An outstanding difficulty with the tunnel 
kiln had been that a long delay followed any stoppage 
caused by a partial collapse of the setting on the trucks. 
This difficulty seemed to have largely disappeared in 
tunnels provided with an inspection passage below the 
trucks, the firing in such cases being resumed after a 
delay of only half-an-hour or an hour. Another 
important difficulty with a tunnel kiln was that repairs 
in the interior necessitated complete stoppage of the 
kiln. This difficulty was much less serious in view of 
the fact that, with greatly improved construction, it 
was not unusual for a tunnel kiln to run for several years 
absolutely without stoppage, and even then there was 
generally sufficient latitude to allow a convenient time 
to be chosen for the repair work. The use of silica 
bricks in the high-fire zone of tunnel kilns had been an 
important factor in improving the construction. 

For convenience of working, a tunnel kiln was dis- 
tinctly inferior to a chamber kiln in an old works where a 
suitable site was not available. Where conditions were 
favourable as regards site, as in the case of new works 
being erected, the tunnel kiln would often be preferred. 
The tunnel kiln had a marked advantage for setting 
and drawing, the conditions being much more healthy 
for these operations. 

With respect to firing and heat control, the tunnel 
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kiln offered clear advantages over other continuous kilns 
in that fuel was supplied to the kiln at permanently 
fixed points, and there was considerable economy of 
space where coal was used. If fired with gas, the gas 
mains were shorter and fewer for tunnel kilns than for 
gas-fired chamber kilns, and the tunnel kiln had a similar 
advantage with oil as fuel. Again, when the correct 
heating and cooling curve had been obtained, it required 
little skill to work the kiln, the operations being much 
simpler than with continuous kilns having moving fires. 

The most suitable type of tunnel kiln for 
fire-bricks, according to Dressler, was the open-fire 
type, in which the products of combustion pass 
directly through the goods. The tunnel kiln must 
meet certain special requirements in order to produce 
satisfactory ware, and most of these could be summed 
up in a satisfactory time-temperature chart or heat- 
treatment curve. In order to make the best use of 
the time during which the goods were in the kiln, it was 
essential to know what was the shortest time in which 
the various stages of firing could be carried out. Practical 
progress appeared to have been based hitherto upon 
direct trial, but work was being carried out by the British 
Refractories Research Association to define the shortest 
safe rates for the various stages, and part of this work 
had already been published by Theobald and Green, on 
three representative British firebricks. The conclusion 
of the work was awaited with great interest by those 
concerned with tunnel-kiln firing. Meanwhile, it could 
only be said from actual works experience that the 
shortest time of firing commercially employed was about 
120 hours with Stourbridge fire-bricks fired in the 
Belgian kiln, and about 104 hours with Glenboig fire- 
bricks in the Dunnachie kiln. The rate of heating in 
each case might be taken as, roughly, 14 deg. C. per hour 
throughout, except for a rather well-marked period 
of soaking or slow temperature change in the case of 
the Dunnachie kiln. The bricks, in these cases, would 
contain approximately 9 per cent. and 0-7 per cent. 
of moisture, respectively, as set in the kiln. Further 
details would be given in Part II, but it might be said 
that there were good prospects of firing most British fire- 
bricks from the dry state in about 50 hours to 70 hours— 
that is, in 80 hours to 105 hours total time in the 
tunnel, and this, in normal practice, would involve the 
use of a tunnel 250 ft. to 350 ft. long. 

As regards output, tunnel kilns were on a similar 
footing to chamber and other stationary-goods con- 
tinuous kilns used in this country. Outputs of 6,000 to 
about 15,000 9-in. equivalents could readily be allowed 
for in the design of a suitable tunnel kiln. According 
to Dressler, larger sizes, to fire up to 30,000, could be 
designed, if required. A considerable amount of 
information had been published regarding the use of 
tunnel kilns for firebricks and refractories, mainly in 
the American journals. Quite a number of such kilns 
were in successful operation in the United States. 

In conclusion, the author summarised the most 
desirable features of design which a tunnel kiln should 
possess, particularly for the burning of firebricks, as 
follows :—({1) A long firing zone, to ensure adequate 
soaking of the goods. (2) An open-fired kiln. (3) A 
type of construction which had the utmost flexibility 
in the matter of arranging for uniform heat distribution 
throughout the goods, and for proper variation of the 
rate of heating in certain critical preliminary stages of 
firing. (4) A structure which, whilst being extremely 
robust, allowed of the best possible use of the heat which 
was permitted to pass through the walls and crown by 
conduction. (5) Radiation from solid surfaces much 
hotter than the goods being fired should be avoided. 
(6) A correct balance should be kept between the 
resistance of the full tunnel to the passage of the hot 
air (or products of combustion) and the hydrostatic 
pressure of the furnace gases entering the tunnel. 





CovERED Tors ror Omnisuses.—At the suggestion 
of the Ministry of Transport, the London General Omni- 
bus Company has equipped four of their N.S. type units 
with covered tops, and these will operate on Route 100, 
between the Elephant and Castle and Epping Town. 
The overall height of each of these "buses is 13 ft. 10§ in. 
Constructed of 3-ply wood, the roof has a curved top 
which minimises wind resistance and improves the appear- 
ance of the vehicle. There is a pitch of 1} in. inwards 
on the side framework of the top, enabling the breadth 
of the *buses to be kept within 2 in. of that authorised 
by Police Regulations. The top deck is furnished with 
10 windows gf a new frameless sliding type, and these 
may be adjusted by passengers by means of a toothed 
rack. Two rails are fitted along the front windows, 
and one along each side, as a protection against accidents. 
Six electric lamps provide illumination on the deck, 
The upper compartment has a minimum headroom 
of 5 ft. 54 in. In testing the stability of these "buses, 
it was found that an inclination of 36 degrees to the 
vertical, with the lower deck empty and the top deck 
loaded, did not cause overturning. This means that the 
new covered vehicle possesses greater stability against 
overturning than the uncovered 8, B, and K types now 
in service. Should the public favour the new convey- 
ances, others’of the N.S. type will be similarly equipped. 





LETTERS TO THE EDITOR. 


THE WHITWORTH SCHOLARSHIPS. 
To tHE Epitor oF ENGINEERING. 


Str,—In view of the correspondence in your columns 
last year, the analysis of awards in the competition for 
Whitworth Scholarships and Prizes, 1925, is interesting. 








Place of Last Employ- 
ment. 
Total 
— re ~~ | Dock- Others |Grand 
Devon-| Ports- | Chat- | Yards. 
port. | mouth. | ham. 








Amt. awarded ..| 1102.| 1,5500. 4351.) 2,0952.| 1,4051.|3,5007. 
Per cent. --| 3-2 44-3 12-5 60 40 100 
No. awarded .. 11 9 7 27 6 33 
Per cent. aa ~- —_ _ 82 18 100 




















This analysis shows the amount awarded, outside 
the three dockyards, is 1,4051. (40 per cent.) against 
5601. (16 per cent.) last year, and will, I think, meet with 
general approval. 

The fact, however, that Portsmouth Dockyard, has 
received four of the six scholarships, and that 22 of the 
25 prizes have gone to the three dockyards, shows that 
the award is mainly the result of particular organisation 
and is to be regretted, for it shows that the scholarship 
has lost much of the national character which our 
benefactor intended it to have, and therefore much of its 
value to the nation and to the scholar. 

Yours faithfully, 
A. D. OrTEwELL. 

September 21, 1925. 





THE EFFICIENCY OF MARINE 
AUXILIARIES. 
To Tue Epitor oF ENGINEERING. 

Srr,—Marine and mechanical engineers will be consi- 
derably interested in Mr. Stanley S. Cook’s valuable 
discussion of marine plant efficiency, reprinted in your 
issue of September 11. As one with some slight sea- 
going experience, and who has been associated with 
firms manufacturing both boilers and turbines for 
marine purposes, the writer will look forward with 
keen interest for actual development along the lines 
indicated by Mr. Cook; and he makes the following 
few remarks and suggestions in the hope that they may 
be worth discussion. 

Mr. Cook dismisses the possibilities of what is com- 
monly called the economiser quite shortly, and it is a 
question whether British marine engineers have 
really seriously considered the application of this 
appliance for marine purposes. The writer feels 
that this is the case because the success of the marine 
type of air heater, and the fact the familiar type of 
cast-iron economiser is quite unsuited for marine 
purposes, have drawn attention away from the 
problem. At the time when preheated forced draught 
began to come into general practice, no economiser 
suitable for marine purposes was on the market, but 
this is not the case to-day. The function of an econo- 
miser or air heater is to pull down the temperature of 
the gases leaving the boiler, and the supply of heated 
air to the furnace is only an advantage when burning 
very low grade fuels; if an economiser can be shown 
to produce a commercial gain in efficiency equal to that 
obtained with an air heater, its use would have many 
advantages. A somewhat reduced load on the fan 
and the absence of large hot ducting in an already 
crowded space, with a neatly housed, accessible and 
easily cleaned, economiser, are operating factors which 
should appeal to the engineers on board ship. 

The type of economiser the writer has in mind is 
the ‘‘ extended surface ”’ type in which cast iron gilled 
rings are fitted toa steel tube. By this means about six 
times the surface of a plain tube is obtained for a 
given length, so that the necessary surface can be 
housed in the smallest possible volume, an important 
consideration on board ship. External wasting due 
to acid content of the flue gases is almost entirely 
eliminated. This type of economiser is installed in a 
number of power stations in this country, and the writer 
saw several large stations in America where it had been 
applied with complete success. He feels sure that it 
would meet with equal success when applied to marine 
boilers, and believes that the application has already 
been made on some Canadian lake steamers. 

After reading Mr. Cook’s admirable discussion of the 
economics of different methods of auxiliary drive, the 
writer would suggest one further scheme which might 
be worth consideration. In this, the steam for the 
auxiliary drive would be obtained from an auxiliary 
steam main supplied by bleeding from the main 
turbine, The control of the steam supply could be 


done by a governor of the type used on “ pass-out ” 
turbines employed in process works. Expanding from 
500 lbs. per square inch to, say, 200 or 150 lbs. per 
square inch, would give bled steam slightly superheated, 
if 200 deg. F. be taken as the upper terminal tempera- 
ture. The exhaust from the auxiliaries could be used 
either in the lower stages of the turbine or to heat 
the feed water to about 200 deg. F., before passing to 
the economiser, as in usual land practice. The com- 
bination should give an efficient ‘all steam” unit, 
without undue complication. 
I am, Sir, &c., 
B. M. THornron, (B.Sc.). 
Birmingham, September 13, 1925. 








THE PAPER-CARRYING STEAMER 
‘* HUMBER ARM.’’ 


Art the present time there is a marked tendency 
to build cargo steamers for a specific class of trade 
only, and of a type as appropriate as possible to the 
conditions under which they have to work, rather 
than to construct ships for general cargo purposes. 
Specialisation in this way enables the designer to make 
arrangements suited to the attainment of the highest 
efficiency and economy in construction and in running. 
A good example of a special type of boat is the 
screw steamer Humber Arm, recently constructed by 
Messrs. Sir W. G. Armstrong, Whitworth and Co., 
Limited, Newcastle-upon-Tyne, for the Newfoundland 
Export and Shipping Company, of St. Johns, and 
intended for the transport of rolls of paper from 
Newfoundland to the United States of America and to 
Europe. The paper it is to carry is produced at the 
new mills on the Humber River, which receive their 
power supply from an extensive hydro-electric scheme, 
which was fully described and illustrated in our 
columns a year ago (see ENGINEERING, vol. cxviii, 
page 125 e seg.). Additional interest, therefore, 
attaches to this vessel as it will provide for the trans- 
port of the products of an important development of 
the resources of the oldest of the British colonies. This 
cargo steamer is illustrated by a general view in 
Fig. 1, and a view of the deck in Fig. 2 on page 384, 
while an elevation and deck plans are given in Figs. 3 
to 9 on page 385. 

The Humber Arm is about 439 ft. in length overall, and 
422 ft. between perpendiculars. She has a moulded 
breadth of 56 ft. and a moulded depth, to the upper 
deck, of 39ft. The total deadweight carrying capacity 
of the vessel, including stores, fuel, spare gear and water, 
is 8,915 tons on Lloyd’s summer draught of 27 ft. As this 
vessel has to face exceptional navigation conditions, 
it has been strengthened to enable it to pass without 
damage through ice, and has been designed with an 
ice-breaker stem, the form of which may be appreciated 
from Figs. 1 and 3. The ship is of the two-deck type 
with complete superstructure, and was constructed to 
the requirements of Lloyd’s highest class. The stern is 
elliptical. There are plate bulwarks, having openings 
provided with portable rails and stanchions in line 
with the cargo hatches, as seen in Fig. 2 Transverse 
framing, made up of bulb-angle sections and joggled, 
is used in the construction, while the shell plating is 
lapped at both butts and seams, except in way of the 
ice belt forward, where the butts and seams are worked 
flush. There is a flat keel and also bilge keels, formed 
of tee bars and bulb plates, for about forty per cent. of 
the length amidships. A cellular double bottom runs 
throughout the entire length, with a plate floor on every 
frame and one intercostal girder on each side of the 
centre. It is sub-divided by transverse water-tight 
divisions to form seven tanks. In all of these, except 
the forward and aftermost, the centre longitudinal divi- 
sion is watertight. The tank below the engines is 
utilised for feed water, while that beside it is adapted 
to the carrying of fresh water. The extreme forward 
tank is used for water ballast only, but the four others 
may be filled with water or oil. Suitable cofferdams 
are introduced between the tanks which are used for 
oil fuel and those for fresh water to prevent any 
contamination. Additional water ballast is accommo- 
dated in the fore and after peaks. Subdivision of the 
hull into nine compartments is effected by means of 
eight watertight bulkheads. These provide six cargo 
holds, three forward and three aft of the machinery 
space. That forward of the boiler room is available, 
when required, as a deep ballast tank or a reserve coal 
bunker, while the one aft of the engine room may 
also be used as a deep ballast tank. Each of these 
holds has a centre wash plate carried up to the height 
of the third deck. 

The upper, second and third decks, as will be 
seen in Fig. 3, extend the entire length of the 
vessel. Each is supported by beams on every frame. 
There are also longitudinal girders in line with the 
hatch sides, with tubular pillars at the ends of 





the hatches in the holds and ‘tween decks, A 
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hatchway of 18 ft. width serves each of the cargo 
holds on the decks, except on the third deck at the 
deep tanks, where two watertight hatches, of 14 ft. 
by 6 ft. 6 in., are used for the after tank, and there 
are two similar ones, 11 ft! 8 in. by 6 ft. 6 in., 
for the forward tank. The hatch webs are arranged 
transversely and the covers are laid longitudinally. 
In the lower ’tween decks, at the sides of the engine 
and the boiler casings, are the permanent coal bunkers, 
and further accommodation for coal or oil fuel is situ- 


ated below the third deck at each side of the boilers. | 
On both port and starboard, at the forward end of the | 


engine room, there are oil-settling tanks, which are 
supplied with oil from the bunkers or cellular bottom 
tanks by a transfer pump fitted in the engine room. 

It is essential in carrying paper rolls to prevent them 
from coming into contact at any point with the steel 
structure of the ship. For this reason, a very elaborate 
system of sparring is fitted in the holds and the ’tween 
decks, not only on the ship’s sides but on casing sides, 
tunnel sides, ventilator tubes, derrick posts and tubular 
pillars, and also on the second and third decks, which 
are laid with Oregon pine spars. In the ’tween decks, 
the pillars are wrapped for their full height with jute 
rope. Oregon pine chocks are also fitted to form a 
protection for the full height of the hatch coamings 
in each ’tween deck, and the underside of the coaming 
plate, which is flanged below the beams in way of 
each hatch, is protected by elm rubbing pieces for the 
length of the hatch. 

The vessel has a single funnel and two steel masts, 
with pitch-pine telescopic topmasts. A large steel 
house is built round each of these masts to form an 
entablature for the derrick heel sockets. The fore- 
mast house contains the paint store and oil and 
lamp rooms, while the main mast house contains the 
carpenter’s shop, the potato locker and a deck store. 
It will be seen from Fig. 3 that there is a very 
complete installation of derricks and winches for the 
expeditious handling of cargo. The location of each 
of these is clearly indicated in the illustration. There 
are 18 in all, and with the exception of one of 10 tons 
capacity serving No. 2 hold, they are suitable for hand- 
ling loads of 3tons. Each derrick is provided with one 
9-in. by 12-in. cargo winch of the double-cylinder, hori- 
zontal type. The steam and exhaust pipes for these 
winches are protected by bars of galvanised cope iron 
attached to the pipe chairs. Four stop valves are 
arranged on the deck steam-pipe line for connections 
to flexible steam hoses for fire-extinguishing purposes. 
There is also a connection on the windlass steam pipe 
for a hose to steam out the hawser pipes to clear them 
of ice when the occasion arises. 

Amidships there is a steel deckhouse, the roof of 
which constitutes the boat deck, shownin Fig. 6. Here 
is accommodation, at the after end, for three officers, 
and forward for the captain, in addition to a smoking 
room with oak panelling. Over the forward part of 
the boat deck is the navigating bridge which extends 
from side to side of the vessel, as in Fig. 7. A steel 
shelter is built at each end of the bridge, and is fitted 
with vertical sliding windowsinteakframes. Tworeply 
engine-room telegraphs, a reply steering and docking 
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telegraph and speaking tubes to the engine room 
and the captain’s bedroom, are provided on the bridge. 
The roof of the chart room and wheel house serves as 
a platform on which are located the standard compass, 
the electric Morse-signalling lamp, and a fixed frame 
wireless direction finder, with which bearings may be 
determined when the usual means of observation are 
not available. The lifeboat equipment comprises four 
boats, each 25 ft. in length, which are carried in 
ordinary round-bar davits and placed on the boat 
deck abreast of the engine-room and the boiler-room 
hatches. 

In the steel deckhouse on the upper deck, shown in 
Fig. 9, there is accommodation for 11 passengers, in 
addition to the engineers and petty officers. Here also 
is the dining saloon and the officers’ mess. Mahogany 
panelling and furniture is provided in the saloon 
and in the passenger accommodation generally. From 
the layout of the cabins in Fig. 9, it will be seen 
that there is a suite-de-luxe, consisting of sleeping 
apartment, sitting room and bath room, and that the 
other cabins all have bath rooms associated with 
them. A mahogany stairway gives access from this 





accommodation to the boat deck above. The crew 
have quarters in the forecastle, provision being made 
for 34 men. 

The steering gear is of the combined hand and steam 
Wilson-Pirrie type, and is placed in a steel house over 
the rudder head on the upper deck. It is operated 
through a telemotor from the wheelhouse amidships and 
by an overhead mechanical control on the roof of the 
house, which has a platform carried to each side of 
the vessel, and also to the stern, to form a docking 
bridge. The mooring arrangements include all the 
necessary fittings for service in the Panama Canal, 
four bollards with fairleads on the forecastle deck, 
and 10 bollards with fairleads or mooring pipes on the 
upper deck being provided. ‘ : 

For the propulsion of the vessel, a triple-expansion 
engine of 3,530 i.h.p. is fitted. This engine is of the 
inverted type, and has cylinder diameters of 28 in. 
for the high pressure, 46 in. for the intermediate, and 
77 in. for the low pressure. The stroke of the pistons, 
in each case, is 51 in. The service to which the ship 
is put is undoubtedly severe, for running through 
loose ice is a common experience. In consequence, 
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Trouble from ice is avoided by drawing the water 
from the sea through a perforated shell plate into an 
ice box, which is built up in the engine-room below the 
third deck. All the sea suction valves and the main 
circulating pump discharge valves are fitted to the 
sides of this chamber, and connections are also made 
for a steam supply to be used for freeing the valves 
from ice, should the necessity arise. Access is pro- 
vided to the chamber through a trunk in the second 
deck with a water-tight hatch cover. When in ice- 
laden waters the hot discharge from the condenser 
circulating system may be used to prevent freezing 
in the ice-box, but in ordinary circumstances this water 
is discharged overboard directly. Other auxiliaries 
provided comprise two Clarke-Chapman feed pumps 
and a ballast pump, general service pump, auxiliary 
feed pump and fresh-water pump, constructed by 
Messrs. Thom, Lamont and Co., Ltd. Directly driven by 
the engine are the air pump. hotwell pump and the 
bilge pump. An evaporator is another item of the 
equipment. It was made by Messrs. J. Kirkaldy and 
Co., and evaporates 30 tons of water in 24 hours. 

For the heating of the oil fuel, in order to increase its 
fluidity, a complete system of steam coils is fitted in 
the settling tanks, the oil-fuel bunkers and those 
compartments of the cellular bottom which serve for 
oil-fuel accommodation. There are also connections in 
the settling tanks and the ballast and oil-fuel suction 
valve-boxes to steam out the cellular bottom tanks 
through the suction line. A Pneumercator is installed 
in connection with the settling tanks, the gauge for 
which is located in the engine-room, and another is 
connected to the permanent oil bunkers which has 
a gauge in the engine casing. Air pipes from the cellu- 
lar oil tanks are provided, and each is fitted with a 
Tiros valve above the upper deck. On the boat 
deck, Fig. 6, there is an oil and water separator of 
50 tons capacity, on a raised seating over the stoke- 
hold hatch. 

Electric lighting is provided throughout the vessel, 
and is supplied from duplicate 12-kw. steam-driven 
reciprocating-engine sets. Each unit is capable of 
supplying all the lighting, fans and the wireless installa- 
tion, which isa 14-kw.set. The dynamos are compound 
wound and capable of giving 120 amperes at 100 volts 
when running at 350 r.p.m. Considerable attention 
has been paid to ventilation throughout the vessel. 
The steel-derrick posts are fitted with cowl heads, 
and serve to maintain the ventilation of the lower 
*tween decks and holds. For the upper ’tween deck 
spaces there are also four 24-in. diameter ventilators 
with 20-in. tubes to the lower ’tween-deck spaces 
and 16-in. tubes to the lower holds. The bunkers, 
machinery spaces, shaft tunnel and_ steering-gear 
house have been similarly considered from the stand- 
point of ventilation, and every living-room, bath 
room, &c., has its cowl-head ventilator. In the lower 
*tween decks there is an installation of refrigerating 
plant, access to which is obtained from the engine-room 
gratings, and there are insulated chambers for meat and 
vegetables in the ’tween decks immediately overhead. 

Another vessel for similar duties, and a sister ship 
of the Humber Arm, was also recently completed by Sir 
W. G. Armstrong, Whitworth and Company, Limited. 
This ship, the 8.8. Corner Brook, in full-speed trials 
on Tuesday, September 1, when the main and auxiliary 
machinery performed their duties in a completely 
satisfactory manner, attained a speed of over 13 knots. 

Both vessels take their names from the undertaking 
they will serve, the mills producing the paper they will 
carry being at Corner Brook, on the Humber Arm, the 
location of both these having been indicated in our 
former articie. 





ENGINEERING TRAINING AND 
EDUCATION. 


The Royal Technical College, Glasgow.—The Calendar 
for the 130th session, 1925-1926, of The Royal Technical 
College, Glasgow, is now available. This, the oldest 
of the technological training institutions, was founded 
under the provisions of the will of Professor John 
Anderson in 1796. Throughout all the period of its 
history, efforts have been made to keep the work of 
the institution abreast of the highest requirements of 
the period, and to maintain its position amongst the 
foremost technical colleges of the world. The work of 
the mechanical engineering department is under the 
control of Professor A. L. Mellanby, D.Sc., with whom 
is associated Professor William Kerr, Ph.D., and a 
large and efficient staff. The laboratories for heat- 
engine testing and the determination of the physical 
characteristics of materials are very well equipped, 
and afford the means of thorough training. We note 
the high standard that is set by the College for the 
acquisition of its Associateship, which is only given to 
students possessing a degree in applied science or a 
similar qualification after a further year of study. 
The electrical engineering department is superin- 





tended by Professor S. Parker Smith, D.Sc., and the 
equipment of the laboratories has been recently added 
to considerably by gifts of plant from the leading 
members of the B.E.A.M.A. Professor George Moncur 
undertakes the work in civil engineering and Professor 
David Burns in mining engineering. The day classes, 
preparing for the degrees of the Glasgow University 
and the diploma and associateship of the College, and 
the many courses of evening classes, start this week. 

London County Council Technical Institutes..—A 
booklet entitled ‘‘ Instruction in Engineering’’ has 
been issued under the auspices of the London County 
Council by the Education Officer’s Department, 
County Hall, Westminster Bridge, London, S.E.1. 
The work contains, in addition to an informative note 
on the divisions of the engineering industry and the 
prospects and wages available to persons entering 
these trades, a list of the polytechnics and technical 
institutes in London aided and maintained by the 
Council, at which classes in engineering subjects may 
be taken. Particulars of the work covered, the fees 
charged, and the entrance qualifications expected from 
students are given ineach case. Copies of the pamphlet 
may be obtained from the Education Officer on 
application. 

University College, London.—It is announced that 
on October 5 and 6, between the hours of 10 a.m. and 
1 p.m., students of the Faculty of Engineering, at 
University College, Gower Street, London, W.C.1, will 
be received by the Senior Tutor, the Dean, and the 
Sub-Dean of the Faculty. New engineering labora- 
tories have recently been completed, whilst the Ramsay 
Laboratory of Chemical Engineering is now in full 
working order, under Professor E. C. Williams. 





BOOKS RECEIVED. 


Principles and Practice of Industrial Distillation. By 
E. HAuUSBRAND. ‘Translated from the Fourth German 
edition, by E. Howarp Trier, Ph.D. London: 
Chapman and Hall, Limited. [Price 21s. net.] 

Transactions of the Institution of Chemical Engineers. 
Vol. 2, 1924. London: Offices of the Institution. 

United States Bureau of Standards. Technologic Papers, 
No. 278. Effect of Twist on the Physical Properties of 
a Number 7s Yarn. By F. R. McGowan and OTHERS. 
[Price 10 cents.] No. 285. Release of Internal Stress 
in Brass Tubing. By R. J. ANDERSON and E. G. 
FautMAN. [Price 15 cents.] Washington: Govern- 
ment Printing Office. 


United States Buréau of Standards. Circular No. 229. 
United States Government Master Specification for 
Friction Tape. No. 230. Rubber Insulating Tape. 
No. 233. Tuck’s Packing. No. 235. Rubber Packings 
and Gaskets (Moulded, Sheet and Strip). No. 236. 
Cloth Insertion Rubber Packing. No. 239. Flax Pack- 


ing. No. 241. Compressed Asbestos Sheet Packing 
No. 242. Asbestos Metallic Cloth Gaskets. No. 249. 
Cloth-Inserted Hot Water Bottles. No. 251. Rubber 
Fountain Syringe. No. 254. Cloth Inserted Ring 
Cushions. [Price 5centseach.] Washington; Govern- 


ment Printing Office. 


Laymen and the New Architecture. By MANNING 
RosBertSsoN, A.R.I.B.A., F.R.A.S. London: John 
Murray. [Price 12s. net.] 

Wire Drawing and the Cold Working of Steel. By Awas- 


TaAIR THoMAS ADAM, A.R.T.C. London: H. F. and 
G. Witherby. [Price 40s. net. | 

Motor Manuals. Vol. Ill. The Mechanism of the Car. 
By Artuur W. JupGEe. London: Chapman and 
Hall, Limited. [Price 4s. net.] 

A Practical Treatise on Fourier’s Theorem and Harmonic 
Analysis for Physicists and Engineers. By ALBERT 
Eaate, B.Sc. London: Longmans, Green and Co. 
[Price 9s. net. ] 

Nachschlagebuch der Nachschlagewerke fiir die Wirt- 


schaftspraxis. I. Verzeichnis wichtiger Wirtschafts- 
zeitschriften aller Lander. Il. Denkschrift: Das 
Hamburgische Welt-Wirtschafts-Archiv. Hamburg: 


Deutscher Auslandverlag Walter Bangert. [Price 5 
marks. ] 

Hochfrequenztechnik. By Dr. FRIEDRICH FRANZ MARTENS. 
Braunschweig: Friedr. Vieweg and Sohn Akt.-Ges. 
[Price 6 marks. ] 

Konstruktion und Material im Bau von Dampfturbinen 
und Turbodynamos. By W. Kieser. Third edition. 
Berlin: Julius Springer. [Price 18-75 gold marks. } 








BristoL JupiteER AERO ENcGrInEes.—It may be of 
interest to note the fact that many of the Goliath 
bombing aeroplanes at present in use by the French 
and Spanish forces in Morocco operating against the 
Riffs are fitted with Bristol Jupiter engines, the design 
and production of which was dealt with in our issues of 
September 4 and 11 last, on pages 290 and 321, respec- 
tively. We understand that the Jupiter-engined machines 
are regularly loaded with 400 kg. in excess of that carried 
by machines of the same type fitted with water-cooled 
engines of even greater nominal horse-power, and that 
the former are superior in other respects. We may add 
that on May 27 last, a Farman F.60 seaplane fitted with 
two Jupiter engines and flown by Lieut. de Vaisseau 
Paris, attained a height of 11,660 ft. with a useful load 
of 1,500 kg., this flight constituting a world’s record for 
the type of aircraft and loading. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Discouraging reports continue to be 
received from the heavy steel trades and those dealing 
with semi-manufactured materials. At this period of 
the year there are usually indications of revived buying 
on winter account, following the customary quietude of 
August, but present position offers little hope of improve- 
ment. According to the view taken in quarters that are 
well informed and are not, as a general rule, unduly pessi- 
mistic, conditions are becoming worse rather than better. 
It is quite certain that few home users can be induced to 
contract forward, owing to the unsettled outlook in 
allied branches, while overseas business continues to be of 
a severely restricted character mainly through the force 
of foreign competition. On the other hand, this district 
is receiving a generous share of the home business in 
circulation in railway wagons and carriages, though 
further export orders have been lost to French and 
Belgium makers purely on the price factor, while wagon 
deliveries to India have notably slumped. Hopes are 
entertained of further substantial business from one 
of the big railway groups in this country and on South 
American account. The Argentine is also said to be 
considering a heavy expenditure on tramway work. 
The lighter sections present several comparatively satis- 
factory features. Home and foreign bookings in joiners’ 
tools, saws, axes, files and rasps have been on a sub- 
stantial scale during the past two months, and though 
conditions in farm tools, road-making and quarrying 
tools are perhaps slightly less robust, the branches con- 
cerned preserve a considerable measure of activity. 
Competition from the Midlands has resulted in the severe 
pruning of profits in small hand tools. Builders’ iron- 
work is a progressive branch. Government contracts 
have been received locally for cooking apparatus and 
bakery plant, torpedo fittings, steel blooms, tool steel 
and files, 


South Yorkshire Coal Trade.—A slightly better tone 
characterises several sections. Inquiries for steam fuel 
are rather more numerous on export account. Sales 
to South America are maintained at a high level, but 
there is pronounced weakness in business with most 
of the biggest consumers on the Continent. Inland 
sales are only moderate. Washed slacks show signs 
of revival. Last week’s improvement in furnace and 
foundry coke is upheld. Business in house coal, though 
below seasonal average, gives promise of expansion. 
Quotations: Best branch hand-picked, 30s. to 33s. ; 
Barnsley best Silkstone, 27s. to 29s.; Derbyshire best 
brights, 22s. 6d. to 25s. 6d.; Derbyshire best house, 
22s. to 24s.; Derbyshire best large nuts, 16s. to 20s. ; 
Derbyshire, best small nuts, 12s. 6d. to 14s.; York- 
shire hards, 18s. to 22s. ; Derbyshire hards, 18s. to 22s. ; 
rough slacks, 10s. 6d. to 13s.; nutty slacks, 8s. 6d. to 
9s. 6d.; smalls, 3s. 6d. to 5s. 6d. 





THe IRoN AND STEEL InstituTE: Erratum.—Iin 
connection with our report on page 361 ante of the 
discussion, at the Birmingham meeting of the Iron 
and Steel Institute, on Mr. W. R. Martin’s paper on 
the “‘ Davis Steel Wheel and its Manufacture in Eng- 
land,”’ we are requested to state that tke Brinell hard- 
ness figure for the tread, given by Dr. W. H. Hatfield as 
300 should really have been given by him as 380. 

New HARBOUR FOR THE FAROE ISLANDS, COPENHAGEN. 
——A new harbour has been opened at Skopen, in the Faroe 
Islands, which is said to have been the most difficult 
piece of harbour construction yet undertaken in the island 
as it has had to be protected against the Atlantic by a 
particularly strong mole. The harbour was primarily 
designed for the use of fishing boats, mainly motor boats, 
and its construction is a link in an extensive plan pro- 
viding for the building of new, and the extension of 
existing harbours, quays and piers in various parts of 
the islands. The scheme has been in hand since 1922, 
and the work is being carried out by Messrs. Fibiger & 
Villefrance, a well-known firm of Danish engineers. In 
1921 the Rigsdag granted a sum of 5,135,000 Kr. for 
the cost of the work as a whole, and the building of the 
harbour at Skopen has absorbed 560,000 Kr. of this 
amount. The largest and most important part of the 
programme consists of extensive work at the harbour of 
Thorshavn, the capital of the Faroe Islands, at a cost of 
2,200,000 Kr., and this work is now going on. 





PERSONAL.—Messrs. A. J. Stevens and Co. (1914), 
Limited, of Wolverhampton, who are manufacturers 
of wireless receiving sets and components, have recently 
opened new offices and showrooms at 122 and 124, 
Charing Cross-road, London, W.C. 2, for the display 
and sale of their products. A service department has 
also been inaugurated at the London address for the 
assistance of customers in London and the south of 
England, and also for carrying out installation work where 
required.—The Harvie Corporation, Limited, has 
recently removed from 11, Queen Victoria-street, 
London, E.C.4, to Broadway Buildings, Westminster, 
London, 8.W.1.—Mr. F. E. Chilton has resigned his 
position as London sales manager to the Wellman Smith 
Owen Engineering Corporation, Limited, of Kingsway, 
London, W.C.2., and has joined the Perfecta Seamless 
Steel Tube and Conduit Company (1923), Limited, as 
manager of their office at 66, Victoria-street, West- 
minster, London, 8.W.1.—Mr. W. A. Sycamore, who 
recently resigned his position as London manager of 
the Keighley Gas and Oil Engine Company, has joined 
the staff of Messrs. Vickers-Petters, Limited, and will 
be attached to their London office at 75B, Queen Victoria- 
street, London, E.C.4. 

















SEPT. 25, 1925.] 





ENGINEERING. 


387 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron T'rade-—Home demand for Cleve- 
land pig-iron continues vastly below what could be 
desired, and there is next to no export trade passing, 
comparatively cheap Continental iron practically pro- 
hibiting sales in foreign markets. Notwithstanding pro- 
ducers protests that current prices are a good deal below 
cost of output, the tendency is still downward. With 
stocks low and make on a very limited scale, however, 
a little improvement in demand would probably check 
the fall that has been experienced for some time past. 
No. | is now on sale at 71s. 6d.; no difficulty is exper- 
ienced in obtaining No. 3 g.m.b. at 67s. 6d.; No. 4 
foundry is quoted 66s. 6d. to 67s.; and No. 4 forge runs 
from 66s. to 66s. 6d. 


Hematite-—In this branch also, sales are on only a 
very moderate sale, and are almost entirely confined to 
parcels for home consumption, firms here having to 
contend with keen competition of French makers in 
markets abroad. The output of East Coast hematite 
is very small, but it is sufficient for current needs. 
Though producers are reluctant to acknowledge reduc- 
tion in quotations they have been unable to maintain 
values, and mixed Nos. are now no more than 74s. 6d. ; 
whilst No. 1 is put at 75s. 


Foreign Ore.—Business in imported ore is practically 
at a standstill, consumers having still heavy arrears of 
deliveries to take up against old contracts. Market rates 
remain on the basis of best rubio at 20s. c.i.f. Tees. 


Blast-furnace Coke.—Local demand for Durham blast- 
furnace coke is only moderate, and prices are weak. 
Good average qualities are quoted 18s. 6d. delivered to 
users here. 


Manufactured Iron and Steel.—Manufactured iron is 
without new features. A few fairly good contracts for 
steel rails are understood to have been secured, a moderate 
demand for.constructional steel continues, whilst sheet 
producers are heavily sold; but no improvement in 
demand for shipbuilding materials is noticeable, and in 
several other departments orders are much needed. 
Common iron bars are 111. 12s. 6d. ; iron rivets, 131. 10s. ; 
packing (parallel), 8/.; packing (tapered), 11l.; steel 
billets (soft), 71. 10s.; steel billets (medium), 8/.; steel 
billets (hard), 91. ; steel ship bridge and tank plates, 81. ; 
steel angles, 7/. 15s. ; steel rivets 131. ; steel joists, 7. 15s.; 
and galvanised corrugated sheets (24-in. gauge, in 
bundles), 162. 10s. 





NOTES FROM THE SOUTH-WEST. 

Carpirr, Wednesday. 
The Coal Trade.—Returns issued by the Board of 
Trade showing the volume of the exports of coal, coke 
and patent fuel from South Wales in August show in 
a striking manner the deplorable condition of the 
industry. For the first time in any month of this 
year these shipments were under 2,000,000 tons, and 
even after allowing for the fact that there were only 
23 working days in August compared with 27 in July, 
the reduction shown is enormous. Shipments of coal 
as cargo foreign and coastwise, and as bunkers foreign 
were reduced by 912,519 tons, foreign cargo exports 
dropping 724,284 tons, coastwise cargo 97,736 tons, 
and foreign bunkers by 90,499 tons. Exports of coal, 

coke and fuel in July and August were as follows :— 


July. August. 
Tons. Tons. 
Coal— 
Foreign (cargo) 1,988,255 1,263,971 
a (bunkers) 286,468 195,969 
Coastwise (cargo) 171,889 74,153 


2,446,612 1,534,093 


Totals 
Patent fuel (foreign) 97,833 91,543 
Coke (foreign) 9,119 7,866 
Grand total 2,553,564 1,633,502 


Shipments of patent fuel were reduced by 6,290 tons, 
and of coke by 1,253 tons. Exports of coal as cargo 
from South Wales in the past week amounted to 344,620 
tons, compared with 325,330 tons. Shipments from 
Cardiff amounted to 218,950 tons against 213,130 tons, 
from Newport 35,510 tons against 43,330 tons, from 
Swansea 54,150 tons against 40,100 tons, from Port 
Talbot 29,530 tons against 23,530 tons, and from 
Llanelly 6,480 tons against 5,240 tons. Of the total 
41,050 tons were despatched to Argentina, 13,250 tons 
to Brazil, 16,800 tons to Egypt, 86,490 tons to France, 
32,300 tons to Italy, 27,140 tons to Spain, and 17,850 
tons to Uruguay. Meanwhile the demand for large 
and small steam coals remains insufficient to absorb 
outputs, and prices are irregular on the basis of 24s. 
to 24s. 6d. for best Admiralty large, with Monmouth- 
shires from 20s. 6d. to 21s. 6d., and smalls from 8s. 6d. 
to lls. Sized coals are, however, in request with 
dry nuts firm at 25s. to 29s. 6d. with steam descriptions 
steady at 18s. to 20s. The Italian Navigazione Generale 
of Italy have contracted for 40,000 tons of best Admiralty 
large, with delivery over the last three months of the 
year, at 30s. c.i.f. per ton Genoa, which, based on a 
freight of 7s., leaves 23s. per ton f.o.b. for the coal. 


Iron and Steel_—Exports of iron and steel goods last 
week totalled 18,621 tons against 16,404 tons. Ship- 
ments of tinplates and terneplates amounted to 7,787 
tons against 8,195 tons, blackplates and sheets 4,537 
tons against, 4,844 tons, galvanised sheets 4,953 tons 
against 2,890 tons, and other iron and steel goods 
1,344 tons against 475 tons. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland 
a depressed state still prevails, and there is no sign 
of any improvement. Buyers are few in number, and 
inquiries do not amount to anything in the way of 
good tonnage. Shipbuilding contracts are still very 
scarce, with the result that orders from the industry 
continue very poor and the outlook for the oncoming 
winter is exceedingly gloomy. Foreign competition at 
the moment is perhaps not so persistent as it was, but 
whenever a good order is on the market the Continental 
agents get very active. Structural sections are rather 
slow, and orders are not of much bulk. Prices are 
barely steady, and sellers generally are prepared to 
meet buyers if a favourable tonnage is specified. The 
following may be taken as to-day’s market quotations :— 
Boiler plates, 11/. 10s. per ton; ship plates, 8. 2s. 6d. 
to 8l. 5s. per ton; and sections, 7/. 171. 6d. per ton, all 
delivered Glasgow stations. 


Malleable Iron Trade.—No change of any kind has 
taken place in the West of Scotland malleable iron trade 
over the week. The demand is of a very limited nature, 
and hand-to-mouth conditions prevail at most of the 
works. ‘‘ Crown” bars are quoted at 11l. 12s. 6d. per 
ton, delivered Glasgow. 


Black Steel Sheets.— In the black sheet trade the 
export side continues busy, but the home trade is quiet, 
especially for the heavier gauges. The output of 
galvanised sheets is good, and order books are still 
well filled. The local price for sheets, ~ in. to } in., 
is 91. 15s. to 91. 17s. 6d. per ton, delivered Glasgow 
stations. 


Scottish Pig-iron Trade——The makers of Scottish 
pig-iron are having rather a thin time at present as 
the demand is very small. Home consumers are buying 
very little on account of the general trade depression, 
and business for the overseas markets is about as poor 
as it can be. Prices are inclined to get easier, and the 
following are to-day’s market quotations :—Hematite, 
4l. 1s. per ton, delivered at the steel works; foundry 
iron No. 1, 41. 28. 6d. to 41. 5s. per ton, and No. 3, 
4l. to 41. 2s. per ton, both on trucks at makers’ yards. 


Shipments of Scottish Pig-iron.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, September 19, amounted to 
490 tons. Of that total 373 tons went overseas and 
117 tons coastwise. For the corresponding week of 
last year the figures were 535 tons on foreign account 
and 229 tons coastwise, making a total shipment of 
764 tons. 





Tue InstiruTION oF STRUCTURAL ENGINEERS.—In 
response to repeated requests arrangements have been 
made for the holding of December examinations for 
graduateship and associate membership of the Institution 
of Structural Engineers in Bombay, India, as well as in 
the usual English centres. Intending European or 
native candidates should communicate with Mr. H. 
Foster King, Chartered Bank Building, Fort, Bombay. 





Roaps IMPROVEMENT Act, 1925.—The Minister of 
Transport has addressed to all highway authorities in 
Great Britain a communication drawing attention to the 
additional powers conferred upon them under the Roads 
Improvement Act, 1925. By virtue of these powers it 
becomes permissible for such bodies to plant and main- 
tain roadside trees, shrubs, and grass margins. Further, 
any highway authority may apply to the Development 
Commissioners for an Order for the acquisition of land 
required to be given in exchange for any portion of a 
common or open space taken for the construction or 
widening of a road. Another direction in which sub- 
stantial ultimate economies can be achieved is indicated 
in a section giving powers for the prescription of building 
lines along roads. By this means it is hoped to prevent 
the construction of buildings in such close proximity 
to a narrow road as to render its future widening or re- 
alignment prohibitively expensive. Copies of the 
circular published may be obtained from the Ministry 
of Transport, Road Department, 7, Whitehall-gardens, 
London, W.1. 





TriaL Trip or SS. “ Kiwitea.’’—Recently successful 
trials were carried out by the collier and general cargo 
steamer Kiwitea, which has been built for the Union 
Steam Ship Company, of New Zealand, Limited, by 
Messrs. William Gray & Co., Ltd., The vessel, which 
is self-trimming, is built on the top side cantilever frame 
system, with poop bridge, winch decks, and forecastle, and 
has an overall length of 292 ft. 6 in., a breadth of 44 ft. 
3 ins., and a depth of 21 ft. 14 ins. Accommodation for 
water ballast is provided in the double bottom, top side 
tanks, and large fore and aft peaks of the ship. Ten 
steam winches and 10 steel derricks, a warping winch 
aft, and six coaling gaffs comprise the equipment for 
the quick handling of the cargo. The main hatchways 
serving the holds are fitted with steel covers of the 
Hogg-Carr corrugated type. The propelling machinery, 
fitted aft in the vessel, was constructed by the ship- 
builders at their Central Marine Engine Works, West 
Hartlepool, and comprises a set of triple-expansion engines 
having cylinders 204, 334, and 55 ins. in diameter, and 
of 39 in. stroke. Steam is supplied by two multi-tubular 
boilers working at a pressure of 190 lbs. per square inch. 
Steam steering gear operates the rudder under telemotor 
control from the bridge. The steamship auxiliaries 
fitted, include harbour feed, ballast and general service 
pumps, live-steam.-surface feed heater, and a combined 
drain and scum tank. The various lifeboats are carried 
under Welin davits. 





NOTICES OF MEETINGS. 


THE Hutt AssociaTION oF ENGINEERS.—Saturday, 
September 26, at 7.15 p.m., at the Technical College, 
Hull. Lecture: ‘‘Carburation,” by Professor G. E. 
Scholes, M.Se., M.I.A.E. 


THE InNsTITUTION OF MUNICIPAL AND County ENGIN- 
EERS: SOUTHERN District.—Saturday, September 26, 
at 12 noon, at the Town Hall, Trowbridge, ‘‘ Municipal 
Notes on Trowbridge,” by Mr. G. W. I. Clarke. 


THe InstiITuTE oF MARINE ENGINEERS.—Tuesday, 
September 29, at 6.30 p.m., at 85/88, The Minories, 
Tower Hill, E. 1. ‘‘ Recent Developments in Marine Pro- 
pelling Machinery,” by Mr. Andrew J. Nicholson, B.Sc. 


THE Farapay Society.—Thursday, October 1 and 
Friday, October 2, in the Lecture Room of the Sir Leoline 
Jenkyns Laboratory, Jesus College, Oxford. Thursday, 
October 1, at 3.30 p.m. General Discussion on ‘‘ Photo- 
chemical Reactions in Liquids and Gases.’’ Part I. 
Einstein’s Law of Photochemical Equivalence. Intro- 
ductory Paper by Professor A. J. Allmand, ‘‘ The Veri- 
fication of the Einstein Photochemical Equivalent Law 
in a very Simple Photo-sensitive Liquid System,” by 
Professor F. Weigert and Dr. L. Brodman. ‘“‘ The Relation 
between Quantum Sensitivity and Intensity of Radia- 
tion,’’ by Professor Chr. Winther. ‘‘ Note on the Radia- 
tion Theory of Chemical Reactions,”’ by Professor J. Rice. 
“Note on the Influence of Radiation on Chemical Re- 
actions,” by Professor L. S. Ornstein. ‘‘The Law of 
Photochemical Equivalents and the Place of the Quan- 
tum Theory in Relation to Atomic Theory and Ener- 
getics,” by Professor D. Berthelot. ‘‘ Relations between 
the Velocity of Photochemical Reactions and Wave 
Length,” by Professor P. Lasareff. ‘‘On the Transforma- 
tion of Atoms in Radiation,’’ by Professor O. Stern: 
Friday, October 2,at 10a.m. Part II. On the Mechanism 
of Photochemical Reactions. Introductory Paper, by 
Professor M. Bodenstein. ‘‘ Elementary Processes of 
Photochemical Reactions in Gases,” by Professor J. 
Franck. ‘‘Some Conclusions from Recent Work on 
Photochemistry,” by Mr. D. L. Chapman. “ Photo- 
sensitisation and the Mechanism of Chemical Reactions,” 
by Professor H. 8. Taylor. ‘“‘ The Dissociation Theory 
and Photochemical Thresholds,” by Mr. E. J. Bowen. 
** Dielectric Constant and the Speed of Photochemical 
Reactions,” by Professor Chr. Winther. ‘‘ The Photo- 
chemical and Thermal Decomposition of Ozone,”’ by Mr. 
R. O. Griffith and Mr. A. McKeown. ‘The Electron 
Affinity of the Halogens,” by Dr. E. B. Ludlam and Mr. 
W. West. “‘The Physical Antecedents of the Photo- 
activity of Chlorine,” by Mr. W. Taylor. ‘‘ The Forma- 
tion of Polar Compounds by Photochemical Reactions,”’ 
by Professor W. Albert Noyes, Jr. ‘‘ Absorption of Light 
in Solutions of Electrolytes,” by Professor von Halban. 
“On Chemiluminescence,”” by Dr. H. Kautsky. Papers 
to be communicated: ‘‘ Photochemical Sensitization,” 
by Professor C. Berthoud. “Flame Spectra and 
Chemical Reaction,” by Miss C. E. Bluker (Communicated 
by Professor L. S. Ornstein). ‘“‘ The Becquerel Effect 
on Copper Oxide Electrodes,” by Mr. W. J. van Dijek 
(communicated by Professor L. 8. Ornstein). ‘* The 
Photochemistry of Fluorescent Solutions,” by Professor 
J. Perrin. ‘‘ The Photolysis of Methylene Blue Sensitized 
by Zine Oxide,” by Professor E. Bauer. ‘‘ The Influence 
of Moisture on Photochemical Reactions in Gases,” by 
Professor A. Coehn. “ (1) Concerning the Fundamental 
Laws of Photochemistry”; (2) ‘‘ Photochemical Re- 
actions and Methods of Measuring them,’’ by Professor 
I. Plotnikow. (1) “‘ Einstein’s Law of Photochemica! 
Equivalence ’’; (2) ‘The Mechanism of Photochemical 
Reactions,” by Professor N. R. Dhar and Mr. B. K. 
Mukerji. 


THe Junior INSTITUTION OF ENGINEERS.—Friday, 
October 2, at 7.30 p.m., at 39, Victoria-street, S.W.1. 
Lecturette, “Problems of Broadcasting,” by Mr. H. 
Bishop, B.Sc. 


THE INSTITUTION OF MUNICIPAL AND County ENGt- 
NEERS: METROPOLITAN District.—Friday, October 2, 
at 6.30 p.m., at 92, Victoria-street, S.W.1. ‘* Modern 
Road Construction,” by Mr. William Bell, A.M.Inst.C.E. 


THE INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS.—Saturday, October 3, at 2.30 p.m., in the County 
Court Room, Todmorden. Joint Meeting of the North- 
Western and Yorkshire Districts. Discussion on 
** Regional Town Planning,” opened by Mr. Robert H. 
Mattocks and Mr. Reginald Bruce. 











TucBoats TRANSFORMED INTO TRAWLERS.—The 
Augustin Normand Shipbuilding Company, Havre, 
have received from the Fécamp Steam Trawler Company 
an order for lengthening and transforming into trawlers the 
four tugboats Le Moufion, Le Mustang, Le Puissant, and 
La Tornade, which were originally built for the Commis- 
sariat des Transports Maritimes et dela Marine Marchande. 
Messrs. Normand have also undertaken the transfor- 
mation in the same conditions of a fifth tugboat, L’Orage, 
for Messrs. Taurin et Merrienne, of Fécamp. The tug- 
boats are to be sectioned abreast of the stokehold forward 
bulkhead, and lengthened by about 12 m. (39 ft. 4 in.) 
The following are the dimensions of the tugboats : 
length, 40 m. (131 ft. 3in.) ; breadth, 8-7 m. (28 ft. 6 in.); 
depth, 4-6 m. (15 ft. 1 in.); displacement, 584 tons ; 
power, 1,000 h.p.; capacity of coal bunker, 150 tons. 
When transformed into trawlers, the dimensions will be, 
length, 52-075 m. (170 ft. 10 in.); breadth, 8-7 m. 
(28 ft. 6in.); depth, 4°5 m. (14 ft. 9 in.); displacement, 
loaded, 1,140 tons ; power, 1,000 h.p.; capacity of fish 
tanks, 450 cub. m. (15,890 cub. ft.); capacity of coal 





bunkers, 350 cub. ft. (12,360 cub. ft.); fresh water 


.ballast, 47-5 tons; potable water capacity, 13-5 tons. 
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THE ENRICHMENT OF COAL GAS. 


THE latitude given to the gas companies by the 
Gas Regulation Act, while it has been of unquestion- 
able advantage to them in respect to convenience of 
manufacture, has necessarily compelled them to pay 
more attention than ever to the means of maintaining 
the calorific value of their gas. At the same time, 
the introduction of processes of steaming in vertical 
retorts has put in their hands the means of effecting 
large increases in the volume of their make at the 
expense of its calorific value. The load on gas 
works is by no means constant, and when it is 
necessary to push the volume of the output beyond 
the normal, it becomes equally necessary to have 
a means of enriching the gas, so that it shall 
not fall below the figure at which its calorific value 
has been declared. The common means of attaining 
such enrichment, and thus increasing the elasticity 
of the gas-making plant, has been to install an 
auxiliary plant producing a rich carburetted water- 
gas. This involves, however, providing the capital 
for two plants instead of one, and undertaking the 
extra complexity of running them. 

In view of these circumstances Mr. S. Tagg, a 
member of the Fuel Research Board, and at the 
time President of the Institution of Gas Engineers, 
suggested that the necessary enrichment of the 
gas produced from vertical retorts with the assis- 
tance of steam might be obtained by injecting gas 
oil into the retorts during the carbonisation of the 
coal. The Board accordingly undertook irvestiga- 
tions into the likelihood of this method being 
successful in practice, and has now published a 
report giving the results of its inquiries so far as 
they have gone.* 





* Department of Scientific and Industrial Research. 
Fuel Research Board: Technical Paper No. 14. The 
Enrichment of Coal Gas by the Injection of Oil into 
the Retorts during Carbonisation. H.M. Stationery 
Office. 1s. 9d. net. 





The method contemplated was to inject the oil 
into the retort by such means that, as far as possible, 
the oil should reach the cracking zone without being 
overheated on the way. Accordingly it was 
arranged that it should be introduced through a 


g| tube passing down the retort as nearly along the 


axis as possible, and extending to such a depth that 
on emerging from the bottom of the tube the oil 
would at once be subjected to a high temperature. 
Explorations down the centre of the retort were 
carried out to secure information about the dis- 
tribution of the temperature. This is summarised 
in a chart showing what are called tentative 
isothermal lines. Both from the manner in which 
these are presented in this report and from informa- 
tion previously published, it seems probable that 
the temperature distribution is affected to a con- 
siderable extent by incidents of working, but 
doubtless the distribution inferred from such 
observations as have been made, and adopted 
for the purposes of this report, is sufficiently 
near the truth to enable the results to be followed. 
The necessary cracking temperature was expected 
to be about 800 deg. C., and on previous explorations 
this was expected to be reached in the centre of 
the retort at from 13 ft. to 15 ft. below the top 
casting. The walls at this level had been at 
1200 deg. C. To avoid premature cracking of the 
oil the feeding-tube was water-jacketed, and a 
steel wire with a loose plug at the end of it was 
passed down the inside of it to enable any blockage 
caused by carbon deposits or coke to be readily 
removed. The oil was supplied by means of a 
small pump. It was a fluid petroleum gas-oil of 
about 0-85 specific gravity and a calorific value 
of 19,600 B.Th.U. per Ib. 

Preliminary experiments showed that the best 
results were obtained with a tube inserted to a 
depth of from 10 ft. 6 in. to 12 ft. 6 in. below the 
top casting. As a matter of fact, in most of the 
experiments the oil was discharged at a depth of 
11 ft. 6 in., and it was found that the maximum 
enrichment extended to a distance of 1 ft. either 
way. During these trials it was found also that 
considerably more scurf was deposited in the 
neighbourhood of this point than elsewhere in 
the retort, and the belief was confirmed that in 
any extended running it would be necessary to 
move the oil tube up and down from time to time, 
in order to dislodge the excess of solid deposit at 
the exit from the tube. For this purpose, the 
circumstance that the zone of maximum enrichment 
extended over as much as 2 ft. would be an obvious 
advantage. 

The experiments were made on the same lines 
as those described in the Board’s report of 1920 
and 1921 on steaming in vertical retorts, previously 
noticed in our columns, and adopted at the 
Research Station as a standard method in most of 
their following work. These lines include the pre- 
paration of both weight and heat balance sheets, 
and the rejection of any tests in which the results 
fail abnormally to balance. The coal used for the 
definitive experiments was one of which the Station 
had had considerable experience, namely, Mitchell 
Main washed nuts. This coal was included in those 
examined in the Board’s first series of trials, and, to 
verify the comparability of results obtained in the 
present tests with those obtained originally, a series 
of tests on the present supplies were run without 
oil injection. Analytically, the composition of the 
two supplies was found to be similar, but although 
the conditions of carbonisation were quite as steady 
as in 1920, and no trouble was experienced in the 
working of the retorts, quite material differences 
were found in the behaviour of the coal on carbon- 
isation. In the later tests the yields of gas per ton 
carbonised were greater by 7 per cent. to 8 per cent., 
and the increases obtained on additional steaming 
were also greater by 2 per cent. to 3 per cent., with 
corresponding alterations in the calorific value. 
The later supplies also gave about 10 per cent. 
more tar. These results, as the report points out, 
must be borne in mind if any comparison is made 
between the earlier results of steaming without oil 
injection and those that are recorded in this report. 

In addition, however, to the experiments on 
Mitchell Main coal, a number of preliminary experi- 
ments were made with Wearmouth coal, of which 
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the South Metropolitan Company were able to 
provide a uniform supply. This Durham coal was 
similar in character to the Mitchell Main Yorkshire 
coal, and their results in the Gray-King assay 
apparatus were almost identical. Nevertheless 
considerable differences were found on carbonisa- 
tion in the retorts, which the report shows reasons 
for attributing to the much greater proportion of 
fines in the Wearmouth coal. It appears, in fact 
that the behaviour of the retorts is greatly 
dependent on the uniformity with which the coal 
carbonised in them is graded. 

So far as the experiments recorded in the’ report 
go, the method described of enriching gas seems to 
be. workable, and may be of value in increasing the 
elasticity of vertical retort settings and enabling 
them to cope with increased demands. However, as 
the report states, the period over which the experi- 
ments were conducted is not sufficient to enable 
them to take the place of experiments that involve 
steady running over a much longer period. For 
the moment it appears that the mere introduction 
of the water-cooled tube without any oil injection 
causes a reduction in the yield of gas, accompanied 
by a rise in its calorific value, with a slight net 
decrease in the value of the total make of gas 
per ton of coal. This result does not appear 
to have been expected, but seems to be eminently 
suggestive. The introduction of the water-cooled 
tube must have had two broad effects on the 
process of carbonisation. On the one hand it 
certainly affected the temperature gradient in the 
neighbourhood of the 24-in. water jacket, which 
extended over 11 ft. 6 in. along the core of the 
charge. On the other hand, it may have, and 
probably did have, a mechanical effect on the dis- 
tribution of the coal as it passed down the car- 
bonisation column. The retorts, it will be remem- 
bered, are only 10 in. across their smaller diameter 
and 2} in. out of this may have made a difference 
to the fit of the coal in the space between the tube 
and the wall of the retort, affecting both the volume 
and the area of the heating surfaces within the 
coal to which the gas and other products of 
carbonisation were exposed, as well as the heat 
conductivity of the charge itself. The results of 
experiments seem, in fact, to show that the be- 
haviour of the retorts during the carbonisation 
process may be affected considerably, not only by 
the temperature gradients both upwards and side- 
ways, but also by the closeness with which the coal 
in the charge packs itself. The distinct effect 
of the insertion of the oil injection tube without 
resorting to any injection at all, may perhaps 
be thought to justify a closer investigation than 
seems to have been made, of what actually is 
going on along the retort. 

Meanwhile, the injection of oil has been shown to 
produce some increase both in the calorific value 
of the gas and in the therms that it yields, and takes 
no additional heat for the setting. These results 
were obtained by the injection of 4-8 and 9-4 gallons 
of oil per ton of coal. Further increases in the 
amount of oil injected give increased yields of 
gaseous therms, but no proportionate increase of 
calorific value. Above 10 to 15 gallons per ton of 
coal the gas contained an excess of condensable 
hydrocarbons, and some oil passed over into the tar. 
This quantity must therefore be regarded as the 
upper practical limit for oil injection. 

The behaviour of the process was also examined in 
another way, by placing an arbitrary upper limit 
on the heat available for the combustion chambers, 
and working to a constant calorific value of the gas. 
It was found that in this way the yield of gas 
obtained by 5 per cent. steaming—that is, 5 per 
cent. of the weight of the coal charged—could be 
increased by 16} per cent. without alteration of the 
calorific value or specific gravity, by steaming at 
20 per cent., oil being injected at the rate of about 
7 gallons per ton of coal. 

The report contains some particulars of the various 
products obtained in the gas before and after enrich- 
ment. These investigations are being carried 
further, and will be the subject of a later report. 

Further investigations is also to be made on the 
possibility of working without a water jacket, the 
use of which involves some thermal disadvantage, 
and in connection with this it appears to be intended 





to proceed with investigations into the condition 
prevailing within the retort, such as are indicated 
above. 





THE TRADE AND INDUSTRY OF 
PERSIA. 


THE recent announcement that a powerful 
American group of banking and industrial interests 
are negotiating to finance the construction of a 
railway from Tehran to the Persian Gulf, in return 
for a concession of mineral rights, is a reminder 
of the present singular position of Persian railways. 
Persia is a country about seven times as large as 
the United Kingdom, and yet, as is fairly well 
known, it is still practically without railways. 
Roads to a limited extent the country possesses, 
for its trade communications in every direction 
are ancient; but of many of the roads little is 
left that is efficient, except the levying of tolls 
upon travellers and traders. The system of roads 
is, in fact, entirely inadequate to the requirements 
of the country, and a large part of such roads 
as exist are in the worst possible condition. Of all 
countries of economic importance it seems to be 
the most deficient in means of transport. 

Nevertheless the country itself not only possesses 
great natural riches, but, as @ recent report* 
shows, does a considerable export and import trade, 
and in some important respects is being adminis- 
tered admirably. It has called in the help of 
American advisers in respect to its finances, and 
the reorganisation effected with their assistance 
has been helped in practice by what is described 
as a long-established and extremely efficient Belgian 
Customs Administration. Customs duties yield 
over one-third of the national revenue, other indirect 
taxation one-sixth, and royalties, paid by the 
Anglo-Persian Oil Company, which work out at 
16 per cent. on the net value of its production, 
a tenth. This company, moreover, spends in 
Persia four or five times as much as it pays 
in royalties, and supplies, in addition, a con- 
siderable amount of products for use in the 
country, which would otherwise have to be 
imported. 

Since the introduction of the American financial 
advisers, the revenue has invariably been in excess 
of the expenditure, and moreover while the revenue 
has increased, the expenditure has decreased. 
The policy of cutting the financial coat accord- 
ing to the cloth actually available is reflected 
also in the latest statement of loans and advances 
issued by the Persian ‘Treasury General in last 
October. The details are of no great interest, but 
in substance the effect of the statement is to show 
that the amount of the outstanding debt is only 
about equal to six months of the country’s present 
revenue. Nearly two-thirds of this is due to the 
British Government. 

Trade, again, has grown steadily. It was of the 
value of some 20,000,000/. before the war, and in 
1923-24 had risen to 32,000,0007. This rise, indeed, 
did not mean an increase in quantity, being more 
than represented by increase in prices; but as 
against this, the exchange has steadily improved, 
having risen from 55 krans to the pound before 
the war to 494 in 1923, and an average of 42 in 
1925. The balance of trade has also moved in 
favour of the country. In round figures the imports 
before the war exceeded the exports by some 
4.000,000/., but, in the first nine months of the 
financial year 1924-25, the exports exceeded the 
imports by about the same amount. The distri- 
bution of trade has been changed considerably 
during the war, and does not yet appear to 
have reached a stable position. Before the war 
60 per cent. of Persian trade was done with Russia, 
and only 21 per cent. with the British Empire, 
including British India. In 1922-23 trade with 
Russia, which doubtless had become almost 
negligible during the war period, stood at 10 per 
cent., while that done with the British Empire 
was 53 per cent., and, in 1923-24, trade with 





* Department of Overseas Trade. Report on the 
Trade and Industry of Persia, dated April, 1925, by 
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the British Empire had increased to 57 per cent. 
and with Russia to 18 per cent. Having regard 
to the considerable and beneficial influence that 
has been exercised by the American financial 
advisers, it is interesting to observe that Persian 
trade with the United States, which before the 
war had been 1 per cent. of the total figure, 
amounted enly to 4 per cent. in 1923-24, all but 
5 per cent. of which consisted of Persian exports. 
The details given in the report under notice, while 
they confirm the belief in the considerable possi- 
bilities of the Persian market, show ground for some 


apprehension as to the extent to which its benefits 


will be enjoyed by British trade. The total imports 
from the British Empire in 1923-24 amounted to 
something under 10,000,000/., consisting chiefly of 
soft goods. In these the competition of other 
countries is beginning to be felt, and unfortunately 
as much may be said of the small trade that is 
being done at present in metal manufactures. The 
total imports from the British Empire of nails, 
screws, rivets, tubes, &c., was not much over 
200,000/7., and no British imports of other class of 
metal goods even amounted to this. This figure, 
however, was considerably less than in the previous 
year, owing to revived competition from Russia and 
Germany. The trade in motor cars, such as it is, 
is almost entirely in the hands of the United 
States, with a little from Italy. 

The position, therefore, seems to be that Persia 
has set its house in order so far as concerns its 
finances, that at present its international commerce 
is in a stage that may be called rudimentary, com- 
pared with what might be expected from the richness 
of the country, and that other countries are showing 
more active anxiety than Great Britain, to get 
their share of such business as is to be done. No 
doubt can be entertained but that the backwardness 
of Persian trade is due both primarily and mainly 
to the absence of transport facilities. The cost of 
carriage of goods is fantastically high, or at least, 
the rates would be fantastic if the difficulties to 
be overcome by the carriers were not as great 
as they are. A correlative disadvantage, which 
arises from insufficient means of communication, 
is that delivery takes an inordinate time ; and this 
is a circumstance that is the more detrimental to 
trade in a country where, as in Persia, the usual 
rate of interest to firms of good standing in the 
bazaars is 12 per cent., and, from a minimum of 
7 per cent., may rise to an undefined maximum. 

Primarily, therefore, the most likely opening in 
Persia for engineering trade is in means of locomo- 
tion. The Government programme for the improve- 
ment of the roads involves an expenditure of more 
than 5,000,000/., in addition to the cost of maintain- 
ing the existing roads. Improved roads will, of 
course, lead to increased demand for vehicles 
to deal with increased trade. For a long time to 
come, however, Persia will have exceptional need 
of road transport suitable to the hardest condition. 
The Government appears to be anxious to facilitate 
the supply of vehicles, especially for industrial 
traffic. The duty on motor cars and bicycles stands, 
indeed, at 15 per cent. ad valorem, but motor lorries 
are by a recent law admitted free. Persia seems, 
therefore, as the report says, a virgin and rapidly 
expanding market for cheap and strongly built 
cars and lorries with a considerable reserve of 
engine power, a clearance of at least 10 in., and 
(owing to the hump-backed nature of culverts or 
local bridges, where such exist) not too long a wheel- 
base. As in reports on other countries, great 
stress is laid on the need for local agencies and depots 
for spare parts, which some American and Italian 
manufacturers are already providing. Local 
garages will also be required, for, except for Ford 
cars and a few other makes, the nearest depots 
for spare parts are at Baghdad, Bombay, or even in 
Europe. The Persian chauffeur is quick at learn- 
ing, but generally a rough driver, while the owner 
seems to be attracted by what, over here, is best 
known as “spit and polish.” 

Among other products likely to be in demand when 
communicationsimprove, are agricultural and textile 
machinery. The supply of charcoal, which is the 
staple domestic fuel, is diminishing, and surveys of 
such sources of water power as exist, with a 
view to hydro-electric development, are suggested, 
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as likely to have good results if satisfactory water 
supply can be assured. 

These recommendations appear to be based on the 
present course of trade. What may be the extent 
to which trade will grow, when the country is 
provided with what without offence may be called 
a civilised transport system, can hardly be predicted. 
About a fourth of the territory of Persia is richly 
fertile, and a large proportion of the remainder is 
said to be of a light soil that could be readily culti- 
vated if it were only irrigated. The legal system 
is slow, and commercial manners not well deve- 
loped in all districts; but here, again, the influence 
of improved communications could not fail to 
be felt. It must be remembered, too, that though 
the people do not seem to have any particular 
mechanical genius, they are the successors of an 
ancient civilisation, and at least elementary edu- 
cation is widely diffused throughout the population 





THE CYCLE AND MOTOR-CYCLE 
SHOW AT OLYMPIA. 

MoToR-CYCLE manufacturers are in a somewhat 
enviable position compared with the majority of 
British engineering concerns, in that they have not 
only maintained their position in competition with 
the manufacturers in other countries, but have 
made such progress in the last few years that at the 
present time they are practically without rivals. 
This is no doubt in part due to British roads being 
particularly suitable for this form of transport, and 
to the fact that motor cycling as a sport makes 
a particularly strong appeal to the average English- 
man, but the controlling factor is undoubtedly the 
constant efforts made by the leading firms to 
improve their products. Many of the improve- 
ments have resulted directly from the experience 
gained in competition work, and in this connection 
it is not too much to say that the Tourist Trophy 
races held in the Isle of Man have had a controlling 
influence on design. Apart from this outstanding 
event, however, the manufacturers have been able 
to avail themselves of a fund of valuable information, 
arising out of the numerous competitive events, 
which have formed a feature of motor cycling in 
England for a number of years. 

Motor-cycles have now reached a stage at which 
they may be said to be largely standardised, and 
improvements in the iast year or two have been in 
detail, rather than in radical departures from 
accepted design. This is particularly brought out 
by the Annual Cycle and Motor-Cycle Show, organ- 
ised by the British Cycle and Motor-Cycle Manu- 
facturers and Traders Union, which opened at 
Olympia on Monday last. A casual review of the 
exhibition gives the impression that no appreciable 
advance in design has taken place during the current 
year, but a more careful examination of the exhibits 
shows that a number of detail improvements have 
been incorporated in the latest models. ‘These 
mainly take the form of attention to the comfort 
and safety of the rider; although detail improve- 
ments to the engine, with a view to increasing 
efficiency, are also in evidence. Several makers 
have re-designed their frames to give a lower riding 
position, and shock absorbers and steering dampers 
are standardised on the majority of the high-speed 
models. Brakes have beet: improved on the whole, 
but many designs are still unsatisfactory. Effective 
braking has proved to be one of the most difficult 
problems that the motor-cycle designer is called 
upon to deal with, and the area of bearing surface 
necessary to give effective braking after prolonged 
wear does not seem to be fully appreciated. Gener- 
ally it may be said that undue stress appears to be 
given to neatness at the expense of efficiency, though 
it is only fair to say that manufacturers have hardly 
got a free hand in this direction, as an unconventional 
appearance undoubtedly increases the difficulties 
of- the sales department. Internal expanding 
brakes on both wheels are now almost universal, 
although one or two of the leading firms retain the 
rim brake on either one or both wheels. The most 
marked development in engine design is in the 
direction of mechanically-operated pump _ lubri- 
cation, and this arrangement is now standardised 
on the majority of the machines. It is interesting 
to trace the similarity between motor-cycle and 
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car development in the fact that a number of 
makers retain the hand pump as an alternative 
emergency system. 

Before turning to a description of the actual exhi- 
bits at the show, reference may be made to one or 
two leading points in design. To those accustomed 
mainly to car practice, it appears difficult to under- 
stand why shaft drive has not made more progress 
in its application to motor-cycles. Models incor- 
porating shaft transmission have been introduced 
from time to time, and one firm standardised this 
form of drive for a number of years, but abandoned 
it in favour of chain drive in 1923. At the present 
time, the latter form of transmission is almost 
universal, the exceptions being confined to a few 
lightweight machines in which belt drive is retained. 
In considering the application of shaft transmission 
to motor-cycles, it must be borne in mind that 
machines fitted with engines having more than two 
cylinders are quite the exception, and that probably 
more than half the machines manufactured are fitted 
with a single cylinder engine. Both the latter and 
the twin have a very variable torque as compared 
with the four-cylinder engine, and the resulting 
stress variation has proved very destructive to 
rigid transmissions. Breakages due to this cause 
were very prevalent when chain drives were first 
introduced, but have been satisfactorily overcome 
by the improvements in cushioning devices incor- 
porated in the drive. It is possible that a device 
of the latter type could be employed satisfactorily 
with shaft transmission, but the greater degree of 
rigidity of the latter, as compared with a chain drive, 
enhances the difficulty of the problem. It is quite 
practicable to employ shaft drive with a four- 
cylinder engine, but as already mentioned, the latter 
are not common in motor-cycle practice, only two 
examples, both of foreign origin, being exhibited at 
the show. Another direction in which development 
has not followed anticipated lines is that of spring 
frames. In the years immediately preceding the 
war, it appeared probable that this form of construc- 
tion would become popular, but experience gained 
with the models constructed at that time showed 
that the additional complication, combined with 
a certain loss of stability, are hardly offset by the 
advantage gained. 

The exhibits at the show may be grouped under 
the headings of ordinary cycles, motor-cycles, light 
cars, and accessories. The ordinary cycles do 
not call for special comment, with the exception 
of the stand devoted to historical exhibits, collected 
by the Cyclists’ Touring Club and the National 
Cyclists’ Union, Perhaps the most interesting 
point of this exhibit is the manner in which it 
brings out the rapid development which has taken 
place in cycle and motor-cycle design. One of the 
exhibits is a tandem bicycle, built about 1889, 
and it is difficult to realise that at that date the 
machine shown represented current practice. This 
bicycle has a single tube forming the main frame, 
the front wheel is considerably larger than the rear 
one, and the front rider operated cranks directly 
attached to the wheel axle, while the back rider is 
provided with a chain transmission on the lines of a 
modern machine. One of the most interesting 
exhibits from a historical standpoint is a machine 
which is believed to be the first bicycle ever manu- 
factured. This machine has been lent by the 
Glasgow Corporation, and was built and ridden by 
Garvin Dalzeli of Lesmahagow, in 1846. Another 
exhibit of considerable interest is the first safety 
bicycle imported from France in 1868. This 
machine was the model on which the British industry 
may be said to be founded, the point being brought 
out by a number of subsequent British machines, 
which are frank copies of the French model. 

Turning now to the motor-cycles, which constitute 
the bulk of the exhibits at the show, it is not possible 
to make other than.a very restricted selection for 
description, and we are compelled on the grounds of 
space limitation to omit any reference to numerous 
interesting and excellent designs. We have endea- 
voured to make our selection as far as possible on 
the basis of illustrative types. Dealing with four 
cylinder machines first, we illustrate the 8 h.p. 
“FN ” in Fig. 1 on page 388. This machine was first 
introduced in its present form in 1923, and is bemg 
exhibited by Messrs “FN” (England) Ltd., of 


Kimberley-road, Willesden-lane, N.W.6. It is 
manufactured by the Fabrique Nationale d’armes de 
Guerre, Herstal-lez-Liége, Belgium. This firm 
have been consistent advocates of the four-cylinder 
engine for motor-cycles for a number of years, and 
have taken a leading part in its development. As 
will be seen from the illustration, the engine is an 
air-cooled model formed as a unit with the gear 
box, the final drive being by chain. The Fabrique 
Nationale d’armes de Guerre marketed their first 
motor-cyclein 1905, and for many years previous to 
the introduction of the model illustrated, they 
adopted shaft transmission. The four-cylinders have 
horizontal cooling fins, square in plan. The inlet 
valves are of the overhead type, disposed centrally in 
the cylinder heads, and are operated from the cam- 
shaft in the crank-case by tappet reds and overhead 
rockers. The exhaust valves are arranged on the 
right hand side of the engine, and are direct operated 
from the camshaft in the usual way. The inlet 
pipe on the left hand side is carried straight back 
to the Amac carburetter, and the Bosch combined 
magneto and dynamo is mounted on a _ plat- 
form on the left cast integral with the crank- 
case. The engine has a bore of 52 mm., and 
a stroke of 88 mm., giving a capacity of 

748 cc. The crankshaft is hardened and carried 

on ball. bearings. The pistons are of aluminium 

alloy, and the big end bearings are of phosphor- 

bronze. The latter are 1} in. diameter. The 

lubrication is by means of a mechanically-driven 

pump, and is entirely automatic. The sump 

contains }-gallon of oil, which is delivered by 

the gear-type pump to troughs under the crank- 

shaft. The big ends dip into the troughs, and 

special dippers are provided on the underside of the 

big ends, by means of which oil is forced to the big 

end bearings. The fly-wheel casing and gear box 

are in one unit. The box provides three speeds, 

and all the registering mechanism is_ enclosed. 

Both the kick-starter and the operating lever are 

on the right hand side of the machine. The trans- 

mission from engine to gear box is by bevel gearing, 

the bevels being contained in the gear-box. As 

shown in the figure, the final transmission is by 

chain, a cushion drive being incorporated in the 

chain-wheel. The cycle frame is of the double 

loop type, the power unit being hung at three points 

between the two loops. The front forks follow the 

latest practice in being of circular section tubing, 

and are fitted with adjustable links. The suspension 

is by means of a three-Jeaf-laminated spring of U 

form. Balloon tyres, 715 x 115 mm., were adopted 

in 1924, and are retained on the present machine, 

and it may be mentioned in passing that this type 

is being widely adopted in the case of the heavier 

machines exhibited at the show. 

Twin-cylinder engines have been employed for 
motor-cycles since the early days of the industry, 
but their use has been greatly extended in recent 
years. They are now practically universal on the 
heavier machines. The horizontal twin possesses 
obvious advantages, but these engines have not 
been found entirely satisfactory for the larger 
powers, although recent improvements enable them 
to compete with the V-twin on fairly even terms. 
Typical examples of motor-cycles fitted with the 
V-type engine are exhibited on the stand of Messrs. 
Zenith Motors, Limited, of Hampton Court, and we 
illustrate one of these, of 680 cc. capacity, in Fig. 2. 
The products of this firm serve to bring out a feature 
in which there is a marked difference between the 
motor-cycle and car trades. In the latter, pro- 
prietary engines are quite the exception, but many 
examples of this practice are to be seen at the Motor- 
Cycle Exhibition. The fact that the fitting of such 
an engine is no disadvantage in the latter case 
suggests that the purchasers of motor-cycles are 
better informed as to the advantages of this practice 
than the car-owning public, and this is probably in 
great part due to the keen interest taken by the 
average motor-cycle owner in the mechanism of his 
machine. The whole of the Zenith range of motors 
cycles are fitted with engines manufactured -by 
Messrs. J. A. Prestwich and Co., Limited, of 
Northumberland Park, Tottenham, N. 17, who have © 
achieved. a very high reputation for their products. 
The machine which we illustrate has an engine of 





70 mm. bore by 88 mm. stroke, giving a capacity 
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of 680 cc., with an A.C.U. rating of 6-8h.p. Lubri- 
cation is by Best and Lloyd mechanical pump, with 
an auxiliary hand pump, feeding to the engine or 
front chain by means of a two-way cock. Various 
makes of carburettor are optional to suit customer’s 
requirements. The magneto is manufactured by 
Messrs. Joseph Lucas, Limited, of Well-street, 
Birmingham. Transmission is by chain from the 
engine to a Sturmey-Archer three-speed gear-box, 
and from thence by a second chain to the rear wheel. 
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An Enfield shock absorber is incorporated in the 
rear hub. The chain protection may be noted as 
typical of modern practice, the front chain being 
totally enclosed, while the rear chain is practically 
open, being protected only by a light top guard. 
The braking arrangements also serve to illustrate 
generally accepted modern design, internal-expand- 
ing brakes being fitted to both front and rear wheels. 
The rear brake adjustment is by means of a wing 
nut on the end of the brake rod, in which position 
it is readily accessible. The tank holds 2} gallons 
of fuel, and is fitted with quickly detachable filler 
caps of large diameter. The front forks are of 
round-section tubes. The tyres fitted are 26 in. by 
3 in. Adjustable foot-rests form a new feature 
on the 1926 model. 

Messrs. Douglas Bros., Limited, of Kingswood, 
Bristol, have achieved an international reputation 
with their models fitted with two-cylinder hori- 
zontally-opposed engines, and the name of this 
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firm will always be associated with the successful 
development of this particular type. This year, 
they have introduced an entirely new model, which 
we illustrate in Figs. 3 and 4, the latter showing 
the side-car combination. As will be clear from 
the illustrations, the re-designed frame gives a very 
low-riding position, and this is very important in a 
machine having a maximum speed of well over 
60 miles per hour. The engine has both a bore 
and stroke of 60-8 mm., giving a capacity of 348 cc., 
and is capable of developing well over 10 horse- 
power. It follows the standard practice of the 
firm in having side-by-side valves, but incorporates a 
number of new features. The crankshaft is machined 
from a steel stamping, and is mounted on hall races. 
The crank pins are fitted with renewable hardened 
roller races, and the small ends are fitted with 
phosphor-bronze bushes. Aluminium-alloy pistons 
are employed, which are provided with three rings. 
The cylinders are formed in such a way that when 
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mounted on the crank-case, they form in conjunction 
with a felt-lined cover, a complete enclosure for the 
whole of the valve gear. The valve guides are of 
cast-iron, and are detachable and interchangeable. 
They project well into the machined inlet and 
exhaust ports, thus giving adequate protection to 
the valve stems. The valves are also inter- 
changeable, and are operated by tappets working 
directly on the cams. The crank-case is a box- 
section aluminium casting. The timing-chest cover 
carries a mechanical oil pump of the geared type, 
and the whole cover plate presents an exceptionaily 
clean appearance, as all external oil pipes have been 
eliminated. In addition to the mechanical pump, a 
stand-by hand pump is fitted, thus giving two 
complete lubricating systems. The position of the 
carburettor and the form of the induction and 
exhaust pipes will be clear from the illustrations. 
Special attention has been paid to silencing the 
exhaust, and this is true generally of the numerous 
motor cycles exhibited at the Show. The trans- 
mission is of the usual two-chain type, a shock 
absorber being incorporated in the primary drive 
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from engine to gear-box. The clutch is incorporated 
with the flywheel. The gears are of the constant 
mesh type, with dog engagement. The gear box 
provides ratios of 14, 8-27, and 5-78 to 1. Internal 
expanding brakes are fitted to both front and rear 
wheels, and an unusual feature of the arrangement. 
is that all parts of the two brakes are interchangeable. 
The road wheels are fitted with taper roller bearings, 
and the machine is arranged for grease-gun 
lubrication throughout. 


(To be continued.) 





AccipENTs DvuE To Fauus or MatTertats.—During 
the year 1924 no less than 23,821 persons were killed 
or seriously injured by falls of materials from cranes, 
roofs, &c. A striking poster illustrating the danger to 
persons standing below an overhead load ‘has been 
issued by, and may be obtained from, the National 
Employers’ Mutual General Insurance Association, 
Limited, of 1 and 2, George-street, Mansion House, 
London, E.C.4. The poster will be found suitable for 
exhibiting on factory walls, &c., with the object of 
warning workers against accidents of this type. 





SCIENTIFIC EXHIBITS AT THE 
BRITISH EMPIRE EXHIBITION. 


(Continued from page 365). 


RUTHERFORD and Geiger’s apparatus for measur- 
ing the charge on an a particle is shown in Fig. 5, and 
diagrammatically in Fig. 6. The particles emanating 
from a radio-active source R, are allowed to fall 
on a Faraday cylinder CA, screened from electro- 
static disturbances by a nearly-closed earthed 
metal vessel surrounding it, insulated, and connected 
toanelectrometer. The total charge communicated 
to the Faraday cylinder was increased and the 
number of particles falling on it counted, the 
whole apparatus being placed in a strong magnetic 
field to prevent the escape of electrons under the 
action of a particles, the several parts being 
connected by ground-glass joints H H as shown. 
The charge thus found on a single particle was 9°3 
x 10-20 electrostatic units, which independent 
considerations have given reason to regard as 
composed of two unit charges, and the value thus 
obtained for a unit charge is very close to that 
which is now generally accepted. Fig. 6 illustrates 
the actual apparatus which is on view at Wembley. 

A property of a rays is that where they fall on an 
absorbing substance they penetrate, for the most 
part, toan unaltered extent until a limit is reached 
for the substance in question, when they are entirely 
arrested. When, however, a particles are passed 
through any of the elements that have been examined 
on this point, except oxygen and carbon, a few 
particles of much longer range—penetrating power— 
are detected, the formation of which is ascribed to 
the disintegration of the substance in question by 
collision with the a particles. Fig. 7 shows 
an apparatus by which the occurrence of scintil- 
lations from material bombarded by a particles is 
shown to arise from the actual disintegration 
of that material, and not from the action of long- 
range particles formed as the result of collision 
between the a-particle and some atom of other 
substances. A diagram of the apparatus is given 
in Fig. 8. In this arrangement, the source R of 
a particles, a brass disc coated with radio-active 
deposit, is placed immediately behind the screen 
D of material to be bombarded, and the zinc- 
sulphide screen is at S. The possibility of long- 
range particles being emitted through collisions 
with atoms of the atmosphere of the cylinder 
in which the operation is conducted is eliminated by 
passing a stream of dry oxygen (which, as remarked 
above, does not give long-range particles) continu- 
ously through the cylinder. The possibility of 
such particles having arisen from collision of 
a particles with hydrogen impurities is eliminated 
by inserting screens of mica of suitable thickness in 
the slot in front of the screens. It is therefore 
inferred that any scintillations appearing on the 
zinc-sulphide screen are due to disintegration of the 
material of the screen D by bombardment with the 
a rays. The actual apparatus on view at the 
British Empire Exhibition is shown in Fig. 7. 

Of the several exhibits on the transmutation of 
radium products, Fig. 9 illustrates that by which 
it was shown that the a particles in the emanation 
from radium could be accumulated to form helium. 
A large quantity of emanation was compressed in a 
fine glass tube A, the walls of which were thin enough 
to allow the a particles to escape into an outer tube 
connected to a spectrum tube V. After a few days, 
the gas in the outer tube was forced, by mercury H, 
up into the spectrum tube, and there showed the 
complete spectrum of helium, of which element the 
a particles are accordingly considered to consist. 

A phenomenon of great practical, as well as 
theoretical, interest in the study of ions is illustrated 
by an exhibit of Mr. C. T. R. Wilson, showing, in 
the modified form introduced by Mr. Shimizu, the 
beautiful apparatus devised by Mr. Wilson for 
studying the tracks of ionising particles. Fig. 10 
is from a photograph of the apparatus. The essen- 
tial part is the strictly air-tight gliss expansion 
chamber seen near the top, within which a piston 
which forms the bottom of the chamber is made, 
through hand or motor-driven gearing, to rise and . 
fall, thus suddenly expanding or condensing water- 
vapour contained within the chamber. The sudden 
expansion produces supersaturation of the gas 
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within the chamber, and a few preliminary expan- 
sions precipitate any dust that may be present. 
Thereafter any condensations of water in the 
supersaturated atmosphere produced by sudden 
expansions take place only on any ions that may 
be present, and is made visible and photographable 
as a series of droplets, which form continuous tracks 
or clouds, within which lie the ions to be observed. 
The necessary dissipation of the clouds during the 
compression stroke before the next observation is 
done by forming a vertical electrostatic field in the 
expansion chamber. Means are provided for per- 
mitting and controlling the admission of the ionising 
particles, which may be a or 8 particles emitted 
from a radio-active atom, or an electron ejected from 
an ordinary atom by z-radiation or otherwise. The 
apparatus exhibited was made by the Cambridge 
Instrument Company, Limited. 

The close investigation of atomic weights led 
some time back to the conclusion that elements 
must exist with identical chemical properties but 
different atomic weights. Such substances were first 
shown to exist among the products of radio-active 
disintegration, and were called isotopes. Sir Joseph 
Thomson’s method of positive-ray analysis, in which 
positively-charged molecules of gases in a vacuum 
discharge tube trace out photographically parabolas 
of dimensions varying with the substance under 
charge, in accordance with the velocity of the 
particle and the ratio of its mass to its electric 
charge, gave reason for thinking that neon had 
atoms of two different weights, 20 and 22, 
but the method was not accurate enough 
to prove this conclusively. Dr. F. W. Aston 
separated the constituents of neon partially by 
diffusion, using the small micro-balance shown in 
Fig. 11, which illustrates the delicacy that can be 
obtained in this class of work by very simple 
mechanism. The most accurate method yet devised 
is, however, that of Dr. Aston’s mass spectograph, 
made by Messrs. Adam, Hilger, Limited, a model 
of which is illustrated in Fig. 12 and a diagram 
illustrating its principle in Fig. 13. The positive 
rays of the atoms or molecules under examination 
are made to pass through two very narrow parallel 
slits, and the resulting thin ribbon of rays is spread 
out into an electric spectrum by means of parallel 
charged plates through which it is passed, the 
deflection of each particle being a function of its 
velocity and of the ratio of its mass to its electric 
charge. The rays are then bent by the action of a 
magnetic field to such extent that those of the 
same mass are brought to a focus on a photographic 
plate along the same line, and a spectrum is 
obtained, which, for a given electrostatic charge, is 
dependent solely on the mass of the particles. The 
lines so photographed are calibrated with reference 
to a line of known mass, say oxygen reckoned as 
16, and the masses of individual atoms can be 
determined in this way with an accuracy of 1 part 
in 1,900. 

(To be continued.) 





NOTES. 
THE OPENING OF AGECROFT PoWwRR STATION. 


THROUGHOUT the country at the present time 
the effort is being made to bring about reductions 
in the charges for electrical energy by the erection 
of large stations, in which full advantage can be 
taken of all recent improvements in mechanical 
and electrical equipment. In such a densely popu- 
lated and highly industrialised region as the south- 
east parts of Lancashire, the provision of cheap 
electrical energy is essential to continued industrial 
progress, and the opening of Agecroft Power Station 
of the Salford Corporation must, therefore, be 
regarded as marking an important stage in the 
history of the town. This station, the design of 
which was entrusted to Mr. J. A. Robertson, 
of Manchester, a former electrical engineer to 
the Royal Borough, was formally opened on 
Wednesday, September 23, by the Mayor, 
Alderman G. Billington, who has been chairman 
of the Electricity Committee since 1909. The 


Agecroft Station is situated on the west bank 
of the river Irwell, and is constructed to accom- 
modate plant to generate 50,000 kw., of which 





three turbine units, giving an aggregate supply 
of 37,500 kw., have already been installed. While 
the station has been constructed primarily to meet 
the electrical power demands of Salford, it will be 
one of the capital stations in the South-East 
Lancashire Electricity District. Work on the site 
was started in January, 1923, and the first section 
of the generating plant was put into actual com- 
mission in December, 1924. The plant is constructed 
for a normal working steam pressure of 325 lb. per 
square inch, and superheat to 720 deg. F. At 
present there are six Babcock and Wilcox marine 
type boilers installed, and three Metropolitan- 
Vickers turbo-alternators. Of these, two are of 
single-cylinder design with Baumann multi-exhaust 
stages, while the third is a two-cylinder machine. 
During the construction of the station the consult- 
ing engineer had the active co-operation of Mr. 
S. J. Watson, the Borough Electrical Engineer of 
Salford. 


TrEES-SIDE INDUSTRIES. 


Although the inspection of the Tees by the members 
of the Tees Conservancy Commission and their 
guests took place on Friday last under the depressing 
trade conditions which the district naturally shares 
with other industrial areas, the majority of the 
speakers at the banquet following the inspection, 
while fully cognisant of the present position, ap- 
peared to be by no means alarmed at the prospects 
forthe future. The principal guest, the Rt. Hon. Sir 
Philip Cunliffe-Lister, M.P., President of the Board 
of Trade, referred to the development of the syn- 
thetic-ammonia industry as an example of the work 
of men having faith in the resources of the district, 
the record of which, he said, was an inspiration 
for combined efforts on the part of employers and 
employed, for the development of the enterprises 
upon which both were dependent. Sir John 
Brunner, Bart., in proposing the toast of the trade 
and commerce of the district, remarked that the 
present time was suitable for bringing plant up-to- 
date in preparation for the boom which invariably 
followed a period of depression, but Lord Gainford, 
in responding, referred to the fact that trade-union 
leaders appeared to show no disposition to assist 
industry, since they resisted to the utmost the 
reductions in wages and extensions of work that 
must be made, if the country were to recover its 
previous position. The prosperity of the country and 
of the North-East Coast in particular, he remarked, 
depended upon reducing the costs of production, 
especially of fuel, but it was hardly possible to 
reduce costs in the coal trade when miners only 
worked 54 hours at the face as compared with the 
8 or 9 hours worked in competing countries. Sir 
George B. Hunter, who proposed the toast of the 
Tees Conservancy Commissioners, said he was 
unable to see any signs of an impending trade boom 
and also referred to the need for cheap coal. In 
responding to this toast, Sir Hugh Bell, Bart., 
who is Chairman of the Commission, gave a brief 
account of the work done during the past 75 years 
in converting a moorland stream into one of the 
most important rivers in the country and suggested 
that further improvements were contemplated. 
He agreed that the present ‘industrial situation 
was critical, but was confident that common sense 
views would prevail. There need be no fear for 
the future, he remarked in conclusion, if the co- 
operation of all classes of the community could be 
secured in the future, as it had been in the past. 





MANCHESTER ASSOCIATION OF ENGINEERS.—On Wed- 
nesday, September 16, members of the Manchester 
Association of Engineers paid a visit to the works of the 
British Insulated and Helsby Cables, Limited, at Prescot. 
These works comprise extensive plant, providing employ- 
ment for over 6,000 persons in the making of copper 
insulated and armour cables, the refining and rolling of 
copper and the testing of cables up to pressures of 
200,000 volts, together with the rolling of aluminium 
sheets and the manufacture of electric meters and fittings, 
railway and tramway accessories. Among the features 
of the various departments which attracted the attention 
of the visitors was the method adopted for covering cables 
with lead. The precision required in the armouring of 
conductors by means of steel sheathing also aroused 
considerable interest, as also did the drawing down of 
copper wire to a diameter of 0-001 in. Later the presi- 
dent of the Association, Mr. R. Onions, thanked the firm 
for the courtesy extended to the visitors, to which Col. 
Bates replied on behalf of the company. 





THE LATE MR. H. S. WAINWRIGHT. 


WE regret to have to record the occurrence of the 
death, in his sixty-first year, of Mr. Harry Smith 
Wainwright, suddenly on Saturday last at Bexhill. Mr. 
Wainwright, as our readers will remember, was Chief 
Locomotive Engineer and Carriage and Wagon Super- 
intendent of the South Eastern and Chatham Railway 
for several years, although he retired from this position 
in 1913, on account of ill health. Born at Worcester, on 
November 16, 1864, he received his primary education 
at the Worcester Grammar School and at St. Andrew’s, 
Derby, and his scientific training at the Central Techni- 
cal College, in London. His pupilage was served under 
Mr. T. G. Clayton, Mr. W. Wainwright, and Mr. T. 
Whitelegg, Mr. W. Wainwright, the deceased gentle- 
man’s father, being chief carriage and wagon super- 
intendent to the South Eastern Railway Company, 
while Mr. Whitelegg was locomotive engineer on what 
was then the London, Tilbury and Southend Railway. 

For about three years after the completion of his 
pupilage, Mr. Wainwright was engaged as a draughts- 
man designing parts of locomotives, boats, pontoons, 
permanent-way equipment, &c., made in the London, 
Tilbury and Southend Railway Company’s shops, while, 
at the age of 24, he was appointed inspector of rolling- 
stock and material and foreman of several shops for 
that line. This position he occupied from 1888 to 1891, 
his next appointment being that of works manager 
and mechanical engineer of the Carriage and Wagon 
Department of the South Eastern Railway at Ashford. . 
In 1895 he was appointed carriage and wagon super- 
intendent of the South Eastern line, taking charge, in 
this capacity, of several of the company’s gas works. 

Mr. Wainwright, however, will be best remembered 
in connection with his work as Chief Locomotive 
Engineer and Carriage and Wagon Superintendent of 
the South Eastern and Chatham Railway, which 
appointment he received when the South Eastern and 
the London, Chatham and Dover railways were 
combined in 1899. From this time until his retirement 
in 1913, he was responsible for the design of passenger 
and goods engines, carriages and other rolling stock, 
several examples of which were illustrated and des- 
cribed in our columns at the time of their production. 
We may specially mention the 0-4-4 type tank engines, 
successfully developed by Mr. Wainwright, for the 
suburban passenger service of the line. Detailed 
drawings and fuil particulars of one of these engines 
will be found in ENGINEERING, vol. Ixxi, page 334. 
Mr. Wainwright was also responsible for the design 
of 4-4-0 type passenger engines, 10 of which built 
in Germany by Messrs. A. Borsig, were delivered 
just prior to the war, while others of the same design 
were constructed by Messrs. Beyer, Peacock and Co., 
Limited, Manchester. The details of these engines, we 
believe, were slightly modified by Mr. Wainwright’s 
successor, Mr. R. E. L. Maunsell, before the contracts 
were placed, but they were built substantially to 
Mr. Wainwright’s design and are still in service on the 
South Eastern Section of the Southern Railway. 

In addition to his mechanical engineering work, 
Mr. Wainwright had charge of the maintenance of the 
houses, roads, lighting, &c., of the railway company’s 
estate at Ashford, which was constructed to accommo- 
date the increased staff, many of whom moved from 
the Battersea Works of the London, Chatham and 
Dover Railway when this was amalgamated with the 
South Eastern. He was also responsible for consider- 
able extensions to the works themselves, carried out in 
1912. The deceased was a member of the Institution 
of Civil Engineers and of the Royal Society of Arts, and 
also acted, for several years, as honorary secretary to 
the Association of Railway Locomotive Engineers of 
Great Britain and Ireland, of which Association he was 
president in 1913. Before his retirement, Mr. Wain- 
wright took an active part in the public life of Kent, 
being Justice of the Peace for the County for some years, 
and a member of the Kent Territorial Force Associa- 
tion, while he also held the rank of Major in the 
Engineer and Railway Staff Corps. 





THE LATE MR. H. A. S. FENNER. 


A LARGE circle will learn with regret of the death 
at Oxshott on the 17th inst. of Mr. Henry Algernon 
Shrapnel Fenner, who was one of the most distin- 
guished of the engineers associated with the Indian 
Department of Public Works. Mr. Fenner was born 
in 1838 and was educated at King’s College. On 
leaving this he served a four years’ apprenticeship 
with Messrs. R. Stephenson and Co., and with Messrs. 
England and Co. He thus, like Sir Benjamin Baker 
and Sir Guildford Molesworth, brought to his civil 
engineering work an adequate knowledge of mechanical 
engineering, which proved of very material service 
to him in his subsequent career. He entered the 
Indian Public Works Department in 1861 as one of 
the successful candidates under the Stanley system of 
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appointments by competitive examination. This 
was the system by which engineers for India were 
selected prior to the establishment of the Cooper’s-hill 
Engineering College. 

His first appointment was to the Lahore and Peshawar 
roads “circle” for which he aligned the road from 
Attock to Makhad. He was subsequently employed 
by the military authorities on the construction of 
barracks and similar works. 

At this date the Indian Government were still far 
from realising the relative value of rail and water 
for inland transport, and believed that if would be 
advantageous to design canals to serve at once both 
for irrigation and for commerce. With this end in 
view a remodelling of the existing Badshahi Western 
Jumna canal was decided on, the idea being that 
traffic from Agra to Delhi would pass over the Agra 
canal and then reach Umballa, via the Jumna Canal. 
To this work Mr. Fenner was accordingly transferred, 
though the completion of the railways between the 
traffic points mentioned soon demonstrated that goods 
would seldom pass by water when rail was available. 
Mr. Fenner created such a favourable impression that 
when the construction of a canal in the Jusefzai 
Valley, now known as the Lower Serat Canal, was 
decided on, he was selected to prepare the preliminary 
scheme. The surveys requisite involved much arduous 
labour, but Mr. Fenner completed them with great 
rapidity and excellent judgment. 

In 1874 he was accordingly placed in charge of the 
Ludhiana division of the Great Sirhind Canal of the 
Punjab. This canal, now completed, irrigated some 
8,500 square miles of land, part of which is situated in 
different native States. 

The earthwork involved in Mr. Fenner’s area was 
very heavy, the cuttings being in parts as much as 
46 ft. deep and the ground was often of a very 
treacherous character. The line of the canal was, 
moreover, crossed by three great torrents, and the 
difficulties to be surmounted were so serious that 
progress was very slow until Mr. Fenner was put in 
control. He diverted one of the three torrents into 
another, thus reducing the canal crossings from three 
to two. At one of these crossings the waterway 
provided measures about 450 ft. by 14 ft. in cross 
section. At the other crossing the maximum amount 
of water to be passed was less, but the subsoil was 
particularly unfavourable as it consisted of a thin 
layer of clay underlaid by deep quicksand charged 
with water under pressure. By spreading the founda- 
tions so as to reduce the load on them to about 1 ton 
per square foot, Mr. Fenner finally attained success. 
The execution of the work was only rendered possible 
by heavy pumping continued night and day. 

Under Mr. Fenner’s direction the canal works were 
pushed forward so rapidly that they were ready for 
opening in 1882, which was some four years earlier 
than had been thought possible. 

After the official opening, Mr. Fenner was transferred 
back to the Buildings and Roads Branch, being put in 
charge of the “ Ist Circle’? which was responsible for 
the roads in about one half of the Punjab. This area 
included the Frontier. Whilst holding this post Mr. 
Fenner was responsible, amongst other works, for the 
construction of a number of military roads, including 
that from Dera Ghazi Khan to Fort Munroe. Still 
more important was the military road from Khushal- 
gam on the Indus to Bannur. This has a total length 
of 203 miles, and passes through very difficult hilly 
country. One of the river crossings is 1,500 ft. wide, 
and there is another 900 ft. wide. The girders for the 
bridges had to be brought up from Karachi, and were 
transported on special vehicles built to. Mr. Fenner’s 
own design. 

Mr. Fenner was also responsible for the water supply 
of Abbottabad, Peshawar and Kohat. He twice filled 
the post of acting secretary for the Public Works 
Department of the Punjab Government. He retired 
in 1893, and two years later became a life member 
of the Institution of Civil Engineers, which he joined 
as an associate in 1865, being transferred to the class 
of member in 1877. 





TRANSVAAL AUTOMOBILE CLUB COMMERCIAL VEHICLE 
Tr1IAts.—The Transvaal Automobile Club holds annually 
a series of reliability trials for motor-cars. For the first 
time, however, a special class for commercial vehicles 
was included this year. A test route 415 miles long was 
chosen to provide a first day’s run of 100 miles of bad 
road, a second day’s run of 159 miles of which all but 
the last 20 miles were unsuited to car speeds higher than 
10 m.p.h., whilst the third day’s final stage included a 
30-miles section of very difficult and little-used track. 
The event was won by, and the Stanton Trophy awarded 
to, a 30-cwt. type Thornycroft A.l lorry, This machine 
consisted of a stock chassis equipped with a lorry body, 
and was entered by the Transvaal agents for Messrs. 
Thornycroft, Limited. The complete route was covered 
by the vehicle, which gained the highest number of 
marks in its class for both general efficiency and per- 
formance on formula, 





THE NORTH WILFORD POWER 
STATION, NOTTINGHAM. 


AN important stage in the development of the 
electricity supply resources of the East Midlands. 
Electricity District was reached on Thursday, Septem- 
ber 17, when Alderman Huntsman, the chairman of the 
Nottingham Corporation Electricity Committee, opened 
to public supply the North Wilford power station. It 
is of interest to know that after the appointment of 
His Majesty’s Electricity Commisioners, the first 
inquiry they held was into an application from Not- 
tingham for permission to build the station which has 
just been put into service. When the Commissioners 
sanctioned the proposals, in September, 1920, instruc- 
tions were given to Messrs. Preece, Cardew and Rider, 
of 10, Queen Anne’s-gate, Westminster, to complete 
plans for the first section of the station, and a suitable 
site was acquired on the advice of Mr. J. H. Rider. 
This site has many attractions from the standpoint of 
a large supply undertaking, for it is adjacent to the 
River Trent, which affords ample condensing facilities 
for a station of 200,000 kw. capacity. It is also con- 
tiguous to the London, Midland and Scottish Railway, 
and adjoins the Clifton Colliery. In all an area of 
80 acres was procured, and thus there is ample room to 
carry out extensions whenever the increased demand 
warrants their consideration. The lay-out adopted is 
such that the turbine room lies parallel to the river, 
and provision is made for extension in the same direc- 
tion. The first boiler-house is at right angles to the 
turbine-room, and additional boiler-houses can be 
added beside it to meet the requirements of further 
generating plant. 

From a siding connecting with the L.M. & S. main 
line the coal is delivered to an external coal silo holding 
about 5,000 tons. Other silos similar to this will be 
added later for the supply of fuel for each boiler-house 
section as it is erected. These silos will be supplied 
from a row of receiving hoppers which have associated 
with them two lines of railway track. Large reserve 
stocks of fuel may be stored in the future on the land 
between the receiving heppers and the railway. This 
reserve supply will be conveyed to the hoppers by 
means of a system of travelling gantries and grabs. 
There are four receiving hoppers for each section of 
the boiler-house, and these have a capacity of 40 tons 
each. The wagons discharge directly into these hoppers 
without lifting or uncoupling. Crushing plant is 
installed below the receiving hoppers, and the coal, 
after treatment in it, is conveyed by duplicate bucket 
conveyers to the external silos already referred to. 
Each line of conveyers is capable of carrying 40 tons 
per hour. From chutes below each of the silos the coal 
is transferred to the service bunkers down the centre 
of the boiler-house by another duplicate set of con- 
veyers. All this coal-conveyer plant was built by 
Messrs. W. J. Jenkins and Co., Limited, of Retford. 

The first boiler-house is 150 ft. long and 85 ft. wide. 
When completely equipped it will accommodate two 
rows of four boilers, but six only have been so far 
installed to deal with the present requirements. These 
boilers were supplied by the Stirling Boiler Company, 
Limited, and are of their three-drum type and provided 
with superheaters. Each boiler has an evaporative 
capacity of 55,000 lb. of water per hour as its normal 
working load, and the steam is generated at a pressure 
of 250 1b. per square inch and superheated to 650 deg. F. 
Three chain-grate stokers made by the Underfeed 
Stoker Company, Limited, carry the fuel into the 


furnace of each boiler, and the weight fired is indicated; 
The ashes are received in hoppers 


by Lea coal-meters. 
at the backs of the grates and fall through sealed 
chutes into a water-trough conveyer for each row of 
boilers. These conveyers eventually lift the ashes to 
silos outside the station, to facilitate their removal by 
carts or railway wagons. There are economisers, 
supplied by Messrs. Babcock and Wilcox, Limited, on a 
gallery floor over the boilers, and the waste gases are 
conveyed to them through short vertical flues. Once 
the heat of these gases has been largely removed 
by their contact with the economiser tubes they 
are drawn through Davidson fans and passed out 
through steel chimneys, the tops of which are 90 ft. 
above the firing floor. The draught system for the 
boilers is of the balanced type, the pressure fans for 
which are installed in the basement of the boiler-house, 
and the induced-draught fans are located beside the 
economisers. The control for all the fans is effected 
from the boiler-house. Dust and soot removal is made 
possible by the use of steam-jet blowers for the boiler 
and economiser tubes, and a vacuum pump is installed 
to remove the fine dust and soot to a container in the 
yard. 

Between the boiler house and the turbine room is 
located the feed-water plant, which consists of three 
turbine-driven pumps, made by Messrs. G. and J. 
Weir, Limited, each having a pumping capacity of 
250,000 lb. of water per hour against the full boiler 
pressure. These pumps draw from closed hot-well 


tanks, into which the condensate from the turbines 
is taken after passing through a three-stage heater. 
Make-up water is obtained either from the town’s 
mains or from the river. Evaporators of the 
P and B type are used to treat this water before use, 
and it is delivered free from air at 212 deg, F. into 
the hot-well tanks. 

At the present time the turbine room is 112 ft. 
long by 75 ft. wide, apart from a railway bay and 
a space for unloading, which is 50 ft. long. Three 
turbo-alternator sets made by the British Thomson- 
Houston Company, Limited, constitute the _ first 
installation. These are each of 12,500 kv.-a. capacity, 
and run at 1,500 r.p.m. From the alternators a 
three-phase supply at 11,000 volts and 50 cycles 
per second is obtained. In addition to the main 
plant there is an auxiliary turbo-generator of 1,000 kw. 
capacity. This machine is run at 3,000 r.p.m., but 
has gearing reducing the speed to 750 r.p.m., for 
the drive of the alternator and a direct-current 
generator. Supply is obtained at 420 volts three-phase 
from the alternating-current part of this equipment, 
and at 490 volts from the direct-current machine. 

For each turbine there is a separate surface condenser 
and the main sets have duplicate air and condensate 
pumps. This equipment was made by Messrs. 
Worthington-Simpson, Limited, and is suited. to the 
maintenance of a vacuum of 29 in. when the barometer 
reads 30 in. Steam is bled from the high- and low- 
pressure stages of the large turbines for the heating 
of the feed water. A closed system of air ventilation 
serves for the cooling of each alternator, and water-tube 
coolers are introduced to take away the heat. These 
are fed from the main circulating water system. 
Spanning the turbine room there is a 75-ton crane 
made by Messrs. Stothert and Pitt, Limited. With 
the single exception of the boiler-feed pumps, the 
whole of the auxiliary plant of the station is electrically 
driven by either three-phase motors which are supplied 
at 415 volts between the phases, or by direct-current 
motors at 480 volts. Normally the supply for these 
comes from static transformers for the alternating- 
current motors and from rotary converters for the 
others. It is for the purpose of starting up these 
auxiliaries after a complete shut down that the 
auxiliary turbo-generator is installed. 

Circulating water is taken from the River Trent 
and returned to it after use. For the purpose two 
open channels have been constructed in the pump 
room, and have the pumps between them. A gravity 
feed is arranged for the suction channel through 
underground tunnels and between these and_ the 
suction channel screens of the continually travelling 
band type, made by Messrs. F. W. Brackett and Co., 
Limited, are installed. Separate motor-driven centri- 
fugal pumps made by Messrs. W. H. Allen, Sons 
and Co., Limited, are used for the cooling water of 
each condenser. These deal with 870,000 gallons of 
water per hour. 

The switchgear consists of three sections: the main 
extra high tension at 11,000 volts, the auxiliary at 
11,000 volts, and the low-tension equipment at.245 volts 
and 490 volts direct current, and 420 volts alternating 
current. All the main oil switchgear is operated 
electrically from a control switchboard from a gallery 
affording a complete view of the turbine house. The 
switchgear used was made by the British Thomson- 
Houston Company, Limited, and the cables by Messrs. 
Callender’s Cable and Construction Company, Limited. 
There are gear-driven pumps on each turbine for 
the lubricating oil, which is pumped from a settling 
tank in the basement to which it returns after passing 
through duplicate oil coolers. Oil filters made by 
Messrs. Jeffcock and Parsons, Limited, serve to 
remove any deposit or dirt which finds its way into 
the lubricating system. The transformers were manu- 
factured by the Brush Electrical Engineering Company, 
Limited. 

In preparation for the rapid growth of demand 
which will follow the reduction of charges for electrical 
energy resulting from the improvements in the 
Nottingham supply following upon the inauguration 
of the new station, the Corporation has already 
authorised an extension in the form of the addition of 
a 20,000-kw. turbo-alternator, with the approval of the 
East Midlands District Electricity Board and the 
Electricity Commissioners. Mr. Herbert Talbot, the 
City Electrical Engineer of Nottingham, designed the 
transmission system, and a number of new sub- 
stations for use in distributing the supply. Prepara- 
tions are also being made by him for the conversion 
of the old generating stations to the same use. 





Suprties oF CoBaLt.—We are informed that the 
Union Miniére du Haut Katanga will commence to 
market cobalt, cobalt oxides and cobalt salts by the end 
of October. It is stated that the capacity of their plant 
in the Belgian Congo is sufficient to supply the whole 
world’s present requirements, 
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LABOUR NOTES. 


As was expected, the bailot of the Operatives 
Federation on the provisional agreement to set up a 
National Joint Industrial Council for the building 
trades in the place of the existing Wages and Conditions 
Council, showed a majority of 38,838 in favour of 
acceptance. Every affiliated union voted, it is stated, 
for the agreement. Before it can be effective, however, 
the agreement has also to be adopted by the rank and 
file of the employees, and apparently there is some 
difficulty about that. After a joint meeting of em- 
ployers and operatives in London last week, it emerged 
that the employers were unwilling to ratify the agree- 
ment, unless the two organisations which recently 
seceded from the Operatives Federation—the Amal- 
gamated Union of Building Trade Workers and the 
Plasterers Society—were also parties to it. 

Mr. E. I. Brown, director of the London Master 
Builders’ Association, made the following statement 
after the meeting :—‘‘ The key trades of the industry 
being excluded would be free to do as they please with 
regard to wages and conditions after the present national 
agreement expires on February 1 next, subject to no 
national or other guiding influence. The employers, 
therefore, cannot ratify any agreement unless it applies 
to, and is made in conjunction with, the whole of the 
trades, and it is useless to draw such a conclusion as 
that of Mr. Coppock, Secretary of the Operatives’ 
Federation, to the effect that the agreement, if ratified 
by both sides, will bring peace to the building industry 
at least until next year. If the agreement is made with 
the whole of the trades, Mr. Coppock will have every 
justification in making that prognostication, and as 
soon as his side is united such agreement can be 
reached,” 

The reply of Mr. Coppock, the Secretary of the 
Operatives Federation, to this was :—‘‘ This is the 
first time we have been able to ascertain that Mr. 
Brown is the mouthpiece of the National Employers’ 
Association of Great Britain. It would appear so when 
he makes such definite statements respecting the 
action of the National Allied Building Trade Employers. 
The facts are that the National Employers agreed to 
recommend acceptance of the agreement which has 
just been balloted upon by the operatives, fully 
understanding the situation created by the secession 
from the Operatives’ Federation of the Amalgamated 
Union of Building Trade Workers arid the Plasterers’ 
Society. Their change of front shows the absolute 
disunity existing among the organised builders of the 
country, because a few months ago guarantees were 
given to the operatives that the agreement would be 
recommended for ratification.” 

A national conference of building trade employers 
was held in London yesterday for the purpose of 
considering the matter, but at the time of writing 
nothing is known about its decision. 





While several unions are hesitating, until the general 
position is clearer to take the opinion of their members 
on the draft constitution of the proposed Industrial 
Alliance, one or two organisations have more or less 
definitely committed themselves to acceptance of the 
scheme. Amongst these is the Associated Society of 
Locomotive Engineers and Firemen, whose executive 
council has been given power to join the Alliance by a 
special delegate meeting which ended its proceedings 
by singing ‘‘ The Red Flag.”” Amongst others who have 
adopted the scheme are (according to the Daily Herald) 
the Miners’ Federation, the National Union of Foundry 
Workers, and the Electrical Trades Union. 





An official communication issued on Saturday last 
states that the Royal Commission on the Coal Industry 
has held three sittings, and has surveyed the field of 
its inquiry with a view to deciding the best method of 
investigation. It has provisionally divided the subjects 
on which it will require information into the following 
groups: General statistics; demand for British coal ; 
utilisation of coal; obsolescence and replacement of 
mines; finance and ownership of mines; methods of 
working ; marketing and distribution; wages, hours, 
accidents, and diseases; housing, &c.; joint com- 
mittees ; costs other than wages; proceeds of the 
industry; research; royalties; nationalisation of 
mines; and experience in other countries. These 
groups have been sub-divided into a large number of 
separate heads. In the first instance the relevant 
extracts from the reports and evidence of the several 
inquiries, which have been held into the coal industry 
since 1919, are being collated. This will be supple- 
mented by reports and memoranda on the separate 
points to be furnished by the technical assessors to the 
Commission, by the Mines Department and other 
Government Departments, by the Mineowners’ Associa- 
tion, by the Miners’ Federation. and by other bodies. 
At a later stage the informatian so obtained will be 
added to, and elucidated by, oralevidence. The sittings 
of the Commission for the taking of evidence will be 





public. During the collection of the written material 
the Commission will visit certain of the coalfields in 
order that the members may familiarise themselves 
with the present conditions, 





In the latest Monthly Trade Report of the United 
Patternmakers’ Association, Mr. Findlay, the general 
secretary, states that the trend of the organisation’s 
unemployment is still in the wrong direction. The 
increase in the total—from 975 to 1,008—is not, he 
admits, very large ; but the season is ‘‘ early Autumn,” 
he points out, “ and the winter follows when conditions 
are generally worsened in the absence of special en- 
deavours.” A month ago, Mr. Findlay suggested that 
a statement on the question of unemployment might 
appear in the next report. He now states that the 
basis of his observations was the following decision by 
the executive council :—‘‘ Overdraft—Letter from 
Bankers—Resolved: ‘That we notify trustees that 
their presence at next meeting of the E.C. may be 
desired if the unemployment figures continue to rise.” 
‘“‘ They have risen,” Mr. Findlay says, “ but not to an 
extent warranting the calling of trustees ; so we carry 
on for another month as we are.” 





The general secretary of the United Patternmakers’ 
Association mentions that in the interim report of the 
Shipyard Inquiry Committee the employers state, 
amongst other things, in unmistakable terms, that they 
require agreement with the unions on certain re- 
organisation proposals within the factories and yards, 
to enable them to make progress with their friends who 
have orders to give out. The interim report is said to 
be a long document, and the executive councils had 
not, at the time of its formal presentation to them, 
been able to decide their attitude towards it. ‘“ The 
executives have agreed to meet again on October 6,” 
Mr. Findlay says, ‘‘ when it is expected that an answer 
will be formulated to be put before the employers in 
regard to the position.” 





In the course of his delivery of the opening address 
at the sixth annual conference organised by the 
Industrial Welfare Society at Balliol College, Oxford, 
on September 11, Mr. F. S. Button said that as far as 
labour was concerned, the welfare movement set itself 
out to give every worker his chance. The attitude of 
labour towards the movement was, as a whole, friendly 
and helpful, with perhaps a little criticism in the 
background. The responsibility of welfare supervisors 
and managements interested in welfare work was to 
see that that criticism was fairly met. Neither 
employers’ federations nor trade unions were free 
from the faults and dangers of organisations possessing 
great collective power. In these directions the spirit 
of the industrial welfare movement must seek to 
guide and influence, securing the employers’ interest 
in the workpeople and the workpeople’s interest in 
their own and other industries. Each party possessed 
what the other needed. 





According to the Ministry of Labour Gazette, employ- 
ment during August was worse, on the whole, than 
during the previous month. Among the 11,500,000 
workpeople insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed on 
August 24, 1925, was 12-5, as compared with 11-5 
on July 27, 1925, and with 10-6 on August 25, 1924. 
Among the members of those trade unions from which 
returns were received, the percentage unemployed was 
11-4 at the end of August, 1925, compared with 11-2 
at the end of July, 1925, and with 7-9 at the end of 
August, 1924, There was a marked decline in employ- 
ment in the coal-mining industry; and increased 
unemployment was also reported in iron mining, in 
carpet manufacture, in the tailoring and dress trades, 
and in the glass bottle-making industry. There was 
some improvement in the wool textile and in the linen 
and jute industries. As compared with August, 1924, 
employment, on the whole, showed a decline, which 
was most marked in the coal and iron mining, tinplate, 
and linen and wool textile industries; on the other 
hand, a few industries, including the building trades 
and some sections of the cotton trade and of the 
engineering trades, showed an improvement. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported in August resulted in an aggre- 
gate reduction of over 55,000/. in the weekly full-time 
wages of about 363,000 workpeople, and in an aggregate 
increase of about 1,250/. in the weekly wages of 16,500 
workpeople. The principal groups of workpeople 
affected by reductions included steel smelters in various 
districts in England and Scotland, whose wages were 
reduced by amounts equivalent to about 1} per cent. 
on current rates, and iron puddlers and iron and steel 
millmen in the Midlands, who sustained a decrease of 
about 14 per cent. on current rates. In the merchant 





shipping service the rates of seamen, firemen and 
certain other classes were reduced, generally by 20s. 
pet month in the case of men on monthly articles and 
by 6s. 6d. a week in the case of those on weekly articles. 
Other important classes of workpeople whose wages 
were reduced included coal miners in the Radstock 
district, iron-ore miners in Cumberland, tinplate 
makers in South Wales and Monmouthshire, steel- 
sheet millmen and galvanisers in England and Wales, 
men employed in electricity supply undertakings in 
the London area, and workpeople in the non-trading 
services of local authorities in the West Riding of 
Yorkshire. Among the workpeople who received 
increases were chain makers in the principal centres 
and blast-furnacemen in Cumberland. 





During the eight completed months of 1925, the 
changes reported to the Ministry of Labour, in the 
industries for which statistics are compiled, have 
resulted in net reductions amounting to about 152,000I. 
in the weekly full-time wages of over 960,000 work- 
people and in net increases of about 75,0001. in those 
of 836,000 workpeople. In addition, the wages of 
190,000 workpeople have been changed at various 
dates during the period, but now stand at the same 
level as at the beginning of the year. In the corre- 
sponding period of 1924 there were net increases of 
about 550,000. in the weekly full-time wages of 
2,600,000 workpeople, and net reductions of nearly 
72,0001, in those of 725,000 workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in August was 39. In addition, 36 disputes which 
began before August were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in August (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 220,000, as compared with 
216,000 in the previous month, and the estimated 
aggregate duration of all disputes during August was 
between 2,800,000 and 2,900,000 working days, as 
compared with 1,857,000 days in July. 





The Ministry of labour states that on September 14, 
1925, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,327,700—1,049,200 men, 40,400 boys, 205,000 women, 
and 33,100 girls. On September 7, 1925, the number 
was, 1,345,455—1,054,141 men, 41,956 boys, 215,488 
women, and 33,870 girls, and on September 15, 1924, 
it was 1,163,950—873,294 men, 39,378 boys, 217,515 
women, and 33,763 girls. 





An unfortunate difference has arisen between the 
Miners’ Federation and the coalowners which, if some 
of the men’s leaders are to be taken seriously, jeopardises 
the coal settlement recently brought about by the 
Prime Minister. It is one of interpretation of the 
terms of the truce. The coalowners’ contention— 
which seems to be supported by the Mines Department 
—is that the 1924 agreement is to continue in force 
until the Royal Commission reports, whereas that of 
the men’s leaders is that rates are to be stabilised at 
the level on which they were in July last, and that 
reductions of basic rates, such as were possible under 
the 1924 agreement, are not in order. The Miners’ 
Federation appealed to Mr. Baldwin on the point, and 
on Wednesday a deputation from the executive met 
him for the purpose of discussing the matter. The 
Prime Minister, however, reserved his decision for a 
further meeting, which took place yesterday, but at 
the time of going to press no statement had been 
made public. 





The figures of the votes cast at Scarborough in the 
election of this year’s General Council of the Trades 
Union Congress were, it will be recalled, challenged. 
The Scrutineers and Recount Committee, to which the 
objection was referred, have now issued their report, 
from which it would appear that the results have been 
unaffected by the investigation. During the recount 
however, it was discovered that 19 papers had been 
spoilt by delegates voting for more candidates than 
there were seats for in particular groups. The new 
Council differs in several places from its predecessors. 
Mr. T. Richards, representing the Miners’ Federation, 
takes the place of Mr. Herbert Smith, who has retired, 
and Mr. J. H. Thomas that of Mr. Marchbank, in accor- 
dance with the nomination of the National Union of 
Railwaymen. Mr. E. Bevin, General Secretary of 
the Transport and General Workers’ Union, takes the 
place of Mr. J. Cotter; Mr. H. H. Elvin, General Secre- 
tary of the National Union of Clerks, that of Mr. J. B. 
Williams, the late Secretary of the Musicians Union ; 
Mr. J. R. Leslie, General Secretary of the Shop Assis- 
tants Union, that of Mr. J. Turner, the late Secretary 
of the same organisation; and Miss M. G. Bondfield 
that of Miss J. Varley. 
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STANDARDISATION IN INDUSTRY.* 


Standardisation and Simplification with Special Reference 
to the Saving of Waste in Industry. 

By C. Le Maistre, C.B.E., Secretary of the British 

Engineering Standards Association. 

Introduction—At the Newcastle meeting of the 
British Association, held in 1916, I had the honour of 
presenting a short paper on Standardisation, and it may 
be of interest if, in the course of my present remarks, 
reference is made to one or two of the statistics given 
nearly 10 years ago as they are an indication, if nothing 
more, of the growth of national standardisation, both in 
this as well as in other countries. It would, of course, 
be quite impossible in the short time at my disposal 
to do more than refer in all too brief terms to the 
underlying principles, and to touch upon some of the 
difficulties which have to be dealt with, the precau- 
tions which have to be taken to ensure that invention 
and progress are not interfered with and, at the same 
time, to draw attention to some of the success which has 
resulted from such co-operative work. It may also, I 
hope, be the occasion for the exchange of ideas which 
may be useful and, at the same time, bring prominently 
before the country the economic value of this important 
movement, and the absolute necessity of applying 
industrial standardisation and simplification in the 
future far more widely than has been the case in the 
past. If rightly directed, it can do much to assist 
our trade to meet competition in the world’s markets, 
and the sooner there is a more general recognition of its 
commercial value the better it will be for industry as a 
whole. There can be no escape from the conclusion, as 
the Times has recently pointed out, that some adjust- 
ment is needed in order to bring the productions of this 
country into line with the conditions ruling in the 
world, and there is an imperative need for the co- 
operation of all interests to secure this end. 

Necessity for Greater Economy.—There is no question 
that, at this moment, one of the chief problems before 
the country is the urgent necessity for greater economy 
in production and better and more efficient methods of 
distribution. That this is being realised as never 
before is fully born out by a recent speech of the 
Premier. In an address at Welbeck Abbey on June 1 
last he made a stirring appeal to the industries of the 
country to increase by 10 per cent. their efficiency, and 
he added that such economy would have an enormous 
effect on production. Although it is not generally 
realised, the aim of all our endeavours is surely the 
betterment of human conditions, for the well-being 
of the people is inextricably bound up with the prosper- 
ity of industry, and it does not do to imagine, as some 
may, that better conditions will be brought about 
solely through new inventions or the complete over- 
turn of the present system of society. 

Elimination of Waste in Industry.—There is, at the 
same time, no need for pessimism, but rather for forti- 
tude, as Dr. Shadwell has pointed out, for there is a 
large and fru.tful field for economic advancement in the 
study and sysfematic elimination of waste in industry. 
The fact is that our industrial machine is far from 
perfect and whilst national waste can, of course, be 
attributed to many causes such as unemployment, 
over-production, labour conflicts and faulty transport 
services, there is no doubt that a considerable proportion 
of this waste and inefficiency is due to the lack of 
national simplification and standardisation in our 
industries. This tremendous waste is nowhere denied, 
and it is interesting to note that, in the United States, 
from a general survey among a number of typical 
industries to ascertain the extent of such waste, it 
would appear that on a conservative estimate there was 
an aggregate waste among the industries investigated 
amounting to from 29 to 64 per cent., and that some 
10 billion dollars could be saved annually through 
standardisation and simplification alone. The pressure 
of economic events is, however, slowly leading to the 
general recognition of the vital necessity of saving this 
waste, and bringing to light an identity of interest 
which cannot fail to bring all parties together for the 
good of the State as a whole, 

Excessive Diversity of Parts—There are many branches 
of industry throughout the country which are still 
bound by tradition, and drift along aimlessly with an 
enormous quantity of spare parts and an excessive 
diversity of sizes and patterns for the same design for 
everyday pieces of apparatus. This means a vast 
amount of stock accumulated by merchants and turned 
over very slowly, with high costs of production. This 
tremendous waste in industry through lack of attention 
to this subject, should be attacked from the national 
point of view, and it is to be hoped that the B.E.S.A. 
may soon be in a better position than it is at present 
to assist in this reform. It must, however, be acknow- 
ledged that certain branches of industry, notably the 
electrical and the automobile industry, have given this 





* Paper read before Section G of the British Associa- 
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question of national standardisation and simplification 
their very closest attention for many years past, and 
I believe that they attribute much of their present 
activity (for certain branches of industry, in spite of 
the general depression, are pretty fully occupied) in 
no small measure to the continuous attention they 
have devoted to this subject. 

Instances of Saving.—During the past 25 years the 
B.E.S.A. has carried out a very great deal of most 
useful work in industrial standardisation. Whilst it 
is not an easy matter to obtain definite figures for the 
savings resulting from the large number of British 
Standard specifications which have been published, 
the savings are undoubtedly considerable, as two 
instances, at any rate, will show. The simplification 
and standardisation of steel sections resulted in the 
saving of 5s. a ton to the steel industry, and recently 
a single electrical specification resulted in the saving 
of 10,0007. in the stock which one company alone had 
to carry, or a continuous saving of some 5001. a year. 
Multiplied by the number of companies, the aggregate 
saving must be very large indeed. 

Mr. Hoover’s Work in the United States.—It is of 
considerable significance that, since the war, many 
other countries have instituted national organisations 
for this standardisation work, and in practically all 
cases they have drawn on the experience of the B.E.S.A. 
In the case of the United States, I was actually present 
at the inception of the American national organisation. 
What is even more significant still is the fact that in 
December, 1921, the American Government constituted 
the Division of Simplified Practice, which, in fact, is 
an extensive Government campaign towards the 
elimination of national waste. It is under the Depart- 
ment of Commerce, of which Mr. Secretary Hoover is 
the inspiration. 

It must not be forgotten that conditions of industry 
in the U.S.A. are quite different from those in this 
country, where there are no anti-trust laws, which 
have apparently made it difficult for American industry 
to collaborate in such work, except under Government 
control, so that, in spite of the considerable objections 
which their industry recognises to such Government 
action, they have, so far, been obliged to accept this 
method. The procedure of their Division of Simplified 
Practice is based almost entirely on that of the B.E.S.A., 
with, of course, the exception that it is financed entirely 
by the Government and under Government control, and 
they have adopted the name “simplification” as 
being more commercially significant than the term 
‘standardisation.’ That our industrial standardisa- 
tion has from its inception covered identically the 
same ground will be appreciated when it is remembered 
that our very first piece of work was the reduction in 
the varicty of sizes of steel girders—that is, “‘ simpli- 
fying ’’ them. 

The incursion of the American Government into 
industry is not without certain difficulties and dis- 
turbance. However, with the tremendous energy 
being put into this campaign by Mr. Hoover, coupled 
with the unlimited resources at his command, the 
Americans are likely to attain economic benefits which, 
in the aggregate, will seriously affect our own industries 
at no distant date, unless on our side we are very 
considerably assisted to develop our work more rapidly. 

The results of those efforts are being freely quoted 
in the Press in various countries, and one or two 
examples will suffice. The American milling-cutter 
industry, for example, after months of study and 
survey, made a reduction of 35 per cent. in the varicties 
used. Similar saving ot waste is being introduced in 
the sheet-metal industry, where a reduction of nearly 
50 per cent. in the varieties which have to be stocked 
by the jobbers—or ironmongers, as we should call them, 
has been achieved. The china ware for hotel and 
restaurant purposes, the paper-bag industry, the lumber 
industry, and many others, are examples of directions 
in which signal reductions have been effected. So 
far the Division—that is to say, the United States 
Government—has spent some 20,0001. a year on this 
work, and the savings are estimated to run into many 
hundreds of thousands of dollars a year. Mr. Hoover 
has also pointed out that the elimination of industrial 


waste provides a great opportunity for higher standards. 


of living for the worker. 

National, as against Domestic, Standards.—It is 
obvious that the B.E.S.A. cannot alone carry out the 
vast work before it; there must be an increasing 
amount of decentralisation whilst maintaining the 
central co-ordinating influence. More and more 
organisations are realising this, and are coming to the 
B.E.S.A. with a view to their own domestic standards 
being nationalised and receiving the hall-mark, as 
it were, of this independent organisation. 

Introduction of Economy in Manufacture.—In its 
broadest aspect, industrial simplification and stan- 
dardisation implies the introduction, through collective 
effort, of economic methods in manufacture, thus 
tending towards national economy. It means also 
reducing the number of varieties for one and the same 





article, and so reducing the stocks which the manu- 
facturers, as well as the merchants, have to keep in 
order to supply the national requirements. Industry, 
as the Premier has said, has never been static; it is 
always in a process of evolution, and what has saved 
the country in the past has been its remarkable power 
of adjustment to changes as they come along. It is 
of the highest importance, then, that the economic 
value of national simplification and standardisation 
should be more thoroughly understood, so that the 
movement may gather strength and be of increasing 
assistance in bringing back to our industries their 
former prosperity. 

It is unquestionably industrial standardisation and 
simplification which has made it possible, for America 
first and now for this country, to produce the auto- 
mobile at a price which makes it generally available, 
instead of being merely a luxury for the rich. The 
Chairman of the American Engineering Standards 
Committee, in an interesting address before the Pan- 
American Conference held at Lima in December last 
stated that standardisation was more than ever 
desirable; that, with the growing complexity of 
modern life, standardisation and simplification must 
be invoked if we were to release our energies from the 
thraldom of detail so as to be able to solve our in- 
creasingly difficult problems. 

Support of the Business Community.—Many, of 
course, are already converted to the idea of industrial 
standardisation and simplification carried out on a 
national basis, especially when surrounded with 
suitable safeguards properly applied, but it must be 
confessed that the business community in this country 
do not yet as a whole fully appreciate the very direct 
savings which can thereby be effected, and they do 
not all adopt a far-sighted policy when considering 
whether or not they should support this national 
movement. 

In America the problem of finance is obviously not 
so difficult as in this country, and consequently we 
hear of industrial standardisation being promoted 
and supported entirely out of government funds. 
In this country, industry, which is bearing the major 
portion of the cost of the work, is averse, and rightly 
so, to its being under any control other than that 
of the Main Committee. On the other hand, Govern- 
ment support is welcomed. We cannot do without it ; 
fortunately we have it—that is, so far as the moral and 
technical support of the Government Departments 
is concerned. 

Some of the Leading Benefits —Rapidity and economy 
in production may be claimed as among the leading 
benefits of this work, for it not only assists the maker 
but also the consumer in the rapidity with which his 
orders can be fulfilled from stock, and the ready and 
quick manner in which replacements of damaged and 
worn parts can be effected. The standardisation, for 
instance, of the dimensions of component parts is of 
immense value to the manufacturer, for it enables him 
to manufacture to stock during slack times, knowing 
that his product can be more economically produced 
in this way through the reduction in overhead charges, 
and that, because of the interchangeability thus 
brought about, deliveries to the purchaser will be made 
without the loss of time which so often occurs at 
present. It also enables the manufacturer to give 
more work to his people. As Mr. Ford has said in his 
remarkable book, the principles underlying his business 
are service to the community, giving satisfaction to 
the purchaser and more work to the people. National 
standardisation and simplification have the same object 
and produce the same results, for they are carried on 
with the main principle of benefiting the community 
at large. 

It will, therefore, be seen that the wide adoption of 
the British Standard Specifications goes a long way 
towards minimising the cost of tendering. They 
also bring into commercial transactions greater confi- 
dence and protect both the user and manufacturer 
against unfair competition. They further give a certain 
amount of stability of employment; they increase 
the turnover and confer benefits on the manufacturer, 
the distributor, and, to a certain extent, the user. 
These specifications, to be effective, must, therefore, 
have an economic basis. If this is kept well in the 
foreground the result will be the production of national 
specifications which, although perhaps not entirely 
ideal, will represent the best which can be attained 
at the moment, it being understood that improve- 
ents will come about in the course of time. British 
Standard Specifications drawn up on these lines 
are likely to be adopted rapidly by the community as 
a whole, for, instead of being costly to introduce, 
they will actually produce all-round economies and 
so benefit the community at large. 

Compulsion.—There is, of course, no question of 
forcing industry to adopt the British Standard Speci- 
fications, and as the proposals practically always 
emanate from industry itself, no such question arises. 
The manufacturers gre in daily contact with the 
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machinery and apparatus under consideration, and are 
therefore in the best position, through co-operation 
among themselves, to put forward constructive propo- 
sals for simplification and standardisation which can 
be adopted by whatever committee of the B.E.S.A. is 
set up to study the subject. It is no more and no less 
than industry putting its own house in order under the 
zezis of the B.E.S.A., which supplies the liason between 
the various industries and the specialised experience 
which could be obtained in no other way. Criticism 
of the proposals put forward by the manufacturing 
interests can be supplied by the scientific and technical 
experts of the users. It is due to these principles 
having become so well established in the work of the 
B.E.S.A. and to the fact that the greatest care is 
taken to obtain the full backing of industry before 
any recommendations are issued, that the British 
Standard Specifications are becoming so widely 
recognised and used throughout the country. 

Safeguards of Review and Revision.—These speci- 
fications are arrived at through the elimination of the 
unnecessary, and the recognition that the recommenda- 
tions are not unalterable, but subject to periodical 
review and to revision whenever industry itself feels 
it economically desirable and necessary to do this. 

Whilst every care must be exercised to prevent crystal- 
lisation and lagging behind industry, the British 
Standard Specifications must have a certain measure of 
permanency in order that they may be received with 
confidence by industry, and therefore the specifications 
are not changed too often, and only when such changes 
are distinctly in the direction of improvements and 
economically sound. 

The B.E.S.A. Organisation and Procedure.—Turning 
to our organisation, it is scarcely necessary to recall 
that it is the oldest organisation of its sort in existence, 
as it was instituted in 1901 on the initiative of the late 
Sir John Wolfe Barry, the great civilengineer. Mr. H. 7. 
Skelton, still an active member of several of our com- 
mittees, in 1895 drew attention to the great diversity 
of steel sections, so he may also be considered one 
of the pioneers of the movement. Eventually the 
Council of the Institution of Civil Engineers formed a 
committee of eight, of which Sir A. Denny was an 
original member. The other leading technical institu- 
tions co-operated, and from these small beginnings the 
movement has grown to its present influential position 
in the industrial life of the country. The advantages 
of having under one roof the co-ordination of the whole 
of this national work are manifold, especially when the 
inter-dependence of the different branches of industry is 
recognised. Moreover, it can be carried out more 
economically and far more effectively under the egis 
of the central organisation ; it prevents overlapping of 
interests, waste of time, and any attempted coercion 
of any one section of industry by another; and lastly 
it promotes uniformity, all interests, including those of 
the Government, thereby benefiting to the greatest 
extent. 

The result of the Association’s first piece of work on 
steel sections was that the chaotic situation then 
existing to which such emphatic attention was drawn 
by Mr. Skelton, was wonderfully improved. The steel 
sections originally in use numbered many hundreds, 
but, by general agreement and after a complete survey 
had been made, this was reduced to 113, effecting a 
saving of a million pounds a year to the steel industry. 
It will therefore be seen that the very first piece of 
work this organisation undertook was really a pro- 
gramme of national simplification in our steel industry. 
Another remarkable saving to the country has been 

‘the reduction of the number of tramway rail sections 
from 75 sections to five ; again, national simplification. 

In 1918 the Committee was incorporated under 
English law as the British Engineering Standards 
Association, the constitution and Articles of Association 
being approved by the Board of Trade. Up till the time 
of the war, the work on industrial standardisation 
progressed somewhat slowly, but, due in large measure 
to the increase of technical and trade organisations 
throughout the country, this work has made immense 
strides since the war, and from small beginnings it 
has increased until there are now 475 committees in 
the B.E.S.A., with a total membership of 2,300 engineers 
and business men up and down the country who give 
their time and services to this national work without 
fee or recompense. In 1916, these figures were 64 
committees and just over 500 members. 

The work of the Association is divided into twelve 
main sections covering most of the great industries 
of the country. It is true that it does not touch the 
paper industry yet, where the national waste must be 
tremendous. On the Continent, through the influence 
of the German Standards Committee, great savings 
have already been effected by the elimination of waste 
in the paper used in the Government departments, 
the engineering and all other industries. It is to be 


hoped that it will not-be long before the B.E.S.A. is 
enabled to set up a fully representative committee to 
deal with this great source of preventable waste 
through judicious simplification and standardisation. 





Nor does it deal with agricultural machinery, in regard 
to the component parts of which simplification and 
interchangeability is lamentably lacking, with conse- 
quent loss to the farmers. 

On the present limited basis of expenditure, the 
various sections are more or less self-supporting, with 
the exception of chemical engineering, due probably 
to this not yet having the backing of industry, and 
the shipping section. Regarding the work of the 
latter, in which the chairman of Section G of the 
British Association, Sir A. Denny, naturally takes 
particular interest, the example already given regard- 
ing steel sections, shows the interest the shipbnilders 
have always taken in the work of the association. In 
1919, at the instance of the Board of Trade and after 
conference of all interests concerned, a very representa- 
tive committee was set up to go into the question of 
the simplification and standardisation of ship and 
machinery details. A number of committees were 
appointed on the Clyde and on the Tyne which have 
been working ona series of detailed specifications, and 
several of considerable utility have already been 
published, including those for bollards and shafting 
for marine purposes, which are capable of effecting 
material economies if adopted by the shipowners. 
A number of other specifications such as those for 
fairleads, sea inlet and discharge valves, derricks and 
derrick fittings, boat davits and boat blocks, electrical 
fittings and other details, are in course of preparation. 

It is impossible, however, for these committees to 
work expeditiously unless the secretary and his staff 
are in a position to pay frequent visits to them in 
order to assist them in co-ordinating their work, and 
unfortunately the funds have not been available for 
this purpose. It is, however, hoped that the ship- 
owners, who stand to benefit equally with the ship- 
builders in this simplification work and who assisted 
so much at the commencement, will eventually renew 
their interest in it. It is an undoubted fact that this 
work of the B.E.S.A. can do much towards economy 
in the building and running of our ships, It therefore 
merits greater support than it is at present receiving. 
It is to be noted that similar work is being carried 
out in America under Mr. Hoover’s guidance. 

The Association does not initiate standardisation 
but waits until a branch of industry desires to avail 
itself of its services, and it is only on a request of a 
representative technical or trade organisation—the 
association is in touch with some 250—or a Government 
department, that the Main Committee acts. Even 
then before appointing a committee to study any 
subject, it authorises the holding of a representative 
conference of all concerned, in order to be perfectly 
certain that there is a concensus of opinion favourable 
to the work being carried out, and, moreover, that it is 
to meet a recognised want. The subject under dis- 
cussion is fully ventilated at such conferences and it is 
on the report, if favourable, that the Main Committee 
takes definite action by the appointment of what is 
known as a “sectional committee.””> The Main Com- 
mittee reserves to itself the right to nominate a chair- 
man, but after that the Sectional Committee has to 
work out its own salvation. The Sectional Committee, 
in some cases, represents the whole industry, as in the 
case of the Sectional Electrical Committee and the 
Sectional Colliery Committee. At other times it is 
representative of muterials as in the case of the Sec- 
tional Committee on Non-Ferrous materials. If, how- 
ever, the B.E.S.A. is to assist industry in its campaign 
against national waste, some further means must be 
found to bring forcibly to the notice of those branches 
of industry which have so far not given attention to 
this subject, the desirability of forming the necessary 
committees under the egis of the B.F.S.A. to study the 
question in detail and give effect to whatever recom- 
mendations may be arrived at. 

As to the general funds for the work of the B.E.S.A., 
these are provided largely by industry and, to a very 
small extent, by the Government, a far greater propor- 
tion being borne by industry itself. The Association 
is not itself a profit-making concern, the profits all 
go to industry—its only expenses are staff salaries, 
office accommodation and printing which amounts to 
some 16,0001. a year. Manufacturers throughout the 
country send their representatives to attend the meet- 
ings and not only cont.ibute directly to the finances, 
but, in many cases, prepare drawings and supply blue 
prints to assist the work of the technical committees. 
Probably a conservative estimate of the total value of 
industries’ contribution, both direct and indirect, to 
this work is somewhere in the neighbourhood of 
40,0001. per year. The Association is supported by the 
Governments and Dominions overseas, including the 
Government of India and the Crown Agents for the 
Colonies. 

British Government Support.—At present, H.M. 
Government makes an annual contribution of only 
100 guineas to the general funds of the Association. The 
Treasury, however, pays on audited accounts for cer- 
tain work carried out for the Government Departments, 
and the Association is naturally proud to be of such 





assistance to the Government. The B.E.S.A. has also 
placed its experience at the disposal of the Technical 
Co-ordinating Committee on Government Stores, and 
acts as the intermediary in bringing Government 
requirements into line with generally accepted industrial 
practice. The Government is thus ensured of a wide 
market in peace time and a more rapid expansion of 
its sources of supply in case of emergency. The Asso- 
ciation is also in close touch with the Department of 
Scientific and Industrial Research, and on the recom- 
mendation of that Department has drawn up specifica- 
tions which have been thought desirable to foster new 
industries. In this connection, it is interesting to note 
that since the issue of the British Standard Specification 
for Sand-Lime Bricks, several companies for the 
manufacture of such bricks have come into existence. 
Considering the large sums of public money being 
devoted to similar work in the United States of America 
and other countries, it is to be hoped that the British 
Government will recognise the entire appropriateness 
of increasing its support of this much-needed national 
work, so that it may no longer be so hampered in its 
activities for the benefit of industry. 

B.E.S.A. Publications—The Association derives a 
considerable income from the sale of the British 
Standard Specifications, the number sold in this 
country last year amounting to 58,000 copies, which is 
10,000 more than in the previous year. Up to date, 
about 200 British Standard Specifications and. Reports 
have been issued, and additions at the rate of between 
40 and 50 a year are being made. A large number 
of specifications are in course of preparation, but for 
want of funds the work can only proceed slowly. Also 
some 250 specifications for aircraft maturiuls have been 
issued for the Air Ministry. 

Overseas Work.—The Association has done its utmost, 
with the limited funds at its disposal, to assist British 
trade abroad through the establishment of representa- 
tive local committees in the chief trading centres of 
the world. The Foreign Office and the Overseas Depart - 
ment of the Board of Trade, as well as the Chambers 
of Commerce abroad, have been most helpful in this 
work. Many thousands of copies of the British Standard 
Specifications, translated into the appropriate foreign 
languages, have been disseminated abroad through 
these local committees. At the moment, this work 
has had to cease, but the intention is that it shall be 
recommenced as soon as further funds are available. 
So far some 24,0001. have been spent on this work. 

Widening the Scope of the Work.—Recently the Main 
Committee, in whose hands the sole authority is vested, 
has, on the advice of its Ways and Means Committee. 
decided to invite the co-operation of a wide member- 
ship who will identify themselves more closely than 
hitherto with them in the advancement of the work, 
and it is hoped, under this new scheme, that the 
Association will be able more adequately to meet the 
national needs for simplification and standardisation 
and the saving of industrial waste. The income 
derived from this new source is to be used more parti- 
cularly towards making the home work effective 
throughout the world, the cost of the home work being, 
as hitherto, met principally by the large contributions 
at present received from various sources. Some of the 
representatives of the trade organisations who have 
taken part in the drawing up of this scheme have 
already intimated the willingness of their organisations 
to continue their present very considerable contribu- 
tions, and, at the same time, to recommend to their 
constituent members the great desirability of applying 
for membership of the B.E.S.A. and thus enhancing 
the value of the trade contributions and assisting the 
Association to widen its scope. 

International Standardisation——A general survey 
of the work of industrial standardisation in this country 
would not be complete without some reference to the 
international aspect, which is becoming more important 
as the organised work of standardisation now going or in 
some eighteen different countries progresses, and also 
as international trade revives. The difficulties, how- 
ever, are very great, when one realises the difference in 
units and in language, as well as the varying racial 
characteristics. It is true, however, that considerable 
progress is being made in the electrical world through 
the work of the International Electrotechnical Commis- 
sion, formed in 1906, which has twenty-four countries 
officially taking part in its activities and with which 
the B.E.S.A. is closely identified, the British National 
Committee of the I.E.C., as it is called, being under its 
egis. International standardisation in other direc- 
tions, difficult as it would appear to be, is slowly being 
forced upon us, and the Main Committee have very 
wisely taken the decision that in principle it is in favour 
of international intercourse, but it leaves it entirely to 
the respective Sectional Committees to decide all the 
details of this very complex problem. 

Conclusion.—Although, through lack of time, many 
aspects which I should have liked to touch on have 
had to be omitted and others have had to be dealt with 
all too briefly, yet I trust that this survey of the subject 
generally and review of the work of the B.E.S.A., 
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though fragmentary, has been sufficient to emphasise 
the value of the work which it has so far carried out and 
the necessity of industry generally giving more atten- 
tion to this subject than it has done in the past. 

With the new scheme for re-organising the member- 
ship which is to be put into operation in the autumn, 
wider opportunities will be afforded to members of the 
various industries of the country to co-operate directly 
in this work, which can do so much to promote the saving 
of preventable waste throughout industry. Further 
effort is necessary to help our industries to regain their 
position in the competitive markets of the world, and 
it is confidently expected that the appeal of the Asso- 
ciation to engineers and business men throughout 
the country will receive the response it merits. 

The Nation owes a deep debt of gratitude to all those 
who are so loyally playing their part in this unostenta- 
tious, yet immensely useful, national work, and I 
feel sure that, with the support it already enjoys and 
the wider support it is sure to obtain through its new 
scheme of membership, it may look forward to being 
of increasing utility to industry in standardisation 
generally, as well as in solving the great problem of 
industrial waste. 





THE DILATATION OF CAST IRONS 
DURING REPEATED HEATING AND 
COOLING.* 

By Professor J. H. ANDREW, D.Sc., and RoBEeRtT 

Hicatns, B.Se., A.R.T.C. (Glasgow). 

Previous work on the growth of cast irons has all 
been carried out in the same manner, namely, by 
repeatedly heating bars of iron to a predetermined 
temperature and measuring the change of volume on 
cooling after each successive treatment. This method, 
whilst it gave a measure of the actual change in volume 
undergone by the specimens, gave little or no indication 
of the mechanism of the reactions involved in such 
changes, even when supported by micro-examination. 
It was accordingly decided to extend the investigation 
of this troublesome phenomenon in another direction, 
and to determine the variations in length undergone 
during the process of heating and cooling. 

The method used was successively to heat and cool 
small rods of the selected material, 0-875 in. in diameter 
and 2 in. in length, in the dilatation apparatus as 
described by Andrew and his co-workers.t The only 
difference in the apparatus now used as compared with 
the fore-mentioned was that a dilatometer of larger 
dimensions was employed. The flexible disc in the 
present form was 12 in. in diameter; this increased 
diameter gave greater sensitivity. 

The larger size of dilatometer was found to be more 
troublesome to make perfectly watertight. This 
difficulty was overcome by the insertion of a thick 
rubber ring between the flexible disc and the body of the 
apparatus, the bolts being so adjusted as to bring about 
as far as possible an equal distribution of pressure over 
the whole area of the rubber ring. All glass and metal 
joints were cemented with a mixture of litharge and 
glycerine, and finally every joint, metallic or otherwise, 
was coated with a thick layer of varnish. 

Solid specimens with a small hole drilled for the 
insertion of a thermocouple were used throughout. 
The latter, which was platinum—platinum-iridium, was 
connected with a sensitive mirror galvanometer through 
a Tinsley vernier potentiometer, which gave readings 
accurate to +0-2 deg. C. On account of the large 
number of irons chosen for the purpose of experiment 
it was decided to limit the number of heats to 21, and 
only to take readings for alternate heatings and coolings. 
Micro-specimens in the form of cylinders, 0-75 in. in 
length and 0-875 in. in diameter, were treated in 
exactly the same manner and at the same time as the 
dilatation specimens, in another furnace. The maxi- 
mum temperature for heating was the same in every 
case, namely, 900 deg. C. After attaining this tem- 
perature, soaking was allowed to proceed for three 
hours. 

Ten samples were prepared, the first series varying 
in manganese, and the second series varying in phos- 
phorus. A silicon content of 1-5 per cent. was aimed 
at in order to represent as far as possible practical 
conditions. 

The analyses of the finished bars are given in the 
table below. All the phosphorus specimens were 
machineable ; of the manganese series Nos. 6 and 7 
had to be ground to size. 

Manganese Series.—The dilatation curves of four of 
the series are considered below. 

Iron No. 2.—A glance at the curves in Fig. 1 is 
sufficient to show the extremely intricate nature of 
the changes undergone by cast iron upon repeated 
heating and cooling to and from 900 deg. C. Not only 





* Paper presented at the Iron and Steel Institute Meet- 
ing, Birmingham, September 9 and 10, 1925. Abridged. 
Tt See ENGINEERING, vol. cix, pages 678 and 681. 





is there a marked variation from one curve to another, 
but there is a decided periodicity with respect to the 
actual expansion undergone in each alternate treatment, 
as measured by the length of the vertical axis. 

The first curve is normal, and indicates the usual 
contraction on heating and expansion on cooling at the 
































No | Si | Mn.. | F. | G.C. | C.C, | T.c Ss. 
2 1-52 | 0-036 | 0-029 | 2-45! 1-9 | 4-35.) 0-013 
3 1-51 | 0-971 | 0-025 | 2-00 | 2-43 | 4-43 | 0-009 
4 1-40 | 2-090 | 0-019 | 1-59 | 2-57 | 4-16 | 0-010 
5 1-30 | 3-140 | 0-030 | 1-22 | 2-87 | 4-09 | 0-009 
6 1-45 | 4-120 Not estimated 
7 1-41 | 5-450 Not estimated 

Pl 1-51 | 0-01 1-30 | 2-20 | 1-44) 3-64) 0-013 

Pg 1-53 | 0-016 | 2-04 | 2-00 | 1-53 | 3-53 | 0-016 

P3 1-46 | 0-25 | 2-78 | 2-20 | 1-58 | 3-78 | 0-028 

p4 1-40 | 0-28 | 4:20 | 2-50] 0-84 | 3-34 | 0-013 

7. N°2 
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Since the greater part of the graphitisation has taken 
place by this time, it is probable that the latter cause 
predominated, although both reactions may be contri- 
butory causes. The ninth heat was similar to the 
seventh and at the eleventh heat there was again a 
large expansion on heating. On soaking a marked 
contraction occurred, the final state on cooling being 
more contracted than before heating. Previous to the 
eleventh heat there were no signs of any pearlite in 
the iron, so that the increased expansion must be 
attributed to oxidation, which was found by Andrew 
and Hyman to precede decarburisation. The spaces 
occupied by the graphite originally would at this period 
of the treatment be filled with a mixture of iron oxide 
(FeO and Fe,0,) and graphite, the oxide surrounding 
the graphite. On soaking, the FeO would dissolve 
in the iron to a limited extent and diffuse through the 
mass, oxidising the particles of temper carbon present. 
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critical point, which occurred at 800 deg. C., on heating 
and cooling respectively. It will also be noted that a 
small contraction occurred on soaking ; this shrinkage, 
although but slight in the present case, was found to 
be very marked in certain instances. The contraction 
may be due to several causes—namely (1) to partial 
solution of the graphite; (2) to oxidation of graphite 
causing porosity, which, under the conditions of the 
slight pressure to which the specimen was subjected, 
might bring about a compression; (3) to some change 
in the oxide material formed, either of a chemical 
nature or solution or deposition of the same; (4) 
to the evoluiton of gases. It cannot be due to graphi- 
tisation, which would cause an expansion. In the 
third heat there was a net contraction on cooling, 
and a large diminution in the size of the critical points 
both on heating and cooling. The fifth heat showed 
the first real evidence of graphitisation on cooling, 
marked by an appreciable expansion, which started 
at the critical point and persisted over a wide range 
of temperature. 

At the seventh heat there was an abnormal expan- 
sion on heating. This may be due to either further 
graphitisation or to oxidation of the iron due to the 
air percolating through the graphite flakes. 
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produce alteration in volume, but the oxidation of the 
temper carbon would cause a contraction due to carbon 
being replaced by finely divided iron, which would 
eventually become welded to and continuous with the 
mass. This reaction would take place according to the 
equation— 

FeO +C=CO+ Fe 


with liberation of CO, which on account of the porosity 
of the material would be easily expelled. 

After the eleventh heat there was an appreciable 
diminution in the coefficient of expansion. From the 
thirteenth to the nineteenth heat the curves must be 
regarded simply as dilatation curves of a highly oxidised 
iron. 

The nineteenth curve is, however, of particular in- 
terest. The iron at this stage, being practically devoid 
of carbon in any form, suddenly expanded on cooling, 
the expansion, which began at 720 deg. C., continued 
over a wide range of temperature. This change must 
be due in some way to the oxide material ; it may either 
be due to separation of oxide from solution, or to some 
reaction such as Fe,0, + Fe = 4Fe0, which is alleged 
by some to take place on cooling. Since, however, on 
analysis the separated oxide was found to be almost 
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pure magnetic oxide this suggestion is difficult to believe, 
and the most probably hypothesis is that excess oxide, 
of the nature of FeO, has dissolved to an appreciable 
extent on soaking at the high temperature, only to 
separate again on cooling. If this be correct, the con- 
traction at 900 deg. C. on soaking must be attributed 
to solution of oxide. The dissolved oxide, it is assumed, 
would be in the nature of FeO rather than Fe,0,. 

Iron No. 5.—As the manganese increased it was noted 
that the contraction on soaking became less, From 
the first heat (Fig. 4) it was evident that the greater 
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Fig.i2. INCREASE ON LENGTH ON 
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part of the carbide was in the form of iron-manganese 
carbide. The extraordinary amount of graphitisation 
on cooling as seen in the curve for the seventh heat, 
was a very marked feature of this series. It will be 
noted that when the heating curve showed a smaller 
expansion than usual the expansion on cooling was 
greater. The absence of contraction on soaking might 
be attributed to the smaller solubility of manganese 
oxide which must form, as compared with the iron 
oxide. 

Although manganese is more readily oxidised than 
iron, it would appear that the manganese carbide is 
less so. Decomposition of Mn,C can only give as 
products free manganese and carbon, both in the 
finely divided form. Manganese in this state of division 








would be expected to be easily oxidised. That this is 
so is apparent from the curves, which show an excep- 
tionally large expansion on heating at certain periods, 
as would undoubtedly result from oxidation of free 
manganese. 

Phosphorus Series.—The phosphorus series of irons 
presented many peculiarities, some of which are 
extremely difficult to explain. The total expansion in 
the phosphorus irons was considerably less than 
that of the manganese irons. 

Iron No. P1\.—The heating curve in the first heat 





solution in the iron, only to be deposited again on 
cooling in the form of graphite. 

After the ninth heat a remarkable change is noted 
in the contour of the curves. Soaking at 900 deg. (. 
had brought about a very marked contraction. This 
contraction, which was obtained every time on soaking, 
was invariably followed by an expansion of varying 
magnitude, which began at about 520 deg. C. on 
cooling. The authors are only able to advance one 
reason for this relatively large contraction—namely, 
that it is due to phosphide of iron liquating and filling 





Fic. 21. No.2. llra Hear. W.Q. 
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Fig. 22. No.2. llrH Heat. W.Q. 
900 Drea. C. AFTER SOAKING, 
EtcHED. xX 75. 





Fic. 23. No. 5. 7rH Heat. W.Q. 
800 Dre. C. AFTER SOAKING 
3 Hours at 900 Dea. C. Etcuenp, 
x 76. 


Fig. 24. No.5. 7tH Heat. SLow.y 
Coo.tep. AFTER SoaKING 3 Hours 
at 900 Dea. C. ETOHED. 
x 78. 





Fig. 25. No. Pl. Ist Heat. W.Q. 
800 Dre. C. Arrer Soakine 
3 Hours at 900 Dea. C. Ercuen. 
x 75. 


(Fig. 7) showed a marked break at 800 deg. C., otherwise 
the expansion wasnormal. On cooling after this heat a 
very large expansion took place at 720 deg. (., the 
specimen at the completion of this expansion being of 
greater length than it was at 900 deg. C. No further 
change was noted on further cooling to ordinary 
temperature. 

After the seventh heat no change on heating was 
noted. 

On cooling for the third time, the expansion at 
720 deg. C. was considerably less, whilst in the fifth 
and seventh heats it was spread over a considerable 
range of temperature. The large expansion at the first 
heat on cooling was undoubtedly due to the almost 
complete graphitisation of the free carbide of iron, as 
distinct from the carbide in the phospho-carbide 
eutectic, and it is seen that after the seventh heat this 
was completed. 

On heating for the ninth time a slight expansion on 
soaking was recorded, and a large expansion on cooling ; 
this has been assigned as being due to solution of the 
phosphide on soaking, liberating free carbide which, 
being surrounded by the phosphide, was protected. 
The carbide of the phosphide eutectic would go into 





Fie. 26. No. Pl. Ist Heat. W.Q. 


400 Drea. C. Arter SOAKING 
3 Hours at 900 Dea. C. ErtcHen. 
yds Te 


up the spaces previously occupied by the graphite. 
This explanation is supported by micro evidence. The 
expansion at 520 deg. C. is in all probability due to 
some change in the phosphide itself, possibly to the 
deposition of some substance which at the higher 
temperature was dissolved in it. , 

Iron No. P4.—The main feature with regard to this 
iron lies in the small expansion that persists on soaking 
up to the eleventh heat (Fig. 10). This, along with the 
fact that, on cooling, the change-point at about 720 deg. 
C. was distinct even after the fifteenth heat, further 
supports the contention that soaking has produced the 
liberation of the iron carbide from the phosphide 
eutectic and its solution in the iron. The mark 
contraction on soaking was found only towards the 
end numbers of heats. 

The reason why the contraction effect is delayed by 
the high phosphorus content is thought to be due 
to the slower oxidation of the graphite delaying the 
formation of voids into which the phosphorus woul 
liquate. Until the graphite has been completely 
oxidised out the maximum contraction would not be 
observed. j 

Microstructures,—Figs. 21 and 22 show No. 2 iron, 
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eleventh heat. Both have been guenched from 900 
deg. C., but the specimen shown in Fig. 22 was soaked 
at 900 deg. C. for three hours, whilst that in Fig. 21 
was allowed to attain that temperature and immediately 
quenched. The extreme fuzziness, due to small 
particles of oxide seen in Fig. 21, has been almost 
completely cleared by the soaking treatment. The 
large expansion which took place in iron No. 5 ai the 
seventh heat on cooling is clearly explained by micros 
Figs. 23 and 24. Fig 23 shows the structure after 
quenching from 800 deg. C. following upon soaking 
at 900 deg. C. for three hours, and Fig. 24 that of 
the same iron at the same heat as soaked at 900 deg. C. 
but allowed to cool slowly to ordinary temperature. 
The graphitisation of the carbide is quite evident. 

Fig. 25 shows the structure of Pl as quenched from 
above the critical point on cooling. The specimen had 
not been previously heated. The structure is seen to 
consist of martensite and graphite. As illustrating 
the graphitisation on cooling slowly through the critical 
point, Fig. 26 shows the same iron also heated for the 
first time, but allowed to cool to 400 deg. C. before 
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quenching. The increase in the amount of graphite 
and absence of pearlite is very apparent. Fig. 27 
depicts the structure of P2 after the twenty-first heat 
(etched). The large flakes have every appearance of 
being composed of FeO and phosphide. Fig. 28 is 
of P4 after the twenty-first heat, but in the etched state. 
The blackness of the flakes suggests that a certain 
amount of graphite is mixed with the phosphide as 
well as some FeO. The same structure unetched is 
shown in Fig. 29, in which the phosphide is easily 
discernible. Fig. 30 illustrates very well a stage in the 
process of liquation of the phosphide. The structure, 
which was unetched, shows flakes of oxide and phos- 
phide, in which the two constituents are in places 
distinct and separated. 

Discussion of Experimental Results.—A remarkable 
feature common to all the dilatation curves lies in the 
diminutive size of the true critical points, as distinct 
from the larger changes due to graphitisation. After a 
relatively small number of heats, it becomes increas- 
ingly difficult to determine exactly what may be styled 
as a critical change in distinction from the small sudden 
variations in length, brought about most probably 
by local reactions within the specimen. In view of 
the constancy of certain deflections throughout every 
Series, it is possible to distinguish the real from the 
apparent, and to state quite definitely that in all the 
irons experimented with, only one true critical point 
on heating, and one on cooling, pertained. In the 
manganese series the variation in temperature as the 
manganese increased amounted to, at the most, 
50 deg. C. 

No pearlite was detected in any of the samples 
after they had been heated for a second time to 
900 deg. C., usually one heating was sufficient to 
completely graphitise all the carbide originally existing 
48 pearlite. Free cementite, and, in the phosphorus 





series, large patches of the phospho-carbide eutectic, 
were clearly visible on micro-examination. 

It is suggested that the following reactions take 
place on cooling an iron containing 1-5 per cent. of 
silicon from the melt :— 

Immediately after freezing, the alloy will consist of 
free cementite and _ silico-austenite. On further 
cooling graphitisation will take place according to the 
stable, iron-carbon diagram, until the eutectoid point 
is reached, when pearlite will form. Any free 
manganese-iron carbide, or free phosphide-carbide 
eutectic will remain as such throughout the cooling. 

Upon heating again, assuming the iron to remain 
in the a state to the upper limit of temperature under 
consideration, viz., 900 deg. C., iron carbide would 
gradually go into solution in the e-iron, the solubility 
increasing with temperature. Simultaneously with 
solution there would occur graphitisation, which would 
take place progressively on heating up to 900 deg. C. 
Upon cooling again no change would occur until 
A2 point was reached, which, whilst it cannot perhaps 
be regarded as an allotropic change, must be in the 
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nature of a change in the atomic or electronic 
configuration, and is apparently sufficient to bring 
about a complete breakdown of the dissolved carbide 
and free carbide of iron, with the formation of graphite. 
That masses even of manganese-iron-carbide break 
down completely under these conditions is evident from 
a micro-examination of a specimen quenched previous 
to, and after, the critical change. The experimental 
evidence points to some solubility of silicon in both 
the carbide of ron iand double carbides of iron and 
manganese, also to the fact that the presence of finely 
divided or temper carbon rapidly initiates their 
breakdown. In the phosphorus series, graphitisation 
in iron Pl was even more complete at the critical 
point, which, in the first cooling curve, is seen to give 
rise to a relatively enormous expansion. Phosphorus in 
solution has evidently a “salting-out”’ effect, inci- 
dentally causing an apparent increase in the silicon 
content, thus increasing the activity of that element 
with respect to its graphitisation propensities. The 
phospho-carbide constituent would seem, however, to 
be a relatively stable body unaffected by silicon. This 
is to be expected when it is considered that this eutectic 
freezes at a temperature considerably below that at 
which all the silicon has become solid, and, on this 
account, will be free from the graphitising element. 
Graphitisation does not, however, serve to explain 
all the reactions involved in the growth of cast-iron ; 
oxidation of the iron plays an almost greater part in 
the actual increase in volume. At the temperatures 
concerned, oxygen has a greater affinity for iron than 
for carbon, and it was always found that it was not 
until a considerable amount of Fe,0, was formed that 
decarburisation proceeded with any avidity. In 
immediate contact with the unchanged iron there 
would undoubtedly be the lower oxide (FeO), which 
at the higher temperatures would diffuse to a limited 


extent into the metal and oxidise the small particles 
of temper carbon previously formed, giving rise to a 
further change in volume and to the formation of 
carbonaceous gas. Whether the gases thus formed 
are responsible for any increase in volume is doubtful, 
as their evolution from the iron would be aided by 
the porous nature of that material. Solution of ferrous 
oxide would be expected to give an increase in volume. 
Further, in the phosphorus series, solution of the 
phosphide would follow into graphitisation, this latter 
reaction, producing a carbonless silico-ferrite, would 
cause an expansion. Diffusion of the phosphide 
would, by depriving the carbide of the phospho-carbide 
eutectic of its protective action, immediately bring 
about the graphitisation of that carbide, on cooling. 

Contraction would be brought about by the following 
reactions :— 

1. By deposition of oxide of iron in solution, there 
would be a tendency for this oxide to diffuse towards 
the massive oxide segregates, which filled the spaces 
originally occupied by the graphite, and to be deposited 
on them. 

2. By liquation of the phosphide material. It was 
found that the phosphide showed a marked tendency to 
diffuse into and partially fill the hollow spaces formed 
on oxidation of the graphite, and also into the porous 
graphite itself. 

3. By oxidation of the carbon, either in the form of 
graphite or in the combined state. Oxidation of the 
graphite would create voids, and it is possible that the 
specimens being under slight compression might tend 
to contract. Oxidation of the combined carbon would 
bring about an immediate contraction. 

It was only to be expected that the centre of the 
specimens was less oxidised than the outside portions 
and the metal adjacent to the outside. This non- 
uniformity made a true chemical analysis impossible, 
since the zones were so widely different and the lines of 
demarcation abrupt. Analysis did show, however, 
that with the phosphorus series complete decarburisa- 
tion had not taken place by the end of the twenty-first 
heat, excepting in the case of Pl. Phosphorus would 
be expected to affect materially the iron with respect to 
oxidation, serving, when in solution in the iron, to 
protect it appreciably. Indeed, it was found that the 
higher the phosphorus content of the metal, the less 
became the amount of that constituent which could be 
definitely termed oxide, and in the later numbers the 
structure, as determined by the microscope, revealed a 
constituent which had all the appearances of mixed 
phosphide and graphite. In the high phosphorus 
samples, however, liquation of the phosphide would be 
expected to take place more readily, producing two 
effects—namely, the freeing of iron carbide, which on 
decomposition would bring about an expansion; and, 
secondly, liquation of the phosphide into the graphitic 
material itself, thus partially protecting it from rapid 
oxidation. Phosphorus would appear to have a 
delaying action, but in every case would eventually 
produce a contraction. 

Manganese, whilst it has a stabilising effect on the 
carbide, makes the iron more prone to oxidation, 
whilst the product of decomposition of manganese 
carbide, namely, manganese and carbon, would be most 
readily oxidised. That this was the case was evident 
from the rapidity with which the manganese iron 
carbide, once it had decomposed, became oxidised. 

In Figs. 11 and 12 there are plotted the growth 
figures, measured in terms of the dilatometer (34 cm. 
are equal to an actual expansion of 0-01 in. on 2 in.). 
In the manganese series (Fig. 11), it is seen that in 
every case the expansion which takes place in the 
preliminary heatings shows a tendency to cease after 
a certain number of heats, and to become a contraction. 
There is no relation between chemical composition and 
growth shown by these curves—growth is, however, 
dependent upon so many factors that in a heterogeneous 
material, such as cast iron, it is not to be expected. 
Growth must, for instance, be dependent upon the 
amount of graphite, upon the volume and size of the 
graphite flakes, upon the form of combination of the 
manganese, and other variable factors. Similar curves 
are shown for the phosphorus series (Fig. 12). The 
remarkable position of the curve for P2 relative to the 
others is inexplicable. The curves do, however, point 
to the delaying action of the phosphorus, for, with the 
exception of P2, the higher the phosphorus content the 
greater is the number of heats required to produce the 
same amount of contraction. Here, again, the rate of 
the reactions will depend upon the size and configuration 
of the graphite flakes, and upon the position and form 
taken up by the phosphorus with respect to the other 
constituents. An important conclusion of this work 
with respect to the choice of suitable materials to with- 
stand heat is that, if cast iron be selected, it is imperative 
that the silicon content be low, a conclusion come to 
by Carpenter and others from practical tests. The 
addition of a carbide-forming element, whilst it would 
serve to stabilise the carbide, would in no way assist in 





preventing decomposition of the pearlite, silicon having 
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the effect of immediately bringing about the graphitisa- 
tion of carbide in solution the moment it tended to be 
deposited from solution in any form. 





THE MAGNETIC AND ELECTRICAL 
PROPERTIES OF CAST IRON.* 
; By J. H. Parrripes, B.Sc. 


Waite there is a vast amount of literature on the 
magnetic and electrical properties of steel, similar 
publications dealing with cast iron are only sparingly 
found. Cast iron has the advantage of cheap produc- 
tion, convenient casting and machining properties, 
higher specific electrical resistance, and consequently 
lower eddy current losses. Hence the use of cast 
iron could be greatly extended if its magnetic properties 
could be improved. 

American washed iron was used for the present 
investigation. The iron was melted in a 30-lb. sala- 
mander crucible, elements were added either in the 
metallic form or as ferro-alloys, and bars 12 in. by ] in. 
diameter were cast in sand-moulds. The bars were 
machined down to 1-128 centimetre diameter. The 
primary magnetisation curves were determined by 
using an Iliovici permeameter, and the hysteresis 
loops by the bar-and-yoke method. 

The highest magnetic induction and permeability 
were obtained with cast iron which had been annealed. 
In the extreme case the magnetic induction was in- 
creased 70 per cent. and the maximum permeability 
was increased tenfold on annealing. When high per- 
meability. is required, the graphite should be in the form 
of temper carbon, as little combined carbon as possible 
should be present, and free cementite must be absent. 

In the cast state, silicon decreases the magnetic 
induction, but its presence may be advantageous in 
alloys which have to work at low flux densities (e.g., 
transformer cores). Specimen 15, which contains 
6-04 per cent. silicon, 0-09 per cent. combined carbon, 
and 2-52 per cent. graphitic carbon, is an example of 
an alloy which is very magnetic in comparatively 
weak fields, having a permeability of over 1,000 C.G.S. 
at a field strength of 2-0 gauss. Both in the cast and 
annealed conditions silicon reduces the coercive force 
and the hysteresis loss. In the case of specimens 
10 and 15, the hysteresis losses are remarkably low, 
being equal to that of very soft iron. Specimen 10, 
which contains 4-165 per cent. silicon, 1-35 per cent. 
combined carbon and 1-19 per cent. graphitic carbon, 
gave a hysteresis loss of 8,700 ergs/c.c. per cycle, for 
B = 10,000. In the case of specimen 15, the hysteresis 
loss is exceptionally low, amounting to only 2,390 
ergs/c.c. per cycle; it is remarkable in that it occurs 
in an alloy which is in the cast state. 

Both in the cast and annealed conditions manganese, 
nickel, and chromium are prejudicial to high magnetic 
induction. Manganese should be as low as possible 
when cast iron having high induction and high per- 
meability is required. The addition of chromium to 
cast iron decreases the maximum permeability and the 
remanent magnetism, and increases the force at which 
this maximum permeability occurs. In the annealed 
condition manganese and chromium increase the 
coercive force and hysteresis loss and decrease the 
remanent magnestism. 

In the cast state aluminium decreases the magnetic 
induction, permeability and remanent magnetism, and 
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increases the coercive force and the hysteresis loss. 
In the annealed condition aluminium, in amounts up to 
1 per cent., decreases the magnetic induction and the 
maximum permeability, but increases the coercive 
force and hysteresis loss. When present in amounts 
from 1 to 3 per cent., however, aluminium causes a 
huge increase in the induction and permeability, 
specimens A5 and A6, respectively, containing 1-23 
per cent. and 3-00 per cent. of aluminium, having 
inductions of over 13,000 C.G.S. and permeabilities 
of over 1,000 C.G.S. It also causes a huge decrease in 
the coercive force and hysteresis loss. The coercive 
force and hysteresis loss of specimens A5 and A6 are 
very little greater than those of soft iron. 

Phosphorus has little effect on the magnetic proper- 
ties of cast iron, probably tending to increase the 
magnetic induction in alloys containing silicon. The 
presence of sufficient nickel, or nickel and manganese, 
makes cast iron non-magnetic. Sufficient of these 
elements must be added to render the iron entirely 
austenitic, the presence of martensite making the iron 
feebly magnetic, hard, and difficult to machine. An 
easily machineable non-magnetic cast iron could be 
made by having nickel and manganese present in such 
proportions that the combined effect of these two 
elements on the carbon is negligible. Sufficient 
silicon would then be added to precipitate just suffi- 
cient graphite to give the required strength, machining 
properties, surface, &c. 

In the cast state cobalt increases the magnetic 
induction and remanent magnetism and increases the 
maximum permeability. The specimen containing 
23 per cent. of cobalt has an induction of 13,440 C.G.S., 
which is exceptionally high for cast iron in the cast 
state. Both manganese and chromium are capable of 
giving a sufficiently high coercive force for a good 
permanent magnet, but in doing so they reduce the 
remanent magnetism to a very small amount. 

Silicon, manganese, and aluminium raise the specific 
resistance of cast iron. Cast iron has a very high 
specific resistance, and is suitable for resistance grids 
which have to pass heavy currents. Annealing reduces 
the specific resistance of cast iron; this is due to the 
fact that, in the cast specimens, the graphite exists 
in the form of flakes, which so cut up the mass of 
iron that the passage of the current is very much 
hindered, 7.e., the resistance is very great. In the 
annealed specimens, however, the graphite exists in 
the form of temper carbon, and the continuity of the 
current is not affected to the same extent. 





TUNNEL TO CoNNECT PiccADILLY AND City TUBES.— 
It is announced that the Underground Railway has 
laced a contract with Messrs. Walter Scott and 
fiddleton for the construction of a short tunnel to 
connect the Piccadilly and City tube lines at King’s 
Cross. This new connection will permit of rolling-stock 
in service on the latter routes being transferred to the 
Piccadilly tracks and despatched to Lillie Bridge Depot 
for overhaul. The necessity for this departure arises 
from the fact that under present conditions the work 
required to be done at Golders Green would soon surpass 
the capabilities of the repair shops there. The new 
link tube will be 1,200 ft. long and 12 ft. 6 in. in diameter 
and will have a slope of 1 in 80. To facilitate the 
conveyance of materials, &c., into the tunnel whilst 
operations are in progress a shaft will be driven, at 
Midland Road, to a depth of 90 ft. It is not anticipated 
that any part of the work will be performed under com- 
pressed air. To avoid interrupting traffic the construc- 
tion of the connections with existing tunnels of both the 
Piccadilly and City lines will be undertaken at night. 














FURNACE DOOR FOR SMOKE 
PREVENTION. 


Ar the time that a new charge of fuel is introduced 
into a boiler furnace the normal combustion conditions 
are disturbed, with the result that black smoke is 
caused to pass away from the chimney. This is not 
only undesirable from the standpoint of maintaining a 
clear atmosphere, but is the source of waste of available 
heat. 

Many investigators have attempted to devise means 
for the prevention of this action and a measure 
of success has already been obtained. Messrs. 
Meldrums, Limited, of Timperley, near Manchester 
early devised a smoke-consuming valvular deadplate 
for fitting to Cornish, Lancashire and water-tube 
boilers and have now tackled the problem as it relates 
to Cochran, ordinary vertical or locomotive type 
boilers, and illustrations of the new furnace door 
introduced for the purpose are provided in Figs. 1 to 4 
on this page. 

The principle on which this smoke-consuming device 
works is that of introducing a supply of secondary air 
at the place of combustion for the complete burning 
of the greatly increased volume of gases released from 
the fresh change of fuel. As the necessity for this only 
arises for a period of about one minute after the 
introduction of green fuel, it is only for such a period 
that the device is put into action. From the illu- 
strations it will be evident that there is a double 
wall in the door, which leaves a channel for the passage 
of the secondary air to the furnace, and the draught 
necessary for its propulsion is created by steam issuing 
from a series of jets in a pipe situated above the space 
between the double wall and extending along the 
entire length of the door. By the use of this door and 
the simple expedient of opening the steam valve to the 
small pipe, sufficient extra air may be introduced to 
ensure that all the combustible gases produced in the 
first heating of the new fuel are completely burned. 
The door, which is made of cast iron and substantial 
enough to withstand very harsh usage, takes the place 
of the ordinary firing door of the boiler. It may be 
fitted for use with either natural or forced draught, 
but was specially designed for use in association with 
the Meldrum forced-draught furnaces in order that the 
cheapest types of fuels, such as coal slack, coke breeze, 
sawdust, &c., may be burned efficiently and without 
the production of objectionable smoke conditions. 





TRIALS OF SIAMESE GuNBOAT “ RATANAKOSINDR.”— 
The Royal Siamese gunboat Ratanakosindr, constructed 
and armed by Messrs. Sir W. G. Armstrong, Whit- 
worth and Co., Limited, has recently completed satis- 
factory trials, and is now ready for the voyage to Bangkok. 
In the course of a 12-hour endurance test a mean speed 
of 10} knots was attained with the machinery developing 
50 per cent. of the designed power. When carrying out 
full-power, steering, anchor, and gunnery trials, the 
designed speed was exceeded by 0-892 knots with the 
engines developing designed power. The vessel prove 
to be an excellent sea-boat. On the steering trial it 
was found possible to reverse her direction in_ the 
remarkably short distance of three lengths. Some 
further particulars of the ship were given in & Lage” 
graph which appeared-on page 712 of our issue © 
June 5 of this year. 
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THE DETERMINATION OF THE 
THERMAL EFFICIENCY AND PER- 
FORMANCE OF IDEAL INTERNAL 
COMBUSTION ENGINES. 

By R. W. Batuey, B.Sc., Wh.Sch., A.M.I.Mech.E. 


Soms months ago* the writer referred to a method 
he had employed in making calculations relating 
to the thermal efficiency and performance of ideal 
internal combustion engines. As the method has 
the merit of high accuracy for an actual working 
fluid and promises to save very considerable time 
over the existing methods of treatment, it is hoped 
that it will be of general interest. The present 
article derives the algebraic relations upon which 
the method is based, presents the graphs and tables 
necessary for graphical and arithmetical methods of 
solution, indicates how by the use of specially divided 
scales a slide rule may be used to yield results in a 
few seconds, and gives several examples which are 
sufficient to make clear the utility of the proposal. 

Pressure, Temperature and Volume during an 
Adiabatic Change.—Before dealing with a working 
fluid typical of internal combustion engines it is of 
interest to consider the behaviour of steam. Pro- 
fessor Callendarf points out that for dry steam the 
pressure p of the steam varies with the absolute 
temperature T during an adiabatic change such 
that p/T*+1 is constant, n being a constant. 
Or, writing T"+1 as Y4, which is a function only 
of temperature, p/Y1 is constant during adiabatic 
changes. The following shows that when a gas 
complies with the usual characteristic equation 
and the specific heats are represented by : 


C, = Specific heat at constant volume 
=a+b6T+cT2 + dT5 + ...... 
C, = Specific heat at constant pressure 
=a +bT+cT2+d4T5 + ...... 
R = Gas constant = C, —C, =a, — a 
where @,, a,, b, c and d are constants. 


a similar relation holds for any such imperfect 
gas, Y! being again a function of T, the form of 
which is determined later. It is interesting to 
note, however, that this function does not come 
down to the same form (see eqn. 9) as given by 
Callendar for steam, and an enquiry into the 
reason for the difference suggests that in the case 
of steam the expression employed by Callendar 
for his ‘“Coaggregation Volume” only applies 
over a range of temperature and it should not be 
extended to temperatures common in internal com- 
bustion engines. say above 1000 deg. C. (absolute). 


If & = constant for an adiabatic change, sub- 
stituting for p from the characteristic equation 


vYl : 
shows that also 7 = constant, when v is volume. 


sine A 2 : : 
Or by writing z as Z}, which obviously will also 
be a function only of T, we have vZ! = constant. 
The relations (1) and (2), 
P = constant . i - & 
yl 
»Zl = constant . ? .« & 
which may conveniently be referred to as our 
adiabatic equations, considerably facilitate the 
work of calculating the performance of internal 
combustion engine cycles. The character of the 
functions Y! and Z} as also others which are of use 
is determined by the following. Let, 
characteristic equation bbapy = RT 
where a is a coefficient converting pv work units 
to heat units. 
Then from the law of conservation of energy, if 
Qis heat added and ¢ is entropy 


@€Q=C,dT+apdv 


=0,¢T+RT% 
v 


and dQ ~ & dv 


Putting R= apy — @ introducing the value Cy in 





* Discussion, “‘ Standards of Comparison in Connection 
with the Thermal Efficiency of Internal Combustion En- 
gines,” by G. James Wells, Wh.Sch., Assoc.M.Inst.C.E.; 
at the Institution of Civil Engineers. 

T “ Properties of Steam,” page 52. 


terms of T and making d @ zero for an adiabatic 
change gives : 


dT d 
0 = (a +oT +e +a +...) G+ (ey-a)S 


Dp 
; : d 

=a, [t+ b+eT+adTM+...)dT+ (ay —a,) 

By integration : 
a, log, T+ (OT +5 T4273 +...) 
+ (4) — 4,) log, v = constant. 
Dividing by ay putting DP x Yo and using the ex- 
Z a 


v 
ponential form, the preceding equation becomes : 


1 ae di 
—~/bT+—T2+ _T3+... 
vol op ety ( - 3 38 a constant 
(3) 
Writing : 
1 ‘ c d 
—~(bT+T?2+_T3+... 
eainae ~< 3 ) . (4) 


where Z, as will be noted, is a function only cf T, 
equation (3) becomes: 
Z v¥o—1 — constant 7 ° - (3) 


Introducing in equation (3) the value of v given 
by the characteristic equation gives : 


2 3 
~(6 T + = + = a. 
aR Ere. ae ™ =constant 
pYe 
Writing 
2 3 
% (or zs = + e+ Si : 
Y=T" . ¢% = (6) 
we have 
x 
——. = constant . . (7) 
pio 1 
ate = 1 
Raising (5) to the may power to make v 
1 


a 7 — 1 
linear and writing Z} for Z ™ gives equation (2). 
It will be found from equation (4) that : 
1 1 
op — % (T+ T+ oT5+ 35 -) 
(8) 


= 
Zia tT”? F 


Substituting for v in equation (2) from the char- 
acteristic equation gives : 

ZiT 

os 


= constant 


where 
0 Me on 
nt a ar 
ZT =Yl=T" tp — % (or +67 


d \ 
oe, - - aig 
3 - } (9) 


Thus writing Y+ for Z'T and inverting the relation 
a constant gives equation (1). 

Since any gaseous working fluid which sufficiently 
well complies with the usual characteristic equation 
can, and indeed usually does, have its specific 
heat represented by the power series assumed, it 
follows that the actual working fluid satisfies equa- 
tions (1) and (2) during an adiabatic change. 

Representative Working Fluid—Many authorities, 
as is well known, have employed expressions of the 
form comprising the first two or three terms of the 
general power series taken above to represent the 
specific heats, as applicable to the actual working 
fluid of internal combustion engines. Generally 
the several relations advocated lead to values of 
the specific heats, which over the range of tempera- 
tures most common in internal combustion engines 
do not differ widely amongst themselves. Employ- 
ing what appears to be the most reliable values 
of the molecular specific heat for the constituent 
gases of the products of combustion, the writer 
recently examined the cases of different types of 
fuels, and came to the conclusion that for most 
purposes only two cases need be employed covering 
(a) oil fuel, (6) gaseous fuels except blast furnace 
gas which conforms more with (a) but it has a smaller 
gas constant R. 

(a) Oil Fuel.—In the following the expressions 








upon the molecular heats given below, and a gas 
constant R for one mol. of gas of 1-987 taken to 
be the same for all gases. 





| Heat Capacity Per Deg. Cent. at Constant Volume. 








Gases. (Lb. Calories Per Lb. Molecule, or Kg. Calories 
Per Kg. Molecule.) 
! 

No and Oo | C, = 4:86 + 0-284 x 103T + 0°25 x 10°6 T2 
CO2 | =4:56+ 7-59 x 103T —1-95 x 10-6T2 
H2O = 7-51 —2:54 x 10°3T + 2-07 x 10°6T2 

! 





R=C,- Cc, = 1°987 as stated. 
T = temperature deg. C. absolute, or deg. Kelvin (deg. K.). 


The values of Cy for N, and O, are based upon 
data recommended by Pye* and arranged to agree 
with the value of 5-0 determined by Swann for 
nitrogen at 100 deg. C., and in the case of H,O 
to agree fairly closely with figures given by Pye 
and values deducible from Callendar’s equations 
relating to superheated steam for temperatures 
from 100 to 500 deg. C., and at atmospheric 
pressure. 

Taking an oil fuel having a composition 

C = 87:0 per cent. 
He = 12°5 per cent. 
Nz = 0:2 per cent. 
S = 03 per cent. 
and allowing excess air 75 per cent. by weight, the 
specific heats for the products of combustion are :— 

C, = 0-174 + 0°0232 x 10-5 T + 000694 x 10-6 T2 

Cy = 0-242 + 0°0232 x 10-5 T + 000694 x 10-6 T2 
and the characteristic equation for one pound of 
gas when pressure is in lbs./in.?, volume in ft. 
and temperature in deg. K is :— 

pu = 0668 T ° , - (10) 

Taking H and E to represent the total and internal 

heats in lb. calories per lb. of gas, where 


T 
E= C, dT 

70 

and T 
x | C,4aT 

0 


The expressions for E and H are :— 


E = 0174 T + 0°0116 x 10-5 T2 + 0°00231 x 10-6 T5 (11) 
H = 0°242 T + 0°0116 x 10-3 T2 + 0°00231 x 10°6 TS (12) 


(b) Gaseous and General Fuels. 
The following expression, equation (13), 
C, = 0-167 + 62 x 10°6T — 7:25 x 10°°T2 = (13) 


for the specific heat at constant volume derived 
by Dr. T. B. Morleyt from data due to Prof. Stodola 
is well representative of the case of most gaseous 
fuels when employed in conjunction with a gas 
constant of 99 in the characteristic equation, in 
which pressure is in lbs./ft.2, volume in ft.’, and 
temperature in deg. K. Equation (13) also approxi- 
mately represents a general fuel oil or gas when 
employed in conjunction with a gas constant of 
96 or 97. Employing equation (13) for Cy, and 
using a gas constant of 97 or R = 0-0693 (heat 
units) the following relations, corresponding with 
equations (10), (11) and (12), result :— 
pv = 0674T : a ‘ a (14) 
E = 0°167 T + 0:000031 T2 — 0:2417 x 10-8 T5 (15) 
H = 0:236 T + 0°000031 T? — 0:2417 x 10-8 T3 (16) 
The corresponding magnitude of yp is 1-415, 
taking a, = 0-167 and R = 0-0693, the 
expressions for the functions Y Z Y? and Z? are :— 


Y = 415 : 29000371 T—2-17 x 10-8 T2 (17) 


ee, 20000371 T — 2-17 x 10°8 T2 (18) 

et) i 
9. ¢ 

m=z 40°, (20) 


Method of Calculation. 

(a) Graphical.—The quantities E, H, Y and Z 
represented by equations (15), (16), (17) and (18) 
have been evaluated for a series of temperatures, 





* Dictionary of Applied Physics, Glazebrook, vol. i, 
page 594. 
Journal Inst. Mech. Eng., February, 1921. Paper 
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and are shown plotted with temperatures as ab- 
scisse in the diagram below. 

The use of the graphs for H and E in connection 
with heat energy values during constant pressure 
and constant volume changes respectively of the 
working fluid will be understood. 

Referring to adiabatic changes, let p, v, T; 
and p, v, T, be the initial and final pressures, 
volumes and temperatures respectively. If Y, and 
Y,, Z, and Z, are also the values of Y and Z corre- 


‘sponding to the initial and final temperatures. 
, then from equation (5) 


case of the latter and further explanation here is 
unnecessary. 
Examples :— 

(1) 1 Ib. of gas at 300 deg. K. and 14- 7 Ibs. /in.? 
is compressed at a ratio of compression of 6. What 
is the initial volume.- final pressure, temperature 
and volume, and the work of compression ? 

(a) Computation Method using Tables I and II. 

Employing suffixes 1 and 2 to indicate initial 
and final conditions 

From characteristic equation 


0-674 x 300 











































































































vi] S = 13-75 ft.5 
i ne 14-7 
Z; v, 70 = Zp v2 V0 
or | vy Z'y = v2 Z’2 or Z’2 = Z'} 3 =rZ'} 
yo— 1 es oe Zi | ne 
Zp = Z; (: =) = (2 ieee OE (21) | From table 
2) : | Z’; = 1-212 x 106 andr is given = 6 
26 a Zz 
, Cette Bee ss so 
23 
2006, 4 10,000 ta 900 
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re— 
ol 4} 9,000 —=— i pee 
R000 2 — A 
16} | 8000 a ag or rf * tw 
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Lo H>| a LZ Lo 400 
104 2; 5000 ae aL og ~ 400 
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240} 1000 A Y= 7T 0 
=a 
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(3136) Temperature “K ENGINEERING 
and from equation (7) therefore 
as Y> Z’2 = 7:272 x 108 
pio-! a po} It is clear from Table II that T, is between 


or 
Y_ = ¥; ‘a ox". np 
Pl 

In equations (21) and (22) r represents the ratio, 
final to initial, of the volumes or pressures. For 
quick and more or less mechanical computation 
it is more convenient always to take r as the ratio 
of the larger to the smaller value of pressure or volume, 
and then whether an adiabatic transformation is 
defined by a pressure change or a volume change, as 
both Y and Z increase with the pressure, 
the larger Y or Z always equals ,¥o—1 times the 
smaller value. Examples given later will indicate 
the convenience of this procedure. 
and Z! increase with temperature, but at a 
much more rapid rate than Y and Z. ‘The 
high rate of increase will be seen by referring 
to Table II, and it will be appreciated that on 
account of this it is more convenient when employ- | 
ing a graphical process to make use of the quantities 
Y and Z as is done in the diagram, instead of Y? 
and Z!, although the latter are more useful when 
a computation method is employed. The diagram 
is therefore given to illustrate the method when 
graphs are used. 

(b) Arithmetical_—Tables I and II, as already 
indicated, will be used for arithmetical computa- 
tion purposes, In this case, using Y! and Z’, it 
is again convenient, and for the reason given in 
reference to the use of Y and Z, to take r to repre- 
sent the ratio of the larger to the smaller pressure 
or volume. 

The following examples illustrating the graphical 
and arithmetical applications of the method will 
be sufficient to indicate clearly the procedure in the 


Similarly Y? | 








500 deg. K. and 600 deg. K., and by interpolation 
is given approximately by 
Tz = 500 + 29-68 (7-272 — 4-921) 
= 569-7 deg. K. 


= 13°75 _ 9.991 ft.3, 


From characteristic equation 
0-674 x 569-7 
9- — 
= 168-3 lbs./in.2. 


r= 


Work done during compression = E, — fF, 
heat units 
= 90- "95 + 0- 1989 x 69-7 — 52-83 
104-81 — 52-83 
51-98 lb. be 


ld i 


(6) By Chart. 
2 = 328 79°415 5 
Z2 = 328 x 2-105 = 691 
To = 568 deg K 
P2 V2 are obtained as in (a) 

Work during compression = Ez — E; = 104-4 — 52-4 

= 52-0 Ib. cals. 

(2) In the case of (1), determine for the Otto cycle 
the pressures and temperatures at the end of com- 
bustion and expansion, the work done and the ther- 
mal efficiency, given calorific value of charge 350 Ib. 
cals. per Ib. 

Let the suffixes 3 and 4 apply to the points of the 
indicator diagram representing the ends of com- 
bustion and expansion. Evidently, v; = v, and 
% = 2. 

(a) Computation from Tables I and II. 
Es; = E2 + 350 = 104-81 + 350 = 454-81 Ib. cals. 
Ts = 2000 + (454-8 — 438-67) 3-795 = 2061-2 deg. K. 


*105 





x = 609 lbs./in?. 

Z’s =,436-2 + 61°2 x 0-892 = 490-8 

Z’, = 490-8 +r (= 6) =81-8 

Ts = 1200 + (81-8 — 71-17) 4-54 = 1248-2 deg. K. 
Ey = 240-87 + (48-2 x @-2332) = 252-1 Ib. cals. 
Work done during cycle = E3 — E2 — (Eq — EF) 
= 350 — (252-1 — 52-8) 
= 150-7 Ib. cals. 


15 
Thermal efficiency of cycle = = = 0-431 


350 
(6) By Chart. 
Ez; = 104-4 + 350 = 454-4 
T; = 2062 deg. K. 
2062 


Ps pt = 168-3 x 


























p3=168-3 x 68 = 611 lbs./in?, 
Zz = 4040 
TABLE I. 
Diff. Diff. 
T. | 
Deg. | 
K. E. Per |Deg. C.| H. Per | Deg. C. 
Deg. C. per Deg. C. | per 
C.H.U. | C.H.U, 
| 
300 | 52-83 73-53 | 
0-18781 | 5-32 | 0-2568 | 3-895 
400 | 71-61 99-21 
0-19343 | 5-171 0-2624 | 3-811 
500 | 90-95 125-45 
0-19890 | 5-028 0-2679 | 3-735 
600 | 110-84 152-24 
0-20424 | 4-895 0-2732 | 3-661 
700 | 131-26 179-56 
0-20942 | 4-775 0-2794 | 3-579 
800 | 152-20 207-40 
0-21446 | 4-665 0-2835 | 3-528 
900 | 173-65 235 +75 
0-21936 | 4-559 0-2883 | 3-469 
1,000 | 195-59 | 264-58 
022410 | 4-462 0-2932 | 3-411 
1,100 | 218-00 | 293-90 
0-22870 | 4-373 0-2976 | 3-362 
1,200 | 240-87 | 323-66 | 
0-23317 | 4-290 0-3023 | 3-310 
1,300 | 264-19 | 353-89 
0-23748 | 4-211 0-3065 | 3-263 
1,400 | 287-94 384-54 
0-24166 | 4-140 0-3107 | 3-221 
1,500 | 312-11 415-61 
0-24568 | 4-071 0-3146 | 3-180 
1,600 | 336-67 447-07 
0-24956 | 4-010 0-3185 | 3-140 
1,700 | 361-62 478-92 
| 0-25330 | 3-950 0-3223 | 3-102 
1,800 | 386-95 | 511-15 | | 
| 0-25689 | 3-895 | 0-3259 | 3-06 
1,900 | 412-64 | 43°74 | 
| 0-26032 | 3-841 0-3293 | 3-037 
2,000 | 438-67 576 +67 | 
0-26360 | 3-795 0-3326 | 3-007 
2,100 | 465-03 609-93 
0-26679 | 3-750 0-3358 | 2-979 
2,200 | 491-71 643-51 
0-26979 | 3-710 | 0-3388 | 2-952 
2,300 | 518-69 | 677-39 
0-27265 | 3-670 0-3416 | 2-929 
2,400 | 545-95 711-55 | 
0-27540 | 3-631 | 0-3444 | 2-905 
2,500 | 573-49 745-99 
0-27790 | 3-600 0-3469 | 2-383 
2,600 | 601-28 780-68 
0-28037 | 3-569 0-3494 | 2-863 
2,700 | 629-32 815-62 | 
028269 | 3-540 0-3517 | 2-843 
2,800 | 657-59 850-79 | 
0-28480 | 3-512 0-3538 | 2-827 
2,900 | 686-07 886-17 | 
0-28680 | 3-489 | 0-3558 | 2-820 
3,000 | 714-75 921-75 | 
| | | 











Z4 = 4040 + r0-415(= 2-105) = 1918 
Ts = 1250 deg. K 
E; = 253. 
Work of cycle = 
cals, 


350 — (253 — 52-4) = 149-4 lb. 


140°4 _ 0-497 

350 

(3) In the case of a Diesel engine the suction 
temperature is 300°K, the compression ratio is 14, 
and the ratio of expansion during combustion is 
2-5. Find the pressure, volume and temperature 
at the cardinal points of the indicator diagram, 
the heat of combustion, heat rejected, heat converted 
into work, and the thermal efficiency. 

(a) Computation from Tables I and I. 

Let the suffixes 1, 2, 3 and 4 refer to the beginning 
and end of compression, the end of combustion and 
the end of expansion. 


Thermal efficiency = 


Z’; = 1-212 x 10 Z’o = 142’; = 16-97 X 108 
T. = 700 + (16-97 — 13-05) 15-36 = 761 deg. K. 
T; = 2-5 xX 761-0 = 1902 deg. K. 








v, = v4 = 13-75 ft.3 
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13-75 
w= — 0-98? 3 
2 14 0-982 ft. 

0-674 x 761 
p2 = p= as = §22 lbs. /in.2 
vy = 2-5 vp = 2-455 £t.3 
Z'3 = 358-9 + (2 x 0-773) = 360-5 
z's = 360-5 2-5 = 64-3 

14 
T’s = 1100 + 5-62 (64-3 — 53-38) = 1161-4 deg. K. 
py = STE TIS = 56-9 Ib,/in.2, 
Heat of combustion 


= H; — Ho 


= {543-74 + (2 x 0-3293)}— {179 -56-+ (61 x 0-2794)} 


| _ _, 0-674 x 756 

ae" 0-978 

C078 x EY wo 6-Fiiies 
13°75 

| Heat of combustion 

| o Hi yp = 0462 ~ 

| 


= 521 Ib./in.2 


p= 


196 = 345 lb. cals. 


Heat rejected 


= Ey — E, = 232 — 52-4 = 179-6 tb. cals. 


| Heat converted into work 
= 345 — 179-6 = 165-4 lh. cals. 


Thermal efficiency 
_ 165-4 


ss = 0-479. 
345 




















= 544-4 — 196-6 It will be seen that in most cases the data ob- 
= 347-8 Ib. cals. | tained by compuation from the tables and graphi- 
TABLE II. 
r Difference. Difference. 
Deg. K. Ze ¥’, | 
| Per deg. C. Deg. C. per unit Z’.| Per deg. C. |Deg. C. per unit Y’. 
300 1-212 x 106 3-636 108 | | 
0-0142 x 106 | 70-43 x 1076 | 0-0691 x 108 14-48 x 10-8 
400 2-636 | 10-544 
0-0229 | 43-69 0-1406 } 7-115 
500 4-921 | 24-604 | 
| 0-0337 | 29-68 | 0-2514 3-978 
600 8-289 | 49-740 | 
0-0476 | 21-02 | 0-4161 2-404 
700 13-05 91-348 | 
0-0651 15-36 | 0-6515 1-536 
800 19-56 156-50 | 
0-0858 | 11-66 | 00-9678 1-034 
900 28-14 | 253-28 | | 
0-1112 | 8-993 | 1-393 | 0:7175 
1,000 39-26 | 392-56 | 
0-1412 7-085 | 1-947 | 0-5135 
1,100 53-38 587-22 
0-1779 5-620 2-669 0-3748 
1,200 71-17 854-08 
| 0-2203 4-540 3-576 0-2796 
1,300 | 93-20 1211-7 | 
; 0-2690 | 3-719 4-702 0-2127 
1,400 | 120-1 | 1681-9 | 
} 0-3250 | 3-077 | 6-074 0-1647 
1,500 | 152-6 | 2289-3 
0-3930 | 2-545 7-818 0-1279 
1,600 | 191-9 | 3071-1 
0-4680 | 2-187 } 9-868 0-1014 
1,700 | 238 °7 4057-9 
| 0-5590 1-789 | 12-448 0-0803 
1,800 | 294-6 | 5302-7 
0-6430 1-555 15-17 0-0659 
1,900 | 358-9 6820-2 
| 0-7730 |} 1-294 19-03 0-0525 
2,000 | 436-2 8723-7 
0-8920 | 1-122 23-09 0-0433 
2,100 | 525-4 11033 
1-029 0-9720 27-90 0-0358 
2,200 | 628-3 13823 
1-175 | 0-8501 33-32 0-0300 
2,300 745-8 17155 
| 1-364 | 0-7330 40-14 0-0249 
2,400 | 882-2 | | 21169 
1-558 0-6415 47-97 0-0208 
2,500 | 1038-0 | 25966 
1-76 0-5680 | 56-06 0-0178 
2,600 | 1214-0 | | 31572 
2-01 | 0-4970 66-40 0-0151 
2,700 1415-0 | | $8212 
2-26 0-4423 77-29 0-0129 
2,800 1641-0 | 45941 
2-54 | 0-3938 90-01 0-0111 
2,900 1895-0 | | 54942 
2-87 | 00-3480 | 105-07 0-0095 
3,000 | 2182-0 | | 65449 


Heat rejected 
= Ey— Kj 








= (218 + 61-4 x 0-2287) — 52-83 


= 232-04 — 52-83 = 179-21 Ib. cals. 


Heat converted into work 
= 347-8 — 179-2 = 168-6 lb. cals. 


Thermal efficiency 


_ 168-6 


347-8 


= 0-485 


(6) By Chart— 


Z, = 328 
Zo = 981 
T, = 756 
T; = 756 
Cee 
Z4 
Ts 


ll 


es 
Ss 


v3 m= 2-5 


3518 
1720 
1156 deg. K. 

= = 13-75 ft.5 
= 0-982 ft.3 


70-415 — 2-99 
deg. K. 


xX 2-5 = 1890 deg. K. 
70-415 (= 5-60-15) — 2-045 


vg = 2-455 ft.3 














cally from the chart is in good agreement. Where 
there are small differences, these are due to error 
in working by the graphical method. 


(c) Slide Rule. 

Although the methods outlined above show a 
saving of time over the use of an entropy chart, they 
are cumbersome and slow compared with a specially 
designed slide rule by means of which the quanti- 
ties of an adiabatic change may be obtained in a 
few seconds, and a cycle worked out in one or two 





minutes. 
Writing f’ (T) for + 
(1) and (2) become :— 


and f” (T) for z+ equations 


pf (T) = constant (23) 
vf’ (T) = constant (24) 
and taking logarithms 
log p + log f’ (T) = constant (25) 
log v + logf”’(T) = constant (26) 


It will be evident from equations 25 and 26 that 
the suggested slide rule will require an ordinary log 
scale to represent log p or log v operating in con- 


ture representing log f’ (T) or log f” (T) respec- 
tively. The utility of such a rule is greatly increased 
by having scales of internal and total heat energy 
associated with one or other of the two latter scales 
in order that with the aid of a cursor these energies 
may be read for any temperature. The scale for 
log p or log v is conveniently one of the ordinary 
scales of the common slide rule, and the addition of 
the proposed scales can be made so as not to inter- 
fere with the use of this scale for the usual calcula- 
tion purposes, nor with the other capabilities of 
the standard rule. This matter has formed the 
subject of a patent application. 

An alternative mode of calculation to those already 
considered is to employ tables of log f’ (T) and log 
f’ (T) in conjunction with ordinary log tables for 
p and v. This method next to the proposed slide 
rule promises to be the most expeditious one for 
dealing with the adiabatic events of a cycle. The 
application of the proposed slide rule or its equiva- 
lent tables of log f’ (T) and log f” (T) to problems 
such as the examples given above will be understood. 

Choice of Methods.—The slide rule proposal is 
the most rapid means of dealing with ideal internal 
combustion engine calculations, and if available it 
may be expected to displace the use of the tempera 
ture-entropy chart for most practical purposes. 
In deriving performance data for an ideal engine 
for comparison purposes, there is an advantage in 
computation methods based upon standard tables 
in that the results obtained do not depend upon 
accuracy of draughtsmanship or the reading of a 
graph, but may be as exact in an arithmetical 
sense as it is desired to make them. Tables have 
an important use in these cases, and of the com- 
putation methods referred to by the foregoing the 
writer considers that the use of log f’ (T) and log f” 
(T) would be found most convenient. Using the 
data given by Tables I and II it will be found that 
generally the diagram given affords the quicker 
method. This would probably not be the case, 
however, if the tables were constructed for smaller 
temperature increments. 

In conclusion the writer wishes to say that he is 
indebted to Mr. P. P. Starling for calculating the 
data given by Tables I and II. 





MULTIPLE-SPINDLE AUTOMATICS. 


By JosEPH HORNER. 
(Continued from page 190.) 

Tue broad distinction made between the turret 
lathes which are designed exclusively either for 
bar or for chuck work, has its analogue in multi- 
spindle machines, which are built for wire feeds, 
or for jaw chuck work. The diameters taken by 
the first are much more restricted than those of 
the second, which are termed chucking machines, 
while the others are denoted by the generic term 
automatics. 

The Goss and De Leeuw Multi-Spindle Automatic 
Machine.—The multi-spindle chucking machine of 
the Goss and De Leeuw Machine Company, of New 
Britain, Conn., U.S.A., is shown in front and rear 
views by Figs. 55 and 56, page 406. In this the work 
is held in the turret, and is fed against revolving 
tools. Two-jaw chucks, of the type shown in Fig. 57, 
are commonly used, but other forms can be fitted, 
such as three and four-jaw universals, and special 
fixtures. The turret is fed by means of a cam 
drum, the rates of which can be varied with 
change gears. The machine is of the station type, 
having four working spindles, and one for loading. 
Three spindles are used for turning, boring and 
drilling, and one for reaming and threading, the 
individual speeds of which are varied by means of 
change gears. Threads are cut by the control of lead 
screws. The time required to complete a piece is 
that of the longest single operation, and when this 
can be divided between two or more tools, the total 
time is reduced proportionately. The wide variation 
in speeds and feeds provided renders possible a 
range in cycles from 7 to 56 seconds. Figs. 55 and 
56 afford a good idea of the general construction of 
the machine. The headstock carrying the tool 
spindles is cast solid with the bed, which is a 
single casting, surrounded with a waste oil and 
chip pan. 








junction with special scales graduated in tempera- 





The tool-carrying spindles, the extremities of 
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‘ pitch. The lead screw is mounted on the spindle, 
Fia. 55. Tue Goss anp Dz Lezuw Avromatic; Front View. and the nut is fastened to the threading slide. This 

’ action, to be available for cutting threads on work 
held in the turret chucks, could not be applied 
if the spindle lead nut remained stationary as the 
turret approached. For this reason, the spindle 
and lead screw are mounted in the slide, which is 
pushed back by a nut on a large threaded rod 
attached to the turret housing as the die head is fed 
towards the work. The use of lead screws obviates 
the necessity of the threading tools drawing them- 
selves into the work. If outside and inside threads 
of different pitches have to be cut, they can be 
done simultaneously by means of a supplementary 
sleeve fitted to the nose of the threading spindle. 
having its own lead screw and nut. An additional 
advantage of the lead screw arises from the revers- 
ing action of the spindle. When the threading 
spindle is used for reaming, the lead screw and 
reversing clutch are disconnected, and a rack and 
pinion are put into action. The slide is then 
driven towards the work at twice the rate of the 
turret feed. The reamer can be given a slow 
speed with change gears, and a quick feed, which 
is the ideal action. 

The work, which is held in chucks in the turret, 
| is fed up to the revolving tools by means of a cam. 
| The work-spindle slide has long, wide bearings on 

the bed, and a narrow guide, with a taper gib. 
; An annular plate with bevelled edges at the rear 
| of the turret fits a corresponding plate attached to 
| the slide. The turret is locked solidly to the slide 
| after it has been positioned by the entry of the 
ilocking bolt, the bolt being thus relieved of 
torsional strain. The bolt moves between a 
| hardened plate and a hardened taper gib. The index 
plate on which it acts is 16 in. in diameter, while the 
| work centres are set in a circle of 10} in. diameter, 
| which minimises possible errors in indexing. The 
| cam drum is used only for the feed and return of the 
| turretslide. The cam stands still while the indexing 
Kee 'takes place. The two mechanisms are so inter- 
Fic. 56. THe Goss anp De Lezuw Automatic; Rear View. | jocked that they cannot get out of phase. Cams are 

| readily interchangeable by being made in halves 

which are seen in the illustrations, are driven | increased as a unit, or reduced, to suit the softer| bolted to the drum. The cam roller is mounted on 
from individual change gears, selected by the brasses, or the harder steels and cast-irons. The | aslide between the main ways of the machine, and is 
operator to suit the most appropriate speed re-| adaptabilities of the machine are thus greatly | locked firmly to the bed during tooling operations. 
quired for each tool to secure maximum production, | enhanced. The fourth working spindle used md Accurate adjustment of the roll slide is ensured by 
minimise wear, and prevent risk of fracture. In| threading, and reaming is an independent unit,! means of a screw and micrometer collar, which 18 
addition to the gears for individual spindles, there mounted on a separate slide, to be locked to, and| of value for accurate facing, and for final adjust- 
is a set of main change gears by means of which moved with, the main turret slide, when the machine! ments of work, following a trial cut. The two- 
the speeds of the three turning spindles can be/| is threading. A lead screw and nut control the| jaw screw chucks, shown in Fig. 57, have a solid 















































Se tet Se beet = Ca Ce tlle as lal 


asa = 


¢| 








Hd 


Bit Ba DD DD hee Kr we 


—_ = 


a i oe A 


-—- I |S wa Ff 





ENGINEERING, 





407 








Oct. 2, 1925.] 








box section, and a wide bearing on the turret. 
Wear in the jaws is slight, due to the large area 
of the bearing surface. New jaws can be fitted in 
holes bored over size. False jaws are easily fitted, 
and also pilot bars for boring, in the centre hole. 


(To be continued.) 





THE BRITISH ASSOCIATION MEETING 
AT SOUTHAMPTON. . 


SECTION B.—CHEMISTRY. 
(Continued from page 378.) 

THE proceedings of Section B were not less 
instructive than usual because the list of papers 
wasshort and hardly included any strictly chemical 
papers. We have already dealt with the joint 
discussion with Section G on the ‘Ignition 
of Gases ’’ (see pages 284 to 287 ante of our issue 
of September 4). The presidential address by Pro- 
fessor C. H. Desch, F.R.S., of Sheffield, on ‘‘ The 
Chemistry of Solids *’ will long remain noteworthy, 
although it constituted a critical “review of our 
ignorance rather than our knowledge.” ‘Theoretical 
problems were the subject of further discussions 
on Surface Catalysis and on the Alternating Effects 
in Carbon Chains. Important technical problems 
were raised in the papers on Peat, on the Distillation 
of Cellulose and on Electrolytic Chromium Deposits. 
Papers on Photosynthesis, the Seat of the Elec- 
tromotive Force in the Galvanic Cell, and a few 
others, stood more apart. The sectional excursion 
was to the Royal Naval Cordite Factory at Holton 
Heath, parts of which we illustrated on page 94 
of our issue of January 28, 1921. The sectional 
officers were: Professor C. H. Desch, president ; 
Dr. H. McCombie (Cambridge), recorder, and 
Dr. A. C. G. Egerton (Oxford) and Mr. F. J. Smith 
(Southampton), secretaries. 


THE CHEMISTRY OF SOLIDS. 


The breadth and comprehensiveness of Dr. Desch’s 
address render the task of abstracting it a difficult 
one, but the pressure on our space prevents us from 
reproducing it in full. 

Dr. Desch first referred to the predominance of 
theoretical physical research. If we accepted the 
view that protons and electrons were the units of 
which all the atoms were built up, that they were 
held by purely electrical forces in a systematic 
manner, and that the structure of the atom enabled 
us to predict how it would react with other atoms, 
then we were coming back to the views of fifty 
years ago about the mechanical structure of the 
universe, which, in the words of Kirchhoff and of 
Helmholtz, reduced the phenomena of nature— 
biology being sometimes included—to mechanics. 
But granting even that the atomic theory might 
become so perfected that we could deduce the chem- 
ical structure of molecules from a few data, chemistry 
would continue to go its own way. Structural 
chemistry had advanced by the aid of working 
hypotheses, such as Kekule’s benzene ring, which 
had little to do with the existence or non-existence 
of atoms and were independent of dogmas, and 
the discovery of isotopes was the work of the 
chemists, Soddy, Russell, Fajans, and Fleck, 
rather than of physicists. Without in the least 
questioning the immense value of the modern work 
of physicists, Dr. Desch suggested a danger in 
the tendency in our days of higher certificates and 
honours degrees, to specialising ata very early stage. 
The present day student might give an account of 
the electronic arrangement of certain atoms 
and then proceed to deduce the formation of a 
compound which had been known for a hundred 
years, instead of first learning facts before applying 
his interpretation. Another unfortunate conse- 
quence of premature specialisation was a disregard 
of the historical development of science. 

Passing to his proper subject, the chemistry 
of the solid state, Dr. Desch remarked that chemists 
still began their study with gases on account of the 
simplicity of their mathematical treatment, though 
the gas atom was in the first instance considered 
to be a solid sphere, as Newton assumed, and not 
the mathematical point or centre of force of 
Boscovich. But the old view that chemical reac- 


tion could only take place in the fluid state, and 
that chemical action in a solid was preceded by 
the tearing-off of atoms, had changed. Chemical 
reaction could occur within or at the surface of 
a solid. Metallurgical products mostly passed 
through the molten state in their manufacture, 
but they underwent important changes at tempera- 
tures below melting and solidifying, although the 
gross chemical composition need not have altered. 
Actions proceeded in the midst of solid rocks, 
sintering was not always due to the presence 
of small quantities of molten material, and solid 
masses united under pressure without actually 
melting. Compressed powders, not only of tung- 
sten, could form compact masses of great strength, 
as Sauerwald had shown. That the same mineral 
crystallised in different forms, although of the same 
composition, was sometimes ascribed to slight 
impurities ; but the explanation was imperfect. 
When crystals grew in saturated solutions, in 
vapours, or from melts, that face grew for which 
the velocity of the impinging molecules was a 
minimum. The growth was probably in thin 
lamine one molecule in thickness, and conversely, 
mica, by being pressed against fused selenium, could 
be split into laminz of that thickness. If foreign 
ions attached themselves to the surface by their 
residual affinity, the rate of growth and its direction 
would be changed. 

As regards the influence of impurities of gases and 
moisture, Dr. Desch referred to the experiences of 
H. B. Baker, who found that the melting points of 
sulphur and iodine were raised by 5-5 and 2 deg., 
respectively, and by many more degrees in other 
cases, when he dried the substances intensely for 
years. We could not regard these experiments as 
eonclusive ; it was hardly likely that contact for 
years with a drying agent, such as phosphorus 
pentachloride, would leave any solid or vapour 
unchanged. Occluded gases certainly affected the 
properties of metals seriously, Dr. Desch pro- 
ceeded. Transformer iron was enormously im- 
proved in its magnetic properties when fused 
in a vacuum so as to extract gases. In the 
case of solid impurities the question of solubility 
was important. As little as 0-01 per cent. of 
bismuth rendered gold, in which bismuth was 
insoluble, quite brittle. When the impurity was 
soluble, the solid solution seemed to concentrate in 
the boundaries between the crystal grains. Some 
dissolving agents like ammonia and mercury salts 
seemed to attack the boundaries first, so much so 
that brass was completely disintegrated in mer- 
curous nitrate within a few seconds, whilst others, 
like nitric acid and ferric chloride, dissolved the 
brass uniformly. Minute inequalities in level, want 
of homogeneity, and local electrolysis might possibly 
explain why etching reagents pitted metals and 
salts, the pits having crystal faces as boundaries ; but 
why were the pits frequently so evenly scattered ? 
That single crystals of metals devoid of intercrystal- 
line boundaries were much more ductile than the 
ordinary crystalline metal, was intelligible. 

In cases of reactions in the interiors of solids the 
atoms must in some way be able to change their 
places to allow the reaction to spread. That might 
be by diffusion and was naturally slower in solids 
than in liquids. The rate at which gold diffused 
into solid lead at 200 deg. C. was 1/420 of the rate 
of diffusion into liquid lead at 550 deg. The 
diffusion was much slower when the two metals 
were less dissimilar and less inclined to combine 
(e.g., gold and silver), but there was always some 
diffusion even in the case of isotopes (Hevesy), 
except through single crystals. Geiss and van 
Liempt could not diffuse molybdenum (or iron) into 
single crystals of tungsten wire, even at high 
temperatures, but they easily obtained homogeneous 
solutions by heating the powders of the two metals. 
This looked as if diffusion was confined to inter- 
granular boundaries. On the other hand, Hevesy 
did observe diffusion of polonium into single crystals 
of lead (not an isotope), and the uniform colouring 
of nickel-copper diffusions indicated that the 
diffusion affected the whole mass and not merely the 
boundaries. X-ray examination revealed similar 
diffusions in the case of salts. The electrolytic 
transport of sodium through quartz and the electro- 





lysis of some sulphides and halides might, however, 








be of adifferent nature, and depend upon impurities . 
—never absent in natural and artificial crystals— 
and the presence of fissures. The tensile strength 
of most metals and glasses did not come up to the 
theoretical value, owing probably to the multitude 
of fine cracks in them ; by thermal treatment, A. A. 
Griffiths imparted to silica and glass rods an 
unstable condition of very high strength and 
elasticity. 

Professor Desch then dealt at length with the 
use metallurgists make of the unstable conditions of 
metals and alloys, with special regard to steels and 
the light alloys and also to the scavenging effects 
of some metals, dwelling further upon Bowen’s 
experiments on the order of crystallisation from 
rock magmas and upon undercooling in glasses 
(Miers and Tammann) and in steels (Hallimond). 
X-ray studies did not show conclusively that 
escaping gas molecules disturbed the crystal 
structure seriously, and Hinshelwood’s experiments 
upon gas (oxygen) evolution from compact and 
disintegrated salts (permanganates) indicated that 
the rate of liberation was accelerated as the 
disintegration proceeded, and that the liberation 
was confined to the surface and proceeded inward of 
as the texture was loosened. The work of Tammann 
upon the protection which certain numbers of neigh- 
bouring if inactive atoms (gold in the separation 
of silver-gold alloys by means of acids) seemed to 
give to the attack of the soluble metal (silver) by 
various reagents was very noteworthy. These pecu- 
liarities, which might be explained by studies of 
the lattice structure, also suggested the existence 
of new types of isomerides simply caused by the 
different arrangements of the atoms in the space 
lattice. The early crystal studies by X-rays had 
been interpreted to show that the molecule ceased 
to exist in the solid state, but that generalisation 
had been premature. In crystals of elements, all 
the atoms were similarly related to one another, 
and there was no group intermediate between the 
atom and the crystal ; but salts were best regarded 
as polar compounds of ions. In inorganic com- 
pounds, the molecule (or multiples of it) was 
undoubtedly retained, whilst the peculiar stable 
alloys of the type of NaHg., which seemed to 
contradict all valency rules, were also non-polar. 

Surface effects entered largely into these con- 
siderations, and about the chemical properties of 
the surface, Dr. Desch proceeded, we knew still 
less even than about the interior. Surfaces had 
residual affinities, unsaturated on the external side, 
which was probably covered by mono-molecular 
films of absorbed atoms or ions. The mercury 
fountain gave us a clean mercury surface free of 
films ; clean mercury would wet glass and quartz 
(Schumacher). Surface tension determinations of 
solids by angle of contact indicated that we were 
not really dealing with clean surfaces. Fresh 
cleavages of crystals (mica) probably provided 
clean surfaces, and such mica was more soluble 
in water than ordinary mica (Tammann); but 
there again the unavoidable impurities of crystals 
were disturbing factors. Professor Desch referred 
to other obscure points in his address, but in his 
conclusion he was able to speak of the wonderful 
progress made in metallography. 


SuRFACE CATALYSIS. 


We can only deal very briefly with the discussion 
on Surface Catalysis, though the subject has long 
since become an important problem of technical 
chemistry. Introducing the discussion with a paper 
on the “‘ Influence of Surfaces in Chemical Reactions,” 
Dr. E. K. Rideal, of Cambridge, accentuated that, 
although absorption at surfaces might result in the 
formation of multi-molecular layers, the adsorption 
of the first layer was attended by the greatest 
decrease in the free chemical energy, and chemical 
reaction took place mainly in that primary layer ; 
orientation and distortions of the molecules persisted 
however, in the secondary layer. That only a 
small portion of the surface was catalytically 
active had been proved both by calculating the 
number of effective impacts and by selective 
poisoning. Thus only 0-01 per cent. of a carefully- 
preparcd active nickel surface was effective in 
promoting the combination of ethylene and 
hydrogen ; 0-05 per cent. of the surface of active 
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sugar charcoal was auto-oxidisable, and 40 per 
cent. of it could catalyse the oxidation of oxalic 
acid. Much progress might, therefore, be anticipated 
in catalytic efficiency. Whether the active areas 
were distributed according to the law of probability 
or were associated with definite atomic configura- 
tions was still unsettled, and there were two main 
hypotheses about the mechanism of activation ; 
the one assumed that every molecule striking the 
active patch with an excess of energy above a 
certain value would undergo reaction; the other 
distinguished between primary adsorption and 
subsequent activation by collision or radiation. 

Mr. C. N. Hinshelwood, of Oxford, approached 
the problem from the thermodynamical standpoint, 
discussing the influence of temperature on the 
reaction velocity, first in homogeneous changes and 
then in the more complex heterogeneous reactions. 
He referred in particular to the phenomenon of 
complete desiccation. Dr. W. G. Palmer, of 
Cambridge, followed with a paper on a “ New 
Method for the Study of Adsorption Films.” The 
relations between the adsorbent and the adsorbed 
substance became very complex when the adsorbent 
had a highly-developed inner surface; he took 
advantage, for their exploration, of the coherer 
action which occurred when electric stress was 
applied to a loose contact because a non-conducting 
film was interposed between the two surfaces. By 
this expedient the difference in composition between 
a gas mixture and the adsorbed gas film could be 
determined, and Dr. Palmer was extending this 
investigation to contacts immersed in liquids. 


THe ALTERNATING EFFECT IN CARBON CHAINS. 


The second general discussion concerned the 
forces holding the atoms of carbon chains together. 
The forces are generally conceded to be alternating, 
but the “affinity theory ” ascribes the alternations 
to free and bound affinity forces and the “‘ polarity 
theory” to varying distributions of electrons. 
According to the polarity theory, Dr. B. Fliir- 
scheim said, in opening the discussion, the forces 
between non-ionised atoms were the electrostatic 
forces between “shared electrons” and the atomic 
nuclei. It was very difficult to form an idea of 
this sharing, and attempts, even to devise a 
hydrogen molecule with shared electrons, had so 
far failed. The difficulties increased when the 
electrons in chains differed materially in their orbit 
frequencies and when precession and rotation 
of orbits were considered. The conclusions drawn 
were either contrary to experiments or arbitrary. 
The polarities assigned by the various investigators 
to the many atoms and radicles of strain compounds 
were certainly peculiar. The affinity theory of an 
attractive force of the nature of gravitational and 
magnetic forces as a function of the atom gave for 
this force one single mechanism of transmission 
in any chain and was in accordance with observa- 
tions. Professor A. Lapworth, of Manchester, 
the next speaker, favoured the polarity theory 
which admitted of grouping most diverse pheno- 
mena. He had himself extended the electro- 
affinity principle of Abegg and Bodlander, a 
special case of the entropy principle which, used 
mnemonicaily, was often helpful, but also frequently 
obscured the real issues and took no cognisance, 
for example, of co-valency. Professor R. Robinson, 
also of Manchester, continued the discussion in 
favour of general polar effects and continuous 
electron displacement, and Professors T. M. Lowry, 
of Cambridge, C. K. Ingold, of Leeds, and other 
speakers followed. There will be further discussions 
of these much-debated, intricate problems. 


RECENT WORK ON rHE PHOTOSYNTHESIS OF 
ORGANIC COMPOUNDS. 


Three years ago Professor E. C. C. Baly, of 
Liverpool, made the preliminary announcement 
that he and Heilbron had succeeded in synthetising 
organic compounds from carbon dioxide. By 
means of ultra-violet light he had converted 
carbonic acid into formaldehyde and further into 
sugars, and had similarly prepared amino-acids 
and alkaloids from formaldehyde and ammonium 
nitrite. In the Southampton paper by himself, 
Messrs. F. M. Johnson and H. G. Littler and Miss 


criticised notably by C. W. Porter (California), 
who found that, as all impurities were removed, the 
yield of formaldehyde decreased to the vanish- 
ing point. In explanation, Professor Baly main- 
tained that, in the complete absence of impurities, 
the carbonic acid and the sugar and oxygen were in 
equilibrium in the presence of light, but that all 
sugar disappeared at once in the dark; hexcse 
sugars (with six carbon atoms) were formed in the 
absence of oxygen, which, in the living plant, was 
taken up by the chlorophyll. The photochemical 
equilibrium mentioned seemed to be characteristic 
of all photosynthetic reactions in which carbonic 
acid was the starting point, and Professor Baly 
considered that he had confirmed his original 
results in their essential details. Professor Baly 
proceeded to some highly speculative remarks. 
The difference between living-plant reactions and 
laboratory reactions was that the former were high- 
energy reactions maintained by the sun; the 
latter low-energy reactions. The animal could not 
synthetise like the plant, but it maintained its high- 
energy chemistry by its food, the high energy of 
which should not be measured by the calorific 
value of the dead substance. These high energies 
in the foods were liimted to the vitamins, which 
were not compounds of different chemical nature, 
but compounds endowed with high energy. When 
a plant was killed there was a first death, the 
cessation of the vital functions, and, later, a second 
death, the loss of the high energy. Sir Oliver 
Lodge, commenting upon these speculations, pointed 
out that astronomers were familiar with enormous 
star temperatures, and the intensity of those 
radiations might be utterly beyond our laboratory 
sources of energy. 

Without in the least desiring to question thp 
originality of Professor Baly’s work, we may add 
two remarks: That light energy is incomparably 
stronger than heat energy has long been recognised 
qualitatively and similar unsuccessful photo- 
syntheses were described, but completely over- 
looked, by Bandisch in 1914. 


DISTILLATION OF CELLULOSE UNDER HiGH 
HypROGEN PRESSURE. 


A communication sent in by Professor H. E. 
Fierz, of Ziirich, on the hydrogenation of cellulose 
and similar materials in the presence of hydrogen 
at high pressures and of catalysts, cannot so far 
claim any technical importance. Working mostly 
at pressures not exceeding 250 atmospheres in an 
apparatus capable of withstanding pressures up to 
4,000 atmospheres, he observed that cellulose, wood 
and starch could be distilled almost completely when 
mixed with hydrogen and sufficient nickel oxide 
(80 grammes of nickel oxide for 500 grammes of 
cellulose); but hydrogenation did not take place. 
The very complex distillation products consisted 
of a clear mobile tar, gas and water in the pro- 
portions 30 : 30:40; the tar contained 20 per cent. 
of phenols, 5 per cent. of lower fatty acid, and 70 
per cent. of furane (a colourless liquid smelling like 
chloroform and boiling at 32 deg. C.) and its homo- 
logues. The presence of furanes in wood tars had 
been overlooked so far, as they are destroyed by 
the sulphuric acid used in the tar purification. 
The other constituents of the distillate were 
ketones, alcohols and glycols. Wood gave more 
phenols than did the cellulose. The products 
cannot be considered to be of commercial value, 
and no conclusions can be drawn about the con- 
stitutions of the original materials in view of the 
drastic mode of distillation applied. 


CORROSION OF CHROMIUM-PLATED MATERIAL. 


Mr. E. A. Ollard, of the Research Department of 
the Metropolitan-Vickers Electrical Company, 
Limited, Manchester, gave a first account of tests 
of steel and of articles in service electro-plated 
with chromium, applied either directly or on a 
preliminary coating of other metals. Mr. Ollard 
stated that attention had been drawn to chromium 
because it appeared to be a non-tarnishable metal, 
able to keep its polish without requiring cleaning, 
and hard enough to resist scratching. Chromium, 
however, was known to be readily attacked by 
hydrochloric acid, and its technical electrolytic 
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difficult. Many experiments had hence been 
made with chromium deposited from solutions of 
chromic acid; but the Liebreich process had 
recently given good commercial results. Unfor. 
tunately, hasty and unjustified claims had been 
made, for example, that the rusting of steel could 
be prevented by direct chromium plating. 

Mr. Ollard studied the corrosion of steel strips, 
2} in. by 1 in. by } in., when exposed on the roof of 
the laboratories at Trafford Park, or suspended in 
boilers and further in salt sprays. Since direct 
chromium-plating did not prevent rusting, com- 
posite plating with several metals was tried, and 
the following baths and treatments were used: 
(1) half an hour in cadmium cyanide; (2) three 
hours in nickel sulphate ; (3) half an hour in the 
Cd, then one hour in the Ni bath ; (4) no particulars 
given ; (5) as in (3), but first in Ni, then in Cd; 
(6) one hour in nickel sulphate, one hour in copper 
sulphate, then buffed, and again half an hour in 
nickel sulphate ; (7) half an hour in the chromium 
bath ; (8) half an hour in copper cyanide, half an 
hour in chromium bath; (9) an hour in cadmium 
cyanide, half an hour in chromium bath; (10) Ni 
bath for an hour, Cr for half an hour; (11) half an 
hour in copper cyanide, an hour in copper sulphate ; 
(12) two hours in Ni, half an hour in Cr bath. 
Mr. Ollard mentioned that he used the Liebreich 
process of chromium plating, which electrolyses 
chromium salts ; but he did not give any informa- 
tion about the chemical and electrical conditions. 

In the roof tests, the specimens were suspended 
over water troughs for 768 hours. The Ni-coatings 
turned green and were rapidly attacked; the 
Cd-specimens wore evenly; the Cu-specimens 
tarnished badly and also lost weight. The direct 
Cr-coating was thrown off by the steel rusting 
underneath, but Cr, deposited on Cu and on Ni, 
stood the test well; on Cd, the chromium 
sometimes peeled off in flakes, especially at higher 
temperatures ; the treatment (8), and then (10) 
and (12) proved the most satisfactory. In the 
boiler tests, the condensed steam was fed back 
again into the boiler, the oxygen originally in the 
water being replenished by means of hydrogen 
peroxide ; here Cr on Ni and Ni alone answered 
best; Cd also protected, but it wore off. The 
corrosion by salt spray was much less severe than 
Mr. Ollard had feared, but the influence of the 
hydrogen ion concentration of the sea water required 
further investigation. The specimens (3) and (5) 
stood the test well, whilst (11) was badly corroded. 
In the heat tests—150 hours in an oven of 420 deg. C. 
—(1) and (9) were badly attacked, and the coatings 
thrown off; the other Cr-plated specimens and 
also (2) passed fairly well. 

In the service tests, chromium-plated forks and 
spoons of nickel-silver stood kitchen service for 
three months well without any cleaning; but the 
dark colour of the chromium was not popular. 
Knives, first nickel, and then chromium-plated 
proved similarly satisfactory; the plating would, 
however, come off with the sharpening of the 
knives. A promising application was the chro- 
mium-plating of die-casting moulds; these dies 
are at present made of an_ expensive special 
steel. It would appear, therefore, that chromium- 
plating offered advantages especially in cases 
where a hard polished surface was to be kept 
bright. But chromium, like most metals, was porous 
in thin coatings, and the steel should, therefore, 
first be plated with cadmium ; as cadmium would 
not take a high polish, nickel would be preferable. 
The composite plating with several metals might 
be objected to as costly, Mr. Ollard admitted, 
but the main cost in plating arose from the prepara- 
tion (setting up, cleaning and pickling), and the 
actual plating after swilling and transferring to 
another bath was not expensive. Chromium- 
plating was further suggested for mirrors. parts 
of motor-cars, and for protecting metals exposed to 
high temperatures. 

During the discussion of the paper, Mr. J. D. 
Macnaughtan, of the Research Department, W ool- 
wich, mentioned that the claim of rust prevention 
by direct chromium-plating had been made by 
Liebreich himself. Mr. Ollard had considered 
that claim unfortunate, but at Woolwich they 
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however—that chromium-plated steel did not rust 
in tests extending over two months. Mr. Ollard’s 
results should therefore not be regarded as final. 
For sea water, he agreed with Mr. Ollard, composite 
coating was required. At Woolwich they had, 
so far, found a thin zine coating, followed by 
depositing 0-001 in. of chromium, satisfactory 
while copper-chromium had failed. The great 
hardness of chromium deposits was of importance, 
as it reduced local abrasion; bright coatings of 
l-in. thickness could not be touched by a file, but 
he did not know how to apply the Brinell test to 
very thin coatings. The chromium-plating of 
moulds for die-casting had also been found satis- 
factory at Woolwich. Dr. R. 8. Hutton, on whose 
instigation these mould experiments had been 
made, agreed on the whole with Mr. MacNaughtan, 
and suggested further tests in sulphurous and other 
atmospheres, and also on alloying the metal and its 
coating and on their welding. 


THE SEAT OF THE ELECTROMOTIVE FORCE IN 
THE GALVANIC CELL. 


Mr. J. A. V. Butler, of Swansea, renewed in this 
paper the old controversy whether there was a 
real contact potential between two pure metals, 
or whether the Volta effect was practically chemical, 
as the great men of the past century—Faraday, 
Kelvin, Helmholtz, Gibbs and Nernst—had main- 
tained for various reasons. Mr. Butler argued 
that the thermionic and photo-electric researches 
of this century left no doubt about the existence 
of large contact potential differences of the order 
of the thermionic function, and he outlined how this 
view was compatible with the Gibbs-Helmholtz and 
the Nernst relations. 


Satts EXPRESSED FROM Siuica GELS. 


Dr. J. B. Firth, of Nottingham, and Mr. H. A. 
Fells read a paper on Modifications of the Form of 
Sodium Salts expressed from Acid Gel during 
Drying. Silica gels, now used as absorbents of 
gases and vapours (benzene stripping, &c.), are 
prepared by decomposing an alkali silicate with 
hydrochloric acid, or other acids ; they retain some 
of the sodium chloride, bromide or nitrate, &c., 
formed. Dr. Firth found that when these salts 
were expressed and the solutions dried in vacuo, 
they crystallised in long needles or silky hairs, 
instead of forming the usual cubical crystals. 


VELOCITY OF DECOMPOSITION OF DIAZONIUM 
SALts. 


Decomposition of Heterocyclic Diazonium Salts, 
which proved remarkably stable when heated 
in a thermostat of quartz, through which carbon 
dioxide was passed; the liberation of nitrogen 
from many diazo compounds is of explosive 
character. 

(T'o be continued.) 


PORTABLE ELECTRIC MINE 
HAULAGE GEAR. 


For the purpose of cutting down the costs of winning 
coal, it is fast becoming the custom to install electric 
haulage gear in mines in place of making use of hand 
tramming or pony traction. In gate roads near the 
coal face, especially is this desirable, and we illustrate 
on this page a portable haulage gear for the purpose, 
which is of particularly substantial construction and 
has its entire working system totally enclosed. This 
is a product of The Diamond Coal-Cutter Company, 
Limited, of Stennard Works, Wakefield, and the motor 
which is provided for its drive has features of interest, 
not only in connection with this application, but also 
for many other fields of service. 

On this haulage gear two drums are provided which 
are each capable of taking up to 100 yards of 3-in. 
diameter rope. These drums are revolved together 
by the motion obtained from an alternating-current 
motor, through enclosed gearing. The entire equip- 
ment, including the controller, is mounted on a sledge 
plate, on which stay props may be accommodated to 
secure the gearin any desired position. The casings 
which enclose the motor, gearing and switch are 
designed and constructed so that they are dust-proof 
and flame-proof, and conform fully with the official 
regulations regarding the use of electrical plant in 
fiery mines. The gear for the drive to the drums is 
effectively lubricated, and the means adopted for the 
drive from the motor shaft is such as to prevent oil 
or grease reaching any part of the motor windings. 

The motor of this haulage gear is of the polyphase 
induction type, designed to operate on a 3-phase, 
50-cycle 500 volt supply, and. at one-hour rating 
develops 4 brake horse-power. In it the stator has 
the interesting feature of having its initially open 
slots closed by magnetic wedges. Much experimental 
work has been conducted recently in Great Britain 
and in the United States of America to determine 
the respective advantages of open and closed slot 
constructions, and has shown that the introduction 
of wedges which reduce the magnetic reluctance 
across the air gap has much to recommend it. The 
magnetic material of these wedges should be so 
|designed as to be discontinuous in any plane or 
|section taken along the length of the slot to reduce 
| the eddy current losses, which would otherwise result 








|during the working of the machine. Various con- 
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use of a number of stampings on one or more 
fibre rods to form the closing wedges for the slots, 
and complete magnetic closing is avoided by 
stamping the laminations out of sheets composed of 
iron and non-magnetic metal brazed together. In 
the motor of this haulage gear the method used is 
that devised by Mr. Percy Huggins, the motor designer 
to the Diamond Coal-Cutter Company, Limited, and 
consists in having wedges with a core of fibre, which 
are wound throughout their length in a close spiral 
with iron wire of high permeability. In this method 
the slots are completely closed, but it has been found 
practicable to proportion the wedges to the relative 
reluctance of the useful air-leakage magnetic paths 
and obtain performance characteristics equally as 
good as those obtained with the semi-closed slot con- 
struction. In motors for heavy work, such as are 
used for coal cutters and general mining plant, the 
possibility of winding the stator coils in open slots, 
and then closing them with magnetic wedges admits 
not only of ease in winding but also gives advan- 
tages in the reduction of the power used. Actually 
the winding with the open slots takes about half the 
time and labour involved in similar work with semi- 
closed slot construction, and the magnetic wedges 
permit of economy being obtained to the extent of 
15 to 25 per cent. in weight and space, while increased 
efficiency results from the absence of high frequency 
rotor surface losses. 

Tests have been made with the motor of the haulage 
gear illustrated, in which for the first series, fibre wedges 
were used and for the second those of the magnetic 
type. In each case the motor was run on no-load at 
1,000 revolutions per minute with similar supply 
conditions. With ordinary fibre wedges the motor 
took 5-6 amperes or 474 watts and with magnetic 
wedges only 3-4 amperes or 280 watts. The economic 
advantage of this system of slot closing is therefore 
obvious, and it may be said that modern magnetic 
slot closing wedges have been subjected without injury 
to tests which would have led to the complete destruc- 
tion of any form of non-magnetic slot wedge. The 
flexibility of the magnetic wedge permits its expansion 
and contraction due to temperature changes without 
any possibility of disintegration. 





THe ALLEGED ALLOTROPY OF ZINC.—A good many of 
the allotropies which Professor E. Cohen, of Utrecht, 
and others have claimed to have established have been 
questioned by other investigators. That fate has now 
again overtaken the alleged allotropy of zinc. By X-ray 
examination, W. M. Peirce, E. A. Anderson and P. Van 
Dyck, of the New Jersey Zinc Company, co-operating 
with A. J. Phillips, of Yale University, find (Journal 
Franklin Institute, September) that there is no change 
in the diffraction pattern of pure zinc at atmospheric 
pressure between the temperature limits of 20 and 
400 deg. C.; the results agree with previous work of 
A. W. Hull. The investigators took particular care to 
experiment with very pure zine. Their zinc, re-distilled 
in a vacuum, was of 99-993 per cent., and gave only 
an extremely faint lead line in the quartz spectrograph. 
Before redistillation that zine differed in grain growth 
markedly from the final product, the difference—con- 
sidered insufficient by others to indicate allotropy— 
being evidently due to a very slight impurity. The 
zine wires used were heated by an electric current, 
while enclosed in glass tubes; powdered zine (oxide 
reduced by hydrogen) was also studied. The X-ray 
method was that of Debye-Sherrer and Hull. It is 
noteworthy that of the previous investigators only 
one, Losana, had reversed the so-called allotropic change, 
and that his zine was relatively impure. 





Tue New Locks at YmuipEN.—Up till a hundred 
years ago, boats to Amsterdam, which is situated in the 
south-west corner of the Zuyder Zee, had to traverse 
this shallow bay, which is now gradually being converted 
into fertile land. Then the North Holland Canal was 
cut from Amsterdam to Nieuwe Diep at the northern 
extremity of North Holland, near Cape Helder. That 
canal, finished in 1825, became insufficient as Amsterdam 
gradually developed into an important seaport, and 
another canal was cut, in 1865 to 1876, going from 
Amsterdam and the river Y, which enters the Zuyder 
Sea at Amsterdam, almost straight west to the North 
Sea. Locks were built at Ymuiden, the western outlet 
of this canal. When larger locks were required at 
Ymuiden, the Haarlemsche Machinefabriek vork een 
Gebr. Figee, of Haarlem, provided these locks with 
electrically-worked gates, a bold undertaking in those 
days, which we described on pages 33, 105, 170, 243 and 
271 of volume Ixxiii. (first half of 1902). Now larger 
locks have again become necessary, and the foundations 
have already been laid for a lock of 400 m. by 50 m., 
15 m. deep (1,300 ft. by 165 ft. by 49 ft.), which will sur- 
pass the biggest locks at present in existence in the 
Panama Canal, measuring 305 m. by 33-5 m. The 
ground water level has only had to be lowered by 9 m. 
to keep the sea water out of the new excavations. The 
new locks will be fitted with sliding gates, whilst the 
gates which we illustrated on the former occasion were 
pulled or pushed by racks operated by electric motors. 
A renewal of this machinery is not projected, therefore ; 
but it is interesting to record that the electric machinery 
installed in 1902 has been working without a hitch all 
these years. 




























































































Meee. 


SANIT: geo 


omer 


of i ENP i A abe 


EN SER ORF 


ere 








410 






ENGINEERING. [Ocr. 2, 1925. 











OIL-FIELD EMULSIONS AND THEIR 
DEHYDRATION. 


{N our issue of June 5 last (on page 720) we dealt with 
a report by D. B. Dow, of the United States Bureau of 
Mines, on the formation of oil-field emulsions. 3 Further 
reports by the same author have since been published 
under the serial numbers 2688 and 2692, the titles 
being ‘Methods used for Dehydration of Oil-field 
Emulsions” and ‘The Physical Chemistry of Oil- 
field Emulsions.” bc : 
Emulsions either of oil globules in water or of water 
globules in oil can be produced by shaking the two 
materials alone or together with some third substance 
such as a little soap, salt, &c. The globules of the dis- 
persed phase will tend to coalesce again, and the emulsion 
will in time break down (settle) owing to the Brownian 
movements and other causes; the settling may be 
hastened by lowering the interfacial surface tension, for 
instance, by the addition to the emulsion of certain elec- 
trolytes, or retarded by the addition of colloids which 
may themselves be the original material in the colloidal 
condition. But evidence has been accumulating that 
coalescence is mostly prevented by a film of some rigidity 
surrounding the globule. The film may be organic or 
inorganic; it may be produced by adsorption from solu- 
tions of soap, or other substance present, or may consist 
of finely-divided inorganic matter, basic sulphate of iron, 
&c. Believing that in oil-field emulsions colloids act as 
emulsifying agents, Dow studied clear and emulsified 
oils as to the presence of colloidal matter. All oils 
contain mineral matter. By ignition Dow obtained 
1-2 per cent. of ashes from a free oil and 2-6 per cent. 
of ashes from the same emulsified oil; these ashes 
were very finely divided and colloidal when shaken 
with water and kerosene. Tests of a large number of 
oils, free and emulsified, further showed that the 
emulsion had a lower gravity and a higher viscosity 
and higher asphaltic percentage than the free oil. 
It must be pointed out, however, that the figures varied 
largely even as to sign, sufficiently almost to raise some 
doubt about the correctness either of the conclusion or 
the method applied. On the other hand, asphalts 
extracted from oils certainly acted as emulsifying 
agents. 

That sodium soaps differ in these respects from 
calcium soaps is well known. Sodium soaps are 
easily wetted and form colloidal solutions in water, 
which, shaken with oil, produce an oil-in-water emul- 
sion; calcium soaps do not dissolve in water, but 
dissolve in oil, and yield water-in-oil emulsions. When 
two such antagonistic emulsions are mixed they break 
down. Oil-field emulsions are of the water-in-oil type, 
and can hence be coalesced by sodium soap. The 
chemical tret-o-lite (sodium oleate with some sodium 
resinate and silicate, phenol, and paraffin) behaves like a 
sodium soap ; so does carbon black, whilst finely-divided 
silica gives a water-in-oil emulsion. The salts 
present in cut (i.e., emulsified) oil may force the 
emulsifying agent, for instance, ferric oxide, into the 
interface and thus promote emulsion, or they may 
cause coalescence. Agitation favours emulsification. 
High temperature breaks emulsions down, because the 
films are dissolved in the oil or are burst by the steam 
pressure. The problems are thus highly complex 
and vary with the nature of the oils, which differ 
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Fie. 1. View or CuHAssis. 


Complete chemical dehydration is not much in| with the tank. The other electrode is also conical, 


widely as to gravity, viscosity, and composition. As|fayour. The chemicals used are direct water-absorbers | but is built up of concentric sheets ; the electrodes are 


regards composition, the petroleum crudes are generally 
classed as “ paraffin base ”’ (in Pennsylvania and the 
East), free from asphalt, and ‘‘ naphthene base ” (Gulf 
and California) which are oils of higher gravity, contain- 
ing no wax and generally, but not always, asphalt ; the 
‘‘mid-continental intermediate base” crudes are 
mostly asphaltic. Many dehydration methods are 
now applied, with varying success; some method 
will almost always be applicable and profitable. Why 
the electrical dehydration, mostly successful with 
naphthene-base oils, fails with the paraffin-base and 
intermediate-base oils is not understood. ' Light oils 
generally tend to emulsify less and are more amenable 
to dehydration than heavy oils. 

In the early days dehydration was simply effected 
in settling tanks, in which the emulsion may separate 
into three layers, oil, water and an intermediate 
layer known as B.S. (said to mean bottom settlings or 
basic settlement). The plant ‘is inexpensive, but the 
treatment is slow and much light oil is lost by evapora- 
tion, and the B.S. usually require further heat or other 
treatment. The emulsified oil is occasionally heated 
merely by a few degrees; sometimes it is ‘‘ cooked,” 
and the temperature is raised almost to distillation 
heat. The steam coils are not in direct contact with 
the oil, but are covered by salt water through which 
the oil rises; large closed-system plants are provided 
with heat exchangers and are combined with the 
refining processes. Centrifugal dehydration frequently 
requires some chemical pre-treatment to break down the 
interfacial tension, and heating ; a plant dealing with 
1,000 barrels daily is said to be run at a cost of 2} 
cents per barrel of oil. 




















cone electrode of sheet iron which is earthed | 


vehicle, were similarly equipped. 





like calcium chloride, quicklime and Portland cement | about 6 in. apart and the inner electrode is rocked 
(which may finally set in the tank) ; salts like sodium | to and fro by a walking beam; the flow of oil is prac- 
chloride or sulphate, copperas, are also usable, and also | tically horizontal from the centre of the cone to the 
soda as wellas lime. These are used to precipitate other | tank walls. The H.F. plant is partly portable, tank 
salts and to break down the emulsions, but they may | and boiler being usually hired on lease. In one plant 
themselves act asemulsifiers. Such substances as iron| which Mr. Dow visited and which was worked on 
oxide, clay, soaps, resins and certain sulphonates | contract, the cost (not including interest and deprecia- 
are more effective; extraction of the asphaltic| tion) of dehydration was estimated at 5-4 cents per 
colloids by benzol, carbon disulphide, alcohols, &c.,| barrel; but only one unit was working, and other big 
is hardly used commercially. The tret-o-lite treat- {companies claim not to spend more than 1-9 and 1-1 ( 
ment of W. S. Barnickel has become standard | cents on dehydration in their own installations. mo 
practice in Texas and the Mid-Continent. The tret-| The filtration methods, which are satisfactory to a tail 
o-lite is made in various grades of different composi- | limited extent, are based upon the preferential adsorp- Bri 
tions to suit different oils and contains also ‘‘ modified | tion of oil or water by the filtering medium, cotton, this 
fatty acids’; in the Brady process the tret-o-lite is| wet canvas, wood, fuller’s earth, “ excelsior” (strip- the 
added to the oil stream before it enters the externally | wood shavings), &c.; the material is sometimes also mn 
heated boiler. The chemicals may only cost 0-3 cent | stirred into the oil. On the whole prevention of ruli 
per barrel of oil recovered, but the cost more usually | emulsification is preferable to the cure. But some 
exceeds 1 cent, and the heating, frequently disregarded | treatment of the oil is frequently necessary, and se 
in estimates, increases the working cost considerably, | dehydration has become part of that treatment. soa 
unless evaporation losses are prevented in more tx 
expensive plants. hin 
Peni ym a of aan age ag hewn Etectric - BATTERY MINING LOCOMOTIVE. — With on 
ped particularly in Cali peaked ees the Cottrell reference to the electric-battery mining locomotive La 
system of dust and fume-precipitation was first adopted | constructed by Messrs. Joseph Booth and Bros., Limited, fa 
on large scale. The high potentials (11,000 volts | of Rodley, Leeds, which we illustrated and described on o 
with alternating current on the Cottrell, or 500| pages 381 and 382 of our issue of last week, it may be ¥ 
volts direct current on the Seibert system) break se = = pein — rf re of a an “a 
7) i i athanode type made by the D.P. Battery Company, | 
— ree oncag ane a eosns Bakewell, Lobe “Three of the five locomotives the 
ce or make them travel down the potential poe : sche ie as iteees 
° + , | tested in connection with the competition for the that 
gradient. In the popular horizontal flow H.F.| o¢ 1.0002. provided by Mr. Charles Markham, of Chester- high 
treater the preheated oil enters the tip of a field, for award to the makers of the most satisfactory a 
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Fig. 1. 


Fig.12.. SECTION A.A. 

















\S 
\N 
\ \N 
\ 
\ 
\) 
\) 
\\\) 
~\ 
\ 
Z N 
SEE EEE <= 
\ 
” Sele et \ { 
om oO Cy 
A (foe Co wae) 
TS gOS? 
Nor » 4 
5 \ Z 


| 


WS 
SSH 
\\ 























(9213.6) 


14/45-H.P. MOTOR CAR WITH 
OVERHEAD-VALVE ENGINE. 


One of the most marked features of modern auto- 
mobile design is the steady increase in power ob- 
tainable from an engine of given cylinder capacity. 
British manufacturers have taken a prominent part in 
this development, which was probably stimulated, in 
the first instance, by the Treasury method of taxation 
on cylinder bore. This can no longer be taken as a 
ruling factor, however, as the power-capacity ratio is 
merely a measure of efficiency, and efforts to make the 
latter as high as possible follow the natural trend of 
design, quite apart from any question of the method of 
taxation. It is essential, to obtain a high power- 
capacity ratio, that an engine should be capable of a 
high rate of revolution, and it is noticeable that the 
maximum safe speeds of engines have risen steadily from 
1,500 to 2,000 r.p.m., in the case of engines manu- 
factured a few years ago, to 4,000 or even higher speeds 
for modern high-efficiency engines. Rates of revolution 
of this order can only be attained without undue wear 
y the closest consideration of details of design, but 
= issues involved have received such careful attention 
that it is probable that the wearing qualities of modern 
high-speed engines, as turned out by the leading 
makers, are at least equal to those of the low-efficiency 
engines of the past. 
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In this issue we illustrate a most interesting example 
of a car fitted with an engine of this type, manufactured 
by the Rover Company, Ltd., of Coventry. This 
engine has an R.A.C. rating of 13-9 h.p., and is rated 
by the makers at 14/45 h.p., although actually the 
latter figure by no means represents the highest power 
developed. It may be mentioned, in passing, that the 
Rover Company have been associated with the auto- 
mobile industry from a very early period in its history, 
and have been responsible for a number of excellent 
designs in the past. A general view of the car chassis 
is shown in Fig. 1, page 410, while various details of the 
engine and chassis are given in Figs. 2 to 10, Plate 
XXVI, and Figs. 11 to 14, above. 

Dealing first with the engine, of which various 
sections are given in Figs. 2 to 7, Figs. 6 and 7 
being plans, it will be seen that it is of very uncon- 
ventional construction, and in general appearance 
somewhat resembles early designs of the T-headed 
type. It has four cast-iron cylinders with a bore of 
75 mm. The stroke is 120-65 mm., giving a capacity 
of 2,132 c.c. (130 cub.in.). The compression ratio is 6 : 1 
and the designed mean-effective pressure 105 lb. per 
square inch. As will be seen from Fig. 2, the com- 
bustion space is of the hemispherical form usually 
associated with high-efficiency engines, the overhead 
valves being inclined so that they may be made as 
large as possible in diameter. The latter, we may 
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mention, is 1-712 in. for both valves. The sparking plug 
is placed centrally in the cylinder head. It will be 
observed from the same figure that the piston has a 
relatively thick crown, and is chamfered to an unusual 
extent. This form is rendered necessary by the fact 
that the piston has to enter well into the combustion 
space in order to give the high compression ratio quoted. 
The piston carries two rings at the top, and one at the 
bottom, the latter acting as a scraperring. The method 
of holding the gudgeon pin is not shown in the illus- 
trations. It consists of a cotter pin passing through the 
piston boss at each end. The operation of inclined 
overhead valves offers some difficulty unless two over- 
head camshafts are employed, but in the Rover design 
this difficulty is overcome in a decidedly novel manner, 
a single overhead camshaft on the inlet-valve side 
being utilised to operate both sets of valves. Fig. 4, 
which is a section across the rear of the engine on the 
centre of the vertical shaft which transmits the drive 
from the crank to the camshaft, shows the upper and 
lower worm and wheels, which are totally enclosed and 
run in oil. From Figs. 2 and 5, it will be seen that the 
inlet valves are operated through rocker arms of the 
usual type, but that the exhaust valves are operated 
through the medium of horizontal tappet rods which 
bear on the exhaust-valve rockers. The position of 
these exhaust-valve tappet rods, which pass through 
the cylinder head, can be observed in the sectional 
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plan on the right-hand side of the centre line in Fig. 6. 
The unconventional method of operating the exhaust 
valves, which we have described, allows of much shorter 
tappet rods than would be neccssary with the camshaft 
located in the crankcase; while, at the same time, the 
rods are kept at an equitable temperature, so that the 
difference in clearance, resulting from the engine heating 
up, is very slight. Provision is made for automatically 
taking up any end play in the camshaft, which may 
develop after the engine has been in use for a pro- 
longed period, and would result in late opening of the 
valves. The arrangement is shown on the right-hand 
side of Fig. 6, from which it will be seen that the worm 
wheel on the end of the camshaft abuts on a thrust 
collar. It is held up against the collar by a spring 
loaded thrust at the other end of the shaft, the spring- 
seating being held in position by means of a stationary 
rod, which passes right through the hollow camshaft. 
The arrangement for holding the valve springs is shown 
in Fig. 2. It consists of a split nut screwed on to the 
valve stem, the nut being of sufficient length to allow 
the threads to engage with the spring in its uncom- 
pressed tate. The nut is locked in position by means 
of a scollet. r 

The crankshaft is of the three-bearing type, an 
unusual feature being that the rear-end; bearing is 
duplicated, the worm wheel for the vertical shaft 
drive being mounted between the two bearings. The 
lower halves of the inner flanges of these bearings are 
extended to give increased area and form the 
thrust bearings for the worm wheel, as well as for 
the whole of the crankshaft and also the clutch. 
As the worm wheel is in a totally-enclosed oil bath, 
in which the oil is under pressure, wear on the thrust 
faces should be quite negligible. The method of 
mounting for the bearing caps is unusual, and is shown 
in detail in Fig. 5. It will be noticed that the cap is 
in two parts, consisting of an upper aluminium portion 
carrying the white-metal bearing, and a lower steel 
reinforcing strip. The two holding bolts screw into 
steel cylindrical nuts, which are inserted horizontally 
into housings in the webs of the aluminium crankcase. 

As the engine has a detachable head, provision has 
to be made for breaking the connection to the camshaft. 
To effect this, it will be observed from Fig.|4, the vertical 
shaft is made in two parts, each terminating in a 
splined end, which are connected by means of a sleeve. 
The pistons are of aluminium alloy, and on reference 
to Fig. 2, it will be seen that an oil way is provided in 
the upper end of the connecting-rod, from which a 
spray of oil is arranged to impinge on the underside 
of the piston crown. The oil sprayed in this way 
assists in carrying off the heat from the piston. The 
connecting-rods are tubular, with a circular cross section, 
and are manufactured from high-tensile steel. The big 
ends are lined with white metal, and are secured by 
caps held on by two through bolts, as shown in Fig. 2, 

Dealing next with the engine lubricating system, 
it will be seen from Figs. 2, 4 and 5 that the lower half 
of the aluminium crankcase is detachable, and is 
formed with an upper and a lower chamber. The two 
chambers are connected through two filters, one of which 
is visible in Fig. 5. These filters can be withdrawn 
through the base of the lower chamber for cleaning. 
The lower chamber holds three gallons of oil, which is 
cooled by the air current impinging on the outside of the 
chamber when the car is in motion. As will be seen 
from Figs. 2, 3 and 4, a gear-type pump is mounted in 
the sump, driven by an extension of the vertical cam- 
drive shaft. The gear pump feeds into an oil way 
passing through the centre of the vertical shaft exten- 
sion. At the top of this shaft, the oil takes two separate 
paths. The first path commences with a passage 
through the centre of the vertical cam-drive shaft, and 
from the top of tne latter the oil passes into the inlet 
valve-rocker chamber, thence across the head into the 
exhaust valve-rocker chamber, and, finally, back into 
the sump via the steering-gear box, which is shown in 
section in Fig. 4. The second path for the oil is through 
the worm-drive casing to oil ways in the crankshaft, 
and others in the crankcase, from which it is fed to 
the three main crankshaft and four big-end bearings. 
From the big ends, the oil passes upwards through 
a passage in the conne>ting-rods to the small-end bear- 
ings, from which it is sprayed on the underside of the 

iston crown, as already mentioned, and, finally falls 
k into the crankcase sump. Both the clutch and 
gearbox are lubricated from the engine, a constant 
level being maintained in the gearbox. The overflow 
from the latter passes to the clutch chamber, in which 
it is picked up by the flywheel and discharged by suit- 
able passages back into the crankcase. 

In completing the description of the engine, attention 
may be drawn to one or two other features of unusual 
interest. Cooling is by thermo-syphon, assisted by 
an impeller. The water outlet from the radiator 
enters the cylinder block at the bottom of the jacket 
in the usual position, but instead of circulating round 
the base of the jackets, the water passes up a special 
passage direct to the impeller, by which it is forced to 


the hottest parts of the engine, namely, the com- 
bustion chambers and valve seatings. It is returned to 
the radiator from the rear end of the cylinder head by 
an overhead pipe. The impeller is mounted on the 
fan spindle, which is belt-driven from the crank- 
shaft. The careful attention which has been devoted 
to details, in the case of this engine, is brought out 
by the arrangement of the fan-shaft bearing. This 
bearing is often made of quite inadequate dimensions, 
and with primitive lubricating arrangements, as a 
result of which it is frequently a source of considerable 
noise. In the case of the Rover engine, the bearings 
are made of ample size, and effective lubrication is 
secured by forming a large oil chamber in the body 
of the fan. The magneto mounting is exceptional, 
as it is arranged vertically above the driving-shaft for 
the camshaft, as shown in Fig. 4. As a result of this 
method of mounting, the contact breaker is unusually 
accessible. The starting motor is on the near side of 
the engine, and does not call for special mention. The 
dynamo is carried on the side of the gearbox, as shown 
in Fig. 14, and is chain-driven from a pinion mounted 
on the clutch shaft, the drive being enclosed by a 
special cover. 

Referring to Fig. 1, it will be seen that unit con- 
struction is adopted for the engine and gear-box, 
three-point suspension being employed. A single-plate 
clutch, running in oil, transmits the drive to the gear- 
box, as shown in Fig. 11. The clutch disc is of bronze, 
mounted between two steel plates. From this figure 
it will be seen that a large detachable cover is arranged 
over the clutch adjusting mechanism, rendering the 
latter readily accessible. Details of the gear-box, 
clutch and selector mechanism are illustrated in Figs. 11 
to 14, and from these figures it will be observed that, 
by removing the gear-box end plate, the gear shafts 
can be withdrawn through the opening. The shafts 
are relatively short, and are mounted on ball bearings 
carried in malleable-iron plates. By this means, the 
correct meshing of the gear wheels is ensured over any 
temperature range that is likely to occur in the box, 
as the coefficient of expansion of malleable iron is 
practically the same as that of the steel from which 
the gears are made. Fig. 12 shows the speedometer 
drive at the rear end of the box. As will be observed 
from Fig. 14, the gear lever is held on to its shaft by 
means of a cotter registering with a circular groove, 
and this arrangement enables the position of the lever 
to be altered relatively to the selector arm, to suit the 
reach of various drivers. The gear-box provides four 
forward speeds, in addition to the reverse, the ratios 
being 4-75, 8-9, 13-1 and 19-2 to 1; the reverse 
ratio is the same as that of the lowest gear. A positive 
mechanical lock prevents any possibility of two gears 
becoming engaged simultaneously. The propeller 
shaft is enclosed in a torque tube, with a ball joint at 
its forward end, visible in Fig. 1, an unusual feature 
of the arrangement being the provision of a centre 
bearing in the tube, which is divided for this purpose. 
The axle casing, illustrated in Fig. 8, is made up with 
solid-drawn steel taper side pieces bolted to a centre 
cast-steel differential box. The latter is split hori- 
zontally, as shown in Fig. 1, so that the final drive is 
rendered accessible by removing the upper part of the 
box; the final drive is by spiral bevels. 

The frame, which is clearly shown in Fig. 1, does 
not call for special comment. The steering gear 
is of original design, the arrangement serving to 
give unusual rigidity to this unit. The worm and 
sector mechanism is carried in a box at the level of 
the engine head, as shown in Figs. 2, 4 and 5, and from 
this point a vertical shaft is carried down to the 
steering arm, as shown in Fig. 4. The car is fitted with 
four-wheel brakes, the drums being of high-carbon: 
steel and having a diameter of 13 in.; the shoes are 
lined with friction material. As will be observed from 
Fig. 9, which shows the front axle, the front-wheel 
brakes are of the Perrot type. The compensating gear 
is of unusual interest, and is arranged with a view 
to avoiding unequal stresses on the brakes when they 
are applied in an emergency. The brake cross-shafts 
are all brought into a central box, mounted on the 
frame cross member behind the gear-box. By means 
of spur gearing, the pull of the brake pedal or lever is 
transmitted to the centre of the shafts, and is thus 
equalised at the two ends. All four brakes are 
operated by either the hand lever or the foot pedal. 
The two systems are entirely separated, so that the 
failure of one does not put the other out of action. 
The compensating gear is provided with lubricators 
on all bearings, delivery pipes being employed so 
that the various nipples can be brought together 
at a convenient point below the floorboards. In 
concluding our description of this car, we may 
say that it has a wheelbase of 10 ft., a track of 
4 ft. 6 in., and a ground clearance of 8 in. The 
wheels are of pressed steel, with 32-in. by 5-25-in. 
balloon tyres. The weight of the complete car is 
27 cwt. and the fuel consumption is approximately 





1 gallon in 24 miles. 


EQUILIBRIUM AT HIGH TEMPERA- 
TURES IN THE IRON - CARBON - 
SILICON SYSTEM.* 

By M. L. Broker, B.Met. 


It is now well known that the condition of the 
carbon is the principal factor determining the mecha- 
nical and some physical properties of cast-iron, and 
that therefore the possibility of control of this condition 
is of considerable interest in the foundry. The concen- 
tration of carbon in solution in iron, in equilibrium 
with free carbon, varies appreciably with temperature, 
so that exact knowledge of this equilibrium is essential 
when considering the effect of rate of cooling, or 
subsequent heat treatment. Many investigators have 
studied the question of stable equilibrium in commercial 


Fig.4. ISOTHERMS FOR IRON-CARBON- 
SILICON EQUILIBRIUM. 
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Fig. 5. EFFECT OF SILICON ON THE 
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alloys and in the pure iron-carbon alloys, but very little 
work has been published concerning the influence of 
varying amounts of a third element upon the latter. 
Armco iron and three pure iron-silicon alloys con- 
taining approximately 14, 24, and 4 per cent. of silicon 
were used as basis materials in the present investigation. 
The silicon alloys were received in the form of strips 
# in. thick and 8 in. wide. The strips were cut longi- 
tudinally into bars } in. square and 8 in. long, which 
were then turned down into rods ¥ in. in diameter. 
Short lengths, about 12 in. long, were used in each 
experiment. The Armco, which was received as yg-iD. 
rod, was turned down to 4, in. for the sake of unifor- 
mity, but it was subsequently found that the high 
rate of carbon penetration in the case of iron containing 
no silicon more than counterbalanced the effect of 
the increased depth to be cemented during each 
experiment. The cementing medium was prepare 
from graphite electrodes, only that portion passing 
through a 90-mesh sieve being used. The powder 
was not subjected to any purifying treatment, as it 
was found that a sample which had been used for 
carburising specimens at 1,000 deg. C. contained 
99 per cent. of carbon, and that the remaining 1 per 
cent., in that instance, was due to the presence of iron 
scale. It cannot, however, be assumed that the 


* Paper presented at the Iron and Steel Institute meet- 








ing, Birmingham, September 9 and 10, 1925. Abridged. 
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graphite was entirely free from impurities such as 
occluded gases, evidence of which has been frequently 
noted in connection with other work. 

The winding of the electric furnace used was com- 
paratively long in order to obtain a uniform tempera- 
ture over the entire length of the graphite carburising 
box. The latter, with lid, and also the ends of the 
heat-insulation plugs, were turned from the same 
electrodes as were used in the preparation of the 
carburiser. The pressure in the furnace was the same 
as that of the atmosphere. Under these conditions 
there was practically no difference in temperature 
from one end of the carburising box to the other, and 
it was assumed that, given sufficient time, the gas 
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At the beginning of each experiment and after each 
weighing, the specimens were packed in graphite in 
the carburising box, and the whole introduced into 
the furnace held at the required temperature. The 
time at which the temperature of the box reached 900 
deg. C. was taken as representing the commencement or 
continuation of carburisation, although from one to 
three hours usually elapsed before the temperature of 
the experiment was reached. At the end of each stage 
the box containing the specimen was withdrawn and 
allowed to cool in air. When cold, the specimens were 
rubbed free from adhering graphite, washed in water, 
dried, and weighed. 

Table III. gives the weights of specimens carburised, 


FROM INCREASE IN WEIGHT DURING CARBURISATION. 





















































Carbon per Cent. 
Initial 
Experiment | Temperature Material. Weight of a a 
No. Deg. ©. Specimen Actual (by | Apparent (from Increase 
(Grammes). Analysis) in Weigh 
0 Hours. | 74 Hours. 145 Hours. 313 Hours. 
(1) 32-4655 0-03 | 0-68 0-82 0-90 
Armco (2) 18-7650 —- 0-90 0-91 
C6 940 (3) 11-5890 — 0-88 0-95 0-98 
1-33 per cent. Si 18-1665 0-10 — 0-81 0-81 
2-54 per cent. Si 17-6880 0-07 — 0-42 0-50 
4-22 per cent. Si 16-0150 0-06 — 0-17 0-17 
0 Hours 41 Hours. 158 Hours. 324 Hours 
Armco 19-2455 0-03 1-32 1°47 1-53 
C17 1,100 1-33 per cent. Si 18-9470 0-10 1-07 1-24 1-38 
2-54 per cent. Si 20-3575 0-07 0-52 0-60 0-65 
4-22 per cent. Si 19-4820 0-06 0-08 0-10 0-10 
TABLE IV.—Carson CoNTENT OF CARBURISED ALLOYS. 
D SS Combined Carbon per Cent. 
Experiment | Temperature: 
- aah i 1-33 Per Cent. | 2-54 Per Cent. | 4-22 Per Cent 
Successive i . er Cent. . er Cent. | 4-22 Per Cent. 
Periods. Total. Armeo. Si. | Si. Si. 
7 800 24, 167 191 0-0 0-0 0-0 0-0 
C8 850 67, 65, 45 177 0-0 0-0 0-0 0-0 
C10 (a) 900 24 24 0-17 — -= — 
C10 (b) 900 24, 26 50 0-19 - —_ _ 
c9 (a) 910 89 89 0-26 0-0 0-0 0-0 
C9 (b) 910 89, 116 205 0-26 — -- “= 
Cl4 910 310 310 0-23 a oa _— 
C12 915 7 117 0-32 -- — — 
C6_ 940 74, 71, 168 313 0-81 0-64 0-41 0-06 
C15 990 41,119, 135 295 0-91 0-73 0-55 0-11 
C16 (a) 1,045 41,117 158 1-26 _ _ _ 
C16 (>) 1,045 41, 117, 157 315 1-21 0-96 0-66 0-08 
C5 1,100 72, 96 168 1-61 1-30 0-60 0-17 
C17 (a) 1,100 41 41 1-30 — — — 
C17 (b) 1,100 41,117 158 1-58 — — — 
C17 (c) 1,100 41, 117, 166 324 1-62 1-34 0-75 0-09 


























Surrounding the specimens would reach equilibrium 
with graphite at the temperature of the experiment, 
and that any convection currents at the ends of the 
furnace would not interfere with the establishment of 
that equilibrium. In order to find out the variations 
in temperature due to slight fluctuations in the voltage, 
4 300-hour continuous record was taken during the 
tarburising at 1,100 deg. C. It was found that the 
rise and fall of temperature only amounted to + 5 
deg. C., except at a certain hour each day, when, for a 
Period of two hours out of the twenty-four, the tem- 
Perature reached 10 deg. C. above the normal. 
P. was realised during the early stages of the work 
‘hat the time required for saturation would be con- 
siderable, and that, furthermore, some method would 
ave to be adopted in order to find out when equilibrium 
7 - been reached, _ The most convenient method was 
Weigh the specimens after approximately 40, 160 
and 30( ) hours, the intention being to allow an ample 
margin of time undisturbed during the final stage. 








and the apparent carbon content at each stage for two 
temperatures—940 deg. C. and 1100 deg. C. The 
values for apparent carbon content have been calcul- 
ated by adding the percentage of carbon shown by the 
increase in weight to the initial percentage. 

The results of sixteen experiments are given in Table 
IV. Fig. 4 shows graphically the percentage of silicon 
in the original alloys plotted against the carbon intro- 
duced at different temperatures, namely, 900 deg., 
910 deg., 915 deg., 940 deg., 990 deg, 1045 deg., and 
1100 deg., experiment numbers C10 (6), C9 (5), C12, 
C6, C15, C16 (6), and C17 (c), respectively. 

The microstructures of the series carburised at 940 deg. 
C. and of the series at 1100 deg. C. showed that silicon 
had very little influence on the type of structure apart 
from increasing the grain-size. No attempt was made 
to measure the grain growth during carburising. Some 
difficulty was experienced in the etching of all the 
carburised alloys in spite of every precaution to avoid 








the polished specimen in alcohol both before and after 
etching in the usual saturated solution of picric acid in 
alcohol. The pearlite was not particularly well 
laminated in any of the specimens, but this was quite 
to be expected in view of the comparatively rapid rate 
at which they were cooled through the Al point 
(approximately 50 deg. C. per minute). 

With regard to carburising in graphite at temperatures 
between 800 deg. and 900 deg. C., preliminary investi- 
gation seemed to show that this was either impossible 
or else that the time required was excessive. For this 
reason, small specimens $-in. in diameter and 1 in. long 
were prepared and packed in graphite in a short graphite 
box. The rest of the uniform temperature portion of 
the furnace was occupied by }-in. in diameter fireclay 
tubes containing a mixture of graphite and turnings of 
the materials to be carburised. 

In experiments C7 and C8, conducted at 800 deg. 
and 850 deg. C., respectively, no carburisation was 
obtained either of the turnings or of the }-in. specimens. 
On the other hand, an appreciable amount of oxide of 
iron was formed on the surface of the specimens of 
Armco whilst the turnings were oxidised throughout. 
This effect was so marked after the first period in 
experiment C8 that a slow stream of nitrogen was passed 
through the furnace at the beginning of the second and 
third periods in order to lower the partial pressures of 
carbon monoxide and carbon dioxide taking part in 
the equilibrium : 

C + CO, + 200. 


It was thought that the lowering of the pressure, and the 
consequent shift of equilibrium towards the right, might 
keep the conditions away from those of oxidation 
without seriously affecting the degree of cementation. 
The result of experiment C8, however, shows that even 
after this precaution no carburisation took place. 
Finally, in experiment C13 a specimen of Armco con- 
taining 0-26 per cent. of carbon was completely decar- 
burised and oxidised to an average depth of ¥,-in. by 
treatment in graphite for 144 hours at 850 deg. C. 
Turnings only were used in experiments C10 (a) 
and (5) at 900 deg. C., the carbon content being estimated 
by colour. In experiment C9 (a), no carburisation was 
found on examining the silicon alloys, although the 
specimen of Armco was carburised appreciably. After 
magnetically separating the small quantity of graphite 
powder, mixed with the Armco turnings, their combined 
carbon content was determined by wet combustion, 
giving the value 0-26 per cent. carbon for equilibrium 
at 910 deg. C. Samples of American washed iron and 
silicon-bearing white cast-iron were introduced along 
with the Armco in experiment C14 at 910 deg. C. 
Even after 310 hours, the silicon irons were not com- 
pletely decarburised in the centre, although the outer 
zone consisted of ferrite. 
From the isothermal diagram (Fig. 4) it is possible 
by interpolation to obtain for each temperature a 
series of values for carbon in solution corresponding 
to anything from 0 to 4 per cent. of silicon; Fig. 5 
gives their graphical representation. 








WHITWORTH’S ROAD-SWEEPING 
MACHINE. 


Ir is of considerable interest to those concerned with 
the progress of development in any phase of activity 
to make comparisons of the devices originated by 
pioneers with those in active use in modern times. 
By so doing it is sometimes the case that the investi- 
gator is confronted with information which shows 
in a surprising way how clearly the original workers 
understood requirements and met them, and how, 
no matter what changes were made in later years in 
practice, reversion to the original device was frequently 
advisable and, indeed, was often resorted to. It is 
for this reason we call attention to the original road- 
sweeping machine invented by Sir Joseph Whitworth. 
The illustration which appears on this page shows the 
construction of the appliance and is taken from The 
Civil Engineer and Architect’s Journal of April, 1843. 
It will appear remarkable to many who are concerned 
with maintaining the cleanliness of city streets, that 
over eighty years ago Sir Joseph Whitworth developed 
a design of sweeping machine which embodied in 
an efficient way the principal features of the most 
advanced machines of the present time. 

The machine was first used in Manchester, where it 
aroused a considerable amount of interest, and was 
later put into service on the roads of London and many 
other progressive towns. It utilised the rotary move- 
ment of the road wheels, when the machine was drawn 
by horses, in raising the loose soil from the surface 
of the road and depositing it in a removable receptacle. 
There was aseries of brushes, 3 ft. in width, suspended 
from a light frame of wrought iron, and hung behind 
the cart, the body of which was placed near the ground 
for greater facility in loading. The cart was in two 





staining. The best results were obtained by washing 





parts, the lower of which was suspended from above, 
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and when filled could be dropped and replaced with 
an empty one. To one of the wheels was attached, 
on the inside, a toothed rim which geared with a 
spur wheel at the back of the cart and provided the 
drive for the pulleys for the brush system. Between 
the two pulleys at the top and bottom of the brush 
housing there were endless chains to which the brushes 
were connected. As the brushes came into contact 
with the road they swept up the mud and carried it 
up the inclined plane within the casing, depositing 
it eventually in the cart. 

To lift the brushes from contact with the road, 
there was a worm and worm wheel above the cart, 
near the shafts, by means of which, with an associated 
bevel gear, motion was given to two chains connected 
at their other ends to the brush system through 
the intermediary of large quadrants. This gear made 
it easy to lift the brushes out of action. Another 
worm-wheel drive, located at the top of the cart at 
the centre, was used to give motion to the chains 
retaining the refuse receptacle in place, and could 
be quickly set in eperation for the release and replace- 
ment of the part of the cart carrying the deposit. 
It should be noted that the pressure of the brushes 
on the road surface could be regulated at any time 
to suit the condition of the weather and the nature 
of the deposit to be dealt with, by the use of a series 
of weights suspended on two chains within a box 
in front. Water was drained off by means of a pipe 
with its interior opening some inches above the level 
that the mud usually attained. In a modification 
introduced at the same time as the parent machine, 
a bevel wheel rim was used in place of the simple 
toothed one, and enabled the machinery to be placed 
in a suitable position to permit sweeping close up 
to the curb of the foot pavement. An indicator 
attached to the side of the sweeping machine showed 
the extent of the surface of road swept each day, and 
enabled a check to be made on the work of the 
operator. 








STREAM-LINE FILTER FOR 
LUBRICATING OIL. 

ALTHOUGH many attempts have been made in the 
past, with more or less satisfactory results, to purify 
dirty lubricating oil in order to make it fit for further 
service, the present price of high-class lubricants is likely 
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to result in increased efforts to obtain a complete 
solution to the problem. This is particularly difficult 
in the case of oils used in the cylinders and crank- 
cases of Diesel and other internal-combustion engines, 
since such oils in use become charged not only with dirt 
from the atmosphere, but also with carbon particles 
resulting from the combustion. These carbon particles 
are present in the used oil in an extremely fine state 
of sub-division, so fine, in fact, that they will 
pass through any of the ordinary filtering media. 
As many similar suspensions had been success- 
fully separated in the stream-line filter, invented 
by Dr. H. S. Hele-Shaw some years ago and 
described in our columns at the time,* it was natural 
that attempts should be made to apply this filter 
to the purification of used lubricating oil. This has 
now been done, and the Stream-Line Filter Company, 
Limited, 64, Victoria-street, Westminster, S.W. 1, 
have recently placed upon the market the apparatus 
which we illustrate on this and the opposite pages, at 
the same time making similar plants of other capacities. 
It will be remembered that in the stream-line filter 
the liquid to be filtered is forced, or drawn, between 
sheets of paper pressed together, more or less tightly 
according to circumstances, the solids present being 
wholly retained on the edges of the paper while the 
filtrate passes on to the outlet through the extremely 
thin, flat passages between the separate sheets. As 
applied to the filtration of lubricating oil, the paper 
is made in the form of flat rings, about 13 in. in diameter 
with §-in. holes through the centre, and some thousands 
of these rings are threaded on mild-steel bars of square 
cross section, so that when suitably compressed 
they occupy a length of about 2 ft. A number of 
these bars, each of which forms a tubular filtering 
element, are mounted on a circular plate and enclosed 
in a cylindrical container of sheet steel, as will be 
understood from Fig. 1, which shows the container with 
the filtering elements partly withdrawn. In this case, 
the necessary pressure between the paper rings is 
supplied by helical springs mounted on the ends of 
the bars which pass freely through holes in the plate, 
the springs being held in position by washers, so that 
they tend to pull the bars upwards and compress 
the paper rings between the circular plate and a 











* See ENGINEERING, vol. cxv, pase 625; see also 
vol. oxvi, pages 89 and 265; and vol. cxvii, page 267. 
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washer on the lower end of each bar. In the arrange- 
ment illustrated in Figs. 2 and 3, however, the 
pressure is applied to the paper rings by a cast-iron 
grid into which fit the lower ends of the square bars 
carrying the paper rings, the whole grid being pulled 
upwards to compress the paper, by rods fitted with 
springs compressed between lugs on the walls of the 
container and nuts and washers on the rods. An 
examination of Figs. 2 and 3 will make the arrangement 
clear without further explanation. 

The circular plate, above referred to, divides the 
container into two parts, as shown in Fig. 2. The 
dirty oil is fed into the lower part in any convenient 
manner. Steam coils are provided, as shown, to heat 
the oil to about 200 deg. F. in order to reduce its 
viscosity. The upper part of the container is con- 
nected with either one of two cylinders, from which the 
air is exhausted by a vacuum pump, capable of main- 
taining a vacuum of about 26 in. of mercury. This 
vacuum is sufficient to draw the oil from the container 
between the paper rings, up through the spaces sur- 
rounding the square bars into the upper part of the 
container, and thence into one of the cylinders, the 
impurities, of course, remaining on the outer surfaces 
of the filtering elements. Two cylinders are provided 
so that one can be shut off from the vacuum pump and 
emptied while the vacuum is applied to the other, 
suitable cocks being provided in the pipe connections 
to enable this to be done. The arrangement of the 
piping will be clear on reference to Fig. 5 opposite, 
which shows the complete installation with the excep- 
tion of the vacuum pump. : 

After a period of use depending upon the quantity 
of foreign matter present in the oil, the dirt collected 
on the outer surfaces of the filtering elements is sufficient 
to impede the passage of the oil, and, when this is the 
case, the deposit is removed in a few minutes by means 
of compressed air. The air is supplied at a pressure of 
about 20 lb. per square inch from any available separate 
source, or from what is normally the outlet side of the 
vacuum pump, to the upper part of the filtering con- 
tainer, the pressure thus applied to the interior of the 
filtering elements being sufficient to force air outwards 
“between the paper rings and so to remove the adhering 
deposit. This deposit, which is in the form of a sem!- 
solid cake, as shown in Fig. 4, falls to the bottom of the 
container and is removed through a sludge cock ; m 
some cases the sludge can be used as a pigment 10 the 
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manufacture of printing inks. It should perhaps be 
mentioned that the cocks controlling the supply of 
vacuum and pressure air to the filtering container are 
interlocked, so that both cannot be opened at the same 
time. 

We recently had an opportunity of seeing the plant 
illustrated in Fig. 5 in operation at the works of the 
Stream Line Filter Company, purifying oil from the 
crankcase of a cold-starting oil engine. The oil as 
supplied was quite black and opaque even in a thin 
film—a fact which was demonstrated by immersing an 
electric lamp in some of the oil contained in a glass 
beaker. The filtrate, however, appeared to be perfectly 
clear and transparent and of the usual reddish colour, 
while no signs of foreign matter could be detected by 
the usual spot test of applying a drop to a sheet of 
clean filter paper. We were informed that the specific 
gravity of the filtered oil was lower, and the viscosity 
higher, than that of the dirty oil, the specific gravity 
being 0-9176 and 0-9165 for the dirty and filtered oil, 
respectively, while that for the oil before use was 
0-9134. The corresponding figures for the viscosity, 
in seconds Redwood, at 140 deg. F., were 163 for the 
new oil, 183 for the dirty used oil, and 1834 for the 
filtered used oil. With the plant started up in a fairly 
clean condition, the delivery of filtered oil was at the 
tate of 1 gallon in 2$ minutes, the vacuum then being 
25 in. of mercury, and the temperature of the oil in the 
filtering container 204 deg. F. The rated capacity of 
this particular plant, however, is 700 gallons a day; 
two other plants made with different forms of auxiliary 
machinery have rated capacities of 100 gallons and 
300 gallons a day, respectively. The paper rings, 
we understand, are impregnated to render them 
oil resisting and show no signs of deterioration after 
use for a period of six months. They are understood 
to be practically indestructible, since none of the 
foreign matter present in the oil penetrates into the 
spaces between the rings, the whole of it being retained 
on the edges, whence it is effectively removed by air 
pressure as explained above. In any case their 
replacement would entail but little trouble or expense. 





NOTES ON NEW BOOKS. 


THE new edition (the 10th) of the invaluable reference 
book known as “ Kent’s Mechanical Engineers’ Hand- 
book”? has now been issued as two volumes. The 
publishers are Messrs. John Wiley and Sons, Inc., of 
New York, and Messrs. Chapman and Hall, Limited, 
London, and the price is 40s. net. There are in all 


able illustrations. The work of revision has been 
carried out by a staff of specialists, with Mr. R. Thurston 
Kent as Editor-in-Chief. The field covered includes 
practically all the operations of the mechanical engi- 
neer, and in the whole of the new additions to the text 
special attention has been. paid to the fundamental 
idea of the original author, viz., that what was required 
in a pocket-book was mainly data, and that theory, 
whilst not neglected, should not be exhaustively dealt 
with, this being the function of the text book rather 
than of the reference book. As in previous issues, the 
printing and general style of the new volumes are of 
the highest standard. 





The report has now been issued of the second 
session’s work of the ‘‘ Conférence Internationale des 
Grands Réseaux Electriques’’ which was held in Paris 
from November 26 to December 1, 1923. Instituted 
in 1921, the conference confines its deliberations to 
those problems of extra-high-voltage generation, trans- 
mission and utilisation which are the immediate 








preoccupation of electrical engineers of all countries. 
Specialists from twenty countries took part in the 
deliberations, Great Britain being represented by 
seven delegates nominated by the Institution of 
Electrical Engineers, the British Electro-technical 
Committee and the Electricity Commission, in addition 
to a number of unattached members. The scope of 
the conference is indicated by its permanent pro- 
gramme, which is divided into three sections. Section 1, 
the generation and transformation of energy, deals 
with dynamo-electric machinery, switchgear and 
cables, and the parallel operation of generating stations 
and sub-stations, with special regard to recent practice 
in out-of-door sub-stations. Section 2 has for its refer- 
ence overhead and buried-cable transmission schemes, 
including discussion of the relations between voltage, 
length of line and power transmitted; towers, insu- 
lators and conductors; the experimental determina- 
tion of electrical constants and the factors involved 
in the use of overhead lines in conjunction with under- 
ground cables. Problems of operation and protection 
of apparatus come under Section 3, which has for its 
sub-sections the control of frequency, voltage, power- 
factor and conditions introduced by sudden change of 
load, protection against over-load, over-voltage and 
lightning, and the measurement of energy at extra-high 
voltages. The papers submitted, together with the 
appropriate discussion, are here published in extenso. 
The subjects actually treated cover practically the 
whole of the programme outlined above, and having 





nearly 2} thousand pages of text and almost innumer- 





sisted of engineers of international reputation, this 
report must be considered as being of the utmost 
interest and importance. The volume is of permanent 
value as a record of the stage of development reached 
in extra-high-voltage practice throughout the world, 
while the reproduction of photographs and drawings 
submitted with the papers and reports leaves nothing 
to be desired. The report is published by L’ Union des 
Syndicats de l’Electricité, Paris. It runs to some 
1,159 pages and is procurable for the sum of 120 francs. 
We recently gave a summary of the work of the third 
of these conferences to be held (see page 102 ante), 
and in our issue of August 7, page 167, referred briefly 
to the issue of the report of this session. 





Apart from the practical advantages to be obtained 
from an intimate knowledge of kinematics and dyna- 
mics, such subjects are of high cultural value and 
provide the high mental training which is so necessary 
in the engineering world. The possession of such 
knowledge enables the student to understand the 
internal working of machinery and the factors which 
are brought into action. A recent work entitled 
“Mechanics of Machinery,” published by the McGraw- 
Hill Publishing Company, Limited, London, at the 
price of 25s. net, will be found to be of considerable 
interest to all directly or indirectly interested in 
these subjects, as the author, Mr. R. C. H. Heck, 
has developed many lines which had only been 
lightly touched upon by earlier writers, and a 
number of the newer topics, such as the action 
of steering motor cars, working and shaking forces, 
balancing, vibration, gyrostatic action, are of real in- 
terest. Although many of the graphs are necessarily 
complicated because of the subjects they represent, 
they are good examples of the application necessary 
for such work. The author has introduced an unusual, 
but highly commendable, principle into his work, 
whereby he develops each stage of his subject in great 
detail, and after thoroughly building it up and introduc- 
ing a few problems, the most important parts are 
repeated in a concise form. Such revisions are highly 
desirable as they assist the reader in memorising what 
is undoubtedly a difficult subject. 





Probably few users of gas have ever troubled to 
check the reading of their gas meters—a fact which 
may or may not be due, to some extent, to the cir- 
cumstance that the meter is very frequently fitted up in 
some place on their premises which is not very easy of 
access. Fewer still, probably, understand how such 
meters work. The same remarks apply, to a probably 
greater degree, in the case of electricity meters. 
Italian domestic users of electric current, who have 
some knowledge of electricity, are able to acquaint 
themselves of the working of their meters 
through the medium of a very handy guide entitled 
““Contatori Elettrict nella Teoria e nella Pratica,” 
which has been compiled for their benefit by Engineer 
Ignazio Clementi. As its title implies, the book 
describes the construction and the working of elec- 
tricity meters, and it does so very completely and 
with the aid of numerous illustrations. The book 
not only appeals to domestic users of current, but 
also to works engineers. It is published, at the price 
of 13-50 lire, by Ulrico Hoepli, Milan. 

Mathematical books in the form of that of Messrs. 
W. E. Wynne, and W. Spraragen, entitled ‘A 
Handbook of Engineering Mathematics,” are in a 
somewhat unusual category in this country. The 
book referred to is a second edition of an American 
work with revised and extended data—a testimony to 
its having found favour with students. Much of its 
apparent success may be traced to its being a handy 
compendium of formule and graphic expositions of 
geometrical and trigonometrical forms. The scheme 
followed is first the statement of the subject, next a 
graphic exposition of its terminology, followed by 
one or more examples. The unusual style of this 
handling requires more than a first glance acquaintance 
to appreciate its handiness. In our own case, happening 
to look at a section with page after page wholly in 
figures and symbols, it required a closer examination 
to realise that the terseness of this sort of arrangement 
may be useful, and that the comparative absence of 
text makes it easier to assimilate and remember 
definitions and terms. The work is not a school book 
but a handbook of reminders for engineers and archi- 
tects who are faced periodically with problems for 
the solution of which they may turn to this handbook. 
It does not give the facts of the usual pocket book, 
nor the complete evolution of formule such as may 
be found in text books. In making use of the book 
engineers will find it quite comprehensive, the quality of 
concentrated brevity making it possible to cover a 
very wide range. More than 80 of the 276 pages 
are occupied by tables, but space is also found for 
chapters on algebra, geometry, plane and spherical 
trigonometry, plane, analytical and solid analytical 








regard to the personnel of the conference, which con- 
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geometry, the calculus, hyperbolic functions, differ- 
ential equations, theoretical mechanics and _ the 
mechanics of materials (the treatment under both 
these heads being very good), hydraulics and the flow 
of fluids, aeronautics and electricity. The price is 8s. 6d. 
net, and the publishers Messrs. George Harrap and Co., 
Limited, 39-41, Parker-street, Kingsway, W.C. 2. 





The well-known French lexicographer, P. Larousse, 
once stated that ‘‘a dictionary without examples is a 
mere skeleton.” This applies to many dictionaries 
dealing with two languages and renders them almost 
valueless for all practical purposes. It by no means 
applies, however, to the “ French-English and English- 
French Dictionary,” by Mr. J. O. Kettridge, recently 
issued, at the price of 50s. net, by Messrs. George Rout- 
ledge and Sons, Limited. In this work the author, in 
addition to giving the equivalent, in French or English, 
of each term, introduces the latter into a sentence 
which is also translated. Moreover, the initial term is 
repeated with the addition of suffixes, forming a large 
number of technical phrases. For example, a good deal 
of space is devoted to the word “surface” and its 
derivatives ; these include such expressions as “‘ surface- 
contact system,”’ “surface drive,” “surface gauge,” 
“‘ surface tension,” &c. In the French-English section 
we find “travail & |’entreprise,” ‘travail au jour,” 
‘travail & l’heure,”’ &c. The ground covered includes 
not only every branch of the engineering profession, 
but also metallurgy, mineralogy, physics, chemistry, and 
geology. A method of telegraphic coding given in the 
book is not the least interesting feature of the work ; 
this makes possible the expression of any entry in the 
dictionary in the form of a 10-letter cipher word. 
The dictionary is undoubtedly of high quality; it 
has been very carefully prepared, and will be welcomed 
by all English and French engineering and commercial 
firms and scientific bodies who have business connec- 
tions with France or with England. 





THE LATE PROFESSOR 
E. H. BARTON. 


Proressor E. H. Barton, Dean of the Faculty of 
Pure Science in the University College of Nottingham, 
who died there suddenly on September 23, was a 
Nottingham man, and lived in that town for nearly 
all his life. He was much respected and honoured in 
his native city. 

Edwin Henry Barton, born on October 23, 1858, 
was educated at the People’s College, and attended the 
evening courses of Nottingham University College 
from its foundation, in 1881. Up till his 31st year, 
he was engaged in engineering works. He then matri- 
culated, obtained his B.Sc. in 1891, and went to the 
Imperial College of Science, London, where he took 
his D.Sc., in 1894, with a research scholarship from 
the Nottingham College; for some time he also 
workedin Bonn. He had previously become lecturer in 
physics at Nottingham in 1893, and, by 1906, he was 
head of the Physical Department there. This year he 
was elected Dean of the Faculty of Pure Science. Re- 
lieved of some of the routine work, he thus became 
able to devote himself to the organisation and equip- 
ment of his department in the new University 
building, which is now being erected through the 
generosity of Sir Jesse Boot 

Dr. Barton did a good deal of writing. He was author 
of a * Text Book of Sound,” “ Introductions to the 
Mechanics of Fluids,” and ‘ Analytical Mechanics,” 
and contributed papers on magnetism, electricity 
and sound to the Royal Society, of which he 
became a Fellow in 1916, and also to the Physical 
Society and the Philosophical Magazine. He was one of 
the very few surviving original abstractors of ‘‘ Science 
Abstracts.” His speciality was sound and he wrote 
the article on that subject in the ‘“ Dictionary of 
Applied Physics.” His mechanical training was of 
good service to him in devising models to elucidate the 
analogies between acoustical and other vibrations ; our 
readers may remember our comments on his Royal 
Institution lectures on ‘Vibrations: Mechanical, 
Musical and Electrical,” and on ‘‘ Audition and Colour 
Vision”? (ENGINEERING, April 19, 1918, page 432; 
and May 12, 1922, page 597). 

A kindly, unassuming man, reserved, but approach- 
able, Dr. Barton was everywhere popular. From the 
British Association meeting at Southampton, which he 
attended a month ago, apparently in good health, he 
went to North Wales for a holiday, but died within a 
week of his return. 





Leap AND SitveR Minine ww CorRNWALL.—The 
discovery of a lode of lead and a small proportion of 
silver is reported on the Werrington-Park estate at 
St. Stephen’s, Launceston, Cornwall. The matter is 
regarded as one of great importance, and a shaft about 
40 ft. deep has already been sunk. Employment is 
likely to be found for some 200 men when the prelimi- 
nary work has been completed. 





ENGINEERING TRAINING AND 
EDUCATION. 


Imperial College of Science and Technology.—A 
pamphlet has just been issued by the Imperial College 
of Science and Technology, South Kensington, London, 
8.W.7., giving particulars of courses of instruction 
available during the session 1925-26 in the Department 
of Aeronautics. The department was established in 
1921 to give effect to the scheme, proposed by the 
Committee on Education and Research in Aeronautics 
in their Report dated December 12, 1919, that the 
Imperial College should become the central school 
for advanced study in aeronautical science. The 
school is mainly a post-graduate one, and students are 
expected to have passed through a systematic training 
in one of the branches of engineering,and to have 
attained at least the standard of the B.Sc. degree. 
A course of complete study normally extends over 
two years, though a one-year course has been arranged 
for those unable to devote a longer period to the work. 
The subjects studied are aerodynamics, mathematics, 
aircraft design, materials of aircraft construction, 
strength of aircraft, engine design, airships, air naviga- 
tion and meteorology. All classes are under the super- 
vision of the Zaharoff Professor of Aviation, Leonard 
Bairstow, C.B.E., F.R.S., who is the director of the 
Department of Aeronautics. With him are associated 
Professor Sir Gilbert T. Walker, Sc.D., F.R.S., and 
a highly-qualified staff. Copies of the pamphlet may 
be obtained from the college on application. 





BOOKS RECEIVED. 


United States Bureau of Standards. Scientific Papers 
No. 503. A Flow Calorimeter for Specific Heats of 
Gases. By H. S. OssBorne and others. [Price 20 
cents.] Circular No. 255. United States Government 
Master Specification for Cheesecloth for Wiping Purposes. 
No. 258. Cheesecloth Unbleached. No. 261. Coloured 
Cotton Rags for Wiping Machinery (Sterilised). No. 
264. White Ootton Rags for Wiping Machinery 
(Sterilised). No. 267. Wiping Cloths. No. 272. 
Brown Cotton Sheeting. [Price 5 cents each.] Washing- 
ton: Government Printing Office. 

United States Bureau of our Statistics. Bulletin 
No. 395. Index to Proceedings of International Asso- 
ciation of Industrial Accidents Boards and Commissions, 
1914-1924. By G. L. Trssorrt. [Price 10 cents.] 
Washington: Government Printing Office. 

United States Bureau of Standards. Scientific Papers, 
No. 506. Theory and Interpretation of Experiments 
on the Transmission of Sound through Partition Walls. 
By E. Buoxinenam. [Price 10 cents.] No. 507. A 
NewInterference Apparatus for Testing Hamacytometers. 
By C. G. Peters and B. L. Paags. [Price 10 cents.] 
Washington : Government Printing Office. 

Theorie des Entmagnetisierungsfaktors und der Scherung 
von Magnetisierungskurven. By JosEPH WURSCHMIDT. 
Braunschweig: Friedr. Vieweg and Sohn Akt-Ges. 
[Price 6 marks.] 

The Principles of Sound Signalling. By Morris D. Hart, 
M.Se., D.I.C. and W. WuHatety Smita, M.A., M.Sc. 
London: Constable and Co., Limited. [Price 12s. 6d. 
net. ] 

High-Tension Line Practice. Materials and Methods. By 

Ernest V. PaungELL, M.I.E.E. London: Constable 

and Co., Limited. [Price 22s. 6d. net.] 

The Elements of Internal-Combustion Engineering. By 

TELFORD PreTrRI£, M.Sc. London: Longmans, Green 

and Co. [Price 10s. 6d. net.] 

The Theory of Measurements. By Luctus Tutti, B.A., 

and JoHN Surrerty, M.A., D.Sc. London: Long- 

mans, Green and Co. [Price 12s. 6d. net.] 

Photo-Electricity. The Liberation of Electrons by Light. 

By H. Stantey ALLEN, M.A., D.Sc. Second edition. 

London: Longmans, Green and Co. [Price 18s. net.] 

The Journal of the Iron and Steel Institute. Vol. CXI., 

1925. Edited by Gzoraz C. Luoyp. London : Offices 

of the Institute. 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—The past week has not brought 
forth anything fresh in the matter of business, and 
few contracts of any note have been fixed up. Buyers 
of practically all classes of material are out of the 
market for anything beyond immediate requirements, 
and these unfortunately continue to be of small 
proportions. Owing to the dgpressed state on all 
sides producers find it difficult to secure sufficient 
specifications to get plant started at the beginning 
of each week. Inquiries are also very poor. In the 
black-sheet trade the demand for light sheets for export 
is still good, and makers of galvanised and corrugated 
sheets continue to find an excellent outlet for all their 
production. Prices for home delivery are as follow :— 
Boiler plates, 11/. 10s. per ton; ship plates, 81. 2s. 6d. 
to 8/. 5s. per ton. ; sections, 7l. 12s. 6d. to 71. 15s. per 
ton; and sheets, yy in. to } in., 9/1. 15s. per ton, all 
delivered Glasgow stations. 

Malleable -Iron Trade.—In the West of Scotland 
malleable-iron trade, there is still very little business 
pases, Contracts are few in number and small in 
lk, and inquiries are very scarce. The price of 








“Crown” bars is unchanged at 11/. 12s. 6d. per ton, 
delivered Glasgow. 


Scottish Pig-Iron Trade—1n the Scottish pig-iron 
trade no change of any note has taken place over the 
week. Dealing is confined within narrow limits, and 
tonnages are small, as inquiries from foreign markets 
are poor. The home consumption at the present time 
is of extremely small dimensions, because of the 
dullness of trade, and there would seem to be little 
prospect of much improvement in the near future, 
Prices are barely steady, but the following may be taken 
as to-day’s market quotations :—Hematite, 4/1. 1s. per 
ton, delivered at the steel works; foundry iron, No. 1, 
4l. 2s. 6d. to 41. 5s. per ton, and No. 3, 41. to 41. 2s. 6d, 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ended last 
Saturday, September 26, amounted to 2,153 tons. Of 
that total 2,053 tons went overseas and 100 tons coast- 
wise. For the corresponding week of last year the 
figures were 809 tons foreign and 57 tons coastwise, 
making a total shipment of 866 tons. 


Institution of Engineers and Shipbuilders in Scotland.— 
Next Tuesday evening the first general meeting for 
session 1925-26, of the Institution of Engineers and 
Shipbuilders in Scotland will be held in the Rankine 
Hall, Elmbank-street, Glasgow. A very interesting pro- 
gramme has been arranged for the session. The James 
Watt anniversary dinner of the Institution will take 
place on Friday, November 20. 


Scottish Shipbuilding.—The shipbuilding returns of 
new tonnage for the month of September are not very 
inspiring, but even less so is the outlook for the oncoming 
winter. New contracts are very scarce, and work on 
hand does not amount to a heavy tonnage. Unless 
a most decided improvement is made in new bookings 
very soon, the industry will be in a very bad state at no 
distant date. The present negotiations between the 
employers and the workers relative to the costs of 
production may result in some improvement in business, 
but should they fail to achieve the desired end the pros- 
pects of the shipbuilding trade appear to be extremely 
black. The total Scottish output for the past month 
was 20 vessels of 27,977 tons, made up as follows :— 


Vessels. Tons. 








The Clyde _... kag os 17 27,608 
The Forth ... aoe ie 1 150 
The Tay aC ae OR _ _— 
The Dee and Moray Firth ... 2 219 
Total ue aoe 20 27,977 


To replace the vessels launched, the number of orders 
secured is poor and several of them are special vessels. 
The Clyde figures for September are the second lowest 
for this year and are much under the monthly average. 
They bring the nine months’ total up to 170 vessels 
of 417,339 tons, however, which is the highest total 
since the record nine months of 1920, when the figure 
was 489,425 tons. It is interesting to note that (omitting 
the war years) the tonnage for the past nine months has 
only been exceeded on six other occasions. 


New Contracts.—Messrs. Barclay, Curle and Co., 
Scotstoun, have secured an order from the British India 
Steam Navigation Company, Limited, for a vessel of 
8,500 tons deadweight.—Messrs. Henry Robb, Limited, 
Leith, have been successful in securing an order for 24 
large barges for foreign owners. These are for harbour 
and river use, and their construction will give employ- 
ment for a number of men for about twelve months. 





Coastat Motor TorPepo Boats FoR SWEDEN.—It is 
of interest to note that the Royal Swedish Navy Board 
has acquired two coastal motor torpedo boats, con- 
structed by Messrs. John I. Thornycroft and Co., Limited, 
of a type similar to those already in use by leading naval 
powers. These Swedish vessels, the second of which 
has just completed satisfactory trials, are 55 ft. long and 
carry as armament two 450 mm. torpedoes, two pairs of 
machine guns, depth charges, and smoke floats. Des- 
pite the considerable weight thus carried, improvements 
in form and construction, resulting from data and exper!- 
ence obtained from previous vessels, have enabled the 
exceptional speed of over 40 knots to be attained. A 
feature of the design is the protection afforded the crews 
by high-sided shields fitted over the engine-room hatch. 
As may be surmised from the armaments, the boats are 
intended to xeon a means of defence against sub- 
marines and also to perform other duties. 





NATIONAL ASSOCIATION OF SUPERVISING ELECTRICIANS. 
—It has been announced by the National Association : 
Supervising Electricians, of Chalmers House, 43, Ruel 
square, London, W.C.1, that the President, Mr. F. pew 
M.Inst.C.E., has offered two cash prizes, one of 10/., am 

the other of 5/., for the two best papers submitted by 
members of the Association dealing with either economics 
of the electrical industry, the industrial relations ——— 
employers and employees, the reduction of electric = 
costs, or the encouragement of business. Papers must 
not exceed 2,000 words in length, but may cover any 
subject involving the utilisation of electrical energy: 
Literary style will be considered of minor importance in 
adjudging the merits of contributions, practical sugges. 
tions for the improvement of the electrical industry = 
any part of it being sought. All entries should be sen 

to the General Secretary of the Association at the above 
address, and must be received not later than noon on 
November 25, 1925. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.——There is rather more 
inquiry for Cleveland pig-iron, customers apparently 
inclining to the belief that they are unlikely to gain 
by holding off the market longer, but, as yet, actual 
sales are only on a limited scale, and are still mostly 
for home purposes. A little Continental business is, 
however, passing. Prices are again down 6d., but the 
opinion is gaining ground that at last bottom figures 
have about been touched. No. 1 is 70s. 6d.; No. 3 
g.m.b., 67s. ; No. 4 foundry, 66s. ; and No. 4 forge, 65s. 


Hematite.—The position as regards East-Coast hematite 
iron is by no means satisfactory. Make is on a very 
limited scale, and stocks are low, but notwithstanding 
the strong statistical state, producers have been urable 
to uphold values fully. In this branch also, sales are 
largely confined to parcels for home use, but one or 
two small lots have been sold to the Continent. Nos. 1, 
2 and 3 are obtainable at 74s., and No. 1 is quoted 
74s. 6d. 


Foreign Ore.—There is continued absence of business 
in foreign ore, consumers still being well placed as regards 
supplies. Market rates remain on the basis of best 
rubio at 20s. c.i.f. Tees. 


Blastfurnace Coke-—Durham blastfurnace coke is in 
slightly better request for local use. Good average 
qualities are in the neighbourhood of 18s. 6d. delivered 
here. 


Manufactured Iron and Steel.—In one or two depart- 
ments just a little more inquiry is circulating, but most 
descriptions of manufactured iron and steel are still 
very slow of sale, and there is keen competition for 
orders that come on the market. Prices are unsteady, 
but not quotably altered. Common iron bars are, 
111, 12s, 6d.; iron rivets, 137. 10s.; packing (parallel), 
8l.; packing (tapered), 117. ; steel billets (soft), 77. 10s. ; 
steel billets (medium), 8/.; steel billets (hard), 9. ; 
steel ship, bridge and tank plates, 8/.; steel angles. 
71. 10s. to 71. 15s. ; steel rivets, 132. ; steel joists, 77. 10s. 
to 7l. 15s.; heavy sections of steel rails, 87. 10s.; fish 
plates, 127. 10s.; black sheets (24-in. gauge), 117.; and 
galvanised corrugated sheets (24-in. gauge), 16/. 10s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Little evidence is to be found of the 
improvement in the steel and engineering trades which 
was freely forecast a month ago. In some respects the 
general pe yee is less satisfactory. Falls in prices below 
the level of profitable production, having regard to the 
increased weight of overhead charges, have failed to stimu- 
late purchases in the heavy steel and allied branches. 
Outputs of pig iron, hematites, steel billets, wire rods 
and cold-rolled strip are all substantially below production 
capacity. The price factor is responsible for the wide- 
spread use of foreign materials at re-rolling establish- 
ments catering for cheap supplies. Optimistic reviews 
based on gross output and the level of employment 
as compared with pre-war returns, fail to take accurate 
cognisance of the extensions made to plant in the interim 
and of current facilities for speedier production. More 
railway business is in prospect on home account, but 
many foreign contracts, which Sheffield and district 
manufacturers would probably have shared had condition 
been anything like equal, are passing over their heads to 
Continental and other competitors. Rolling mills, 
though producing a bigger gross tonnage than in 1914, 
are only operating, in some of the principal instances, 
at forty to fifty per cent. of capacity. Heavy foundries 
feel acutely the slump in the shipbuilding demand, 
while the dearth of armament work militates against 
satisfactory results in the big engineering establishments, 
despite the very creditable efforts made to develop 
alternative lines of business. The building trades are 
good buyers of general ironwork and light castings. 
Road-making and repairing schemes are responsible 
for an increased demand for British stone-breakers and 
crushers, an extended preference being shown for machin- 
ery of this class embodying wearing parts of manganese 
steel. Business in high-speed and cast tool steel is better 
in parts, but is far from robust on export account. 
There is a steady run on permanent steel magnets for 
& variety of uses, the British automobile industry being 
one of the principal buyers. 


South Yorkshire Coal Trade.—The difficulty of inducing 
consumers to enter into forward business is reflected in 
the generally easy condition of the market. In almost 
every instance exports of South-Yorkshire hards show a 
further shrinkage, though, taking everything into account, 
inland deliveries are maintained on a fairly high scale. 
Business in cobbles and nuts presents little variation. 
Slacks are largely neglected, with a consequent fall of 
ninepence per ton in rough slacks and ls. 9d. in nutt 
descriptions. Movement in housecoal, though still 
below the seasonal average, is slowly regaining force, 
and official rates are fully maintained. Quotations : 
Best branch handpicked, 30s. to 33s.; Barnsley best 
silkstone, 27s. to 29s.; Derbyshire best brights, 22s. 6d. 
to 25s. 6d. ; Derbyshire best house, 22s. to 24s. ; Derby- 
shire best large nuts, 16s. to 20s. ; Derbyshire best small 
huts, 12s. 6d. to 14s.; Yorkshire hards, 18s. to 22s. ; 
Derbyshire hards, 18s. to 22s.; rough slacks, 9s. 6d. 
- a as 6d.; nutty slacks, 6s. 6d. to 8s.; smalls, 3s. 6d. 


NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 


The Coal T'rade.—Conditions have become so bad 
in the Welsh coal trade that the South Wales Coal- 
owners’ Association are now considering the question 
of a scheme for stabilising prices. It is recognised, 
however, that the arrangement of a practical scheme 
presents very serious difficulties, but it is felt that the 
limit of concession has been reached so far as prices 
are concerned, and that something must be done to 
arrest their downward tendency. Trade in the mean- 
time remains far from sufficient to keep the collieries 
working regularly, and prices are a matter of 
individual bargaining, with best Admiralty large from 
24s. to 24s. 6d., Monmouthshires 20s. 6d. to 21s. 6d., 
and dry large 21s. 6d. to 24s. Best steam smalls are 
plentiful at 10s. to 10s. 6d., with other classes from 
9s. up. There is a seasonal demand for sized coals, 
and dry washed nuts are firm at 25s. to 30s. with 
bituminous washed nuts steady at 19s. 6d. to 21s. 6d. 
Exports of coal as cargo foreign last week totalled 
329,680 tons, compared with 344,620 tons in the previous 
week. Shipments from Cardiff amounted to 169,520 
tons against 218,950 tons; from Newport, 53,570 tons 
against 35,510 tons; from Swansea, 68,130 tons against 
54,150 tons; from Port Talbot, 37,460 tons against 
29,530 tons; and from Llanelly, 1,000 tons against 
6,480 tons. Shipments to Argentine last week totalled 
37,600 tons ; to Brazil, 35,630 tons; to France, 90,050 
tons; and to Italy, 53,800 tons. 


Empire Shipping—Mr. Montgomery Williams, senior 
Vice-President of the Swansea Chamber of Commerce, 
at a meeting of the Chamber last week, moved a 
resolution calling on the Government to adopt the 
conditions enforced by practically all other maritime 
powers with regard to flag discrimination, and to confine 
the carrying of the trade of the British Empire to tonnage 
flying the British flag. British trade should not be 
reserved to British ships, but the cargoes for transport 
between the Mother Country and the Dominions and 
Colonies should be carried only by British ships. Italy, 
for instance, had decided that all coal imported for 
utility works and railways had to be carried in Italian 
ships, and France was trying to make the same stipulation, 
with the result that British ships were being cut out 
by slow degrees. It was time they took steps to protect 
themseives, and if other nations found it advisable to 
confine the trade between their own countries and 
their colonies to their own ships, such a scheme would 
prove of benefit to Britain as it would not only emplo 
British shipping, but stimulate Empire trade. British 
shipowners had gone beyond the stage when they should 
consider the feelings of other nations, as the existence 
of their own nation was at stake. The resolution was 
seconded and referred to the shipping section of the 
Associated Chambers of Commerce of the country. 


Iron and Steel—Welsh tinplate manufacturers at a 
meeting held at Swansea wong unanimously agreed 
to the institution of a pooling system in the trade which 
is to operate from January next. Sir J. C. Davies 
was appointed chairman of the new system, and 
Mr. H. C. Thomas, secretary, and a sub-committee 
selected. Further meetings are to be held to settle 
outstanding details. It may be recalled that a pooling 
scheme with minimum prices was only recently 
terminated. 





TEeNDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, 8.W.1, has announced 
that tenders are invited by the State Electricity Suppl 
Works at Montevideo, Uruguay, for the supply and deli- 
very of 200,000 metres of rubber-insulated wires and 
cables. Offers will be received at Montevideo until 4 p.m. 
on December 22, 1925. Further, a length of 1,060,000 
metres of special cable for outside use is required ; 
offers will be received until 4 p.m. on December 28, 
1925. Copies of the specifications, together with the 
general conditions of the tenders, may be consulted at 
the Department of Overseas Trade. The Egyptian 
Ministry of Public Works, Cairo, invites tenders for the 
supply and erection of two internal-combustion pumping 
units and accessories, required in connection with the 
gradual conversion of the Mex Pumping Station at 
Alexandria, which at present is fitted with steam-driven, 
low-head centrifugal pumps. Tenders will be received, 
at Cairo, until December 1, 1925. Further particulars 
regarding this call for tenders may be obtained from the 
Department of Overseas Trade. 





Prersonat.—Mr. Edward Wilson, formerly associated 
with Sir W. G. Armstrong, Whitworth and Co., Limited, 
is about to leave the United Kingdom for a prolonged 
tour in New Zealand, where he will be sole representative 
for Messrs. Spear and Jackson, Limited, manufacturers 
of saws, edge tools, spades, shovels, &c., of Aetna Works, 
Sheffield, and for Messrs. Joseph Rodgers and Son, 
Limited, steelmakers, of Hillsbro’, Sheffield.—Mr. 
Hubert E. Mayhew, of 5, Billiter-buildings, Billiter- 
street, London, E.C.3, has been appointed sole agent 
in the London district for Sir William Arrol and Co. 
(Swansea), Limited, of King’s Dock Works, Swansea. 
Mr. W. H. Peak, O.B.E., has been appointed Managing 
Director of the Sterling Telephone and Electric Company, 
Ltd., in succession to Mr. Guy Burney, who resigned 
recently, and Mr. Charles E. Hunter has succeeded the 
late Mr. Max. R. Lawrence as Works Manager. Mr. 
Peak retains his position as Managing Director of the 
Relay Automatic Telephone Co., Ltd. Mr. Guy Burne 

has opened offices at Morning Post Building, 346, Strand, 
London, W.C.2, and proposes to interest himself in the 





NOTICES OF MEETINGS. 


Tue Institution or MunicipaL AND County EnGI- 
NEERS : METROPOLITAN DistRIcTt.—To-night at 6.30 p.m., 
at 92, Victoria-street, S.W.1. ‘‘ Modern Road Construc- 
tion,” by Mr. William Bell. 


THe Junior Institution or ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette : 
“Problems of Broadcasting,” by Mr. H. Bishop, B.Sc. 


Tue Institution oF Civit ENGINEERS: BIRMINGHAM 
AND District AssocraTIOn.—Saturday, October 3, at 
2.15 p.m. Students’ Visit to Birmingham Tame and 
Rea District Drainage Board Works. 


Tue InstiruTion OF MUNICIPAL AND County ENaI- 
NEERS.—Saturday, October 3, at 2.30 p.m., Joint 
Meeting of North-Western and Yorkshire Districts, in 
the County Court Room, Todmorden. Discussion on 
** Regional Town Planning,” opened by Mr. Robert H. 
Mattocks and Mr. Reginald Bruce. 


Tue Instirute or British FOUNDRYMEN; LAN- 
CASHIRE Branou.—Saturday, October 3, at 4 p.m., at 
the College of Technology, Sackville-street, Manchester. 
Presidential Address, by Mr. J. Masters. Discussion on 
‘*Foundry Wasters,’” by Mr. A. Sutcliffe. ‘* Core 
and Mould Drying,’”’ by Mr. W. H. Meadowcroft. 


Tue Institute or TRANSPORT.—Monday, October 5, 
at the Institution of Electrical Engineers, Savoy Place, 
Victoria Embankment, W.C.2. Presidential Address, 
by Col. Sir Joseph Nall, D.S.O., T.D., M.P. 


Tue INsTITUTE OF TRANSPORT: YORKSHIRE SECTION. 
—Monday, October 5, at 5.30 p.m., at the Town Hall, 
Leeds. ‘“‘The Problem of the Canals,” by Sir John 
Eaglesome, K.C.M.G. 


THE Junron InstiTuTION OF ENGINEERS: NoRTH- 
WESTERN SgotT1on.—Monday, October 5, at the Geo- 
graphical Society, 16, St. Mary’s Parsonage, Manchester. 
Chairman’s Address: ‘‘ Responsibility,” by Mr. J. D. 
Porteous. 


Tue Socrety or ENGINEERS.—Monday, October 5, at 
5.30 p.m., at the Geological Society, Burlington House, 
Piccadilly, W.1. ‘“‘ Bridges: their Renewal in England 
and France during the Great War,” by Major V. A. M. 
Robertson, M.C., R.E. 


Tue INstTrITuTION OF THE RuBBER INDUSTRY.— 
Monday, October 5, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘“‘ Collective Advertising,” by 
Sir Charles Higham. 


Tse Institution or HEATING AND VENTILATING 
ENGINEERS.—Tuesday, October 6, at 7 p.m., at Caxton 
Hall, Westminster, S.W. 1. ‘‘ Practical Measurement of 
Air Flow,” by Mr. E. Ower, B.Sc. 


THe Socrery or MopEL AND EXPERIMENTAL EN- 
GINEERS.—Tuesday, October 6, at 7 p.m., at Caxton 
Hall, Westminster, S.W.1. Lecture: ‘“*The Railway 
Centenary,” by Mr. E. A. Forward, A.R.C.S., M.I.Mech.Ke 


Tue InstiruTte or Merats: BrrmincHam Loca. 
Srct1on.—Tuesday, October 6, at 7 p.m., at the Chamber 
of Commerce, New-street, Birmingham. ‘Some Phases 
of Life in India,” by Dr. F. Johnson. 


Tue Institute or Metats: Norru-East Coast 
Locat Srction.—Tuesday, October 6, at 7.30 p.m., at 
the Armstrong College, Newcastle-upon-Tyne. Chair- 
man’s Address, by Mr. H. J. Young, F.I.C. 


Tue InstituTION OF ELECTRICAL ENGINEERS : SoUTH- 
MIDLAND StuDENts’ SEoTt1on.—Tuesday, October 6, at 
7.30 p.m., at the Queen’s Hotel, Birmingham, Chair- 
man’s Address, by Mr. R. H. Rawill. 


Tue INstITUTION OF ENGINEERS AND SHIPBUILDERS 
In ScotLanp.—Tuesday, October 6, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. Address by Mr. A. J. 
Campbell, President. ‘* The Ruths Steam Accumulator,’» 
by Mr. Alfred J. T. Taylor. 


THE MANCHESTER METALLURGICAL Socrety.—Wed- 
nesday, October 7, at 7 p.m., at the College of Technology, 
Manchester. Presidential Address. ‘“ Effect of Grain 
Size on Physical and Mechanical Properties of Metals,” 
by Professor F. C. Thompson, D.Met., B.Sc. 


Tue InstituTE oF Metats: Lonpon Locat SECTION. 
—Thursday, October 8, at the Institute of Marine 
Engineers, 85-88, The Minories, Tower Hill, E. 1. 
Chairman’s Address, by Dr. J. L. Haughton, F.Inst.P. 


Tse InstiruTte ofr MerTats: SHEFFIELD LocaL 
Srction.—Friday, October 9, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. Chairman’s 

dress: ‘‘ Some Notes upon the Value of the Institute 
of Metals to the Local Industries,” by Mr. F. Mason. 


THe Dreset ENneINe Users’ Assocration.—Friday, 
October 9, at Caxton Hall, Westminster, S.W.1. ‘‘ The 
Scottish Shale- Oil Industry,” by Mr. Edwin M. Bailey. 


Tae Socrety or CHEmicaL InpDustRY: CHEMICAL 
ENGINEERING GRoUP.—Friday, October 9, at 8 p.m., at 
the Royal Society of Arts, John-street, Adelphi, W.C. 2. 
** Aerosols in Industry,” by Dr. W. E. Gibbs. 





ContRAcTs.—Messrs. Marshall, Sons and Co., Limited, 
engineers, of Britannia Iron Works, Gainsborough, 
have obtained an order from the Greek Government for 
100 steam road rollers of very similar type to that illus- 
trated and described on page 208 of our issue of August 14 
last.—The Leeds Forge Co., Limited, of Leeds, have 
secured an order for eighteen all-steel passenger coaches 
for the Barsi Light Railway Company for use on the 





development of patented articles. 





Miraj extension, near Bombay. 
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EXHIBITS 


AT THE OLYMPIA CYCLE AND MOTOR-CYCLE SHOW. 


CONSTRUCTED BY THE SCOTT MOTOR-CYCLE COMPANY, LIMITED, SALTAIRE, YORKSHIRE. 


(For Description, see Page 422.) 

















Fie. 5. Fryrne Squrerevt 2-Cytinper, 2-Stroke Motor-Cycuiz. 











Fia. 7. 


Moror-Oycuzs. 


DEPARTMENT OF SC/ENTIFIC AND InNpusTRIAL RE- 
SEARCH.—It is announced that Dr. G. C. Clayton, C.B.E., 
M.P., and Professor H. C. H. Carpenter, F.R.S., have 
been appointed, by Order of Council dated September 16, 
1925, to be members of the Advisory Council to the 
Committee of the Privy Council for Scientific and 
Industrial Research. 

INsTITUTE OF TRANSPORT.—It is announced by the 
Institute of Transport of 15, Savoy-street, Victoria 
Embankment, London, W.C.2, that the Premium Awards 
in respect of the Session 1924-25 have now been allocated. 
The Railway (Operating) Gold Medal has been awarded to 
Mr. Roger Gibbs, and the Railway (Engineering) Gold 
Medal to Courtenay H. W. Edmonds, O.B.E. Mr. Arthur 
Ernest Bassom has awarded the Road Transport (Pas- 
senger) Gold Medal, and Mr. David Ritchie Lamb the 
Road Transport Gold Medal. Lieut.-Col. Ivo A. E. 


2-SpzepD GEAR AND Maaneto Drive or Scorr 














l Edwards, C.M.G., has been awarded the Aviation Gold 
Medal, and Mr. Henry James Deane the Water Transport 
Gold Medal. The Institute Graduate (Silver) Medal 
and the Modern Transport Premium have been assigned 
to Mr. William David Batchelor and Mr. Richard James 
Eaton. Sir Lynden Macassey, K.B.E., D.Sc., will 
present these awards at a meeting of the Institute of 
Transport to be held on Monday, October 5. 





Losses OF MERcHANT SuHIPPING.—According to 
statistics Just issued by Lloyd’s Register of Shipping, the 
world’s losses of merchant shipping during the quarter 
ending March 31 last, were comparatively small, amount- 
ing to 94,423 gross tons, comprised in 105 vessels. Great 
Britain and Ireland lost 22 ships, making 12,473 tons, 
during the period, but the latter figure is only 0-07 per 
cent. of the total tonnage owned in this country. In 
the case of Germany the losses amounted to 11,105 tons, 











Fie. 8. 3-Spezp Gear Box anp StarTER OF SCOTT 


Mortor-CyYc.gs. 


comprised in 10 ships, the proportion of the total German 
tonnage lost being 0-38 per cent. Italy lost 0-33 per 
cent. of her merchant tonnage during the period under 
review, the losses including 6 vessels with a tonnage of 
9,204. For France the losses amounted to 8,321 tons, 
or 0-24 per cent. of the total tonnage, and the corre- 
sponding figures for Norway and the United States were 
7,468 tons (0-30 per cent.) and 7,419 tons (0-05 per cent. ). 
In proportion the heavy losses during the quarter were 
sustained by Spain, the 6 ships making 6,632 tons lost 
by them, amounting to 0-54 per cent. of the total 
Spanish tonnage. The above-mentioned figures include 
steamers, motorships and sailing vessel of 100 gross tons 
and upwards, but the totals exclude cases of breaking up, 
condemnation, &c., which are not known to be consequent 
upon stress of weather, &c. If such cases are included 
the total losses for the whole world amounted to 325,231 
tons, comprised in 195 vessels. 
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PLATE XXVI. 





WITH OVERHEAD-VALVE ENGINE. 


JER COMPANY, LIMITED, ENGINEERS, COVENTRY. 


Yor Description, see Page 411.) 
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THE CO-ORDINATION OF TECHNICAL 
INFORMATION. 


It is stated that about 25,000 separate scientific 
journals are published throughout the world. This 
information carries the authority of the “ World 
List of Scientific Periodicals,’ which has just been 
published with the assistance of the British Museum 
Authorities. To the engineer many, indeed most, 
of the 25,000 publications are naturally of no pro- 
fessional interest, but the proportion of the total 
which deal with matters with which he is directly 
concerned must amount to an unwieldy number. 
As a matter of practical everyday possibility, the 
average engineer engaged in design or administra- 
tion, generally finds it impossible to look at more 
than perhaps three or four technical journals in 
the course of each week. Under these circum- 
stances it is matter for no surprise that attempts 
are made by various institutions and publications, 
to prepare indexes and lists of abstracts of articles 
appearing in the technical Press throughout the 
world, which it is thought may be of interest and 
value to their members, or readers. 

This whole question was raised and re-discussed 
in an informative paper, which was read by 
Major W. E. Simnett at the Conference of The 
Association of Special Libraries and Information 
Bureaux, held at Balliol College, Oxford, from 
Friday to Monday last. Major Simnett’s paper, 
which was entitled ‘Co-ordination of Technical 
Intelligence,”” was concerned to a considerable 
extent with the possibility of co-ordinating the 
technical libraries of the country, but he also dealt 
with the technical periodical literature possessed 
by such libraries, and, indeed, referred to it as the 
most important part of their contents. The ques- 
tion of libraries proper, in the ordinary under- 
standing of the term, we will return to below, but 
for the moment may confine our attention to 
the question of periodical publications. As we 
have said above, many attempts have been, and 
are being, made to prepare indexes and abstracts 





of such publications, and Major Simnett gave some 
account of the Technical Review of the Foreign 
Press, which was published towards the end of 
the war by the Technical Intelligence Service. The 
publication will probably be familiar to most of 
our readers. It was distributed throughout the 
Army, Navy and Air Force technical branches, to 
the Ministry of Munitions and other Government 
Departments, and was placed on sale to engineers 
and manufacturers. After the termination of the 
war the review ceased to be carried on as a Govern- 
ment activity, and, after some months on an 
independent basis, it finally languished and was 
discontinued. 

The history of this publication would appear to 
suggest that any such index and list of abstracts 
from the contents of the technical press of the world, 
is not felt to be a necessity by engineers and scien- 
tific men, since had it been so, the Review would still 
have been in existence, This conclusion need not 
be hastily drawn, however. It might be argued 
with some plausibility that the Review was launched 
as an independent publication in too complete and 
elaborate a form, and that a less ambitious publica- 
tion, which had more time to build up a circulation, 
might have been successful, especially if it had a 
semi-official status, and was produced under the 
auspices of a committee representing the great 
engineering and scientific institutions. This argu- 
ment, as we have said, is plausible, but while it 
it need not be immediately concluded that no such 
Review is needed, neither should the opposite be 
too readily assumed. Nothing but good can follow 
from examining both sides of any question, and 
when the question involves the forming of a body 
analagous to the British Engineering Standards 
Association to father the suggested publication, 
which is Major Simnett’s suggestion, it will be clear 
that considerable initial examination is desirable. 

There is a preliminary aspect of the matter which 
should not be overlooked, and which may indeed 
be the determining factor in the whole affair. 
We have spoken of the limited opportunities which 
the average engineer has of looking at, or reading, a 
reasonable proportion of the technical publications 
which deal with his particular interests. The 
indexes and lists of abstracts which are already 
being published are presumably a reaction from these 
limited possibilities, but it would appear likely 
that this reaction is based on misunderstanding. 
It is very necessary not to overlook the fact that 
much of this indexing and abstracting is already 
being done by the technical journals themselves. 
In saying this we do not suggest in any way that the 
contents of responsible journals are in the main 
obtained from the contents of other journals. 
This is far from being the case. The point is that 
no engineer who regularly sees, say, one or two 
responsible engineering journals, which deal with his 
particular interests, will miss any important develop- 
ment which may take place in connection with those 
interests. Within a reasonable period any develop- 
ment of moment will be brought to his attention by 
his regular publication, one of the first duties and 
purposes of which it is to deal with just such 
advances. The information may come to the 
journal in any one of fifty ways that is but incidental 
to its own organisation. It very certainly will not 
have to rely on a press-cutting agency, amateur 
or professional. 

This expression, a “ press-cutting agency,” raises 
another aspect of the matter, although the sense 
in which we have used the phrase is perhaps not 
quite correct. A press-cutting agency proper has 
a perfectly definite and useful purpose. It extracts, 
by means of a pair of scissors, all references, from 
all periodicals which come into its possession, to 
some matier on which it has been instructed to 
collect such extracts. The purpose of the committee 
or body, or organisation which would be charged with 
the preparation of the lists which are under dis- 
cussion would be very different from this, and two 
of the differences are of great importance—the 
organization would be required to select and to 
abstract. Neither of these functions is impossible, 
but they both require much judgment and skill, 
and if the work were to be carried out in the 
wholesale way which is proposed, a large and efficient 
staff under very able direction would be required. 
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It is very necessary to remember that the value 
of work of the kind proposed would not be measured 
by the quantity of abstracts and entries which were 
prepared, but, subject. naturally to the field being 
properly covered, by their fewness. Science and 
engineering produce some development of importance 
probably every week, but they do not produce 
25,000 such advances, say, every month, and, if one 
item only is to be quoted from each of the publica- 
tions dealt with, it will be clear that the users of the 
abstracts prepared will be presented weekly, or 
monthly, with such a mass of matter that it will be 
practically unusable. 

Itis obvious, of course, that any concrete proposals 
in connection with the preparation and publication 
of such abstracts would specify that they should be 
selective, but it is doubtful if the difficulties of such 
selection are properly appreciated. Important 
advances in any science, or art, are not likely to be 
missed, but as we have said, such important advances 
in any sphere of work are already chronicled by the 
technical journals which cover that sphere. The 
field is only open for minor advances and references 
to descriptions of particular works. Something 
might be done in this sphere, but even there the 
difficulties of selection are enormous. If a Japanese 
paper publishes a method of dying bamboo green, is 
the article to be reproduced in sufficiently extensive 
abstract to enable a reader to employ the method ? 
If the reply is yes, the road is immediately open to 
a publication of enormous expense and bulk. If 
the answer is no, there is danger of eliminating just 
the type .of out-of-the-way information that our ex- 
perience suggest readers may need. Questions about 
machinery for the manufacture of slate pencils, or 
for grinding bottle stoppers, are fair samples of the 
type of inquiry we constantly receive, 

We are very conscious of the fact that these 
remarks are hardly constructive, but conceive that 
a little serious consideration of some of the diffrcul- 
ties of the proposal forms a more useful contribution 
to the discussion of Major Simnett’s scheme than 
would an enthusiastic but formless acceptance. 
If the matter advances beyond its present stage 
there is likely to be ample opportunity for its 
further discussion. The other item of Major 
Simnett’s proposal one can accept with less hesi- 
tation. He pointed out that there is at present 
absolutely no co-operation between our technical 
libraries, and that an engineer in search of a scarce 
book might have to visit the libraries of the Institu- 
tions of Civil, Mechanical and Electrical Engineers, 
of the Naval Architects, and that at the Patent 
Office in turn, in order to find it. This difficulty 
has been eliminated in the United States where the 
libraries of the various engineering societies have 
been amalgamated in the United Engineering 
Societies Building. Matters in this country are 
hardly ripe for a similar move, but it would seem 
very desirable that the Engineering Joint Council 
should consider the question of co-ordination and 
examine the possibility of publishing a joint 
catalogue. 





DANUBE NAVIGATION. 


THE River Danube has a total length of about 
1,800 miles from its source in the Black Forest, 
Germany, to its outlet by the three mouths Kilia, 
Sulina, and St. George in the Black Sea. Its 
principal tributaries are the Isar, Inn, Drave, Save, 
Theiss and Pruth, the latter flowing into it at no 
great distance from the end of its course. It has 
for many centuries been used a great deal for trans- 
port purposes, The means employed have improved 
with the general progress made in ship construction, 
the boats now in use iar outclassing the primitive 
ones mentioned by the celebrated Hungarian author, 
Maurus Jokai. The war and its effects have checked 
the activities which have connection with the river. 
In pre-war days, the Danube crossed no frontier 
between Passau, on the Bavarian border, and 
Orsova, in‘ close proximity to the Iron Gates, the 
river between these two cities flowing entirely 
through Austria-Hungary for a distance of nearly 
800 miles. As a result of the war the map of 
Central Europe has been greatly changed. Now, 
after flowing through Austria, the Danube forms 
part of the frontier between Czecho-Slovakia and 


Hungary ; it flows south through the latter country 
and also through a part of the Serb-Croat-Slovene 
kingdom instead of constituting, as formerly, a 
portion of the frontier between Serbia and Austria- 
Hungary. From the Iron Gates, in the Transyl- 
vanian Alps, to the Black Sea, the river forms the 
same frontiers generally as it did before the war. 

As will be seen, therefore, the Danube may now 
be said to concern seven different nations. Between 
Passau and Orsova there are at the present time 
four frontiers at which examinations give rise to 
serious delays, and result in tug-boats and barges 
remaining idle for long periods. These delays are 
said to amount to about 6,000 barge days per 
annum, with a corresponding loss of time for tugs. 
These figures are taken from a summary of a report 
by Mr. W. D. Hines, contained in the Monthly 
Summary of the League of Nations, published last 
month. This report further states that in 1923 and 
1924 the goods traffic on the Danube was only 
slightly more than half the normal pre-war traffic. 
An improvement set in during the first six months 
of the present year, these showing an increase of 
about 50 per cent. over the corresponding first half 
of 1924, due to an increase in Serb-Croat-Slovene 
maize shipments to foreign ports. The decrease 
in general traffic is ascribed to several causes. It 
has been due largely to the widespread economic 
depression following from the war which Germany 
brought upon Europe. The division of the former 
Austro-Hungarian Empire, has also been an im- 
portant contributory cause, since |the free transit 
which formerly prevailed over the 800 miles from 
Passau to Orsova no longer obtains. Tariff barriers 
have sprung up between the different states, and 
have seriously affected business communications 
between them. 

Besides these economic difficulties there are 
others which may be said to belong to the sphere 
ot engineering. These are mostly far from insur- 
mountable. They are generally of rather long 
standing, but the war and post-war conditions have 
diverted attention from them. At times and for 
considerable periods in the season in which navi- 
gation is open, obstacles ot different kinds in the 
river bed make a minimum depth of even 2 m. 
(6 ft. 7 in.), impossible. In some of the stretches 
improvements in the channel might be carried out 
with advantage, in connection with the instailation 
of hydro-electric power stations. This would benefit 
in several ways the localities themselves and the 
adjoining districts, but would involve heavy capital 
expenditure, which it would be no doubt difficult 
for the several States to meet under present circum- 
stances. It is interesting to note that a scheme 
of this nature is being completed on the Danube, at 
Passau, Bavaria which, apart from the production 
of electrical energy, will, it is claimed, greatly 
improve navigation on the river. Improvements 
are necessary at several parts of the river course 
where it forms a frontier between two different 
States, and this work requires the friendly co- 
operation of the States involved. This applies in a 
very marked degree to the stretch of the river at 
Orsova, known as the Iron Gates, where, besides 
dangerous and sharp bends, and reefs in the river 
bed, the depth of water is frequently insufficient, 
and the current so great that it is generally impos- 
sible to tow through more than one or two barges 
at a time. At some portions of the channel shoals 
have accumulated and have seriously interfered 
with navigation. 

Previous to the war a. very large proportion of the 
traffic on the Danube was carried by Austrian and 
Hungarian companies ; the traffic from the Iron 
Gates to the Black Sea was generally handled by 
Roumanian and Greek firms. At the present time 
the traffic is said to be distributed among German, 
Austrian, Czecho-Slovakian, Hungarian, Serbo- 
Croat-Slovene, Roumanian, French and Dutch 
companies, whilst Roumanian companies now 
work more up-stream from the Iron Gates than 
they did in pre-war years. Greek vessels, by 
reason of their draught are almost wholly restricted 
to the stretch between the Iron Gates and the Black 
Sea. Although traffic has greatly diminished, the 
number of units comprised in Danube shipping, 
taken as a whole, is about 25 per cent. larger than 
in pre-war time. The use of self-propelled barges 





is on the increase, while port facilities and equipment, 
and facilities for maintenance and repair show an 
improvement, as compared with pre-war conditions, 
Were it not for the very widespread trade depression, 
for inter-state customs difficulties, and the condition 
of the channel for part of the river, traffic would 
show a marked advance owing to the greater and 
better carrying facilities now available. Still 
another factor has not been conducive to an increase 
in traffic, and this is the decision mentioned in 
the report, taken since the war by the Serb-Croat- 
Slovene Kingdom and Roumania, to prohibit 
foreign navigating companies from dealing freely 
with the internal traffic on the Danube in the 
various countries, and also with the traffic on 
that river’s important tributaries, the latter being 
now considered as territorial and not as inter- 
national waters. Different states also raise diffi- 
culties with regard to the use of their port installa- 
tions by foreign companies, the tendency being to 
nationalise such facilities ; the question of foreign 
labour as between several states also arises in some 
instances, and the effect is felt of heavy taxation 
dues claimed on foreign craft. 

There are, therefore, as will be seen, quite a 
number of hindrances to the development of traffic 
on this, one of the best situated rivers of Europe. 
The fact that several states are responsible for 
many of them does not augur well for an amicable 
inter-state understanding being arrived at in the 
near future, in regard to the necessary engineering 
work for improving the navigable channel. To the 
cost of this, the foreign, namely the German, 
French, Dutch and Greek navigation companies 
utilising the river would doubtless have to con- 
tribute a considerable share. 

The report further calls attention to the railway 
traffic, both in connection and in competition with 
the traffic on the Danube ; this is also a problem 
which calls for solution by co-operation between the 
different states. 

The Danube International Commission, a body 
administering the Danube Statute, instituted by 
a convention among the states interested in the river 
down to Braila, and the Danube European Com- 
mission, which has jurisdiction over the maritime 
Danube from Braila to Sulina, are continuing to 
give their consideration to the different economic 
and engineering questions at issue. 





THE LOSS OF THE UNITED STATES 
NAVY SUBMARINE S.51. 

THE sinking of the submarine 8.51 on the night 
of September 25 was the second serious loss which 
the United States Navy sustained during that 
month, the first being the destruction of the rigid 
airship Shenandoah on September 3, Unfortu- 
nately, the loss of life has been heavy, only three 
men, out of a total complement of thirty-seven 
officers and men on board at the time, having been 
rescued by the City of Rome, a merchant ship 
with which the submarine collided. The sympathy 
of the British Navy and of the general public will 
be fully extended to the relatives of the missing 
officers and men and to the American Naval 
authorities. 

According to the reports, which have been received, 
the submarine started from her base at New London 
on the day of the accident, bound for the torpedo 
station at Rhode Island, and was 18 miles due east 
of the north point of Block Island, which itself 
extends across the entrance to Long Island Sound, 
when at about 10.15 p.m. she was sighted by the 
coasting vessel City of Rome. There appears to 
have been some difficulty on the part of the Captain 
of the coaster in making out the bow lights of the 
submarine, and therefore in ascertaining the course 
she was making. He states that these lights were 
not switched on until his vessel was close to the 
submarine, and then he found the latter was crossing 
his bows from starboard to port, a direction which, 
by the ordinary rules of navigation, would necessitate 
his giving way. The Captain of the City of Rome 
reversed his engines, but the speed of the vessel 
was not sufficiently retarded, and as the submarine 
continued its course the coaster struck her almost 
squarely, and at a position slightly abaft the conning 





tower, A large hole was made in the side of the 
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submarine, and she sank in less than a minute. 
Three of the submarine ratings who were close to 
the conning tower hatch were lifted through it by 
the escape of air due to the entry of the water 
through the hole in theside, and were rescued. The 
officer and the two men who were on duty on the 
bridge of the submarine were drawn down by the 
suction caused by the sinking vessel and are 
missing. 

It is very unusual for submarines to navigate 
submerged during the dark hours, and especially 
in peace time, and it may be taken as correct that 
she was on the surface and being propelled by her 
two Diesel engines. The conning tower hatch 
would be open to allow air to enter for the supply 
of the engines, which consume large quantities for 
the combustion of the fuel oil. For the same reason, 
the door in the engine-room bulkhead would also 
be open. In these submarines the fire bulkhead of 
the engine-room is abaft the conning tower, and a 
hole in the position stated in the reports, and 
with the engine-room door open, would cause the 
flooding of the two largest compartments in the 
submarine, the engine and control rooms and the 
vessel must sink, whether floating with the full 
reserve of buoyancy, or with a diminished amount 
due to a partial flooding of the ballast tanks. The 
inflow of water into the submarine would be very 
fast, especially as the conning tower hatch would 
be open and air easily vented, and it is doubtful 
if there would be sufficient time to close the doors 
in the watertight bulkheads. The vessel is reported 
to be lying in a depth of water of about 140 ft., 
at which the pressure per square inch is about 63 lb., 
and if the bulkhead doors were closed it is improbable 
the bulkheads would stand this high pressure for 
any length of time. There is thus very little 
likelihood of any of the officers or men being found 
alive, even if salvage is soon effected. The libera- 
tion of chlorine gas by the salt water coming into 
contact with the sulphuric acid of the electric 
batteries is another danger to any who might, due to 
the transverse or longitudinal inclination of the 
vessel, reach an air pocket, 

The latest information is that, although efforts 
have been made to lift the vessel by using floating 
cranes, this has not yet been effected. The reports 
state that a large lift is required—an indication that 
the vessel is completely flooded. 

The ill-fated submarine, as indicated by her 
number, is the last of a class of 51 which were 
authorised by Congress in 1916, but were not ordered. 
or laid down until some time later. Although the 
whole of the 50 vessels have the same letter and are 
classed together, there are considerable differences 
between some of the groups comprising the class. 
A number were designed and built by the Electric 
Boat Company of America, whilst the remainder 
were to the design of the Bureau of Construction and 
Repair of the Navy Office. Amongst the latter 
was 8.51, which, with three sister vessels, were built 
at the Lake Torpedo Boat Company’s works at 
Bridgeport, a shipbuilding corporation originally 
started by Simon Lake, the famous submarine 
designer, but which during late years has been 
managed by a former member of the United States 
Naval Construction Corps. 8.51 was completed 
in June, 1922, and had a surtace displacement of 
about 1,000 tons and 1,230 tons when submerged. 
Her length was 240 ft., maximum beam 22 ft., and 
draught 134 ft. Two Diesel engines, each of 
900 brake horse-power, gave her a surface speed of 
15 knots, whilst two electric motors of a total 
power of 1,500 brake horse-power enabled her to 
obtain a submerged speed of 11 knots. Normally 
she would carry 75 tons of fuel oil, but in the event 
of a longer endurance being required, reserve fuel 
tanks were arranged to carry an additional 70 tons. 
One 4-in. gun and five 21-in. torpedo tubes—four at 
the bow and one at the stern—formed her armament. 
8.48 to §.51 were the four largest of the class, the 
earlier vessels being of about 850 tons surface 
displacement, 20 ft. less length, propelled by two 
engines of 600 brake horse-power each, and fitted 
with four 21-in. torpedo tubes in place of five. 

The class has been rather unfortunate during 
their time in commission, accidents having happened 
to at least five of them, but, happily, without serious 
loss of life. In 1920 submarine §.5 sank whilst 


exercising, the crew of 37 men being rescued after 
being imprisoned for 40 hours, whilst in the following 
year 30 men of §.48 had a similar experience for 
12 hours. Two of the class have been run ashore 
during the present year, and in a third there was an 
explosion in which three men lost their lives. The 
class has therefore become to be regarded as an 
unlucky one, although with such a number in 
commission, and the recognised difficulties attending 
the navigation and operation of these complicated 
vessels, the number of accidents has not been unduly 
great. 

Many of the class were delayed for some time 
during the completion stage by engine troubles. 
This was reported in the American press as being 
due to torsional vibration of the propelling shafting. 
It was ultimately obviated by either larger shafts 
or an alteration in the position of the engines. 

Although the cause of the sinking of S51 is clear, 
the same cannot be said of the loss of the Italian 
submarine Sebastiano Veneiro, which on September 
1 was reported as missing with a total complement 
of fifty men, and has since been given up as lost. 
She was a smaller submarine than S51, having a 
surface displacement of 750 tons and 920 when 
submerged. With a length of 220 ft., she was 
fitted with Diesel engines of 2,600 b.h.p., and electric 
motors of 1,100, giving speeds of 17 and 9 knots 
when on the surface and submerged, respectively. 
The armament consisted of 18-in. torpedoes, four 
tubes being fitted in the bow and two in the stern. 
Built by the Fiat Company at Spezia, she was 
completed in 1918, 

She was engaged in the extensive manoeuvres 
carried out by the Italian Navy last month, being 
stationed with two other submarines off Cape Passero 
in Southern Sicilly, and was last seen on August 24, 
Heavy weather was experienced, but reports 
indicated that the submarine had behaved remark- 
ably well, and had remained in touch with the 
mainland by wireless, Although search was 
carried out for several days by aeroplanes and 
surface vessels, no trace of the submarine was 
discovered, except some large patches of oil at a 
position seven miles east of Cape Passero. It is 
highly probable that whilst being navigated sub- 
merged, a defect in the delicate and intricate 
mechanisms which operate the diving rudders, 
caused her to sink to a depth at which the external 
pressure of water was too great for the hull struc- 
ture to withstand, and it collapsed. 

Both accidents indicate the great care with which 
submarines must be navigated, and the extreme 
vigilance which must be exercised by the officers 
and men whilst carrying out their duties. It is 
only by constant practice in the operations, which 
would be necessary in time of war, that the required 
experience in handling such craft is obtained, and 
any defects in the design and construction of the 
complicated mechanisms with which they are filled, 
discovered, rectified, and improved. 





PROGRESS OF CIVIL AVIATION. 


THE annual report on civil aviation, which has 
just been issued, is of particular interest on this 
occasion, since it covers the first year’s working of 
Imperial Airways, Limited, formed, it will be 
remembered, from four separate companies previ- 
ously operating aerial transport services between 
this country and the Continent. The company, 
which is to receive a total Government subsidy of 
1,000,000/. spread over a period of 10 years, under- 
took to fly a minimum of 1,000,000 miles per annum, 
except in the first four years of its existence, 
during which the minimum for any one year might 
be 800,000 miles, provided that a total of 4,000,000 
miles have been flown at the end of the first four 
years. In addition, the company undertook, as a 
minimum, to operate efficient transport services 
between London and Paris, London and Brussels, 
London and Amsterdam and Southampton and the 
Channel Islands, 

Some delay occurred in opening the services in 
April, 1924, and the Channel Islands service has only 
operated spasmodically throughout the year covered 
by the report, but on the other services mentioned, 
with their extensions, the total mileage flown during 





the year ended March 31, 1925, amounted to 





825,525, reaching a maximum of 146,820 miles in 
the single month of July, 1924, The durability of 
British aircraft, and the care taken in the matters 
of inspection and maintenance are well shown by the 
fact that one Handley-Page machine and two of the 
De Havilland 34 type, each completed 2,300 flying 
hours, representing a distance flown of 200,000 miles 
each, while three Napier-Lion engines each ran for an 
average period of 1,350 hours. Altogether during 
the year, 4,677 machine flights were made for 
transport purposes, and 890,000 machine-miles were 
flown, and to these totals Imperial Airways, Limited 
contributed 93 per cent. in each case, while of the 
13,478 passengers carried, 98 per cent, travelled in 
that company’s machines. The cargo transported 
by air during the year amounted to 508 tons, all of 
which was carried by Imperial Airways, Limited. In 
addition, 23,519 machine flights were made, 139,000 
machine-miles flown, and 43,766 passengers carried 
in other than transport flights, these flights being 
made almost entirely for pleasure purposes. 

Some idea of the present efficiency of aerial 
transport may be gained from the statistics given in 
the report, which show that of 4,328 flights com- 
menced in the British subsidised air services during 
the year under consideration, 4,064, or 94 per cent., 
were completed without interruption, while 105 of 
the remainder, although interrupted, were completed 
on the same day as commenced. In these flights, 
there were a total of 286 forced landings, of which 
144 (50 per cent.) were due to weather conditions, 
96 (34 per cent.) were caused by engine or installa- 
tion failures, and 46 (16 per cent.) were due to other 
causes. Only one fatal accident occurred during the 
year, but this, unfortunately, resulted in the death 
of seven passengers in addition to the pilot. It will 
be remembered that on December 24 last a machine, 
after taking off from Croydon aerodrome and climb- 
ing a few hundred feet, stalled and nose dived to the 
ground. Fire broke out on the impact and the 
whole of the occupants were killed. Three other 
accidents, which did not result in personal injuries, 
occurred on the established air routes, while eight 
more occurred in other classes of civil flying ; in one 
of these the pilot and passenger were injured. There 
were thus 12 accidents in all, of which four were 
attributed to error of judgment on the part of the 
pilot, two to defects in aircraft structure or controls, 
two to defects in engine or installation, one to 
weather conditions and three to other causes not 
specified. In addition, it may be mentioned that 
two accidents to foreign aircraft occurred in this 
country during the period covered by the report, 
both happening to French machines employed on the 
cross-Channel services. These two accidents were 
caused by engine failure, but neither involved 
personal injuries to the occupants. : 

In conclusion, a brief reference may be made to 
the progress made in the equipment of the London- 
Continental route for night flying, which will cer- 
tainly have to be carried out as soon as it can be 
done with safety, if full advantage is to be taken 
of the aeroplane as a means of transport— 
especially of mails. A considerable amount of 
experimental and test work has been carried on 
during the year with this object in view. The 
emergency landing grounds at Penshurst and Little- 
stone have been equipped with automatic beacon 
lights, and the boundaries of these landing grounds, 
and also of the aerodromes at Croydon and Lympne, 
have been outlined with automatically-operated 
lights. In addition, improvements have been 
effected in the arrangements for flood lighting the 
landing area at Croydon Aerodrome in order to 
increase the space that can be utilised in night opera- 
tions. Fog still remains one of the chief hindrances 
to aerial navigation, but the problem has been 
tackled by employing a captive balloon to obtain 
information on the efficiency of various lighting 
units. A new type of beacon employing neon 
lamps has been installed at Croydon and has been 
found of considerable assistance to pilots endeavour- 
ing to locate the aerodrome under conditions of 
bad visibility. It is proposed, during the coming 
winter, to attempt to produce a scheme for assisting 
navigation by making use of the leader-cable prin- 
ciple in conjunction with neon vacuum tubes. 
In this way it is hoped to enable aircraft to operate 
safely from aerodromes in times of dense ground fog, 
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provided that it is possible to see clearly when 
flying above the fog. Acoustica] methods of assist- 
ing aircraft to land in fog are also being studied, 
but have not yet arrived at the stage of practical 
utility. 





THE CYCLE AND MOTOR-CYCLE 
SHOW AT OLYMPIA. 


(Concluded from page 393.) 


In our last issue, we illustrated typical motor- 
cycles, fitted with two and four-cylinder four-stroke, 
engines. The remaining imported types are those 
employing single cylinder four-stroke, and engines 
operating on the two-stroke cycle. We described 
and illustrated two typical machines fitted with 
the former type of engine, when dealing with the 
last exhibition, in our issue of November 7, 1924, 
and as this type has not undergone any appreciable 
modifications in the meantime, it is unnecessary to 
refer to further examples at present. The two- 
stroke engine has been largely employed on the 
cheaper class of low-powered machines, and is still 
very popular for this purpose. It is occasionally 
employed tor machines of medium power, and 
an example of its application in this form is given 
by the products of the Scott Motor-Cycle Co., Ltd., 
of Saltaire, Yorkshire. This firm have adopted 
the two-cylinder two-stroke type of engine for 
a number of years, and have been so successful 
in this application that their machine may be said 
to stand in a class by itself. The motor-cycle ot 
their manufacture, which we illustrate in Fig. 5, 
page 418, is an entirely new model, known as the 
Flying Squirrel. It will be noticed from the 
illustration that it embodies a number of depar- 
tures from the firm’s usual practice. The most 
striking difference is in the design of the tank, the 
new form adopted for this fitting resulting in the 
machine having an appearance which is super- 
ficially similar to more conventional types. The 
design of the Flying Squirrel is based on the experi- 
ence gained with the machine used in the 1925 
Senior Tourist Trophy Race, and thus serves to 
illustrate our previous comment on the importance 
of this event as influencing design. Two models are 
made, having cylinder capacities of 498 c.c. and 596 
c.c., respectively, and the striking capability, as re- 
gards speed, of the modern motor-cycle, is brought 
out by the fact that either machine can attain to 
from 80 to 85 m.p.h. on the road. The bore and 
stroke of the two models are, respectively, 68-25 mm. 
by 68-25 mm., and 74-6 mm. by 68:25 mm. The 
design of the cylinder head has been modified to 
give more effective cooling, and the performance 
of the engine is further enhanced by a straight- 
through induction system, a large diameter exhaust 
outiit, and polished ports and passages. Figs. 6 
to 8 show various details of these machines. -In all 
cases except that of the 486 c.c. Squirrel model, 
lubrication is effected by a mechanical oil pump, 
working in conjunction with the firm’s well known 
automatic feed system, which is operated by the 
engine suction. In the case of the 486 c.c. Squirrel 
machine, the lubrication is entirely on the latter 
system. The mechanical oil pump is mounted on 
the crank-case cover, as shown in Fig. 6, and 
is driven from the crankshaft by the connecting 
link which can be seen under the cover. The illus- 
tration shows the 596 c.c. engine in part section. 
In all Squirrel models the pistons are die-cast in 
aluminium alloy, and are fitted with two rings. 
The gudgeon pin is of the floating variety, pro- 
tected by aluminium buttons. The connecting 
rods are steel stampings, machined, and ground all 
over. The big ends are fitted with roller bearings, 
these having replaced the chrome steel bushes ; and 
the small ends have phosphor-bronze bushes. The 
crankshaft is built up from two steel stampings, 
each machined to form a one-piece crank and 
balance weight. The main bearings are of the same 
type as the big ends. The majority of Scott 
motor-cycles are fitted with two-speed gears, in 
conformity with the firm’s usual practice, but 
this year additional models have been introduced 
embodying a three-speed’ gear box. The two- 
speed gear arrangement is shown in Fig. 7, from 
which it will be observed that two alternative chain 





EXHIBITS AT THE CYCLE 


AND MOTOR-CYCLE SHOW. 




















Fie. 9. Coventry-Victor THREE-WHEEL RUNABOUT. 
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drives are brought from the engine, either of which 
can be connected with the final drive by means of a 
foot-operated, expanding ring clutch. The illus- 
tration also shows the screw adjustment for tension- 
ing the chain. The three-speed box is shown in 
Fig. 8. The gears are of the constant-mesh type 
engaged by a sliding dog, which is operated by a 
lever mounted directly on the gear-box. A multi- 
plate clutch is employed, controlled from the handle 
bar of the machine, and fitted with die-pressed 
asbestos friction linings. The triangulated frame, 
which is a special feature of previous Scott machines, 
has been retained on all models, together with the 
special design of front forks, which only allows of 
movement parallel with the steering head. Internal 
expanding brakes, lined with Ferodo, are fitted to 
both wheels. The front brake is controlled from 
the handle bars, and the rear brake by means of 
a foot pedal on the left-hand side of the machine. 
In the earlier part of our article, we mentioned 
that examples of light cars were to be seen on one 
or two of the stands. At one time it was believed 
that this type of machine was likely to replace 
the side-car combination in popular favour, on 
account of the greater protection afforded to the 
driver, and on the assumption that the construction 
was mechanically sounder. As a result of this 
belief, for a number of years each succeeding exhibi- 
tion marked the introduction of new cycle-car 
models by various makers, which were usually 
fitted with single or twin-cylinder engines, the 
transmission being generally on the lines of ordinary 
car practice. To render the price comparable 
with a side-car combination, weight was. severely 








cut, and the design was made as simple as possible, 
frequently at the expense of mechanical soundness. 
This type of car has never met with any marked 
success ; but an alternative type, in which sim- 
plicity was achieved by the adoption of a single 
central rear wheel, has proved entirely sound. The 
stable position achieved by this type of car is 
mainly due to the excellent work of The Morgan 
Motor Company, Limited, of Malvern Links. This 
firm has consistently specialised in three-wheeled 
vehicles, and an examination of their products at 
the Show affords sufficient evidence that their 
success is based on good mechanical design. The 
firm have always fitted proprietary engines, and are 
exhibiting models equipped with various types 
manufactured by Messrs. J. A. Prestwich and Co., 
together with models fitted with Anzani overhead 
valve, and Blackbourne Sports engines. aes 

Of the other three-wheeled cycle-cars on exhibi- 
tion, one, shown by the D’Yrsan Car Company, of 33, 
Kinnerton-street, S.W.1., was introduced at the 
time of the last Show; while two others, exhi- 
bited respectively by Messrs. W. J. Green, Limited, 
Omega Works, Coventry, and by The Coventry 
Victor Motor Company, Limited, Cox-street, Coven- 
try, are being introduced for the first time this 
year. The D’Yrsan car is fitted witha four-cylinder, 
water-cooled, engine, but both the latter cars have 
two-cylinder engines. The Omega car, exhibited 
by Messrs. Green, has a somewhat unusual chassis, 
consisting of four parallel tubes, joined up at 
intervals by cross stays. The two lower tubes are 
more widely spaced than the upper, and are carried 
at the forward end on an extension of the engine 
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plates. At the rear they terminate in a point 
below the box carrying the bevel gears, which 
give the right-angled drive in the transmission. The 
two upper tubes forming the frame terminate at 
the front in a bracket carried on a tubular frame- 
work surrounding the clutch, and at the rear, run 
into the bevel gear box, as in the case of the lower 
tubes. Two cross girders are bolted on the top of 
the box to carry the rear end of the body, the 
forward end being carried on the tubular framework 
over the clutch. The engine is a 980-c.c. air-cooled 
J.A.P., with side-by-side valves, and the power is 
transmitted through a cone clutch to the propeller 
shaft, which runs between the upper frame members. 
From the rear end of the propeller shaft, the drive 
is through spiral bevels to one of the two final 
chain drives, which are arranged on each side of 
the rear wheel. The chain sprockets are engaged by 
dogs, arranged in the bevel box. The gear reduc- 
tions are 4} and 8} to 1 respectively. The rear forks 
are pivoted on wide bearings on each side of the 








employed. The frame tapers from front to rear, 
and is bridged by three cross members. It will be 
observed from Fig. 10, that the side members are 
stiffened in the vertical plane by the employment 
of a king-post truss. The transmission is by means 
of a single-plate clutch, to a propeller shaft fitted 
with fabric universal joints. From the rear end of 
the propeller shaft, the drive is transmitted to a 
cross countershaft by spiral bevels. The final drive 
is by chain on each side of the rear wheel, the appro- 
priate sprocket being engaged by means of a dog 
clutch. The countershaft carries the foot-brake 
drum, the brake being of the external contracting 
type. The hand brake operates on a drum mounted 
on the rear wheel, and is of the internal expanding 
variety. Rack and pinion steering is adopted. 
The rear axle, which is mounted on quarter-elliptic 
springs, is carried in the fork member shown in 
Fig. 10. It will be observed from this figure that 
the fork bearings are in line with the countershaft, 
so that the tightness of the chains is unaffected by 





bevel box, the bearing pins being removable. 

We illustrate the Coventry-Victor three-wheel 
cycle-car in Figs. 9 and 10, opposite. The car 
is fitted with a Coventry-Victor, horizontally- 
opposed, twin-cylinder engine of 688 c.c. capacity. 
The engine is water cooled, and is mounted on the 
front cross-member of the chassis. Cooling is on the 
thermo-syphon system. As will be seen from the 
illustrations, the frame is in accordance with the 
usual car practice, channel-steel side members being 


the rise and fall of the axle relative to the frame. 
Quarter-elliptic springing is employed for the front 
as well as the back axle, the front springs being 
splayed outwards. The tront axle is of tubular con- 
struction and is straight. 





Gotp MINE IN Mancuortia.—It is reported that a 
very rich gold mine has been discovered near Ye Ho, in 
Manchuria, in the eastern part of the district served 








by the Chinese Eastern Railway. 


SCIENTIFIC EXHIBITS AT THE 
BRITISH EMPIRE EXHIBITION. 


(Continued from page 394.) 


We may now turn to a description of the 
instruments which make up the systematic ex- 
position of radiations according to wave-lengths. 
The first of these is an apparatus shown by 
Dr. E. A. Owen, of the National Physical Labora- 
tory, to demonstrate the penetration of metal 
by the very short wave-length of the y-rays. 
The apparatus is shown in Fig. 14. The property 
of these rays, by which the extent of their penetra- 
tion is demonstrated, is their ability to ionise or 
render conductive the air through which they pass 
after passing through obstacles that would have 
wholly arrested other rays possessing the same 
property but with a less degree of penetrative power. 
A speck of radium is placed in the centre of the 
massive block of lead, seen at the back of the 
apparatus. This block has a small hole allowing 
the radiating beam to fall on anelectroscope, and so 
to discharge it immediately. In the frame 
which is placed in front of the large lead block are 
blocks of lead, iron and brass 1 in, thick, which 
can be slid in turn in front of the inlet to the 
electroscope. The rate of fall of the electroscope 
leaves can be perceived through the slot in the 
front of the apparatus, and is seen to be reduced 
to a greater or less extent according to the metal 
of the l-in. screen through which the rays have 
to pass. 

The section devoted to x-rays includes a particu- 
larly striking and instructive series of exhibits by 
Mr. F, D. Edwards, demonstrating the electrical 
discharge through a large tube during the reduc- 
tion of its atmosphere from atmospheric pressure to a 
high vacuum, together with a number of pieces of 
working apparatus illustrating famous experiments 
of Crookes and others. Fig. 15 shows the general 
arrangement of the apparatus for producing the 
vacuum discharge-tube effects. They are shown in 
a 4 ft. 6 in. discharge tube with sealed-in elec- 
trodes, operated by a large induction coil with 
mercury interrupter. At high vacuum the process is 
controlled by a rectifying valve, seen nearly below 
the centre of the discharge tube, which is used to 
prevent the risk of a reverse current occurring when 
the resistance of the tube rises to nearly the point 
at which the striae begins to appear. 

Particular interest attaches to the arrangements 
for producing the vacua, both because of the 
increasing use that is likely to be made of high 
vacua in practice, and of the remarkable efficiency, 
speed, and simplicity with which they are obtained. 
The preliminary or backing pump, of the “ Hyvac ” 
two-stage rotary design, itself produces a vacuum 
of 0-001 mm., which not so many years ago would 
have been thought an adequate final vacuum for 
any purpose. The vacuum is obtained by two 
rotary vacuum pumps, running in series on a com- 
mon motor-driven shaft. This shaft is immersed 
in a small cast-iron box filled with a special oil of 
very low vapour pressure, which preyents any 
leakage of air into the high vacuum. The inlet 
to the high vacuum is fitted with a steel cone, 
ground to take either a simple glass outlet, or a 
glass trap to receive oil when the pump is stopped 
for some time in communication with the high- 
vacuum apparatus. The pump itself weighs only 
164 Ibs., runs silently with #, h.p., and has a 
capacity of 415 cub. in. of free air per minute. It 
is made wholly of metal, and without any part 
that can be attacked by mercury vapour. 

This pump by itself replaces the much slower, 
more costly and less convenient and efficient system 
that was previously in use, which was composed of 
a two-stage reciprocating pump exhausting from a 
one or two-stage rotary oil pump, which in turn 
was exhausting from a rotary mercury pump. The 
vacuum, however, can be taken still higher by 
connecting the low-pressure inlet of the pump to a 
mercury vapour pump, now made in various 
designs. In the present outfit this pump is made of 
clear fused quartz, water jacketed, and heated by a 
small Bunsen burner or electric heater. Essentially 
it is a water-jacketed annular-jet pump, driven by 
the vapour of boiling mercury, which ejects gas 
through the annular jet and carries it over (with 








ENGINEERING. 


[OctT. 2, 1925. 








SCIENTIFIC EXHIBITS 





Fics, 16 anp 17. 


suitable condensation and anti-reflux arrange- 
ments) into an exhaust, whence the condensed 
mercury is returned to the boiler. The force of the 
blast of heavy mercury molecules is sufficient to 
prevent the gas from being returned, and it is carried 
to the inlet of the two-stage oil pump, which deli- 
vers if to atmosphere. With a larger type of 
this pump, designed by Dr. G. W. C. Kaye, of the 
National Physical Laboratory, and made all of metal, 
the combination gives a speed of 5,000 to 7,000 cc. 
per second, and is said to produce readily a vacuum 
of a hundred-thousandth of a millimetre or more 
against a back pressure ofl mm. Figs. 16, 18 and 17 
show the discharge tube when the low-pressure arc 
has first formed and the heating (convection) effect 
is made evident by its rise from the electrodes 
where it starts to the upper part of the tube, and 
at two familiar subsequent stages, at which the 
Crookes and Faraday dark spaces can be made out. 
In the process of evacuation, of course, all stages 
are seen in turn, and the demonstration gives 
not only a singularly beautiful series of phenomena 
on an unusually large scale, but an instructive pic- 
ture of the important processes it displays. 


(T'o be continued.) 





NOTES. 
TRIALS OF THE ANCHOR LINER ‘“ CALEDONIA.”’ 


Trials were conducted on the measured mile at 
Skelmorlie on Friday, September 25, with the 
T.S.S. Caledonia, built by Messrs. Alexander 
Stephen and Sons, Limited, of Linthouse, Glasgow, 
tor the Anchor Line (Henderson Brothers), Limited. 
This is the final vessel of the post-war building 
programme of the company for their Atlantic 
service, and she will make her maiden voyage to 
New York from Glasgow to-morrow (Saturday). 
Although primarily intended for this service, she 
may be used for extended winter cruising and also 
for the Bombay service of the company. The new 
Caledonia, the fourth vessel of the name under the 
flag of the Anchor Line, is a ship of 17,046 tons 
gross. She has a length of 579 ft., a breadth of 70 ft., 
and a depth of 59 ft. Her propelling machinery 
consists of two sets of turbines with double-reduction 
gearing, driving twin screws. In the trials a shaft 
horse-power of 11,000 was obtained, and with the 
propellers running at 87 r.p.m. this gave an average 
speed of 16-5 knots. Every part of the equipment 
worked satisfactorily and smoothly, and the trials 
were completely successtul. The passenger accom- 
modation is particularly fine and will win tor the 
Caledonia a reputation for comfort and elegance. 
There are cabins on the eight decks for 205 first-class, 
403 second-class, and 800 third-class passengers, but 
many of the rooms are interchangeable, so that the 
proportions may be varied as required, and for a 
world tour as many as 1,000 passengers can be 
carried in excellent accommodation. We hope to 
deal in detail with the features of the Caledonia in 
a later issue of ENGINEERING. 


Tue RaiLway CENTENARY. 
On September 27, 1825, the first railway system 


Darlington Railway. was officially opened with 
every sign of public rejoicing, but none could then 
have foreseen the magnitude of the advantages 
that were to accrue to humankind through the 
pioneer work of George Stephenson and his associates. 
We, who can look back over the gap of the hundred 
years that have now passed, are able to gauge the 
significance of the great engineer’s work, and this 





was made the feature of one of the greatest pageants 
ever organised, which was held in Darlington in 
July (see page 41 of this volume of ENGINEERING). 
This was arranged prior to the actual anniversary 
in order that the members of the International 
Railway Congress could participate in the celebra- 
tions. The actual date, however, was not allowed 
to pass unobserved, for on Sunday last the railway 
workers of our country showed their interest in the 
progress and development of railways, and paid 
homage to the memory of Stephenson at a unique 
function at Belle Vue Gardens, Manchester, which 
owed its inception to a Liverpool railway shunter, 
Mr. H. H. Neilson. Even the many acres of this 
great amusement centre proved insufficient to accom- 
modate the thousands who clamoured for tickets, 
and an attempt was made to keep the number of 
the participants down to 50,000. One feature of 
the rejoicings was the presentation of a pageant 
depicting the story of transport in the days before 
the introduction of railways. Stephenson’s Loco- 
motion No. 1, and many of the locomotives that 
took part in the Darlington parade were available 
for inspection and comparison. 


DEVELOPMENTS IN MARINE PROPULSION. 

During the last fifteen years there have been 
many - changes introduced into the practice of 
power production, and it is natural that the effects 
should be noted in the improvement of ship pro- 
pulsion, Changes in this sphere of work have only 
been resorted to as a rule after the reliability of the 
plant in question has been demonstrated by long 
and continuous running. Ultimately, the machinery 
of a ship will no doubt reach the high state of 
efficiency obtainable in an electric power station. 
Progress towards this standard may be slow, for the 
owners of ships do not believe in revolutionary 
changes, the experiences with which might damage 
the reputations of their lines. None the less, 
very many types of power plant are to be found 
in ships at the present time: reciprocating engines 
of every type, using steam or oil, and turbines, with 
or without gearing, hydraulic transformers or elec- 
trical transmission. Under such conditions, it is a 
good thing that the experiences with all the different 
types of machinery should be brought together 
for comparison, so that one may obtain information 
on the way in which the development is most likely 
to proceed. Mr. A. I. Nicholson, a member of the 
staff of Messrs. Scott’s Shipbuilding and Engineering 
Company, Limited, of Greenock, provided such a 
survey for the members of the Institute of Marine 
Engineers at their meeting in London, on Tuesday, 
September 29. In referring to turbines, Mr. Nichol- 
son spoke of the ideal arrangement as a turbine 
divided up into a number of stages increasing in 
diameter towards the low-pressure end and reducing 
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into sections in two, three or four casings, to a 
limited extent, met these conditions. Emphasis was 
made of the fact that in land practice blade speeds 
of 750 and 800 ft. per second were in use, while 
for marine work, so far, speeds of 500 ft. per second 
were seldom exceeded. To meet the conditions of 
marine work, where direct coupling of the propellers 
and oil engines was resorted to, it was necessary 
to keep down the speed of the engines, and thus 
the demand was for units of large size, the meeting 
of which has not been an easy or a remunerative 
task. Development was, however, proceeding in a 
steady way, and it now seemed to be possible to 
construct suitable oil engine cylinders of 33 in. 
diameter. 


LETTER TO THE EDITOR. 


RETAINED AUSTENITE. 
To THE Epiror oF ENGINEERING. 


Str,—The paper on “ Retained Austenite,” by 
Dr. Matthews, reported in your issue of September 18, 
raises one or two questions to which I should like to 
draw attention in your correspondence columns, 
particularly in view of the fact that no discussion on 
this paper has been reported. Dr. Matthews draws 
attention to a phenomenon which is well known to 
those engaged in the actual manufacture of magnets, 
although, as he remarks, little attention has been 
drawn to it. A brief reference was, however, made in a 
paper of mine on ‘“ Cobalt Magnet Steels,” which was 
reported in ENGINEERING on August 29, 1924, although 
no attempt at any explanation was given. The whole 
subject of retained austenite is one of great importance 
in steels for permanent magnets, and the question of 
the conditions of retention of the austenite offers up 
very profitable lines of research. 

While generally agreeing with Dr. Matthews’s views, 
there are one or two points in which I think they are 
open to criticism. His general contention that 
austenite is present in all ordinary hardened steels is 
doubtless correct. Apart from the evidence which he 
quotes, magnetic analysis, and in particular the com- 
parison of the observed and calculated values of the 
ferric saturation density, lead us to the belief that 
either austenite is present in appreciable quantities, or 
that the chemical composition of a hardened steel is 
different from that of the same steel in the annealed 
condition. I think I may say that the present tendency 
is to consider a hardened steel as consisting in the main 
of alpha iron containing extremely minute ultra- 
microscopic particles of carbide, which have loosed 
their bonds with the iron, but have not yet segregated. 
Some doubt exists as to whether these carbides, in, as 
it were, the nascent state, and devoid of any crystalline 
form, exhibit the magnetic properties with which they 
are associated in the mass, and we may even consider 
them as being quite non-magnetic. On this basis, 
taking the ordinarily accepted values of the chemical 
composition of the carbides, it is quite easy to make an 
estimate of the saturation density of the steel. This 
value is always in excess, and often considerably in 
excess of the observed value, and, as Dr. Matthews 
points out, this deficiency in magnetic properties 1s 
probably due to the presence of austenite. 

Where his views are open to question is in the state- 
ment that this austenite acts not merely as a diluent, 
but actually contributes to the magnetic properties of 
the steel by increasing its coercive force. With our 
present knowledge—or, rather, lack of knowledge—of 
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unsafe to dogmatise, but there would seem little doubt 
that the mechanism to which magnetic properties owe 
their origin must be looked for, if not in the atom itself, 
at least in the interatomic forces inside the molecule. 
The austenitic areas existing in a hardened steel are 
scarcely of atomic dimensions ; as the author shows, 
they can be photographed, and each area probably 
consists of millions of austenitic molecules of the same 
composition and properties. What interaction there 
can be between these non-magnetic molecules and the 
magnetic ground mass can only occur at their boun- 
daries, and must be small in amount. On the other 
hand, the particles of carbide freed from their bond with 
the gamma iron at the moment the transition from 
austenite to martensite occurs are probably, in a 
quenched steel, of atomic dimensions, and by the 
distortion which they produce in the alpha iron structure 
probably give rise to the peculiar property of which 
the coercive force is the measure. To follow 
Dr. Matthews’ argument to a logical conclusion, a steel 
perfectly free from austenite should be of little use as 
a permanent magnet. To follow the opposite argument 
would mean that it should be capable of giving the best 
magnet which could be produced. 

Dr. Matthews has adduced evidence that the coercive 
force of the steel is decreased when retained austenite 
is broken up by cooling in liquid air, and at first sight 
this would appear to be conclusive proof in support of 
his conclusions. We must remember, however, that 
the properties of a steel bar, as measured, are not 
necessarily the properties of its constituents, even when 
one of these is an inert material such as austenite. 
The presence of austenitic areas in any considerable 
amount does not merely reduce the cross-section of the 
bar which can carry the magnetic flux, but it also 
slightly increases the length of the flux path between 
its extremities, and by so doing increases the apparent 
coercive force of the bar, even though the true coercive 
force of the material is unaffected. One has only to 
look at the microphotographs and try to imagine the 
lines of force threading their way across by following 
the dark areas to see to what an extent the mean length 
of the flux path may easily be increased. It is to this 
I think we must look for an explanation of Dr. Matthews’ 
observations on the effect of liquid-air treatment on 
hardened steels, for one can hardly conceive that the 
treatment has produced any further degradation of the 
martensite. 

As I see it, the problem for research is to determine 
the best way in which the whole of this retained 
austenite can be broken up without causing any 
martensitic degradation. To a certain extent this 
can be done by cooling of the steel to a low temperature, 
but mere cooling in liquid air is not always sufficiently 
effective, and although a certain proportion of the 
austenite can be broken up by liquid air treatment the 
whole of the austenite is not destroyed. As far as I 
know, no data is available as to the effect of tempera- 
tures lower than — 180 deg. C., and it would be of interest 
to know the relation between the temperature to which 
a steel has been cooled and the amount of austenite 
which is retained. It may be that to destroy entirely 
the austenite it would be necessary to take the steel 
down to absolute zero. 

Another direction in which research might be con- 
ducted is in the effect of the grain size and presence of 
small particles of impurities on the amount of austenite 
which is retained. The mere fact that the austenite- 
martensite change is accompanied by such a pro- 
nounced volume change necessarily means that large 
mechanical stresses are produced in the steel at the 
moment of hardening, and there is very little doubt 
but what these stresses have an important bearing 
upon the retention, or otherwise, of the austenite. 
Some relation between grain size and austenite retention 
has been observed, but as far as I know no careful and 
collected research has been done in this direction. 

Yours faithfully, 
E. A. Watson. 
The M.-L. Magneto Syndicate, Limited, 
Victoria Works, Coventry, 
September 21, 1925. 





LABOUR NOTES. 


Tae annual conference of the Labour Party, which 
opened at Liverpool on Tuesday, did not take long to 
decide the issue raised by the proposal that the Com- 
munist Party should be admitted to affiliation. The 
Standing Orders Committee reported that, in-view of the 
emphatic decision of last year’s and previous annual 
conferences on the question of the Labour Party’s 
relations with the Communist Party, the executive had 
resolved to put the standing order into operation which 
laid it down that when a general policy or principle 
had been decided, it should not again appear on the 
agenda for a period of three years. Twelve months 
ago the Conference, by 3,185,000 votes to 193,000, 
adopted a resolution to the effect that the application of 





the Communist Party for affiliation should be refused. 
By 2,456,000 votes to 654,000 it also decided :—“ That 
no member of the Communist Party shall be eligible for 
endorsement as Labour candidate for Parliament or any 
local authority.” At Tuesday’s meeting a resolution 
was moved to refer back for further consideration the 
Standing Orders Committee’s report; but on a card 
vote it was defeated by 2,954,000 votes to 321,000. 
The executive recommended that no member of the 
Communist Party should be eligible to become a 
member of any individual section of any affiliated local 
Labour Party or be entitled to remain a member. A 
resolution to refer the proposal back for further 
consideration was duly submitted, and on a card 
vote was rejected by 2,870,000 to 321,000. The execu- 
tive further expressed the opinion that “affiliated 
Trade Unions can only act consistently with the deci- 
sions of the Annual Conference in its relation to the 
Communists by appealing to their members when 
electing delegates to national or local Labour Party 
conferences or meetings, to refrain from nominating or 
electing known members of non-affiliated political 
parties, including the Communists.” ‘‘ Should these 
resolutions be adopted by the Conference,” it was 
added, ‘“‘ the National Executive has decided that they 
must bo consistently administered by constituency 
and local parties in the appointment of their officials.” 





Mr. Cramp’s presidential address was a clear state- 
ment of the position of British organised labour, and 
pleasantly reassuring. The movement stood, he 
said, at the parting of the ways. Influences had been 
at work that had confused and divided the working 
people. Their ablest, most sincere and gifted leaders 
had been the target of malignant criticism; their 
policy had been deflected by subtle and crafty methods 
and intrigues by people who aimed at the disruption 
of the movement which had been built up by loyal 
and self-sacrificing men and women. They would 
be false to the pioneers of the great movement, betray 
the sacrifices of the workers who had created it and 
dishonour the ideals which inspired them, if they failed 
to re-affirm the creative democratic principles in which 
they believed, and to repudiate the barren and destruc- 
tive policies which a tiny minority were trying to force 
them to accept. They had the opportunity to give 
the lie to the charge that the British Labour Movement 
was moving on the path that led to a destructive 
upheaval of Society, to armed revolutions, to the 
slaughter of men and women in insurrectionary out- 
breaks. Their duty was to state clearly and firmly 
where Labour stood, what Labour demanded, and 
what methods Labour would pursue in the attainment 
of its ends. 





In the financial report of the Amalgamated Engin- 
eering Union for the second quarter of this year, Mr. 
Smethurst, the general secretary, remarks that, in view 
of the fact that the organisation has been paying part 
donation benefit during the period, it is satisfactory 
to note that the total worth shows an increase as 
compared with the March quarter. The General 
Fund, it is stated, rose from 279,029]. 18s. 3d. to 
288,075/. 14s. Od., and the Superannuation Reserve 
Fund from 1,473,8631. 11s. 5d. to 1,488,8511. 12s. 9d. Of 
the amount to the credit of the General Fund, 
1,542/. 2s. 2d. is due to the Political Fund. Members’ 
arrears of contributions have, however, further in- 
creased and now stand at 104,7611. 16s. 94d. Of that 
sum, 87,8701. 14s. 24d. is owing by members of home 
branches, 14,2251. 6s. 74d. by members of Common- 
wealth branches, 2,635/. 19s. 44d. by members of South 
African branches, and 291. 16s. 7d. by members of 
branches at Malta and Gibraltar. The 1s. levy for the 
payment of extra superannuation benefit yielded, it is 
pointed out, 7,160/. 2s. 5d., whereas the amount 
expended in extra superannuation benefit was 
20,7032. 1s. 11d. 





At his resumed meeting with the representatives of 
the Miners’ Federation on Thursday last week, the 
Prime Minister intimated that, as between the coal- 
owners and the miners, the settlement of July did 
nothing more in his opinion, than continue the agree- 
ment that they themselves had made a year earlier. 
Any question, Mr. Baldwin added, of the effect of 
that or any other agreement on claims for unemploy- 
ment benefit was quite outside his province, and must 
be determined in the manner prescribed by Parliament. 
The representatives of the men were, naturally, 
disappointed by the decision, and forthwith decided, 
it was understood, to call a special delegate conference 
for October 9, to discuss whether the temporary 
agreement arrived at in July should, or should not, 
be carried out. Moreover, according to Mr. Cook, 
the executive decided not to take part in the proceedings 
of the Royal Commission pending the decision of the 
delegate conference. 

A statement issued on behalf of the Mining Associa- 
tion contained the following :—“‘Since the . meeting 


between the Prime Minister and the Miners’ Federation 
fears have been expressed in some quarters that a 
general reduction of the workmen’s basis rates may 
be in store. The Mining Association desire to correct 
such an impression. Nothing of the kind is contem- 
plated or likely. In fact, the subject of discussion at 
Downing-street can hardly be regarded as a wages 
issue. The real question was whether, when modifi- 
cations of basis rates are proposed and refused by 
the workmen—who have the full right to decide for 
themselves—unemployment benefits should be payable 
if the colliery stops. The subvention makes no differ- 
ence to the position that existed before, except that it 
diminishes any incentive there might have been to 
propose such reductions in order to enable a: colliery 
to be carried on, since part of the burden -of the 
uneconomic minimum wage is now borne by the 
Government. There is no doubt little change in the 
position as it has existed for the last few years. 
Looking at the position since 1921, when the original 
agreement was made, there has been no appreciable 
variation of basis rates. In fact, the cumulative 
effect of such'alterations, both upwards and downwards, 
that have. been made has been slightly to increase 
rather than to diminish the averge basis rate per shift.” 

To a newspaper representative, Mr. Cook subse- 
quently stated that all that was necessary to end the 
deadlock was for the coalowners and the Mines Depart- 
ment to put into the form of an agreement the foregoing 
statement, so that the workmen would be secure 
against a reduction of wages and sure of unemployment 
pay. The miners did not, he added, desire a breach 
of the truce. They were anxious to use the Coal 
Commission to the fullest possible extent in the hope 
that the conditions in the mining industry would 
be improved. The opinion of the ordinary person 
will, probably, be that with the coalowners’ statement 
on record there is not much need of an agreement. 





In the course of his presidential address at the 
annual conference of The National Federation of 
Building Trade Operatives, Mr. Thomas Barron said 
that it was the fashion at gatherings of that kind to 
engage in a general denunciation of employers, capita- 
lists and such like. To do so, no doubt, gave them 
much immediate satisfaction, but it gave little elise. 
It might, therefore, be more profitable, if not so pleasant, 
to examine some of their own defects and seek a 
remedy for them. If the workers in the building 
industry, or in any other industry for that matter, 
believed what they said, if they were really in earnest 
when they declared that their industry could be run 
without the employers, they should seek, Mr. Barron 
declared, to equip themselves for the task. It was 
easier, of course, to shout certain phrases and to 
mouth certain well-worn expressions which had done 
duty for half a century or so, and very often, therefore, 
the workers did the easy thing. There was, however, 
ability enough in their ranks, if scientifically equipped, 
and inspired by a zeal for service, to transform their 
ancient industry from a mere profit-making and wage- 
paying business into a great public service. Such 
a transformation, if it were to be accomplished, must 
not only have trained and equipped workers, but men 
fired with an enthusiasm for the public ideal. 

To those who professed to believe in and to work 
for the emancipation of the common people, and the 
uplifting of oppressed and struggling humanity, there 
was nothing inconsistent, Mr. Barron went on to say, 
in appealing for support in the provision of houses, 
which would be centres where a new generation of the 
children of their own class would have a better chance 
to live a full life than the past generations had had. As 
workers in the building industry they were challenged 
by this great necessity. It was not enough to say 
that they were not responsible, for they could not 
rid themselves of the responsibility. They had a 
personal responsibility which they could not shirk, 
and no amount of sophistry as to its being due to 
Capitalism or any other “ism” would excuse them. 
Even the fact that profit was being made out of this 
great need must not deter them from giving their 
service. ‘* The greatest gesture which we would make 
in favour of those ideals which we profess,” he added, 
«would be our determination as workers to spare no 
effort in this great task until every family in the land 
is housed under conditions of common decency.” 





At a meeting in London last week, the executive 
Committee of the National Union of Railwaymen 
resolved to put forward the “ all-grades ” programme 
at this: month’s meeting of the Central Wages Board, 
and to test the right of the companies to exclude from 
the consideration of the Board certain questions, such 
as pensions, which, according to the companies con- 
tention, did not come within its jurisdiction. 





The proposal of the railway companies to take — 
68. 6d. per week from the war bonus of 16s. 6d. per wee 





drawn by railway shopmen was discussed at a joint 
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conference in London last week. Both the craft 
unions and the railwaymen’s union were represented 
on the men’s side—for the first time for many years. 
No agreement was reached, the men’s representatives 
adhering to their decision not to submit to any reduc- 
tion. 





Speaking at the luncheon which followed the trials 
in the Firth of Clyde on Friday last week of the new 
Linthouse-built Anchor liner Caledonia, Mr. John G. 
Stephen said that a trade-union leader had recently 
stated that the great bulk of the work in shipbuilding 
was done on a piecework system. Shipbuilders only 
wished, Mr. Stephen observed, that that were the 
case; but, unhappily, it was not. Several unions, 
notably the woodworkers’ unions, would not allow 
their men to be paid by results. In the previous week 
only 18 per cent. of the men in his firm’s yard were 
working on piecework. There was no doubt that 
piecework was: financially a great advantage to the 
individual man. The average of pieceworkers’ wages 
was 26} per cent. above the average of timeworkers’ 
wages. There was also no doubt that piecework 
was of advantage to the employer. Whenever a 
particular job which had previously been carried out 
on time basis was done by piecework, they invariably 
found that it was done more quickly and by fewer men. 
Yet in spite of the fact that payment by results was 
an advantage to the man as well as to the employers, 
some unions refused to allow it, which seemed in- 
credible at a time like this, when costs had to be kept 
down as low as possible in order to get any work at all 
in the face of keen foreign competition. 





The Ministry of Labour states that on September 21, 
1925, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,312,000—1,043,600 men. 38,800 boys, 198,200 
women, and 31,400 girls. On September 14, 1925, 
the number was 1,327,637—1,049,168 men, 40,391 
boys, 205,012 women and 33,066 girls—and on Sep- 
tember 22, 1924, it was 1,180,290—887,866 men, 
38,184 boys, 220,034 women, and 34,206 girls. 








According to The Times correspondent at Berlin, the 
German Metal Workers’ Union has been considering an 
invitation received from Soviet Russia to send a 
delegation to study conditions there, and get into touch 
with the Soviet Metal Workers’ Union. Its decision 
has not pleased the Communists. The resolution 
accepting the invitation was proposed by a Communist, 
who was immediately bombarded with references to, 
and questions about, the Soviet’s ban on the interpreters 
chosen for the projected visit of an international miners’ 
delegation. He defended the Soviet’s desire to control 
the choice of interpreters on the ground that it would 
be an insult to the workers of Soviet Russia to take 
**counter-revolutionaries ’’ (meaning Russian Social 
Democrats now living in Germany) as interpreters. 
The resolution was passed, but with amendments 
which, carried by a large majority against the votes 
of a few Communists, made acceptance of the invitation 
dependent upon the following conditions :—That the 
delegation shall be allowed (1) to fix its own date for 
the visit ; (2) to choose its own guides and interpreters 
in Germany and taken them with it to Soviet Russia ; 
and (3) to carry out investigations without let or hin- 
drance in such places as it may select. It was announced 
that neither Bolshevists nor Menshevists would be 
selected as interpreters—if the Soviet Government 
agree to the conditions and so render the visit possible. 





Astrike of metalworkers has taken place at the Alpine 
Montan Gessellschaft at Donauwitz in support of a 
demand for a 20 per cent. increase of wages. The 
employers declare thai, owing to the high tariff of 
surrounding countries and Austria’s lower tariff, the 
home market is of little value, and that the export 
markets can only be held by the maintenance of the 
admittedly low wages paid in Austria. According to 
the Social Democrats, the most highly-skilled workers 
earn 72-50 Austrian schillings (about 2/. 2s. 4d.) per 
week, and other workers an average of 50 schillings 
(under 30s.) per week. 





INCORPORATED SWANSEA EXCHANGE ANNUAL REPORT. 
—The Thirty-seventh Annual Report of the Incorporated 
Swansea Exchange for the year 1923-24, has now been 
published by Messrs. Ernest Davies and Co. (1919), 
Limited, of Fisher-street, Swansea, at a price of 
3s. 6d. net. The work contains in addition to a 
statement of accounts and list of members of the 
Exchange, a table of trade statistics showing the exports 
of tinplates and blackplates to the United States and 
the rest of the world yearly since 1862 up to the present 
time. The home consumption figures since 1889 are 
given amongst other data. A classified list of trades 
connected with the tinplate industry is included, arranged 
alphabetically, the names of merchants and dealers 
Song listed below the appropriate headings. The book 
hould prove a useful asset to manufacturers, buyers, 
and others associated with the industry. 
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Notr.—In the diagrams the figures plotted 


those for steel rails are for heavy sections. 
Cleveland iron, both of No. 1 quality. 
which vary from 70 lb. to 80 lb. 

cases the prices are per ton. 


which they represent ls. each. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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for tin and copper are the official closing cash 


quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 
The pig-iron prices are for East-Coast hematite and 
The price of quicksilver is per bottle, the contents of 
The price of tin-plates is per standard box, but in other 
Each vertical line in the diagram represents a market-day, and the 
horizontal lines represent 11. each, except in the case of the diagram relating to tin-plates, in 








THe Late Mr. JoHN WoopsipE.—The death took 
place at Harrogate, on September 24, of Mr. John Wood- 
side, of Carnsampson, Ballycastle, County Antrim, 
formerly Engineer-in-Chief of the Government of India 
Railways. Born on May 6, 1863, the deceased 
gentleman studied engineering for two years under 
Professor Fuller, M.Inst.C.E., at Queen’s College, 
Belfast, afterwards completing a three-years’ course 
at Coopers Hill from 1883 to 1886. He was appointed 
a second grade assistant engineer to the Public Works 
Department, India, in the latter year, but before 
taking up his duties in that country he underwent 





a year’s t poayrog training with the contractor’s engineer 
employed on the work of erecting the South Queensferry 





Pier, then being carried out in connection with the 
building of the Forth Bridge. On his arrival in India 
in 1887, Mr. Woodside was sent to assist with the Bannu 
Railway surveys then in progress. Here he assisted im 
the location and levelling of 45 miles of military roads 
through Salt Range. In the following year he was 
posted to Western Bengal to make railway surveys, 
where he carried out 50 miles of locating and levelling 
work required preparatory to laying down new lines. 
Thereafter he made rapid progress in his profession, 
retiring with the rank of Engineer-in-Chief of the 
Government of India Railways. Mr. Woodside was 
an Associate Member of the Institution of Civil 
Engineers, having been elected in 1889. 
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THE EFFICIENCY OF REACTION 
BLADING. 


Ir is, we believe, now generally admitted that the 
intrinsic efficiency of the reaction steam turbine is 
higher than that of the impulse type, since for each 
drop of pressure there is with the reaction turbine a 
frictional loss in only one row of blading, whilst in the 
impulse type each pressure stage comprises both 
nozzles and moving blades, and there are, accordingly, 
friction losses in at least two elements, instead of in 
only one. A good deal of experimenting has been 
conducted by different firms with a view to determining 
the most favourable form and best spacing of reaction 


TABLE I.—Summary or Test RESULTs. 


&c., is quite rightly the centre of interest in connection 
with steam turbines. On the other hand, the fact must 
not be overlooked that an equally effective means of 
obtaining increased economy lies in improving the 
individual details of the plant. This applies particu- 
larly to the most important detail of all, viz., the 
blading. Any progress achieved in this important 
respect will also be directly applicable to the high- 
pressure turbine. 

Our knowledge regarding the relative influence of the 
form of the blade, the pitch, the flow of the steam, &c., 
upon the efficiency of the blading is admittedly still so 
imperfect that extensive and systematic research is 
the only way in which useful results can be obtained. 





























| 
Test No. .. | : | i. | TEE. EV: | ¥ Ta. TIA. 
Date of Test May 12, | May 12, | May 12, May 12, May 12, May 18, May 18, 
‘ . ‘a | 1925. 1925. | 1925. 1925. 1925. 1925. 1925. 
Duration of Test - Min. 60 45 45 45 40 90 85 
Barometer Reading --| In. Hg. | 28-74 | 28-74 | 28-74 28-74 28:74 28-48 28-48 
| | | 
| | | | 
1, Absolute initial steam pressure | | | 
before reaction ai ..| Ibs./sq. in. 92-65 | 90-45 | 111-61 96-16 | 75-76 94-06 93-25 
2, Initial steam temperature be- | | 
fore reaction blading --| deg. F. 452-1 450-4 | 453-5 441-2 | 433-5 450-1 431-9 
3. Absolute back-pressure in ex- | 
haust chamber as ..| Ibs./sq. in. 39-45 | 28-12 | 48-02 39-88 39-53 39°31 39-30 
4, Temperature in exhaust cham- | 
BOF as r ae vet) GGG 302-6 | 254-2 306-0 293-7 325-1 297-1 285-1 
5. Working steam per hour (main } | 
condenser) .. ee «| Tbs./hr. 26094 26588 31182 27348 19760 26416 26169 
6. Leakage steam per hour (dum- | 
my piston and gland loss) .. a 917 922 1107 955 72 946 988 
7, Total steam per hour (5) + (6) Ee 27011 | 27510 | 32289 28303 20481 27362 27157 
8. Power at alternator terminals kw. 436-8 608 -0 | 526-3 443- 217-4 by 448 5 
9. Speed .. <f =e ee r.p.m. 3,000 | 3,000 3,000 3,500 3,000 3, 2,500 
10. Total alternator losses. . ce kw. 41-8 | 47-3 44°3 53-2 41-1 42-5 34-5 
11, Alternator efficiency .. ..| per cent. 91-3 | 92-7 | 92-3 89°3 84-1 91-5 92-9 
12, Output of turbine at coupling | | 
(8)+(10) .. o wis kw. 478-6 | 655°3 | 570-6 496-3 258-5 498-0 483-0 
13, Steam consumption per kw.-h. | 
at coupling referred to work- } 
ing steam (5) : (12) ..| Ibs./kw.-h. 54-66 40-57 | 54°68 55-15 76-47 53-10 54-20 
14. Steam consumption per } 
kw.-h. at coupling referred | | 
to total steam (7) : (12) .. a | 56°59 | 41-98 | 56-62 57-07 79-23 54-95 56-27 
15, Bearing friction and power ab- | 
sorbed by governor and oil | 
pump.. a ae a kw. 27°8 | 27-7 =| 28-7 41-94 27°8 27-9 18-4 
16. Internal output of turbine | . 
(12) + (15) .. es ze - 506-4 | 683-0 | 599-3 | 588-24 286:3 | 525-9 501-4 
HEAT BALANCE. 
17. Adiabatic heat drop calculated | | ] } 
according to Knoblauch for- 
‘ms rie ae ae .. |B.Th.U./Ib. 76-336 100-668 | 74-718 77-263 58-478 | 77-834 74-658 
. Internal heat drop calculated | 
according to Knoblauch | 
formule . os | 65-740! 86-812 64-761 64°574 | 47-848 | 67-622 64-379 


19. Power theoretically equivalent. 
to quantity of working steam 
employed 

Adiabatic heat drop x Ibs. of 
working steam /hr. 


= kw. | 578-3 776- 





3,410 

20. Power theoretically equivalent 
to total quantity of steam 

employed 

Adiabatic heat drop x total 

lbs. of steam/hr. | soa-5 | 803 
3,410 3 = 
21. Thermodynamic efficiency ratio 
at coupling referred to total | 
steam Per cent. | 80-0 81 

| 





22. Thermodynamic efficiency ratio 
at coupling referred to work- 
ingsteam .. a ws - 

23, Internal, or “ indicated ” ther- 
modynamic efficiency of | } 
working steam, calculated 
from pressure and tempera- 
ture and referred to condi- 
tions before and after re- 

action portion (17) :(18) .. . 

“4. Internal thermodynamic effici- 
ciency of working steam 
calculated from internal out- 
put and referred to con- } 
ditions before and after re- | | 
action portion (16): (19) .. - ; 87:6 | 88 


i 


86-1 | 86 





Seiten 


4 675-5 612-2 | 335-0 596-5 566-5 
| 
| 
| | 
| | 
| | 
0 | 699-5 633-8 | 347-4 | 617-5 587°7 
| | 
‘6 | 81-6 783 | 74:4 | 80-6 82-2 
| | | 
4 | 8495 81-1 77-2 | 88-5 85-3 
| 
| 
| 
| 
24 | 86-6 83-5 | 81-9 86-9 86-2 
| | 
| | 
| | | 
|) 87-9 85:5 | 88-2 88-5 

















blading. In many cases it must be confessed that the 
departures from the original standard have resulted 
only in higher losses. The whole question has recently 

n re-studied by Messrs. Brown, Boveri and Co., of 
Baden, Switzerland, and the investigation was, we are 
informed, guided in part by the Lanchester-Prandtl 
theory of areoplane lift and drag (see ENGINEERING, 
January 4, 11 and 25 and February 8 and 29, 1924). 
The Tesults finally achieved were so good that the firm 
determined to have their own tests confirmed by 
independent trials conducted by Professor A. Stodola 
of Ziirich, whose name is, of course, a household word 
amongst turbine designers. 

His report is reproduced below. 


Consumprion Tests ON A Back-PRESSURE TURBINE 
BUILT By Messrs. Brown, BovERI AND Co., 
LimiteD, BapEN, SWITZERLAND, BY PROFESSOR 
Dr. A. Sropota, ZURICH. 

At the present time the development of extra high- 

Pressure power plant in. connection with feed heating, | 





The following report deals with the notable progress 
in this direction which has resulted from the research 
work of Messrs. Brown, Boveri and Co., Limited, 
Baden, Switzerland. 

The machine tested was a 1,000-kw. back-pressure 
turbine, fitted with a single-row impulse wheel and 
28 reaction stages mounted on a drum. With regard 
to the various measurements and the manner in which 
they were carried out, it is sufficient to make the 
following remarks :— 

The pressures above atmospheric were measured 
with pressure gauges, and those below by means of 
mercury columns. 

The temperatures were taken by thermometers in 
insulated thermometer pockets provided with Callendar 
heating fins. 

The steam consumption was determined by measuring 
the condensate from a surface condenser. 

The measurement of the gland and dummy losses is 
referred to later on in the report. ; 


testing department of the Société Suisse des Electriciens, 
which is of a semi-official character and is regarded as 
the principal neutral authority on such tests in Switzer- 
land. In order to ensure maximum reliability, the 
alternator losses were measured in two different ways, 
and as a further check the total amount of heat carried 
away by the cooling air was determined during one of 
the tests. 

The mechanical losses were determined by removing 
the alternator and driving the turbine from an outside 
source of power under various conditions of vacuum. 
If the speed remains constant and the power necessary 
to drive the turbine under these conditions is plotted 
to a base of the specific weight of the steam, a straight 
line results, which, if extrapolated to zero specific 
weight, gives the power absorbed in bearing friction 
and that necessary to drive the governor and oil pump. 
Care was naturally exercised to bring the bearings to the 
same temperature, and the oil pump to the same 
pressure and delivery volume as those prevailing in the 
course of the load tests. 

Calculation of the Test Results —Owing to the small 
ness of the heat drops, it was considered essential 
to work them out individually by means of logarithms 
from the formule of Knoblauch, in spite of the unusual 
amount of arduous calculation involved. 

The Reaction Blading.—To enable the efficiency of 
this blading to be determined separately without the 
need for further calculations, the impulse wheel was 
left unbladed, and the nozzles were removed, so that 
the steam could flow above and below the rim of the 
wheel to the reaction drum with the minimum pressure 
drop. The pressure and temperature of the ‘‘ working 
steam” were measured in the wheel casing, immedi- 
ately before entering the reaction portion. The steam 
leaking past the dummy piston and the gland at the 
high-pressure end was collected separately and con- 
densed at atmospheric pressure. The leakage at the 
low-pressure gland was led to the main condenser. 

Table I is a summary of the test results, which are 
represented graphically in the diagram on page 428. 

The table gives the thermodynamic efficiency ratio 
referred both to the total quantity of steam supplied 
to the turbine, and to the quantity of working steam 
actually flowing through the reaction portion. The lat- 
ter comes into consideration when the efficiency of 
blading alone is to be determined. In the figure, the 
curve of interal efficiency n; is given; from this quan- 
tity the hydraulic efficiency n, can be obtained by 
means of the formulz* :— 


m= (1 + p) 1s — Sq 

where (1 + p) = R, the reheat factor 
and ¢, = the leaving loss, as a fraction of the 

adiabatic heat drop. 

In the present case, both p and ¢, are of the order of 
1 per cent., so that approximately it may be taken 
that 7, = ; There are two ways of determining 
n,: it can be obtained from the ratio of the “internal ” 


heat drop to the adiabatic heat drop, the former being 
determined from the actual conditions before and after 
that portion of the turbine under consideration ; 
alternatively, n; can be obtained from the ratio of the 


measured internal (or ‘indicated ”’) output to the cal- 
culated output of the perfect turbine. The internal 
output is the sum of the output at the coupling, and 
the power absorbed in bearing friction, in driving the 
governor and oil pump, and in the disc friction of the 
unbladed impulse wheel. The last quantity must be 
included in this instance, as it occurs before the point 
where the steam enters the reaction portion, and so 
may be considered as an addition to the bearing 
friction. It is calculated from the empirical formula 
where 
: n \28 
N, W = 10-6 x 0-256 x D4#2 x (x00) x ¥ 
k 1000 

N = the output in k W 
D = the diameter in inches 
n = the speed in r.p.m. : 
+ = the specific weight of the stem in lbs. /cubic feet. 


which has been established from observations made by 
Messrs. Brown, Boveri and Company, and gives more 
accurate results than the corresponding formula 
quoted in my book. 

A comparison of the values of 7, determined in 
these two ways shows that the one obtained by 
consideration of the mechanical losses is throughout 
somewhat higher than that obtained from the steam 
conditions (in the graph indicated by “from 0” 
and “‘ from T”’ respectively) ; nevertheless, considering 
the smallness of the output concerned, the two values 
are sufficiently closely in agreement for practical 
purposes. The accuracy of the value determined 
from the mechanical losses is certainly greater than 
that based on temperature measurements, and this 
fact was taken into account in drawing the graphs. 

An important factor in judging the results obtained 








The electrical measurements were carried out by the 


* «“ Dampf- und Gasturbinen,” 6th Edition, p. 207. 
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is the radial clearance at the blade tips. The clearance 
of all rows of blades on each side was checked by 
myself by means of feeler gauges, b2fore the tests, 
the cover being removed. The clearances above and 
below the rotor were checked after the tests by laying 
pieces of soft lead wire in the clearance spaces, replacing 
the rotor and cover, and measuring the thickness to 
which the lead was pressed out. The following are 
the average values of these measurements :— 


In. 
Mean radial blade clearance at the side = 0°0235 
7 ee above the rotor = 0° 0405 
= below the rotor = 0-0265 
Aver: age of ‘all measurements = 0:0287 


The diameter of the casing tapers from 20-473 in. 
to 22-835 in., and the length of the blade increases 
from 1-181 in. at one end to 2-362 in, at the other. 
0-0287 x 100 
1-772 

= 1-62 per cent. of the mean blade height of 1-772 in., 
or, referred to the mean diameter of the casing, 1-33 
per thousand, The blade tips are sharpened in the 
usual manner. 

Regarding the radial-blade clearance of large turbines 
I have received from Messrs. Brown, Boveri and Co. 
the information that, with the older types of single- 
cylinder turbines, in which the ratio of the distance 
between bearings to the blading diameter is large, a 
clearance equal to one-thousandth of this diameter 
has proved sufficient allowance for all the variations 
which may occur in the conditions of operation. In 
the case of the most recent two- and three-cylinder 
turbines the distance between the bearings is compara- 
tively smaller, so that the clearance at the blade tips 
can be reduced to 0-8 thousandths of the diameter. 
When the low-pressure rotor is of the dise type the 
clearance is great, as the guide blades project freely 
into the spaces between the discs, the blading and 
shrouding being so arranged that gaps are “ bridged 
over.”’ In this way practically the whole of the steam 
jumps across the gap, and the loss is said to be kept 
down to 3 per cent. of the theoretical output. These 
particulars enable the probable maximum efficiency of 
such a multi-cylinder machine to be estimated (see 
summary below). 

The curves are plotted to a base of the Parsons 
coefficient :— 





Thus the average blade-tip clearance is 


Sum of the squares of the peripheral speeds 
in ft.2/sec.2 


X = = 4 
Adiabatic heat drop in B.Th.U. /Ib. 





It is known that over a considerable range the relation- 
ship between the internal efficiency and this coefficient 
changes but slightly. The smooth curve drawn 


through the points obtained, which approaches the : 


theoretical curve drawn under the assumption of a 
constant factor for the blade losses, shows that at its 
peak a value of 

7; = 88 per cent. 
is reached. 

In order to compare this figure with previous results 
attained by the builders of this machine and by other 
firms, the efficiency should be extrapolated to a point 
where the radial blade clearance is zero. With regard 
to the manner in which the losses depend upon blade-tip 
clearance with the usual form of Parsons blading, apart 
from older data obtained from small models given in 
my text-book, the most important data in technical 
literature are the results of investigations carried out 
by Messrs. Brown, Boveri and Co. Examination of 
the test reports of the firm enabled me to give in the 
fifth edition of my text-book, p. 580, a summary of 
observations made for this purpose on a 3,000-kw. 
turbine. These results showed that a 1 per cent. 
increase in blade-tip clearance causes the efficiency 
to be reduced by 3-1 per cent.* If this figure be applied 
to the machine at present in question, and it be assumed 
that », = »; the efficiency of the blading with the 
blade-tip clearance reduced to zero, will be increased 
by 3-1 x 1:62 = 5-0 per cent. so that 

s = 93 per cent. 


as shown by the dotted curve. 

A comparison of the new efficiency curve with the 
older curves appearing as Figs. 710 and 7104 in 
**Dampf- und Gasturbinen,” sixth edition, shows the 
extent of the progress which has resulted from the 
introduction of the new blading. 

The Complete Back-Pressure Turbine—Upon the 
conclusion of the tests described above, the impulse 
wheel was bladed, and the complete turbine tested. 
As the purpose of these tests was to bring into pro- 
minence the efficiency of the essential working element 
of the turbine, i.e., the blading, the efficiencies have 
been calculated on a basis of the steam conditions 





* It is of interest to note that this experimental figure 
is in exact accord with the formula given in H. M. 
Martin’s ** Design and Construction of Steam Turbines,” 
page 100.—Ep.F. 


before the nozzles, and not before the main stop valve. | indicate that, with steam admitted to only one-third 


In this way, the results are entirely independent of the 


dimensions which happen to be selected in designing | 


the steam passages of the main stop valve. The steam 
leaking past the dummy piston was again condensed 
separately, this enabling the internal efficiency to be 
determined with greater accuracy. 

If the internal work is calculated as a whole, the 
ventilating loss and disc friction must not be included, 
as they appear entirely as an increase in the total heat 
of the steam. On the other hand, they are to be taken 
into account in estimating the efficiency at the rim of 


THERMODYNAMIC 





| of the circumference, the steam, at 107 lb. to 114 Ib, 


per square inch, carried round by the blades interferes 
to an abnormal extent with the flow of steam from the 
nozzles. 

The efficiency of almost 82 per cent. at the coupling 
referred to the working steam is extremely high for a 
unit of such a small output. An equal efficiency, but 
referred to the total quantity of steam, would be 
attained by a double-ended turbine of a correspondingly 
higher output, with which there is no leakage loss, the 
dummy piston being eliminated. In the present 
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AS A FUNCTION OF THE PARSONS COEFFICIENT. 


Internal EMicisney extrapolated 
hintaan 


Internal Et te , Colculoted 
Internal Output” and Referred to 


Qonditions Before and After Reaction Portion: 
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TABLE II.—ReEsvtts oF Tests oN COMPLETE TURBINE. 












































Test No. . ate ¥E. VIL. 
Date of Test col Min. June 12,1925. |June 12, 1925 
Duration of Test . “al In. Hg. 60 60 
Barometer Reading . ‘| 28-79 28-79 
1. Absolute initial pressure before nozzles ..| Lb./sq. in. 154-17 
2. Initial temperature before nozzles .. ae Deg. F 545-9 
3. Absolute pressure after impulse wheel | Lb./sq. in 119-34 
: Temperature after impulse wheel “< | Deg. 499-9 
Absolute backpressure in exhaust casing .. | Lb./sq. in 39°45 
: Temperature in exhaust casing : a | Deg. F. 302-4 
. Quantity of steam through reaction portion per hour aie or king stes am). : | Lb./hr. 32,992 
8. Leakage past dummy piston per hour ‘ ; sis | 99 1,148 
Total steam per hour (7) + (8) | mm 34,140 
10. Power at alternator terminals j kw. | 788-0 950-0 
ry Speed ri oe R.p.m. 3,000 3,000 
: Total alternator losses aes kw. 53-5 60°8 
Alternator efficiency Per cent. 93-6 94-0 
if, Output at coupling (10) + (1: 2) Kw. 841-5 1,010-8 
Ba a, 
15. Total steam consumption per kilowatt-hour (9) : )) : (14) ae | Lb./kw.-h. 36°85 
16. Bearing friction and power absorbed by governor and oil pump: = aie Kw. 22-8 
17. Dise friction and ventilating loss of impulse wheel ee oe | + 12-65 
18. Internal output of turbine (14) + (16) a a By 864-30 
19. Output at rim of impulse wheel and reaction drum (17 ) Ko (1s) ats | a 876-95 
HEAT BALANCE. 
20. Adiabatic heat drop in impulse wheel ‘ ne so} BTh.U.fb. 26,556 } 27,300 
21. Internal (or “ indicated ’’) heat drop in impulse wheel =| 9 | 18,997 20,244 
22. Adiabatic heat drop in reaction portion = - 92,330 101,105 
23. Internal heat drop in reaction portion aA re ne 81,328 | 87,540 
24. Power theoretically equiv alent to the quantities of working steam employ. ed ..| Kw. 1,042 -3 | 237" 
25. Internal (or “‘ indicated ’’) output corresponding to the quantities of w orking | hes. | 
steam employed oe} ss 878-6 
26. Efficiency ratio at coupling ‘referred to the quantities of working | steam | 5s 
(14) :(24) .. ..| Per cent. 80-7 | 81-7 
27. Internal (or “ indicated “ efficiency of turbine calculated from the pressure | : 
and temperature and referred to the quantities of working steam (25) : (24) | F 84-3 | 83-9 
28. Internal (or ‘indicated ’’) efficiency of turbine calculated from a } is 
measured and referred to the quantities of working steam (18) : (24) oe . 82-9 do°0 
29. Internal (or “‘ indicated ’’) efficiency a wheel calculated from imaged ( Pons) | 7 
and temperature .. cca : 71-5 | “ ‘1 
29a. Efficiency at rim of impulse w heel : “e 77:0 | i9ee 
30. Internal (or “indicated ’’) efficiency of Teaction portion calculated d from | r | 
pressure and temperature ; : sey 2 88-1 | swe 6 
Total adiabatic heat drop... -| B.Th.U./Ib. 117,923 126,983 
» Efficie ney ratio of the turbine at coupling for total steam referred to the i ' 
conditions before the nozzles and in the exhaust chamber Percent. | 79°5 80-4 








the impulse wheel, the arc of admission being one-third | instance leakage of steam past the 


of the circumference. For these losses, the mean of the | 
values given by our formula and that of Forner have 
been taken, the results agreeing well with the values 


calculated from an empiric cal formula of Messrs. Brown, | 


Boveri and Co. If the disc friction and ventilating | 


loss be added to the internal output of the impulse | 


wheel, the power at the wheel rim results, and from 

this the efficiency at the wheel rim can be calculated. 
The results of these tests are summarised in Table IT. 
From this table it is seen that the internal efficiency 


of the reaction portion agrees well with the values | 


obtained in the first series of tests. The efficiency of 


77 per cent. to 79 per cent. at the rim of the impulse | 


wheel is not as high as we are accustomed to expect 
from good single-row wheels. The sharp drop of this 
efficiency to 71-5 per cent. and 74 per cent. tends to 


dummy piston 


|causes the efficiency at the coupling, re ferred to the 
| total quantity of steam, to drop to 79-5 per cent. to 
| 80 per cent., all efficiencies being based upon the steam 
| conditions before the nozzles and in the exhaust 
| chamber. ; 
Summary.—The following resuits were obtained in 
| Baden, Switzerland, in tests of a Brown. Boveri back- 
| pressure turbine of about 1,000 kw. rating, consisting 
of one impulse wheel and 28 reaction stages :— 
Per cent. 
| Efficiency ratio of the whole turbine 
referred to the steam conditions 
before the nozzles and in the exhaust 
| chamber, and to the output at the 
i coupling for the working steam only 
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Per cent. 
The efficiency ratio as above, but for the 
total quantity of steam an was 80 
Hydraulic efficiency of the reaction 
“ portion alone, referred to the steam 
conditions before the reaction portion 
and in the exhaust chamber, and to 
the internal (or *‘ indicated ’’) output 
for the working steam only (0-73 mm. 
= 0-0287 in. radial-blade clearance) 88 
The hydraulic efficiency as above, but 
extrapolated to zero blade clearance 93 


The last figures show that a considerable advance 

has been achieved in the form given to the reaction 
blading, which opens up great possibilities for the 
construction of extremely economical turbines. It is 
all the more noteworthy that these figures were obtained 
with a turbine of relatively small output, the blade-tip 
clearance being sufficiently large for the turbine to be 
guaranteed as safe and reliable in service. 
" The extent of the improvement can be estimated 
numerically by thermodynamic calculations, and 
basing these upon the assumptions mentioned below, 
an efficiency of 86 per cent. to 87 per cent. at the 
coupling appears to be possible.* 





RECENT PROGRESS IN FLYING- 
BOAT DESIGN.?+ 


By O. E. Smumonps, M.A., A.F.R.AE.S. 


Tue early conception of a flying boat in the days 
before the war was due to the aeronautical rather than 
the marine community, and the whole problem was 
regarded in the light of aeronautical experience. It 
was thus inevitable that whilst the flying boat had a 
comparatively satisfactory aeronautical structure, its 
marine functions were given somewhat primitive treat- 
ment. As a result, the hulls were fragile, unseaworthy, 
and of high resistance. During the war, this attitude 
of mind became well entrenched and the constructional 
method it involved was highly developed. Neverthe- 
less, the more logical system of making a boat that would 
fly rather than an aeroplane that would float soon 
received the attention that was its due. By 1918, the 
flying boat was definitely recognised as an amphibious 
machine, and its marine and aeronautical functions 
were being given full and separate consideration. 

This revolution was of the greatest importance to 
aero-marine engineering, because it represented the 
replacement of an artificial and unnatural expedient by 
a system which could be progressively expanded in 
accordance with requirements. Thus the outlook of 
the flying-boat designer underwent a complete change, 
and, although a dissentient voice is occasionally heard, 
the battle is now virtually won. 

Mention has already been made of the necessity for 
giving separate treatment to the marine and aero- 
nautical functions of the flying boat, and I propose to 
classify the observations in this paper under these two 
headings. In measuring progress in the marine 
sphere, it is convenient to consider separately the 
developments in hydrodynamic and constructional 
design. The seaplane has initiated a new branch of 
hydrodynamics. A certain body of necessary informa- 
tion was already available in connection with the 
planing bottoms of high-speed surface craft, but this 
was slender compared with the fund of information we 
now possess as a result, firstly. of full-scale trials of the 
aircraft, and, secondly, of the tests on model hulls 
carried out in the William Froude Tank at the National 
Physical Laboratory, Teddington. 





* The chief assumption to be made is, that the sum 
of the squares of the peripheral speeds (> w2) is sufti- 
ciently large in order to reach the peak of the new 
efficiency curve which lies at about X = 20,000. For 
& modern 16,000-kw. installation for initial steam condi- 
tions of 350 lb. per sq. in. gauge and 750 deg. F. and a 
96 per cent. vacuum, Messrs. Brown, Boveri and Co, 
assume 82 per cent. as the efficiency of a full-admission 
impulse wheel working with a certain proportion of 
reaction, two such wheels being arranged together with 
the reaction drum in the high-pressure cylinder of a 
three-cylinder turbine. The intermediate cylinder 
Contains a reaction drum only, and the low-pressure 
cylinder is a double-ended turbine of the disc type in 
which the blade clearances are “bridged over,” as 
described above. By extrapolating the curve of Mr. 
H. M. Martin, which appears as Fig. 263 in ‘*‘ Dampf- 
und Gasturbine,” Sixth Edition, the efficiency of the 
low-pressure portion can be estimated at 88 per cent., 
ot which 3 per cent. is to be deducted for blade-tip 
losses. Thus, indeed, if the high-pressure and inter- 
mediate pressure cylinders are fitted with the new 
mmproved reaction blading and the radial clearances are 
9 thousandths of the blading diameter, an efficiency 
for the whole turbine amounting to 87 per cent. on the 
coupling is reached, 

_t Paper read before Section G of the British Associa- 
tion, at Southampton, on September 2, 1925. 


In the design of a flying-boat hull the following points 
have to be given very careful consideration :— 

(1) Static trim. 

(2) Hump resistance. 

(3) Steady running. 

(4) Cleanliness. 

It may be worth while mentioning in detail the 
achievements under each of these headings. 

1. Static Trim.—It is most desirable, when at rest, to 
keep the centre of buoyancy well forward so that the 
aircraft trims up by the bows. The importance of this 
is twofold: it enables a boat at anchor to ride well and 
cleanly even on big waves, and, when opening out the 
engines, it prevents the thrust moment of the propellers 
from nosing the hull under water. An appreciation of 
this fact and adequate freeboard to all cockpits have 
enabled us to treat our flying boat, both at anchor and 
when moving at low speeds, exactly as if she were a 
surface craft and to obtain from her, in these respects, 
an equal performance. 

2. Hump Resistance.—The hump resistance was 
originally a point of prime importance to the designer 
of a flying-boat hull, because it represented a critical 
condition which the available design data scarcely 
enabled him to satisfy. As will be seen from the curve, 
Fig. 1, a maximum resistance occurs at a speed some- 
where between 20 and 30 knots, and unless there is 
a margin of thrust over drag at this critical, or hump, 
speed the machine cannot be further accelerated. Two 
factors, however, have combined to remove this 
difficulty : a decreased resistance due to an improve- 
ment in hull lines and a lower power loading, the result 
of a demand for higher performance in flight. This 
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increased power has greatly benefited the water per- 
formance of aircraft. We are now able to rely on an 
adequate reserve of horse-power for acceleration, even 
in the roughest weather, without any specific increase 
for that purpose. 

3. Steady Running.—It was clear, in the very early 
stages of flying-boat development, that, to enable the 
machine to lift itself off the water, the force of surface 
tension must be reduced to a minimum. To do this 
it is necessary to induce the hull to run steadily on a 
gradually-diminishing planing surface until the speed 
has enabled the wings completely to sustain the air- 
craft. Steady running is imperative ; firstly, because 
even small changes of angle induce a very large increase 
in the area of immersion, and, secondly, because the 
longitudinal oscillations are likely to build up until 
the aircraft is thrown into the air by the water forces 
before it has attained sufficient speed for the wings to 
sustain it. This vice, known as “ porpoising,” was 
common to almost all the early boats, was fraught 
with the greatest danger to the crews, and presented 
a very difficult problem. Ourexperience, however, now 
enables us completely to obviate this trouble by the 
suitable location of two steps in the planing bottom of 
the hull, and a well-designed hull can now be relied 
upon to run steadily at such an angle that the wings 
simultaneously give their maximum lift. 

This enables the aircraft to leave the water at a 
speed very little greater than the minimum necessary 
for complete sustentation. It has the added advantage 
of relieving the pilot of the responsibility of lifting the 
machine off the water by means of his elevator, and, 
until he is actually in the air, the hull will completely 
control the longitudinal attitude of the machine. 

4, Cleanliness—Cleanliness in taxying upon the 
water, and during the runs to land and get off, is desir- 
able from many points of view. Dirtiness inevitably 
means high resistance and, therefore, long runs to take 
off. It causes discomfort to the crew by filling the 
cockpits with water and spray, and may even break 
the propeller blades, which, being nicely balanced, 
are highly susceptible to any sudden shock such as 
a large volume of water would entail. Here, again, 
correct bow design and the suitable shaping of the 











water well down and out, and the cloud of spray, which 
in some cases even rose to the height of the top planes, 
is now as unnecessary as unpleasant. This feature 
is illustrated in Fig. 2, page 430, which shows the Super- 
marine twin-engine flying boat Southampton taking 
off, and also in Fig. 3, which illustrates the flying boat 
Swan, by the same constructors, in the act of alighting 
on the water. The Swan, which is the largest British 
passenger-carrying flying boat, is also shown at anchor 
in Fig. 4, this illustration showing the form of the hull 
more effectively. 

In the foregoing remarks on hull characteristics 
I have purposely avoided entering into quantitative 
details, which the scope of this paper prohibits, but I 
have endeavoured to show how, by gradual develop- 
ment and a continuous and searching enquiry into all 
the experimental data available, it has become possible 
to remove all those obstacles and dangers which were 
at one time thought to be inherent and inevitable in the 
performance of a flying boat upon the water. But 
probably the most important point in this develop- 
ment of the hull is that we have been able to secure 
this all-round improvement of water performance, 
together with increased strength and an ability to 
ride out heavy seas, without having to increase the 
weight-economy figure 


Weight of hull 
Weight of aircraft 


In hull construction, progress has not been less 
rapid. The early designers had little conception of 
any aircraft that departed from the then stereotyped 
multiplicity of struts and wires, and consequently 
they made their hulls in the manner of their fuselages. 
These were usually based on the Pratt or Warren 
girders with suitable cross bracing of the transverse 
bays, and therefore the addition of planking or three- 
ply covering below, and the usual doped fabric above 
the water line, permitted the accustomed system of 
construction to be utilised for marine work. The new 
conception of a boat that would fly meant abandoning 
the rigid hull and supplanting it by a flexible boat- 
built construction in which timber was utilised through- 
out and a multitude of wires and small metal fittings 
was entirely obviated. 

In this country in general, and in the Southampton 
district in particular, there wes a vast amount of 
experience, with no deficiency in skilled labour for the 
construction, in accordance with the best yacht- 
building practice, of hulls that would stand heavy 
seas and yet at the same time meet the exacting re- 
quirement of lightness. That the utilisation of these 
facilities was sound is proved by the fact that almost 
every country in the world has since come to South- 
ampton for its marine aircraft. Nor has this incor- 
poration of yacht-building practice into our hulls been 
at the expense of the efficiency of the aero-structure. 
From the illustrations it will be noted that the wings 
are conveniently placed above the hull, and so the 
structural restrictions imposed on the one hand by the 
marine functions of the aircraft upon the aero-structure, 
and, on the other, by the aeronautical functions upon 
the hull, are reduced to a minimum. 

It is scarcely possible in this paper to enter into the 
details of the construction of the flexible wooden 
hull, but the basic principle is that the shell, which is 
usually composed of two skins of mahogany planking, 
is relied upon to transmit the loads. Various methods 
of supporting and stiffening the shell are in use, but 
they all rely on some form of transverse frame or 
hoop with longitudinals at about 6-in. centres, as 
shown in Fig. 5, which illustrates a number of Super- 
marine wooden hulls in various stages of construction. 
Hulls built in this manner have been shown to give 
long and efficient service, and the only great drawback 
is their absorption of moisture. In a wooden hull 
weighing 2,000 lb., the soakage in three months would 
be of the order of 300 Ib., 7.e., 15 per cent. of the hull 
weight, or 2 per cent. of the total weight of the air- 
craft, but after that time the increase is negligible. 
It is by no means a pleasant thought, however, 
that we are carrying about 300 lb. of useless load, 
and this fact has been one of the great inducements to 
substitute metal for wood in hull construction. In 
addition, the wooden hull has so nearly reached the 
limit of its logical development that, for increased 
efficiency, we must turn to other materials of construc- 
tion. It will be clear that, other properties being 
equal, the most efficient material is that having the 
greatest ultimate strength per unit weight. Table I, 
page 430, shows the relative efficiencies of various suit- 
able metal and alloy sheets. 

The use of the elastic limit, instead of the maximum 
stress, does not alter the relative position of the 
metallic materials, although clearly it considerably 
increases the efficiency of the timber. In each case I 
have assumed 100 per cent. efficiency for duralumin. 

From the figures in Table I, it will be seen that dura- 





planing bottom and chines have availed to keep the 


lumin outclasses stainless steel in strength for weight 
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In other respects, however, stainless steel appears 
to have very definite advantages. At this stage in 
the development of stainless steel, the degree of 
malleability that we may obtain is a little uncertain, 
but, on the other hand, its highly resistive qualities 
to the corrosive action of sea water appear to be well 
established. Duralumin is an alloy with which, in the 
aeronautical industry, we are already well conversant, 
and its ease in working endows it with a very great 
advantage. Unfortunately, in common with other 
alloys, it suffers seriously from the effects of the sea 
water, and some protective covering becomes essential. 
Plating, painting or varnishing give duralumin a 
high degree of immunity, but the slightest puncture 
of the coating is liable to be a source of trouble. The 
need for a light, malleable, non-corrosive alloy for 
flying-boat construction is great, but it must be 
admitted that the immediate commercial bait we are 
able to offer is small in comparison with the necessary 
capital outlay. If one is circumstantially able, how- 
ever, to take a long view of the matter, it seems that 
success should hold out the promise of a high reward. 
In the meantime, I should like to make use of this 
opportunity of making our need known to those 
metallurgists who have not yet interested themselves 
in light alloys, and to commend this branch of metal- 
lurgy to their attention. 

So far as I am aware, all marine-aircraft designers, 
both in this country and abroad have, for the moment, 
turned their attention to duralumin in preference to 
steel. This is intelligible in the light of the foregoing 
observations; but there is another reason. For the 
size of hull we are at present building, the steel sheets 
for the skin of the boat would have to be thinner than 
is practically possible, in order to realise the full 
comparative efficiency figure. The largest successful 
flying boats yet built have weighed about 30,000 Ib., 
and I am of the opinion that we have a considerable 
way to go yet before steel will supplant duralumin 
for hull construction. If I might hazard a prophecy, 
I should say that, in a 60,000-lb. boat, steel would 
be inefficient from the weight point of view, whilst. it 
would be likely to pay in the case of a 100,000-Ib. 
machine. In saying this I am naturally assuming 
that all difficulties in the manufacture and working 
of stainless steel sheet will by that time have been 
removed. 

I do not propose to enter into the question of welding, 
because, in the type of construction we are employing, 
welded joints are unnecessary, if not undesirable. The 
actual constructional design of the metal hull is being 
tackled in two distinct ways. In this country we 
have more or less adhered to recent wooden practice 
by building the hull on transverse frames with inter- 
costal members. The transverse frames are made of 
duralumin sheets, and vary in depth from a few inches 
to as much as 2 ft. on the keel amidships. Where 
the frames are deep they are lightened by means of 
holes which are subsequently flanged up. The inter- 
costals can conveniently be made in U-section strip, 
flanges being provided at the tops of the U for riveting 
the plates. The shell plates are then riveted on to 
the frames and intercostals, and we obtain a homo- 
geneous and resilient structure. In the designs of 
Dr. Rohrbach, in Germany, however, the transverse 
section of the hull has been made rectangular, and 
the planing bottom forward of the main step is flat. 
These external lines clearly indicate a_ girder 
construction, with the outside plating bracing the 
bays. One advantage of this method is the ease 
with which transverse bulkheads may be fitted, and 
in a boat of normal reserve buoyancy it is possible 
to keep afloat with 40 per cent. of the watertight 
compartments flooded. Bulkheads have been success- 
fully designed for the flexible hull, but they must 
necessarily be flexible in themselves, and thus represent 
an extra weight over the bulkhead in the rigid boat, 
where it is definitely a structural member. 

Even with the small amount of experience we as 
yet possess in metal hull construction, we have been 
able to build good and serviceable duralumin hulls 
for at least the same weight as similar wooden hulls. 
Indeed, some designers consider that by using 
duralumin they have reduced their hull weight, 
exclusive of hull soakage, by as much as 20 per cent., 
but it is difficult to obtain true comparative figures. 
In two cases where duralumin and wooden hulls 
were built to the same lines, the weights before 
launching were almost identical. In the least successful 
instances, therefore, we have at any rate saved the 
weight represented by hull soakage, and it would 
appear reasonable to expect that, with the development 
of duralumin construction, an economy in weight as 
great as 20 per cent. may be expected even for small 
boats; whereas, in a flying boat of 60,000 lb. gross 
weight the increase of this figure to 30 per cent. is by 
no means impossible. As yet, however, there is no 
very convincing proof that savings in excess of a few 
per cent. have been realised. 

In a duralumin hull it is by no means easy to avoid 








the use of steel bolts and fittings, especially if the wing 
structure is of the biplane form. This difficulty can 
be overcome by building the centre section of the wing 
permanently into the hull; but this is open to serious 
objection on the grounds of the need for easy inter- 
changeability and repair. The use of duralumin at 
such highly-stressed points involves large and clumsy 
fittings. In spite, therefore, of the electrical tension 
between duralumin and steel, and the corrosion it 
sets up, the use of steel can as yet barely be avoided. 
Protective painting and the use of red lead when the 
fittings are bedded down is of some avail, but even if 
every precaution be taken, working between the parts 
is certain, and corrosion then becomes only a matter 
of time. In this particular respect, therefore, the 
stainless-steel hull will have very definite advantages. 





to use an aerofoil the minimum drag of which was 
accompanied by a larger lift than would be necessary 
in the less-heavily loaded machine. The drag of aero. 
foil sections has been progressively reduced, whilst the 
maximum lift, by the utilisation of adjustable slotted 
leading and trailing edges, can be almost doubled, 
A suggestion to utilise the principle of the Flettner 
rotor also gives certain promise, but the difficulties 
involved should not be minimised. 

Another problem to which increasing attention is 
being paid is the reduction of the movement of the 
centre of pressure. In a flying boat, a reduction of the 
arm from the centre of gravity to the tail is a valuable 
modification from both structural and weight considera- 
tions. It must not, however, be at the expense of 
longitudinal stability. By limiting the movement of 

















Fie. 2. SuPERMARINE TWIN-ENGINE Fiy1na Boat “SoutTHamMptTon ” TAKING OFF. 




















Fic. 3. SupERMARINE TwIN-ENGINE Fiyina Boat “Swan” ALIGHTING. 


TABLE I.—WEIGHT-STRENGTH EFFICIENCIES 0F METALS AND TIMBERS. 








Material | Max. Stress, | Max. Stress, Per Cent. Elastic Limit, | Elastic Limit, Per Cent. 
pas = | Tons/Sq. In. | Density. Efficiency. Tons/Sq. In. | ~~ Density. Efficiency. 
| 
' ! 
(Tensile) | 
Duralumin | 27 9-6 100 13-5 4-8 | 100 
Stainless Steel =< 40 5-1 53 2-0 4-1 H 85 
Aluminium a .| 10 | 3-67 338 7:5 2-75 | 57 
Mild Steel ac a “| 26 | 3:3 34 13-0 1-65 | 34 
| (Compressive ) | 
Spruce .. a 2-23 | 5-2 54 2-23 5-2 | 108 
Mahogany 2-68 | 5-0 52 2-68 5-0 | 104 














In the meantime, it is necessary for great vigilance 
to be shown in the ground inspection of all points 
where the steel can make contact with duralumin. 
The local replacement of any parts liable to corrosion 
should also be given careful consideration during 
design. 

In the development of the hull we have had to rely 
entirely upon specialised work, but in the case of the 
superstructure we have been able to draw upon a 
large amount of experimental and research data, 
which have been obtained for the use of aircraft in 
general. Aerodynamically, improvement has _ been 
effected (1) in aerofoil characteristics, and (2) in the 
reduction of parasitic drag. 

1, Aerofoil Characteristics— A large variety of 
aerofoil sections is now available, and the particular 
section used in any aircraft can be chosen with strict 
reference to the characteristics of the machine and the 
requirements in performance. As an example, an 
aircraft with a high wing loading clearly flies with its 
wing at a larger angle of incidence than a more lightly- 
loaded machine of approximately the same speed. 
If, therefore, maximum or cruising speed were a matter 
of importance, in the former case we should endeavour 





the centre of pressure, considerably greater stability 
may be obtained, even with reduced tail arms. Two 
aerofoils recently designed at the Royal Aircraft 
Establishment show particular merit in this respect. 
R.A.F. 30 has a centre of pressure which is constant to 
within 2 per cent. of the chord throughout the normal 
flying range. It suffers, however, from a low value 
of the maximum lift co-efficient, which at an L V of 
53-3 is only 0-46. The other aerofoil, R.A.F. 33, 
at the same L V, gives a maximum lift coefficient of 
0-61, with a centre of pressure movement, between 
ky = 0-1 and maximum fy, of 6 percent. The drag 
of this section, however, is greater than that of 
R.A.F. 30. If from these aerofoils there can be 
designed a new section having a ky, max. of at least 
0-6, a C.P. movement between ky = 0-1 and fy max. 
of about 12 per cent., and a minimum drag approaching 
that of R.A.F. 30, something very material will have 
been achieved. a. 
(2) Parasitic Drag.—tIn the reduction of parasitic 
drag, the utilisation of thicker wing sections has been 
of the utmost importance. It was left to Dr. Prandtl, 
of Géttingen University, to show that aerofoils could 


| be designed having twice the relative thickness 0! the 
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normal thin section of about 10 per cent. camber 
without loss, and indeed in certain cases with very con- 
siderable gain, of aerodynamic efficiency. In the 
biplane, thicker wings enable us to increase the lengths 
of spars between supports, thus reducing the number 
of interplane struts and wires. It is, however, in the 
case of the monoplane that the efficiency of the thick 
wing is most marked, for it permits us to dispense with 
all external bracing. 

The quantitative value of the absence of this bracing 
may be gauged from Table IT below, which details the 
resistance of the various component parts of a biplane 
flying-boat of clean design. 

“In practice, the saving indicated is not fully obtained 
as the monoplane, for the same wing area, inevitably 
requires a greater wing chord than the biplane. To 


such as we are considering, the difference between the 
manceuvrability of the two types is negligible. 

The constructional development of the aero-structure 
of the flying-boat is possibly more advanced than that 
of the hull. The wooden wing has, for sevéral years 
now, given small scope for structural improvement, and 
metal construction has, therefore, been given a great 
deal of consideration. The problem, in its material 
aspects, is similar to that of the hull, and the remarks 
on the materials of hull construction apply equally to 
the wing. The constructional design of the metal 
wing, however, is clearly a problem in itself. Develop- 
}ment has proceeded along two distinct lines. In one 
| method, the wing stresses are concentrated in two or 
| more spars, whilst, in the other, the skin of the wing is 
arranged to transmit the loads. 




















Fia. 4. SUPERMARINE TWIN-ENGINE Fiyine Boat “Swan” at ANCHOR. 








Fic. 5. SuPERMARINE WoopeEN Fryinc-Boat Huts 1n Course or CoNsTRUCTION: 


obtain the same degree of longitudinal control, there- 
fore, it is necessary either to lengthen the hull or in- 
crease the area of the tail surfaces, either of which will 
increase resistance. In addition, the induced drag of 
the monoplane wing is very slightly increased, but an 
allowance of 3 per cent. extra drag is fully adequate to 
meet all these points. It will thus be evident that, for 
the same performance as the biplane, the monoplane 
internally-braced wing reduces the horse-power re- 


TaBLe IT.—Resistance of Components of Biplane 
Flying-Boat. 
Per Cent. of 
Total Drag. 


ihe, ME LE ee ee, 
Wing bracing ee a si mt 18 
Hull and floats... vas tes 75 


Tail planes, fins and rudders <a ree 9 
Power units : ‘ 18 


gag by no less than 15 pe cent. Conversely, for 
8 ® Same engine power, the top speed is increased by 
or’ per cent., and the climb by about 15 per cent. 
It is true that the monoplane is slightly less manceuv- 
_ than the biplane. For a scout or light bomber 
1s may bea serious drawback ; but, for large machines 


For a multiplane structure it is probable that the 
separate spars afford the best solution, for it is impos- 
sible to avoid concentration of stresses at the points of 
attachment of the interplane bracing members. In this 
system, light ribs, either built up or punched out of 
sheet, transmit the air loads on to the spars, which are 
invariably of the built-up type. Cold-drawn, weldless- 
steel tubular sections also show some promise, but the 
built-up spars appear, at the moment, to give the best 
hope of success. In this method of construction, the 
| wing covering of doped fabric is usually maintained, 
| although finely-corrugated sheet has been successfully 
used. It is, however, heavier than the fabric, and its 
| use cannot yet be justified. 
| In the wing with the stressed shell, the question of 

covering automatically resolves itself. This system 
| relies for its strength on a wide built-up box girder 
| which runs the whole length of the span. In depth 
it conforms to the ordinates of the aerofoil section, 
and in width is about 0-6 of the chord, the front of 
the girder being about 0-1 of the chord from the 
leading edge of the wing. The two skins are built 
up of duraluntin plates riveted together, and their 
‘thickness, for minimum weight, should vary from 














tip to root relatively with the bending moment. 
The skins are connected together by at least two 
longitudinal webs, and transverse frames are provided 
to stiffen the skin and resist torsion. It may not 
always be convenient to arrange the centre of the 
girder fore and aft at a point midway between the 
extreme positions of the centre of pressure, and, in 
this case, the torsion on the wing may be reduced by 
varying the thickness of the plates across the chord, 
as well as along the span. 

Tapering the wing towards the tips in plan form is 
economical aerodynamically and structurally, but not 
financially. In the box-girder construction the 
structural difficulty of a parallel wing is easily solved, 
for a slight increase in the thickness of the plates at 
the root will resist the increase in bending moment 
due to a larger span. We are thus spared the expense 
of a large number of rib jigs of varying sizes, and one 
rib profile can be used throughout. The use of metal 
wings in flying boats will certainly effect a saving in 
weight, although what economy has at present been 
achieved is a little difficult to determine. In addition, 
there are the advantages, shared also by the metal hull, 
of robustness of construction, freedom from minor 
damage, and resistance to climatic changes. It is 
noteworthy also that an increasing volume of full-scale 
aerodynamic data, supplemented by close observation 
of the wear and tear of components in service, has 
enabled us to reduce our factors of ignorance in cases 
where weight was being wasted through overstrength. 
This is an economy to which due attention is not 
always given. 

With equipment the modern flying boat is replete. 
Full marine gear is provided for mooring, towing and 
beaching, and a collapsible dinghy is carried for use 
in emergency, or for rowing ashore after the anchor has 
been dropped. A bilge pump and hose is provided 
for clearing all watertight compartments whilst the 
boat is still afloat. Boats of over 30,000 lb. can also 
conveniently be fitted with a small marine motor 
for use in case of complete engine failure. Sails 
have also been used successfully for emergency 
propulsion. All large boats are fitted with wireless 
telephony, the normal trailing aerial being used in 
flight, and a collapsible mast being erected on the 
deck of the hull for reception and transmission whilst 
the boat is on the water. From the operating point 
the flying boat may be treated precisely as a ship, and 
may be left on the water for several weeks without 
being drawn up the slipway. If desirable, the crews 
can live on board. Multi-engine boats can be 
manceuvred with great ease on the water by suitable 
use of the engines, and large boats may be operated 
by experienced pilots, even in congested waterways, 
without external assistance. 

I believe it is in accordance with precedent that 
before closing this paper some reference should be 
madetothefuture. Ihave outlined, in several respects, 
what line of development I believe the future will 
reveal, but perhaps some more specific mention of the 
flying boat of the future may be expected. I shall 
certainly feel that progress has been inordinately slow 
if we have not constructed a boat of 100,000 lb. gross 
weight by the end of the next decade. Supposing 
this to be for commercial purposes, I am inclined to 
think the machine will be an all-steel monoplane 
boat of some 6,000 sq. ft. wing area, and 220 ft. span. 
The power units will be housed in engine rooms built 
into the thick wing some 30 ft. out from the hull, 
and the output from each room at-full revolutions 
will be some 3,000 brake horse-power. The engines 
may well be arranged on either side of a central 
propeller shaft, the drive being through bevel wheels 
with a separate clutch to each unit. In the event 
of the failure of any block this will be automatically 
cut out and the mechanics could then consider its 
tepair. Once the boat is in the air it could fly 
comfortably on 60 per cent. of full power, and the 
fear of a forced landing might, therefore, be dismissed. 
The hull will be arranged in two decks and provide 
spacious accommodation for 100 passengers. The 
speed will exceed 100 knots, and the boat could 


undertake flights up to 1,500 miles without alighting. - 


By slightly reducing the number of passengers, there- 
fore, such a boat could fly from Europe to America 
with only one stop at the Azores, and accomplish 
the whole flight within 36 hours. 

I regret that time has prevented me from discussing 
more fully many important engineering problems, 
but I have endeavoured to show that, in its present 
stage of development, the flying boat is a sound 
engineering achievement. In the future, the size of 
the flying boat will be vastly increased, her seaworthi- 
ness will offer greater security, the relation between 
useful load and gross weight will materially improve, 
and then, with the numerous ports available, she will 
prove herself a most speedy, efficient and desirable 
means of transport for commerce and pleasure, a 
serious competitor with the liner and the airship for 
the world’s ocean traffic. 
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A NEW DIRECT PROCESS FOR THE 
MANUFACTURE OF STEEL.* 
By HeEnninG Fiopin (Stockholm). 


THE following paper describes a series of experiments 
in the direct smelting of ore by electric means, carried 
out at the Electro-Chemical Section of the Royal 
Technical High School at Stockholm during the years 
1923-25. It may be mentioned that the Electro- 
Chemical Section of the above-mentioned establish- 
ment, the principal of which is Professor Wilhelm 
Palmér, is equipped with a special electro-metallurgical 
laboratory, open at a nominal cost to qualified inventors, 
so that they may elaborate their ideas to the benefit of 
the industry by carrying out experiments on a suffi- 
ciently large scale to be of practical and scientific 
value. 

The object of these trials was to ascertain whether 
malleable iron and steel can be extracted direct and 
continuously from iron ore, and at the same time to 
reduce the percentage of phosphorus and sulphur 
content in the ore and coal. An electric furnace was 
specially constructed for the purpose, working with 
a load of about 30 kw. 

A few trials alone sufficed to establish that iron 
with carbon from 0-02 per cent. and upwards could 
be produced without difficulty. In order to prove 
that this was not merely a chance result from a small 
number of smeltings, 65 such trial reductions were 
made in a@ furnace of the particular construction 
mentioned, the results of which fully bore out that 
the method pursued was on the right lines. The 
effects were so encouraging that, on the initiative 
of Mr. G. Cornelius and Mr. A. Hammarberg of 
Stockholm, it was decided to test the process thoroughly 
on a reasonably large industrial scale at the ironworks 
at Hagfors, Sweden. An electric furnace with a load 
ot 250 kw. to 300 kw. was used, and up to the time of 
writing 114 tappings have been made. 

Analyses made at the chemical laboratory at 
Hagfors show the composition of the product to 
be :— 


Carbon..., . from 0-02 per cent. to 1-32 per cent. 
Phosphorus... ,, 0-003 __,, OrOlT *;; 
Sulphur ee > 0-009 a O-077 « 


The following results of tests carried out by Mr. O. 
Caspersson, engineer, indicate the physical and 
mechanical properties of the iron and steel produced :— 

Tensile Tests. 


: | 
Tensile | Elon- |Reduc- 





No. | Yield 





of | Point | Breaking|gation*| tion | Condition of. 
Tap- |Kg./mm.2) Strength. per of | Test-piece. 
ping. Kg./mm . cent. | Area. | 
19 24-3 32-4 | 34-0) 59 | As rolled. 
26 22-2 32-5 | 30-0 64 | Turned from 25 mm. 
| 


| square, rolled bar. 
27 25°4 35-3 | 28-5) 65 | Turned from 28 mm. 
| | square, rolled bar. 








41 _ 40-8 29-5 63 Turned from 12 mm. 
; round, rolied bar. 
2 “= 45-8 | 12-0) 61 | Wire, as rolled. 
42-1 - 37-7 29-0 73 | Wire, as rolled and 
| } annealed. 
56 321-8 45-8 | 25-0 54 Turned from 28 mm. 
| | square, rolled bar. 
16 36-2 47-2 | 24-7 43 | As rolled. 
60 45°8 89-8 | 8-5 15 | Turned from 28 mm. 


| 
| 
square rolled bar. 
1 
* The elongation is measured on a gauge length of ten times 
the diameter of the test-piece. 


| 
| 
| 
| 





It may here be observed that, during one of the 
furnace runs at Hagfors the author was requested to 
vary the proportion of carbon in several successive 
tappings :-— 


Required. Results. 
(1) 0-40 per cent. carbon 0-42 per cent. carbon. 
(2) 0-20 Pm op we 0°23 - ” 
(3) 0-80 " * ORS ” ” 


Thus it was found that there was no difficulty 
whatever in producing iron and steel of any desired 
carbon percentage at successive tappings without 
interruption of the process, showing that the process 
can be controlled in the same manner and quite 
as easily as the discontinuous open-hearth process. 
The manganese and silicon contents are controlled 
in the same manner as in the open-hearth process. 
From the heat No. 3 containing 0-78 per cent. carbon 
an ingot was taken and rolled out at the Forsbacka 
Jronworks, Sweden, and the material was used for 
making chisels for pneumatic hammers, drills and 
miners’ sledges, mainly for the purpose of testing 
the material. The chisels have proved to be fully 
equal to those made of the firm’s own Bessemer steel, 
and nearly as good as those made of special steel 
alloy for the cutting out of blanks of hard steel and 





* Paper read before the Iron and Steel Institute, 





chrome steel (1-40 per cent. chromium, 1-10 per 
cent. carbon). The drill penetrated 0-4 m. into 
granite in a wet borehole without regrinding, and 
0-6 m. into hard sandstone bored dry. Better results 
cannot be obtained with the best Bessemer steel. 
The sledges were even superior to those made of 
1a Bessemer steel. 

The total radiation surface of the experimental 
furnace at Hagfors was 30 square metres, and when 
running empty the furnace took about 100 kw. Ata 
load of 300 kw. the furnace was therefore working with 
200 effective kilowatts. : 

A 3,000-kw. furnace has a radiation surface 2-33 times 
larger than the experimental furnace, or 70 square 
metres, so that the heat loss would be 2-33 x 100 = 
233 kw. 

In this furnace the effective load is therefore 3,000 — 
233 = 2,767 kw. The losses due to water-cooling in 
the moulds, in contact rings and refrigeration, &c., 
amount to 263 kw., making the total loss 500 kw. 

The loss on current at a load of 300 kw. in the 
experimental furnace was 33-3 per cent. In the 
3,000-kw. furnace it was 16-65 per cent. The loss on 
transformers and lines is not included, as the measure- 
ments were taken close to the furance. For this 
moderate expenditure of energy the price is not so 
important a factor as one would be induced to expect 
at the first glance. 
At a load of 300 kw. 1 ton of iron was produced in 
the experimental furnace, with an expenditure of 
2,700 kw.-hours. Deducting 100 kw.-hours for empty 
running, the production thus amounted to 111 kg. 
per hour. 
The 3,000-kw. furnace is to work with a net amount 
of 2,500 kw. (3,000 less 500 kw. loss). The production 
will therefore be :— 
2,500 kw.-hours x 111 kg. per hour 
200 kw.-hours 
The gross expenditure of energy in the furnace will 
thus be :— 
3,000 


— = 2,162 kw-hours per ton of iron. 
1-388 





= 1,388kg. p rhour. 





The heat content of the waste gases amounts to 
between 2,700 and 2,900 calories. 
If in Scandinavia the cost of hydro-electric energy 
is put at 50 to 60 crowns (55 to 66 shillings) per kilowatt- 
year, its is evidently cheaper than steam-power. 
According to American statistics, the price of water 
power is 15 to 25 dollars per kilowatt-year, and the 
cost of power from large steam-power stations is 
20 to 25 dollars per year. These prices, of course, 
only hold good for a constant load by day and night. 
With regard to future power stations installed at a 
great cost to take a maximum load for some few hours 
per day only, the conditions are, of course, different. 
With respect to the method itself, it is unnecessary 
to point out that in this direct process the previous 
production of pig iron is dispensed with. The process 
works direct on a mixture of ore and coal in a single 
furnace, and the product is in the form of malleable 
iron and steel capable of being teemed into chills or 
other moulds in the usual manner. The process, 
however, does not only work direct as ‘‘ one single 
process,” but is continuous, interruptions occurring 
only at the moments of tapping, when the continuous 
feeding in of the mixture of ore and coal ceases, to 
recommence immediately after the tapping is complete. 
The operations must, of course, be carried out in such 
a manner that the furnace is fed with the mixture 
of coal and ore in quantities corresponding to the 
capacity of the amount of electric energy supplied for 
reduction and fusion. 
The reduction of the iron proceeds uninterruptedly 
and continuously. The metallic iron particles reduced 
from the ore may be compared to a fine rain continually 
dropping through the slag bath to the bottom of the 
furnace, where the molten malleable iron constantly 
accumulates. Practically speaking, the iron is in 
a fit condition at any moment for tapping in varying 
quantities in proportion to the rate of reduction, and 
it is hardly to be imagined that a higher degree of 
continuity can be reached in any process for the 
production of iron. 
The raw materials used at Hagfors in the experi- 
mental furnace are Swedish hematite ore, and both 
English pit coal and Swedish charcoal. No refinement 
in special furnaces is necessary for the removal of 
phosphorus and sulphur to a sufficiently low point, 
the process being based on the principle that in the 
reaction the molecules are in contact, thus facilitating 
the transfer of the phosphorus and sulphur to the 
slag. A specially low-carbon material produced by 
the ‘one single process” may, perhaps, meet certain 
requirements for electric and magnetic purposes, and 
the product is generally suitable for any purpose 
where an extremely low percentage of carbon in the 
iron is desired. After the thorough tests to which 


have been subjected, the author is satisfied that their 
quality is superior both to the open-hearth and the 
Bessemer products. While it is true that no Scientific 
investigations have been made into the causes which 
make such results possible, we are justified in assuming 
that the superiority of the product of this electric 
process is due to the relative absence of gases and the 
small amount of slag. The process works constantly 
under exclusion of air, and with a slight over-pressure 
in the furnace. Attention is specially directed to the 
low percentage of carbon (0-02), and it may confidently 
be expected that cheap stainless iron and steel produced 
by the “ one single process ” will soon appear on the 
market. 





CATALOGUES. 


Magnetic Chucks.—A circular illustrating a magnetic 
ehuck for lathe work has come to hand from Messrs. 
Alfred Herbert, Limited, Coventry, who supply these 
chucks for various machine tools. 


Coal-Cutting Machines.—Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Mile End, Glasgow, have sent 
us a copy of the latest issue of their trade publication 
dealing with mining and coal-cutting. 


Cable-jointing Boxes.—A catalogue of lead joint boxes 
made from pressed sheet lead and adapted for easy 
filling and finishing, is to hand from British Insulated 
and Helsby Cables, Limited, Prescot, Lancashire. 


Cement.—The Cement Marketing Company and allied 
firms are issuing a quarterly house journal entitled 
The Blue Circle, of which the first number has reached 
us from the managers at Portland House, Tothill-street, 
London, S.W. 1. 


Cable Box.—An illustration of their patent oil-filled 
cable box for transformers, which allows the cable to be 
disconnected without withdrawing the oil from the 
transformer, has reached us from Messrs. Ferranti, 
Limited, Hollinwood, Lancashire. 


Viscometer.—A new edition of their catalogue giving 
a full explanation of the use of the Michell viscometer 
for testing the viscosity of oils, varnishes, and other 
liquids isto hand from Messrs. Michell Bearings, Limited, 
South Benwell, Newcastle-on-Tyne. 


Lubricating Oil.—A catalogue of oils specially adapted 
for the cylinders and valves of steam engines, to hand 
from the Vacuum Oil Company, Limited, Caxton House 
Westminster, London, S.W.1, contains much useful in- 
formation on the subject of lubrication. 


Petrol Rail Motors.——Examples of trucks and other 
vehicles driven on rails by petrol engines for passenger, 
goods, and shunting service are illustrated in a catalogue 
received from the Four-Wheel Drive Lorry Company, 
Limited, 46, Charing Cross, London, 8.W. 1. 


Road Material.—A catalogue of emulsified bitumen 
binding materials for road construction, in which some 
useful information on methods of road making and re- 
pairing is included, is to hand from Messrs. Colas Pro- 
ducts, Limited, 38, Parliament-street, London, 8.W.1. 


Lead Machinery.—A catalogue of hydraulic presses 
and melting pots for the lead-covering of cables and for 
the manufacture of lead pipes and sheet lead has reached 
us from Messrs. David Bridge and Co., Limited, Castle- 
ton, Manchester, who make complete equipments for 
this class of work. 


Electric Wires, Cables, d&c.—The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C. 2, have forwarded lists announcing an increase In 
the prices of rubber-insulated wires, cables and flexible 
cords, and giving particulars of their new type of switches 
with quick-make and quick-brake actions. 


Alternators.—'The Brush Electrical Engineering Com- 
pany, Limited, Falcon Works, Loughborough, have 
issued a catalogue of salient-pole alternators suitable 
for engine or hydraulic-turbine drives. These machines 
are designed for generating three-phase, 50-cycle current 
at pressures ranging from 400 volts to 6,600 volts. 


Pressure Gauges.—We have received a catalogue of 
pressure gauges from Messrs. Smith Brothers and Co. 
(Hyson), Limited, Nottingham, who claim to be the 
original patentees and first manufacturers of the steam 
pressire gauge. This firm recommends that gauges 
should be graduated to double the working pressure 
used. 

Alternating-Current Generators.—A catalogue containing 
illustrations and brief descriptions of alternating-current 
generators is to hand from Messrs. T. W. Broadbent, 
Limited, Victoria Electrical Works, Huddersfield. 
Eight standard sizes of their T-type alternators are 
supplied. The outputs of these range from 40 k.-v.-a. to 
300 kv.-a. 








Scorrish SHALE Om Inpustry.—A deputation 
representing the National Union of Shale Miners —_ 
Oil Workers was recently received by Sir Burton Chad- 
wick, M.P., Parliamentary Secretary of _the Board of 
Trade, when the position which has arisen 5 Pracera4 
quence of a notification by Scottish Oils, Limited, 
that it will be necessary to close down certain of their 
oil works and mines and to reduce the wages of other 
operators retained, was discussed. For some time past 
there have been communications between the Govern- 
ment and Scottish Oils, Limited, but the Government 
have not seen their way to grant any special financia 








Birmingham, on September 9, 1925. 


both the iron and steel materials produced at Hagfors 


assistance to the Scottish shale oil industry. 
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Mr. G. A. Burrell, of the United States Bureau of 
Mines, appears to be sufficiently simple and reliable for 
use underground. It is described in Technical Paper 
357 of the Bureau of Mines, from which we take the 
following particulars and the above illustration. 

The indicator is a gas-analysis apparatus which 
burns out the combustible components of a measured 
Volume of gas by bringing it in contact with a small 
Platinum glower, heated from a battery. The com- 
ustion of 1 volume of CH, yields 1 volume of CO, 
and 2 volumes of water vapour; the latter is con- 
densed ; the gas volume therefore contracts, and the 
residual volume equals that of the methane originally 
taken up. his analysis is performed in the apparatus 
ilustrated, which is about 1 ft. in height and is carried 
y the operator together with two Edison storage cells, 
each of about 2 volts (1-9 volt is desired). The 
‘pparatus is essentially a U-tube lo pt, which is filled 
with distilled water to about three-quarters of its 
capacity after removing the cover e; the water level 
is brought up to the zero mark. To make sure that the 
*pparatus is air-tight after putting the cover on again, 

© operator blows into the rubber tube v, which is 
‘mmoured with a protecting wire w; the water should 


THE BURRELL METHANE INDICATOR. 


Mixtures of air and methane are only explosive 
when the proportion of methane lies within the limits of 
5} per cent. and 15} per cent. But coal-dust explosions 
are more common than true fire-damp explosions, and 
even small percentages of methane in mine air facili- 
tate the propagation of a coal-dust explosion wave. 
It is, therefore, considered necessary to keep the 
proportion of methane in the return air below 0-5 per 
cent. Forsuchsmall amounts the safety lamp is useless 
as a methane indicator. Even a skilled operator can 
rarely discover less than 0-75 per cent. of methane in 
the air by watching his safety lamp, and his estimate 
may, in any case, be out by 0-5 per cent. and more. 
An improved portable methane indicator designed by 


return to zero. When a test is to be made, the valve d 
is opened to about an eighth of a turn and air is blown 
in again through v until the water appears in the valve 
cup 6. The valve is now completely opened and the air 
allowed to flow back along the tube until the water 
level is again at zero. The operator, holding the 
apparatus with one hand by the hook a, and gripping 
the base n with the other hand, then shakes the tube up 
and down for a minute. He next turns the switch 
knob ¢; the glower f lights up and the gas is allowed 
to burn for 2 minutes; a reading is then taken on the 
methane scale s. The references so far not alluded to 
represent : g a contact spring, h a window, i water 
level, ja collar, k heat insulator, g guard for the gauge 
glass r ; and the electric cord m. 

Some precautions have to be observed in use. The 
full current from a freshly charged battery might burn 
the glower out ; it is hence advisable to wait for 2 hours 
after recharging or to use a switch which first sends the 
current through a resistance. Owing to the solubility 
of air in water the first test of a day is disregarded ; the 
distilled water is renewed at intervals of a few months. 
The solubility of the gases, methane and carbon 
dioxide, in water might appear to vitiate the measure- 
ments. Methane, however, is soluble only to a small 
degree, but it accumulates in the large volume of 
water (31 cub. cm.) in the apparatus. Since, however, 
the solubility of a gas is proportional to its partial 
pressure in the mixture, the amount of methane in 
the water will be proportional to the amount present 
in the air, and can be allowed for in the calibration 
which is done on the theoretical basis in preference 
to the laborious experimental calibration. Any 
carbon dioxide in the sample is brought into 
equilibrium with the water by the preliminary shaking 
and does not affect the contraction observed. Tem- 
perature influences have also to be considered. For this 
reason the apparatus should be allowed to acquire the 
temperature of the mine air, and be touched with rubber 
gloves rather than by hand. The agreement between 
the Burrell indicator and the analyses made of bottle- 
collected samples by the Haldane method has been 
found to be very satisfactory. The apparatus is only 
meant to deal with metbane mixtures of up to 
4 per cent.; richer mixtures would betray themselves 
by violent or explosive combustion which the apparatus 
is designed to withstand. The indicator has also been 
used in the Naval Services for determining the amount 
of hydrogen present in battery rooms of submarines, 
and in garages for determining the gasoline percentage ; 
special calibrations are required in these cases. 





THE INFLUENCE OF STRAIN AND 
OF HEAT ON THE HARDNESS OF 
IRON AND STEEL.* 

By Professor A. Sauveur, D.Sce., and D. C. Ler, D.Sc. 
Ir has been known for many years that the strength 
of iron and of steel increases when these metals are 
heated above room temperature, becoming maximum 
somewhere between 250 deg. and 425 deg. C., and 
that further heating results in steadily decreasing 
strength. When polished samples of these metals are 
heated in air to the temperatures indicated, they assume 
a blue colour, resulting from the formation of an oxide 
film, hence the term ‘“‘ blue-heat’”’ used to designate 
this range of temperature, and aiso the familiar state- 
mene that iron and steel are stronger at a blue-heat than 
at room temperature. In the case of electrolytic iron 
maximum tensile strength is obtained at 250 deg. C., 
whilst steels containing respectively 0-10, 0-30, and 
0-50 per cent. carbon reach their maximum strength 
at a temperature slightly in excess of 300 deg. C. 
With 0-75 per cent. carbon, maximum strength occurs 
at 400 deg.C. It is obvious, therefore, that this ‘‘ blue- 
heat phenomenon ”’ does not occur at the same tempera- 
ture with all grades of iron and steel, and it is probable 
that, as the carbon increases, the temperature impart- 
ing maximum strength likewise increases. Electro- 
lytic iron at room temperature has a tensile strength of 
40,000 lb. per square inch, while at 250 deg. C. its 
strength is 56,000 lb. per square inch, an increase of 
40 per cent. Steel containing 0-10 per cent. carbon 
increases in strength from 68,000 lb. to 86,000 Ib., or 
26 per cent.; steel with 0-30 per cent. carbon from 
80,000 to 88,000, or 10 per cent.; steel with 0-50 
per cent. carbon from 110,000 to 126,000, or 15 per 
cent. ; and steel with 0-75 per cent. carbon from 140,000 
to 146,000, or 4-3 per cent. Iron and very soft steel 
increase in strength by blue-heating very much more 
than higher-carbon steel. It should also be noted that 
the increase of strength is preceded by a decrease of 
that property, and that at 100 deg. C. all samples 
tested exhibited a strength lower than that at room 
temperature. 

Since it is well known that the hardness of a metal 





* Paper presented at the Iron and Steel Institute Meet- 


generally increases with its strength, it was naturally 
inferred that in their respective blue-heat ranges iron 
and various grades of steel must be harder than at 
room temperature. To verify this inference experi- 
ments were conducted by applying the Brinell test for 
hardness while maintaining the metal at a given tem- 
perature. It was noted that maximum hardness was 
obtained in the blue-heat ranges, and that these cor- 
responded quite closely with the temperatures at 
which maximum strength was observed. With 0-80 
per cent. carbon there is but a slight increase of hard- 
ness, and with 1-25 per cent. carbon none at all, 
which is also in accord with the action of blue-heating 
on the strength of high-carbon steel. It seems justi- 
fiable to infer that the increase of strength and of 
hardness, in the blue-heat range, results from an increase 
of strength and hardness of the ferrite present in the 
metal, being greatest, therefore, in iron and low- 
carbon steel, because these are made up almost ex- 
clusively of ferrite, and practically nil in eutectoid 
and hyper-eutectoid steels because of the absence 
of free ferrite. 

When iron or steel is deformed—that is, strained 
beyond its elastic limit at room temperature—its 
tensile strength and hardness are materially increased, 
which is generally expressed by stating that cold-work- 
ing increases the strength and hardness of these metals. 
It was thought advisable to find out whether this 
increase of strength through straining or deformation 
was confined to work performed at room temperature. 
This could easily be done by testing the hardness near 
the broken ends of test-pieces that had been ruptured, 
and therefore deformed, at different temperatures. 
It was noticed that while deformation produced at 
room temperature resulted in marked increases of 
hardness, deformation at higher temperature caused 
still greater increases of hardness, and that maximum 
increases were always obtained after deformation in 
the respective blue-heat ranges of the samples tested. 
Moreover, unless deformations are produced at tempera- 
tures exceeding some 580 deg. to 680 deg. C., the metals 
are harder than they were in their normalised, un- 
strained conditions. This range of temperature may 
logically be taken as the demarcation between cold- 
and hot-working, the former resulting in hardening, 
the second in softening, iron and steel in comparison 
with their hardness in their normalised condition. An 
exception to this rule occurs in the case of electro- 
lytic iron, which is so soft in its normalised condition 
that working at any temperature hardens it. Its 
Brinell hardness is increased from 48 to 120 by tensile 
stresses at room temperature sufficient to rupture it, 
and to 160 when the stress is applied at 250 deg. C. 
Rupture at 600 deg. C. produces a Brinell hardness of 
100. Steel containing 0-10 per cent. carbon had a 
Brinell hardness of 130 in its normalised state, which 
was increased to 153 by straining at room temperature, 
and to 212 by straining at 350 deg. C. Rupture at 600 
deg. C. gave a hardness of 140, and at 800 deg. gave 
120. With 0-30 per cent. carbon the hardness in- 
creased from 150 to 163, when ruptured at room tem- 
perature, and to 202 when ruptured at 385 deg. C. 
After breaking at 680 deg. C. the hardness was reduced 
to 137. Steel containing 0-50 per cent. carbon in- 
creased in hardness from 225 to 250 by rupture at 
room temperature, and to 293 after rupture at 340 deg. 
C. Tensile testing at 680 deg. C. reduced its hardness 
to 196. With 0-75 per cent. carbon the original hard- 
ness of 260 was increased to 269 and to 387 respectively 
by rupture at room temperature and at 440 deg. C. 
Straining at 645 deg. C. reduced it to 241. These 
tests clearly bring out the greater increase of hardness, 
resulting from deforming iron and steel in the blue-heat 
range, over the increase of hardness caused by deform- 
ing at room temperature. These results are contrary to 
the belief generally held that the lower the tempera- 
ture the greater is the hardening effect of cold-work. 
The effect of heating on the hardness of iron and 
steel after different degrees of strains produced at 
room temperature, has also been investigated. The 
conclusions arrived at were as follows: Heating cold- 
worked steel above atmospheric temperature results in 
an increase of hardness, which is a maximum at about 
350 deg. C., that is, in the blue-heat range of the steel 
tested. Heating to 600 deg. C. has no effect on the 
hardness, while heating at higher temperatures softens 
the metal. For temperatures lower than 600 deg. C. 
there is no difference in the behaviour of the samples, 
but at higher temperatures the most severely strained 
samples, and hence the hardest, lose their hardness 
more rapidly than the other two series. Similar result 
were obtained with steel containing different percen- 
tages of carbon, and also with electrolytic iron. With 
0-10 per cent. carbon, however, the hardness of the 
cold-worked steel begins to decrease on heating to 
about 500 deg. C., and that of electrolytic iron on heat- 
ing to425deg.C. Instead of softening cold-worked iron 
or steel by heating them to seine 200 deg. to 300 deg. C., 
therefore, their hardness is actually increased. This 
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the authors believe, has never been observed before. 
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‘** ENGINEERING ’’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 
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Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 
Copies o. Specifications may be obtained at the Patent Office, Sales 
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the uniform price of 1s. 
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Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed ”’ is — 
Any person may, at any time within two months from the date of 
the advertisement of the te of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


234,900. A. H. R. Fedden, Bristol, L. F. G. 
Butler, Bristol, and the Bristol Aeroplane Co., 
Limited, Bristol. Internal-combustion engines. 
(6 Figs.) March 4, 1924.—The invention has for its 
object to provide an improved construction of gear of 
the type wherein a number of poppet-valves having 
their stems inclined to one another are all operated by a 
single push-rod, situated and moving in a direction 
substantially parallel with the cylinder axis. According 
to the invention, a valve-gear of the type set forth is 
characterised in that the central part of the cylinder- 
head is unoccupied by any valve-operating mechanism 
and provides a clear path of flow for cooling air across it. 
The cylinder of a radial-cylinder internal-combustion 
engine is indicated at 10; the valves are arranged in two 
groups, one for the inlet and one for the exhaust. All 
the valves are substantially radial to the spherically 
curved surface of the head. The tops of the exhaust- 
valve stems are indicated at 11, 12, and the tops of the 
inlet-valves are similarly indicated at 13,14. The valves 
are actuated by cam-gear on the crank-shaft through 
two push-rods which lie alongside each cylinder, sub- 
stantially parallel with the axis thereof, and moved 
lengthwise by the cam-gear. The cam-operated push- 
rod 19 engages a pin 21, which is fixed in a pair of diverg- 








(234.900 8) 


ing levers 22. These levers are each secured on a pin 
23, which is mounted with roller-bearings in the lever 
15. The levers 22 constitute a forked lever whereof the 
diverging ends 25 are appropriated respectively to the 
two exhaust-valves 11, 12. The pivot-pin 23 lies sub- 
stantially at right angles to the push-rod 19 so that the 
ends 25 move along a line which is substantially parallel 
with the cylinder axis. The valve-stem 26 moves in a 
path which is substantially inclined to the cylinder 
axis and in order to eliminate any side-thrust on 
the valve-stem there is provided a tappet finger 27 
mounted to pivot on a bracket 28, on the cylinder- 
head, about an axis which is at right angles to a 
plane containing the valve-stem. The inlet valves are 
operated by a bell-crank lever 30 pivoted on the lever 15 
and rocked by the cam-gear through the push-rod 32. 
The other arm of this lever is provided with a series of 
sockets 33, which receive push-rods 34. The push-rods 
34 each extend across the cylinder-head to a point near 
the valve-stems, which they respectively operate. The 
vertical movement of the push-rod 32 is converted by 
the bell-crank lever 30 into a horizontal movement of 
the push-rod 34, and this movement is converted by a 
second bell-crank lever 35 to movement in the required 
direction for operating the valve-stem 13. (Accepted 


LIFTING AND HAULING APPLIANCES. 


234,568. J. S. Atkinson, Westminster, London, 
and Stein and Atkinson, Limited, Westminster, 
London. Transporting or Conveying Apparatus. 
(10 Figs.) March 13, 1924.—Transporting or conveying 
apparatus in accordance with this invention comprises an 
endless conveyor or belt 7, a carrier 1, around which the 
conveyor or belt passes, and on which the upper portion 
thereof rests, when the conveyor or belt is stationary. 
Means are provided to act on the conveyor or belt to lift it 
off the carrier. then to move it longitudinally and finally 
to lower it on to the carrier. The carrier 1 comprises a 
number of fixed members and the method of actuating the 
conveyor or belt 7 comprises a number of members 
arranged alternately with the fixed members and actuated 
by mechanism which causes them to move in a circular, 


Fig. 2. 
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rectangular, elliptical or other path in relation to the 
carrier, and when so moved to raise, advance and lower 
the conveyor or belt in relation to the carrier. In carry- 
ing out the invention, according to one arrangement, 
the carrier 1 comprises a number of fixed members 
and the means to actuate the conveyor or belt 7 com- 
prises a number of parts 2, arranged alternately with the 
fixed members and operated from shafts 3, which, when 
driven, act thereon and cause them to move and act on 
the conveyor or belt. When the movable members 2 
are driven, the conveyor or belt 7 is acted on thereby 
and is first raised off the carrier 1, then advanced longi- 
tudinally in relation thereto and finally lowered on to 
the carrier again, on which it rests until the movable 
members again come into contact with it. (Sealed.) 


‘STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c, 


231,708. R. A. Hopkinson, Huddersfield, P. G. 
Hopkinson, Huddersfield, and J. Hopkinson & Co., 
Limited, Huddersfield. Bourdon Type Pressure 
|Gauges. (2 Figs.) June, 20, 1924.—The invention 
|relates to Bourdon type pressure gauges. The cap f 
which screws into the tube holder b has a corrugated or 
flexible sleeve-like projecting part g thereon which enters 





secant ba a 
Lii lew 708) 


the flared end of the Bourdon tube c and ensures an 
effective joint between such tube and holder. The 
flexibility of the part g allows of the cap itself making 
an effective joint with the tube holder, whilst the strength 
of such flexible part is sufficient to ensure a good fluid- 
tight joint between the tube c and holder b when the 
cap f is screwed home. (Sealed.) 


233,039. A. Ross, London. Steam Generators. 
(8 Figs.) January 31, 1924.—The invention relates to 
circulation devices for steam-generators. The invention 
comprises in a steam-generator SG the combination with 
the part P thereof which is the rear-plate of a combus- 





























tion chamber CC, one side of which part is exposed to 
radiation and impinging flame or hot gases in that 
chamber, and the other side of which is in the water- 
space WS of the generator. A circulator C of the type 
generally termed a Hotchkiss circulator is capable of 





June 17, 1925.) 


water which passes through it. A pump RP preferably 
of the rotary type is connected by a suction-pipe SK 
with the water-space WS of the generator by way of 
the circulator. There are also a delivery-pipe DP from 
the pump, a by-pass conduit BP and valve V anda 
nozzle or nozzles N at the delivery end of the delivery 
pipe. This nozzle or delivery-piece is to deliver the jet 
into the water-space of the steam-generator and is 
arranged to direct a strong stream of water from the 
pump along and in contact with the side in the water. 
space WS of the part P which on its other side, in the com- 
bustion-chamber CC, is exposed to radiation, to flame 
and to gas as aforesaid. There is a filter F between 
the circulator C and the pump RP, situated in the 
suction pipe SK. The by-pass conduit communicates 
with the suction pipe SK at a point PT between the 
circulator and the filter, and it extends from that point 
to the delivery-pipe DP, which it joins at a level below 
that of the pump. An electric motor M drives the pump 
RP. The valve V is arranged to open the by-pass 
passage or to close it as required. The suction-pipe SK 
need not draw from the water-space of the generator, 
but can be connected with a feed-water tank or with any 
other convenient source of water-supply. (Sealed.) 


233,413. Marine and Locomotive Superheaters, 


‘'|Limited, London, and H. A. Stenning, London. 


Steam Superheaters. (7 Figs.) February 6, 1924,— 
The inventior consists in a steam superheater for loco- 
motive boilers of the multiple smoke or fire-tube type, 
comprising in combination a header arranged vertically 
in the boiler smokebox and having saturated and super- 
heated steam chambers 8, 9, respectively, U-loop super- 
heating elements, at either side of the header, whose inlet 





? 


and outlet ends communicate with the chambers 8, 9, 
respectively, and whose loop portions extend into boiler 
smoke tubes 6, which are of a diameter slightly larger 
than that of the usual small smoke tubes of locomotive 
boilers. Fastening bolts 19 extend through the header 
from side to side thereof for securing the elements to 
the opposite side walls of the header, such bolts pass- 
ing through bridge bars or clamping members, held 
against flanges or collars on the ends of the elements, at 
both sides of the header. (Sealed.) 


234,372. H. E. Yarrow, Scotstoun, Glasgow. 
Economisers. (2 Figs.) November 7, 1924.—The 
invention relates to economisers for water tube boilers. 
According to the invention, the economiser H is so dis- 
posed with respect to the other elements of the boiler 
as to provide accommodation underneath it for a soot 
hopper R or dust collector to receive the soot or dust 
deposited from the furnace gases as their velocity de- 
creases. This hopper is preferably provided with one 
or more screw conveyors S by means of which the accu- 





mulated dust may be removed intermittently or con- 
tinuously through one or more discharge openings pro- 
vided in the hopper. In the preferred arrangement 
the economiser tubes are disposed horizontally above 
the steam drum A of the boiler, extending in 4 trans- 
verse direction. They are expanded or welded into 
pressed or cast steel headers K extending at either 
side of the furnace parallel with the steam and ven 
drum. The soot hopper Ris disposed below the oa 
part of the economiser parallel with, and immediately 





collecting and discharging air, oil and sludge from the 


above, the steam drum. (Sealed.) 
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CONSTRUCTION METHODS ON A 
720,000-H.P. GENERATING STATION. 
By Frank W. SKINNER, M.Am.Soc.C.E. 


Ix Manhattan and two of the adjacent boroughs 
of the city of New York the production and distri- 
bution of electrical current for domestic, commercial 
and some public utility uses, serves the most con- 
gested metropolitan district of 156 square miles, 
with about 250,000 buildings, having an assessed 
valuation of more than 7,000,000,000 dols. and a 
population of upwards of 3,500,000. 

All the electricity, except for public utility 
purposes and for a few concerns having private 
installations, is produced by the New York Edison 
Company, one other large company, and three 
small companies. Although another Edison Com- 
pany across the East River, in the borough of 
Brooklyn, has just built a very large generating 
station there, and the output from the other 
companies has been greatly increased recently, the 
New York Edison Company has now commenced 
the construction, at 14th Street and Avenue D, 


Fig.1. Smoke snetl 
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near the commercial, warehouse and financial dis- 
tricts, of a steam-electric generating station which, 
when completely equipped, will have nine 80,000- 
h.p. turbo-generators and full auxiliary equip- 
ment—a 50,000,000-dol. installation, claimed to be 
larger than any other yet completed in the world. 

The advantageous position on the west bank of 
the East River provides for the delivery of heavy 
equipment, materials, supplies, and general freight 
and the great quantities of coal which will be re- 
quired for the steam plant from deep-draught boats, 
moored at the bulkhead at the plant. It also 
ensures an unlimited supply of cold clear water 
from the great tidal flow of the river at the nominal 
cost of pumping, plus fixed charges on construction 
of the simple intake and discharge system. 

The location is between the large southern section 
of lower Manhattan Island, where bed rock is covered 
with 50 ft. to 100 ft. of quicksand, and most of the 
very tall and heavy buildings have extremely 
expensive pneumatic caisson foundations, and the 
northern section where sound rock is found at or 
near the surface. 

At the site the approximately level surface was 
about 7 ft. above ground water level, and the soil 
consisted of 2 ft. to 6 ft. of fill on a thin layer of 
mud and muck covering a deep stratum of a dense 
mixture of coarse sand and clay, capable of sup- 
porting heavy loads. As the character of the soil 
and the proximity of the river ensure permanent 
Saturation of the ground, it was determined to 
Support all structures on wooden foundation piles, 
Spaced very close together and receiving a practically 
uniform loading of about 20 tons through a con- 
tinuous reinforced concrete mat, or slab footing, 
about 15 ft. in thickness. 

The large and deep excavation in soft, wet ground, 
the simultaneous rapid driving of a great number of 











piles covering the entire excavated area, and the 
storage and handling of materials, mixing and 
placing of 2,300,000 yards of concrete for the sub- 
structure work, involved the installation of a large 
amount of high-class construction equipment, the 
selection, modification and combination of standard 
and special operations, methods and plant, the 
creation of an efficient organisation and a special 
classification for costs and records. 

In developing these features the system was 
planned to conform with established practice and 
secure the greatest safety, ultimate economy and 
efficiency, to ensure rapidity and continuity of 
operations and to co-ordinate with the probable 
requirements of long-continued operations. The 
system demanded flexibility and capacity suited to 
important changes and extensions of the work 
and to the general requirements of superstructure 
construction involving the probability of months, 
or years of work, and the expenditure of a final 
total greatly larger than the initial contract. 

The land acquired for this power station extends 
from 14th to 15th Street and from East River west 


l}-in. square deformed bars, spaced from 6 in. 
to 24 in. apart in both directions. The concrete 
is placed in sections containing from 800 to 1,000 
cubic yards, which, with the mixer battery now 
installed, can be handled in one shift. All vertical 
construction joints between the sections are bonded 
with horizontal keys having trapezoidal cross- 
sections 6 in. thick and from 24 in. to 36 in. in 
depth. Each section supports a group of steel 
columns with grillage beams seated directly on the 
surface of this slab. Cradles are set on this surface 
to receive pipes, concreted solid into the second 
tier of foundation concrete that forms a slab 
8 ft. thick, giving a total thickness of 15 ft. for the 
completed footings that entirely fill the general 
excavation up to about curb level. The concrete is 
generally of 1: 2; 4 mix, made with 200,000 yards 
of dredged sand and gravel, about 900,000 bags of 
Atlas Portland cement, and several thousand tons 
of reinforcement steel. The concrete slabs are 
supported on a foundation of yellow pine piles 
12 in. to 14 in. in diameter, 2 ft. below the butt, 





Fig.2. IS™ STREET 


and with a minimum diameter of 6 in. at the tip. 
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to Avenue C, comprising the whole of two city 
blocks and is crossed by Avenue D, Eventually the 
whole area will probably be covered by the build- 
ings, which, with their equipment, will cost about 
50,000,000 dols. At present construction contracts 
have only been awarded for a 206 ft. by 374 ft. 
building between the East River and Avenue D, 
and a similar 206 ft. by 210 ft. building to be con- 
structed west of Avenue D. Both buildings will 
have a height of about 130 ft. from the curb to the 
main roof, and in them there will be installed five of 
the nine 80,000-kw. units which will ultimately be 
put in service here. A typical cross section is given 
in Fig. 1. 

The site was excavated to a uniform depth of 
about 16 ft. below the curb, or 9 ft. below ground 
water level, which corresponds with mean high 
water, or datum. The river front, about 370 ft. 
long, will be protected by a bulkhead and sea wall, 
enclosing a screen wall, from which condensing 
water will be supplied to the two 11 ft. by 20 ft. 
intake tunnels, each about 200 ft. long, which will be 
constructed in open trenches dug 13 ft. below the 
general excavation. From these tunnels water will 
be pumped to the condensers through cast-iron 
pipes, and it will be discharged from the condensers 
to the river through similar pipes. 

The whole area of the buildings above the tops 
of the tunnels will be covered by a solid continuous 
slab of concrete 7 ft. thick, reinforced near the top 











and bottom surfaces with about 1 per cent. of 
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They are driven about 24 ft. to 27 in. apart on 
centres in both directions. The total quantities 
required for the substructure work now under 
contract include about 210,000 cubic yards of base- 
ment excavation, 18,000 piles, and 200,000 yards of 
concrete. 

The designs were made by Messrs. Thomas E. 
Murray Inc., consulting engineers, and approved by 
the New York Edison Company, of which E. M. van 
Norden is chief engineer. The Kenn Well Company 
is the genera] contractor; Thomas Crimmins Inc., 
is the contractor for the excavation and P. P. Cox, 
the contracting company for pile driving. 

The buildings at present under construction cover 
an area with a north and south width of 202 ft., 
and a present east and west length of about 648 ft., 
exclusive of the tunnel extensions which will reach 
about 50 ft. farther east. Extensions to the west, 
which have been under discussion and may possibly 
be included in future contracts, may increase the 
length of the construction area several hundred 
feet. These dimensions, the height of the main 
building, the very large amount of concrete to be 
placed, and the long time that may be occupied in 
construction, made the matter of distributing and 
placing the concrete an exceedingly important one. 

Its solution was one of the first problems which 
received a thorough study as soon as possible after 
the award of the contract, and while preliminary 
operations were in progress before the installation 
of the plant and the production of concrete could be 
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undertaken. Very careful attention was given to 
the various elements of initial cost, rapidity and 
economy of actual distribution, ample live storage, 
the use of available equipment, provision for future 
changes, flexibility of system, depreciation, ultimate 
salvage and labour conditions, which, with other 
considerations, were carefully equated to arrive 
at the lowest ultimate cost with the greatest 
rapidity and safety, and the use, as far as possible, 
of standard equipment which would be most saleable, 
or most useful for other operations. In order to 
avoid obstruction of the ground area and to provide 
ample vertical clearance for uninterrupted excavat- 
ing, it was early determined to adopt a system of 





position through a series of Insley chutes carried by 
derrick booms and counterweighted pivoted trusses. 
The problem also involved the delivery of aggregate, 
cement and reinforcement steel, lumber and other 
principal materials on about 40 ft. by 100 ft. scows, 
or barges, moored on the north side of the slip, 
and unloaded by derrick booms. A space about 
90 ft. wide and 270 ft. long between the slip and 
14th-street made one arm of the L-shape concrete 
yard, with a 135 ft. by 240 ft. arm at the west end 
of the slip between it and Avenue D. 

Plan No. 1 provided for the installation of three 
derricks with 70-ft. booms, two of them at the 
west end of the slip and one on the north side, 





belt conveyors, aggregate storage bins, and the 
utilisation of existing coal bins. ll of these plans 
were rejected for various reasons including lack of 
live storage for aggregates, insufficient room for 
miscellaneous storage, non-utilisation of a large 
existing coal bin, insufficient derrick booms, lack of 
flexibility, danger of stoppage of concreting by 
partial breakdown, objection to stationary unloader, 
eccentric position of hoisting power, and inadequate 
unloading capacity. 

Plan No. 9, shown in Fig. 2, on page 435, embraced 
the best features selected, combined and modified 
from the other plans, and was adopted at a greater 
cost for new equipment and installation than would 
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aerial distribution and to locate a concrete plant 
and supplies entirely outside the building area. 

The site is bounded on the south side by 14th 
street, which, including sidewalks, is 100 ft. wide. 
As 14th-street comes to a dead end at this point, 
it is permissible to use a portion of the extreme 
eastern or river end of it for construction storage 
and minor operations, and an adjacent area of 
about 260 ft. by 420 ft.. including a 165-ft. by 
285-ft. slip, on the south side of 14th-street, belong- 
ing to the Edison Compeny, was made use of for 
the concrete plant, for delivering and unloading 
materials and for storage. 

In accordance with these essentials there were 
made nine alternative plans, all of them based on 
the erection of a very high concrete hoisting tower 
about 160 ft. south of the lot line and 300 ft. 
west of the south-east corner, from which concrete 
was to be spouted through high-level chutes to the 
tops of two steel masts located several hundred feet 
apart and approximately on the centre east and 
west line of the two lots now being built on. From 
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for the storage of brick and cement near the river 
on the north side of the slip, and for the delivery 
of cement to the mixers by a long belt conveyor. 
Sand was also to be stored on the north side of the 
slip and delivered to the mixer by a belt conveyor. 
Stone was to be stored at the west end of the slip, 
reclaimed by derricks and delivered to a 900-yard 
storage bin, from which it would be transferred by 
two belt conveyors to a bucket conveyor serving 
the mixer bin. The concrete masts were 340 ft. 
apart, and were about 255 ft. and 295 ft. from 
the hoisting tower. Each of them had a distribution 
radius of 200 ft. This plan was rejected because 
the cement and aggregate storage required the 
entire water-front, and there was no derrick boom 
available for handling reinforcement steel. 

Seven other plans were successively considered 
and rejected. They contemplated different arrange- 
ments and combinations of the plant and equipment 
proposed for Plan 1, supplemented by locomotive 
cranes, steel gantries, a 90-ft. boom derrick, a 
stationary unloading hoist, a fixed tower derrick, a 





these masts the concrete was to be spouted to 


travelling derrick, caterpillar tractors, high-level 





have been required for some of the other arrange- 
ments. It was justified by the greater rapidity 
and economy of operations, the large amount of live 
storage of aggregate, and the arrangement for cement 
storage. It utilised the maximum area, and insured 
against delay through breakdown. 

It provided for unloading and storing cement at 
the west end of the slip, and for unloading stone, 
sand and reinforcement steel on the north side of 
the slip by means of four 50-ft. working-radius 
booms on two steel gantries that travel over the 
sand and stone storage bin on a track of 44-ft. 
gauge, and 260 ft. long, on the north side of the slip. 
Sand and stone are delivered from this storage bin 
to the mixer bin by a tunnel belt conveyor feeding 
to two bucket elevators, supplemented by a short 
distributing conveyor over the mixer bin. 

All fixed derricks are eliminated for the storage 
and mixing operations ; the sand and stone storage 
at the mixer are great enough to provide for a 
considerable interruption of delivery without 
stopping the concreting, and the cement shed is so 
near the mixer that if necessary cement could be 
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delivered without the use of the conveyor belt 
for a short period. The aerial distributing systems 
fully command the entire area of the work at 
present under construction by means of the two 
derricks located about 290 ft. and 304 ft. from the 
hoisting tower. Part of the plant is well shown in 
Fig. 3 on the opposite page. 

Operations were commenced April 28, 1924, by 
the construction of the two-storey 50 ft. by 100 ft. 
wooden frame office building occupied by the 
general contractor and by the staff of the designing 
engineer. This building is abundantly provided 
with heating, lighting and sanitary equipment, 
and has attached to it an emergency hospital 
with a physician in daily attendance. The lot is 
enclosed with a high tight board fence. Excellent 
telephone service is secured by a switchboard and 
18 extensions connecting all of the offices and the 
principal points in the yards and mixing and 
distributing stations. 

The general contractor erected a 30 ft. by 70 ft. 
two-storey frame building for the storage of tools, 
supplies, minor parts of equipment, spare motors, 
rigging and the like. Adjacent to it, on the south 
side of 14th-street, he built a machine shop 
equipped for repair work and for pipe and bolt 
cutting, every machine tool in it being operated 
by an independent motor. There was a black- 
smith shop and a carpenter shop equipped with 
a standard double-arbor saw 20 in. in diameter 
that provided for instantaneous shifting from rip 
to cross-cut work without stopping the saw. 

On June 1 general excavation was commenced. 
On June 25 a travelling derrick and a land pile 
driver were installed. On July 2 work was started 
south of the 14th-street on the bulkhead and on the 
hoisting tower for the concrete plant, and a test 
pile was driven near the bulkhead which, after two 
weeks, was subjected to a 35-ton load without 
settlement. By July 18 three pile drivers were at 
work, and on July 22, the two steel gantry travellers 
were received, these being 30 ft. long with a 22-foot 
vertical clearance and operating on a 44-foot gauge 
track spanning the aggregate bins which the 
travellers serve. 


(To be continued.) 





THE BRITISH ASSOCIATION MEETING 
AT SOUTHAMPTON. 


SECTION E.—GEOGRAPHY. 
(Continued from page 409.) 
Tae ORDNANCE SURVEY. 


THERE were two papers on the Ordnance Survey. 
The first, on “‘ The Work of the Ordnance Survey,” 
by Colonel-Commandant E. M. Jack, Director- 
General of the Ordnance Survey, stated that the 
Ordnance Survey was now responsible for the survey 
of the whole country, excluding Ireland, but was 
not responsible for certain surveys abroad which, 
though largely made by men trained in the Ordnance 
Survey, was mostly controlled by the Dominion 
Governments or the War Office directly. As a 
national complete institution, the Ordnance Survey 
was unique. A complete survey should supply all 
the maps needed ; they were innumerable in kind, 
but might be classified as cadastral and topu- 
graphical. A cadastral map showed property 
boundaries, or enabled people to determine them ; 
it should be on a fairly large scale and did not 
usually mark ground forms. A topographical map, 
usually on a smaller scale, should show all topo- 
graphical features, including ground forms. Great 
Britain and Ireland had now a complete series of 
both cadastral and topographical maps. France 
had a fair series of the latter, and also a cadastral 
map made about a hundred years ago, but never 
published, nor brought up to date; it consisted 
of many small sheets kept in various archives. 
Belgium, Germany, Austria were in a similar condi- 
tion; the United States did not even possess as 
yet a complete topographical map, though they 
Were busy mapping out their great territory. 

The cadastral maps of Great Britain were on a 
uniform scale, available at small cost and kept up- 
to-date. The basis of all of them was the 25-in. map, 
from which the others were produced by successive 


reductions and re-drawings, whilst in France the 
Service Géographique and the Ministry of the 
Interior produced independent series. The British 
1/2500 or 25-in. map (25 in. and a small fraction 
to the mile) was in a strict sense not a true cadastral 
map. It did not show the actual property 
boundaries, which frequently ran a few feet from 
the centre of a hedge or ditch or the face of a wall. 
The O.S. rule restricted the detail shown to what 
actually existed on the ground; the definition of 
the boundary was left to the lawyers. The map 
showed all roads, rivers, houses, fences, hedges, 
railways and the positions of ‘bench marks ” 
and “spot heights,” but not ground forms ; every 
plot (area marked by a boundary) had a number 
stamped on it, and the area could be computed in 
acres and thousandths of an acre. The 51,456 
sheets existing, each of 960 acres (14 sq. mile) 
covered the whole country, except the uncultivated 
moors of Yorkshire, Scotland, &c.; an acre was 
represented almost exactly by 1 sq. in. 

The 6-in. map (6 in. to the mile), cadastral and 
topographical, showed ground forms by contours, 
but not areas. The smaller topographical maps, 
1 in., $ in., } in. to the mile, published in colours, 
showed all topographical features, and hill forms 
by shading, contours or layers. They were con- 
venient for driving, walking, &c., and covered the 
whole country. The smallest scale maps, for walls 
or referencé maps, were the 10 miles to the inch, 
and the 1/M (about 16 miles to the inch), which 
Major McLeod afterwards described. In addition 
there were enlargements of the 25-in. map, the 
1/1250, which gave no more information, but left 
space for drawing and writing on the map; and also 
the town maps, mostly on the scale of 10 ft. (London 
5 ft.) to the mile; these showed all the details, but 
could not in these penurious days be kept up-to- 
date unless the town paid for it. 

The O.S. had to produce the map and to re- 
produce, publish and revise it. The production 
of the map was the original survey, completed 
long ago for the whole of Great Britain, and finished 
for Ireland 1914. The reproduction comprised the 
drawing, reproduction by mechanical or other 
processes, printing, publication and sale. The 
revision (keeping up to date) was now the bulk of 
their work and brought them many complaints. 
No series of maps could be kept continually and 
completely up to date. New editions published 
every year or so at prohibitive cost, would not be 
justified by the results. With a staff, military and 
civil, reduced to about 1,000, less than one-half what 
it was, revisions were now undertaken at intervals of 
20 years for urban districts, and 40 years for county 
districts ; small scale maps were revised every 15 
years. The bench marks (on walls, milestones, 
&e.), and spot heights required checking; the 
marks were now fixed in solid rock and referred 
to re-determined sea levels, and they would form a 
basis for determining movements of the earth’s 
crust. There was a great deal of incidental work 
for all government departments ; the geological and 
archeological maps were produced entirely by 
the O.S., and the personnel had to be trained. 
In addition to the headquarters at Southampton, 
there were Field Divisions at Edinburgh, York, 
Norwich and Bristol. Originally, the Survey 
was under the Board of Ordnance; the head- 
quarters were in the Tower from 179] to 1841, when 
these were destroyed by fire, and the department 
removed to barracks at Southampton, where the 
main block of the present buildings was erected in 
1847. The first systematic mapping of the kingdom 
began after the rebellion of 1745 in Scotland; a 
triangulation was initiated in 1783 at the sugges- 
tion of the French to fix the relative positions of 
London and Paris; that was the beginning of the 
Primary Triangulation of the British Isles. The 
25-in. map was decided upon in 1863 and com- 
pleted for England in 1895. 

Captain J. G. Withycombe, who read the second 
paper, on “Recent Productions of the Ordnance 
Survey,” regretted that cartographers had neglected 
the artistic aspect of map making of the sixteenth 
and seventeenth centuries. In the Ordnance Survey 
the tradition of the old engravers had been preserved 
to some extent, and the sheets of the l-inch map 





still had an esthetic appeal. The engraved script 


of the sixteenth-century had at first retained the 
character of the reed-pen writing; but by the 
end of the eighteenth century that character was 
entirely changed. The early l-in. sheets of about 
100 years ago were printed directly from the 
engraved copper plates. The introduction of 
lithography revolutionised everything ; the demand 
for coloured maps became insistent. Transfers 
were pulled from the copper-plates, and laid down 
on stones or zinc plates, and the present 1I-in. 
map was produced by a compromise between 
engraving and the newer process. The advantage 
of the copper-plate was that it constituted a per- 
manent record upon which alterations and addi- 
tions could be made. But perfect register was 
difficult to obtain, much of the fine work was 
coarsened or failed to appear on the zinc after 
transferring, and it was finally decided to draw 
the map for direct reproduction by “helio-zinco- 
graphy,” which was simple, direct and cheaper. 

The drawing, Captain Withycombe explained, 
was made in Indian ink on stout Whatman paper, 
thoroughly seasoned ; the drawing was photographic- 
ally reduced to scale, and the negative brought in 
contact with a sensitised zinc plate in a printing 
frame ; from this plate, when developed, the maps 
were printed. Four sheets of the new 1-in. series 
of Scotland, from which all the smaller scales were 
deduced, had already been published ; the character 
of these sheets would largely influence the future 
small-scale maps of the country. They were now 
at the parting of the ways, and the next edition of 
England and Wales would be re-plotted and drawn 
de novo, adapting the traditional English style to 
modern requirements. The new process had made 
some improvements possible; for instance, each 
sheet was made to overlap its neighbour by 1 in. 
The 1-in. maps of Scotland had been on Bonne’s 
projection, and had been based on the meridian 
4 deg. W. of Greenwich; the new map had been 
transferred to Cassini, and the meridian 2° 41’ 3” 
W. of Greenwich, and the English series could 
be carried over to Scotland without overlapping 
and confusion. 

Referring to natural and man-made features, 
Captain Withycombe pointed out that the latest 
l-in. sheets showed contours with layer colouring 
only, the hatched hills having been abandoned, 
though that was regrettable; the new contours 
were drawn at vertical intervals of 50 ft. (formerly 
100 ft.), up to 1,000 ft., and then at 250 ft., the 
lines at 250 ft., 500 ft., &c., being thickened. 
Inland water was outlined in blue, and sand, 
rocks, moors and parks were clearly depicted. The 
houses were blocked in, in solid black; the roads, 
in strong red, were possibly too prominent. New 
roads and archeological discoveries were recorded. 
The new }-in. map of Great Britain, now complete, 
was produced by drawing in black over prints in 
blue of the 4-in. map. This would be the standard 
map for motoring and for flying, and served as 
basis for the air-map in preparation, on which 
aerodromes, landing grounds, and _ lighthouses, 
wireless stations, &c., were marked. The large 
special sheet of South Central England covered 
London, Birmingham, Bath and the South Coast. 
The first sheet of a new map, 10 miles to the inch, 
designed as a road map, was being printed. Three 
sheets were to cover the whole of Great Britain. 
The coastline was printed in blue, so that the com- 
plete physical map could be separated from the 
black plate carrying detail and names for special 
maps. In these special maps the requirements of 
motorists, engineers, administrative bodies, &c., 
were duly studied. The geological maps formed 
the most striking examples of over-printing. Other 
examples were the }-in. series for the Ministry of 
Transport, the water-source maps for the Ministry 
of Health, based upon the survey of Mr. Sandford 
Fawcett, and others. ~ 

The last paper of the series was given on another 
day by the Secretary of the Ordnance Survey, 
Major M. N. Macleod, on “The Present State of 
the International I/M Map.” The general scheme 
of this map “au Millioniéme,”’ first suggested by 
Professor Penck (Berlin) in 1891, was laid down by 
an International Geographical Conference held in 
London in 1909, and was reviewed by a second 





Conference at Paris in 1913, attended by delegates 
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of 34 nations. This established a central Bureau 
in the offices of the Ordnance Survey for co-ordinat- 
ing the work. The war interrupted the work, which 
was, however, taken up by the Royal Geographical 
Society and some Indian Survey officers on sick 
leave in France. It was published by the General 
Staff. The sheets now available covered ll 
Europe and part of Asia. Of the thousand sheets 
required for the whole land surface of the globe, 
about 100 concerned unimportant islands, and 200 
of the remaining 900 had been published in some 
form. The new States were participating. South 
America was well mapped, though poorly surveyed. 
The big gaps in the International Series were 
North America, N.E. Asia, Australia and Polynesia. 
Ample material was available for some parts of 
the United States, and the Commonwealth of 
Australia had resolved to make a start. Major 
MacLeod proceeded to a critical review of the 
present resolutions. Owing to the omission of 
directions of “‘ quantitative uniformity,” one might 
fancy that Finland had more first-class roads 
than Belgium, and Sweden more towns than 
England; relief was indicated in diverse ways, 
and the provisional sheets were of very different 
characters. Further, the Central Bureau was not 
a sales office, as was widely assumed ; there were 
no arrangements for distribution, and the produc- 
tion of maps published in foreign countries was a 
matter of great difficulty. The state of the French 
exchange, moreover, called for a revision of the 
financial arrangements made for the Bureau. 


THe Port oF SOUTHAMPTON. 


Mr. F. E. Wentworth-Sheilds, M.Inst.C.E., 
engineer to the Docks Department of the Southern 
Railway at Southampton, gave a discourse on 
“The Port of Southampton,” also in Section E, 
Geography. Southampton, he said, had to thank 
Nature for the deep, wide and sheltered approach 
to the port, known as the Solent and Southampton 
Water, for the double high tides, and for the fact 
that men of vision and energy had developed the 
possibilities of the port to the best.advantage. 

The inland waterway from the Channel which was 
about 15 miles long, had a depth of at least 35 ft. 
at low water and required little improvement by 
dredging. The fact was surprising since the rivers 
Itchen and Test, which entered Southampton 
Water, were only small streams, discharging about 
500 cub. ft. per second, probably less than a 
thirtieth of the water brought down by the Thames, 
But there was evidence that there had been a 
great subsidence about 1400 B.c. in this region, 
and that the present deep estuary had once been 
an inland valley. That subsidence had extended 
to the Isle of Wight. The eastern Solent outlet 
had once been much further east, probably nearer 
Brighton than Portsmouth, and had been the 
estuary not only of the Itchen and Test, but also 
of the Avon and Frome, which now discharged 
into Christchurch and Poole Harbours. The change 
was probably very gradual, and Wight was finally 
converted into an island by the bursting of the 
barrier near Hurst Castle; thereby the Solent 
became connected with the sea to the westward 
as well as to the eastward. The newer approach, 
also 30 ft. to 50 ft. deep at low water, was 
unfortunately being blocked by a large bank of 
shingle which flood tides and gales were piling 
up. The new channel was so much narrowed that 
the largest ships preferred to enter Southampton 
Water through Spithead, though that lengthened 
the Atlantic journey by 30 miles. 

The double tide, of two high waters following 
one another within two hours, practically gave a 
prolonged high-water period of three hours. The 
phenomenon was ascrided to the divison of the 
flood water current by the Isle of Wight, the one 
part flowing through the Solent, the other round 
the Isle of Wight and up Spithead. Against this 
explanation some authorities pointed out that 
similar tides existed at Portland and even at Havre, 
and that the narrowing of the channel at Cape de 
la Hague (near Cherbourg), and the restricted outlet 
through the Straits of Dover, also checked the flood 
stream. 

The revival of the port since the middle of the 
last century was mainly due to two men, Francis 


Giles and Alfred Giles, father and son. Though 
the railway and docks were separate undertakings, 
Francis Giles was fortunately entrusted with the 
design of both the London & Southampton 
Railway and the Southampton Docks. He realised 
the need of deep-water quays, sheds, railway 
tracks and cranes. The two Giles built the Outer 
Dock (opened 1842), the Inner Dock (1851), the 
first four graving docks, the Itchen quays (known 
as berths 29 to 33) and the Empress Docks 
(opened 1890). Financially the docks were not 
a success, however, until Sir Charles Scotter 
persuaded the railway company to purchase them 
in 1892, and under his direction the Itchen 
and Test Quays and the White Star Dock, with 
two large graving docks, were added. At present 
the docks comprised three tidal basins and a 
non-tidal basin (the Inner Dock), six masonry 
docks, and a floating dock. 

The grain trade, served by an elevator of 100 tons 
per hour and warehouses in the Inner Dock, was 
less developed at present than the fruit trade. 
The Canadian Pacific Steamship Company had its 
terminus at the Itchen Quays. The Empress 
Dock was largely used by the Royal Mail Steam 
Packet Company, the oldest in the world, incor- 
porated 1839, which had its home there before the 
docks were built, as had the Union Castle Line, 
founded in 1853 as the Union Steamship Company, 
which now supplied South Africa with much of its 
machinery, bringing wool, hides and vegetable pro- 
duce home. The Arundel Castle which arrived on 
May 11 last with 92,000 cases of fruit, had her 
whole cargo on the way to London and other 
railway centres by 5 p.m. on the following day. 
The Cold Stores had 1,200,000 cub. ft. of storage 
space. The Ocean Dock, with 40 ft. of water, 
opened in 1912, was used by the White Star Line 
for its biggest liners, comprising the Majestic of 
56,551 tons, and was the home port of the 
Cunard Line, which now owned the Berengaria 
of 52,226 tons. The largest of the dry docks, 
the Trafalgar Dock, was opened in 1906, and 
widened in 1912 to accommodate the Olympic, 
though it could not accommodate the two bigger 
steamers just mentioned. The railway tracks in 
the docks and sheds had a length of 42 miles. The 
future extensions planned and taken in hand 
were justified by the growth in the trade of the 
port. In 1882, when the British Association met 
at Southampton, the net tonnage of vessels 
entering the port was 1,200,000 tons. By 1913 
that figure had risen to 7,400,000 tons. The war 
brought it up to 7,500,000 tons in 1915; it fell 
then to 3,800,000 tons in 1920, but would this year 
probably reach 7,000,000 tons. 


(To be continued.) 





MESSRS. BROWN BAYLEY’S STEEL 
WORKS. 
(Continued from page 375.) 
THE mills for general purposes, numbered 1, 4, 5 
and 6, are seen in Fig. 1 (page 193, ante) somewhat to 
the left of the centre of the works, and Fig. 53 shows 
an enlarged view of their general arrangement. As 
will be seen, the furnaces for the service of each 
mill are placed in convenient positions in its neigh- 
bourhood, and reference will be made to the con- 
struction of the mills themselves before calling 
attention to certain interesting features in the 
construction and combustion system of the furnaces. 
Taking the mills in the order in which they occur 
on Fig. 53, No. 1, seen at the bottom of the plan, 
is a 27-in. cogging mill, which produces from 14-in. 
ingots all sizes of billets between 7} in. and 3 in. 
square, slabs from 4 in. by 3 in. to 10 in. by 1} in., 
and rounds from 6} in. to 3} in. diameter, at an 
average rate of 115 tons per turn. On this mill a 
two-shift system is worked, giving 9} working hours 
per shift for five days a week, which, with two meal 
hours in each shift, keeps the men actually on the 
plant for nearly eleven hours a day, and leaves a 
gap of about an hour between shifts. In many, or 
perhaps most, other departments, the three 8-hour 
shifts system is practised; but with the other de- 
mands upon it, thesteel-making capacity of the works 
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capacity of No. 1 mill satisfied, and as the men are 
paid straight tonnage, it is not possible to divide 
the output among three shifts and give the men an 
adequate wage. 

Fig. 54 on Plate XX VII shows this mill with an in- 
cline furnace in the neighbourhood. It is a two-high 
reversing mill, with three stands, driven by a two- 
cylinder, non-compound, non-condensing steam 
engine of about 2,200-h.p. The stand next the 
engine is a cogging stand, which reduces the ingots 
from 14 in. square to about 8 in. square. The next 
is a billet stand for producing billet sections from 
between 7-in. across flats and 3 in. across flats, 
The third stand is for the production of slab sections 
and rounds, which are only a small percentage of 
the output. 

The cogging and billet stands are worked with 
fixed heads ; that is to say, there is no mechanical 
screw-down gear, such as is employed in most 
modern mills, and a larger number of holes and a 
greater length of roll are, therefore, required for a 
given reduction. The third stand for slabs and 
rounds is equipped with an electric screw-down gear, 
but as thespindles connecting one stand to the next 
are exceedingly short, and for reasons of space cannot 
be lengthened, the amount of lift permissible with 
the screw-down gear is limited to 2 in. or 3 in. only. 
The ingots are withdrawn from the inclined furnaces 
by a hook and chain attached to the revolving 
turntable of an ordinary yard jib crane. When the 
ingot has been pulled oyt on to the mill floor, it is 
lifted in tongs by the same jib crane, and run down 
to the live roller path in front of the cogging 
stand. 

The live roller path is operated by its own electric 
motor and train of bevel gears. The ingot is run 
forward into the first gate, and having gone through, 
is turned up through 90 deg. by a hydraulic mani- 
pulator. It is run back through the first gate, being 
thus squared, and is turned over by hand from 
90 deg. and fed into the second gate. The same 
process of manipulator turning on one side and 
hand turning on the other applies to all the holes 
in the cogging stand. The cogged bloom—approxi- 
mately 8 in. square—is then skidded by means of 
a cross bar on the mill floor level attached to two 
endless wire ropes below it, and driven by sheaves 
on an electric motor to the second stand. The 
bloom is here entirely hand-manipulated, being 
lifted into each gate by levers hung from the roof 
trusses, and turned over from 90 deg. each pass 
with tongs. The finished billet is run down on live 
rollers to the hot saw and the shears, which appear 
in Fig. 53 at the back of the mill. At this point 
it is cut up to the requisite lengths, and the cast 
number is impressed on each billet by the device 
which was illustrated in Figs. 46 to 48 (page 375, 
ante). Theresulting hot billets arestacked on the mill 
floor, and when cold are examined and, if necessary, 
chipped. The billets for export are nearly always 
chipped, and are lifted by an overhead crane in 
the bay appropriated to this mill on to a Sentinel 
wagon or a railway truck, and run round to the 
chipping gantries in bay No. 4, which is mostly 
occupied by No. 6 mill. 

The products generally are sorted on the cooling 
bank in bay No. 1, and those requiring the removal 
of surface defects are passed into No. 2 bay for 
chipping or pickling as required, before passing to 
the supplementary mills for rolling to final sections. 
In the case of air-hardening steels the rate of cooling 
has to be retarded, and the billets or bars are placed 
in enclosed soaking or cooling pits as shown. For 
those classes of steel, such as stainless and nickel 
chromium, that require a supplementary machining 
process before re-rolling, the bars are recharged 
while hot into the annealing furnace, to be seen In 
No. 4 bay. (The numbering of the crane gantries 
or bays runs from No. | at the bottom consecutively 
to the top, and then to the right.) 

No. 1 mill is fed from three continuous-type 
incline furnaces, which are mechanically charged, 
and are supplemented as required by a hand- 
charged furnace of the reverberatory type. ‘Two of 
these furnaces are within the mill building, while the 
ingot stock is carried in the adjacent yard. The 
method of charging is to place an ingot by means 
of a jib crane on the chute shown in Fig. 60, on 








cannot produce quite enough to keep the rolling! 


page 440, the ingot travelling by gravity on to the 
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will be given in the account of the development of|the actual amount varying 
furnaces in these works. In the meantime it may | chiefly with the section. It is, 
be said that this is a slack-fired furnace, fitted with | however, also used for many 


recuperator of a special design and with arrange- 


ments for pre-heating the primary and secondary | squares, 


air and partially saturating the secondary air. 
Mills Nos. 4 and 5 are of somewhat similar con- 
struction to each other. No. 4 is a 3-high, 10-in. 
mill with six stands, and can roll any section that 
can be developed from a 3-in. billet. At present it 
is used for a wide variety of sections, including 
hexagons and octagons, rounds, from $-in. diameter 
to 2 in. diameter, squares } in. to 1}in., flats } in. to 
3 in, wide, and in. to y in. thick, all kinds of 
spiral spring bevel sections, special cutlery and file 
sections for the Sheffield trades, lawn mower sections, 
and sections for rock drills and for turbine blades. 
No. 4 millis shown in Fig. 53, at the top left-hand 
corner. The figure also shows in addition the modern 
furnaces for the general service of the mill, which 
are to be seen to the left below the main flue to the 
chimney, while the supplementary furnaces are 
shown just below the 400-h.p. motor. They are 


really the old mill furnaces, which were replaced for! extends from the furnace to the axis of the mill, and 
the sake of economy of fuel, and they now serve as!is pivoted centrally on a trunnion, as can just be 
stand-bys for special purposes, such as letting down | seen on Fig. 57. This joist is operated with a 


or annealing air-hardening steels that may not be 
allowed to cool on the mill floor. A slack-fired : 
annealing furnace is piaced conveniently for receiv- 
ing stainless or other air-hardening steels that must 
be slowly cooled or fully annealed before being 
passed for final examination and sent to the ware- 
house. Fig. 55 on Plate X XVII shows the charging 
side of the hand-charged slack-fired furnaces of 
Nos. 4 and 5 mills, 

No. 5 is a 9-in. mill, three-high, with five stands, 
which will be seen on Fig. 53 next to No. 4 mill. 
Its chief products are much the same as No. 4 
mill, and the two mills are run as a unit. Fig. 56 
on Plate XX VII shows No.5 mill. Itis rope-driven 
at a speed of 120 r.p.m. to 180 r.p.m. by two 250- 
h.p. motors. The hot-reeling machines for mills 
Nos. 4 and 5 are shown in Fig. 63 on page 450. 
Straightening plates are provided, consisting of a 
cast-iron grid, with a fence at one side of it rising 
to a height of about 9in, Bars are laid when hot 
in the angle between the fence and the bed, and 
pulled or pushed into contact with both. In the 
ordinary way this is done by pushing the bar with 
tongs hard against the cast-iron plate, or, when 
this is not sufficient, by means of wooden mallets: 
A somewhat similar arrangement is described 
later in connection with mill No. 6. 

To the right of mill No. 5 is seen in Fig. 53 the 
mill No. 6, which is throughout of modern design, 
and presents several features of interest. A general 
view of it is shown in Fig. 57 on Plate XXVII. It 
was built primarily for making railway spring bars 
varying from 3 in. by } in. to 5in. by } in. in cross- 
section, and of these it produces between 30 tons and 
40 tons per shift of nine and a-half working hours, 














other sections, such as rounds, 
billets for drop 
stampers, volute and lamin- 
ated steel sections from 3 in. 
to 10 in. wide and 1} in. to 
$ in. thick, and others. Its 
construction is exceptionally 9142.0. 
powerful, as it has to roll a 
good deal of material, such as 
spring bars, at low temperatures. It comprises five 
stands, the cogging rolls of which take either 6-in. 
or 4}-in. billets. It is a non-reversing, three-high 
mill, driven by a 2,000-h.p. electric motor direct- 
connected. The motor, flywheel, &c., are housed 
in a glazed-brick building, indicated in Fig. 53, 
below the mill. 
The method of reducing the labour of manipula- 
tion is singularly robust and effective. Close over 
the outlet of the furnaces that feed the mill, and 
about 15 ft. from the floor level, a long rolled joist 

















see-saw motion by a small hydraulic cylinder, and 
carries a trolley mounted on ball-bearing wheels, 
from which is suspended a long pair of billet tongs 
specially shaped to catch and hold horizontally the 
hot billet that comes out of the furnace. When the 
billet so emerging has been gripped by these tongs, 
the end of the see-saw above the furnace is elevated 
so that the trolley on the pivoted joist begins to 
run downhill towards the mill, the tongs man 
running behind it holding the tongs. The billet is 
then dropped on to a live roller against the cogging 
stand, and passed through the mill on the bottom. 
Behind the mill, against each stand, are two manipu- 
lator or pinch rollers, the upper of which is power- 
driven on a fixed axis approximately level with the 
top roll of the mill. The lower of the pinch rollers 
revolves loosely on a shaft, which can be raised or 
lowered by an air cylinder on each stand. The pinch 
rollers are grooved roughly, to correspond with 
the rollsin the mill. Ona baror billet going through 
from the furnace side of the bottom roller the lower 
pinch roller at the back side lifts the end of it up, 
until it is jammed between the lower and the upper 
pinch roller. As soon as this jamming takes place, 
the billet is fed back into the upper pair of rolls of the 
mill by the rotation of the driven top-pinch-roller. 
When the mill takes hold of the billet or bar on the 
return pass, the lower pinch roller is dropped to the 
floor level again, ready for the bar coming back. 
Fig. 53 shows the arrangement of the skids, 
straightening bed, and shears. As will be seen, 
there are three skid chains on the furnace side of the 
mill and five on the other side. These are endless 
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kept apart from each other by means of a tension 
spring ; so that if any obstruction should jam the 
skid, the sprockets would move inwards, relaxing 
the tension, and so allow the chain to slip over the 
polygonal driving faces instead of breaking. Skid 
fingers are dropped into the links where desired, and 
project above the floor level 6 in. or thereabouts. 
These fingers work in slots in the floor plating. 

The straightening bed is simply a cast-iron grid 
with a fence at one side of it rising to a height of 
about 9 in. Bars are laid when hot in the angle 
between the fence and the bed, and pulled or pushed 
into contact with both, as in No. 5 mill. When the 
bar is set, it is rolled or dragged broadside on to the 
live rollers feeding the saw, shears, &c., as shown in 
Fig. 53. The hot saw is shown in Fig. 64, on page 
450. The reeling machine, which can deal with 
bars up to 3} in. diameter, is shown in Fig. 58, 
on Plate XXVII. 

Screw and screw wedge adjustments are provided 
for setting the rolls, and a special arrangement, 
shown in Fig. 65, on page 450, is provided for com- 
pletely changing them. The mill is so laid out that 








most of the changes of rolls required for the various 
sections to be produced are made in the end stand 
remote from the motor. Two méthods are used 
for making the change-over. If the change is 
merely from one size of hand rounds to another, 
and work is available for the first four stands, the 
last stand is disconnected and the two rolls are 
changed in situ, the mill working in the meantime 
on sections other than rounds. It will be remem- 
bered that hand rounds are made from Gothic 
billets, which have rounded sides, by very small 
reductions through a series of round passes. The 
bar is rolled twice through each hole, being rotated 
through 90 deg. after each pass, and while in the 
rolls is prevented from rotating by a tongsman 
running with it. This process, though it produces 
the truest rounds with the cleanest surface, is 
much slower than guide rolling from square billets 
through diamond passes, and the time lost in 
changing rolls in situ is therefore of relatively 
small consequence. If, however, the change-over 
is very complicated and the change has to be 
made as quickly as possible, the last stand of 
housings, with its rolls, guides and cramp bars 
complete, is lifted out by means of the tackle 





chains of the bicycle pattern, driven by polygonal 
drums. Each chain passes over two idle sprockets, 





shown on Fig. €5, and another complete stand 
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ready for work is put in its place. The lifting 
tackle for this purpose consists essentially of two 
nuts, which are screwed on to the screw-down 
gear in each housing. They are seen clearly in 
Fig. 65 as long, hollow cylinders, each of which 
has a ball-bearing swivel at its top end. It happens 
that neither of the cranes in the shop can lift a 
complete stand of rolls by itself, and accordingly, 
as the figure shows, the swivels that take the 
weight of the stand when it is lifted are attached 
by pin-jointed shackles to a compensating beam, 
so that the weight may be taken by two 
cranes. 

A feature of this mill is the arrangement shown 
in Fig. 66 for charging the incline furnaces, which 
heat the material to be rolled. This consists of 
hydraulic pushers, served by an electric overhead 
crane with lifting magnet, and placed beiow the 
floor level as shown, to save floor space and facilitate 
handling of the billets and slabs. The head of the 
pusher consists of hinged fingers, which tilt and 
disappear below the table level when in the extreme 
backward position. ‘The furnace attendant can 
thus roll billets from the stock gantry behind the 
pusher on to the table without any interference 
from projecting parts of the pusher. After about 
nine billets have been assembled on the table the 
pusher makes its forward stroke, the fingers rising 
automatically and pushing the billets into the 
furnace. 


(To be continued.) 





THE DEHRA DUN FOREST 
RESEARCH INSTITUTE, INDIA. 


Tur Forest Research Institute of Dehra Dun in 
India is deservedly of high standing among institutes 
of its kind. For the purposes of research, the 
Institute is divided into several sections, devoted to 
seasoning, timber-testing, wood-preservation, paper 
pulp, and wood-working, the latter being sub-divided 
into wood workshops, veneer and saw mills. It is, 
therefore, very well equipped, at the same time being 
fairly well staffed. Research work is conducted 
under the supervision of Dr. Pearson, who is well 
known as a great authority on forest economic pro- 
ducts in India. With a view to making the work really 
effective, the Government of India now allots definite 
funds spread over a period of years so as to maintain 
continuity. The interest of the commercial public 
in the Institute’s work is also increasing rapidly, as is 
ag in the large number of inquiries emanating from 

em. 

The most important researches in progress at the 
Institute during the past year 1923-24, as the latest 
teport shows, came into the category of timber testing. 
The programme undertaken comprises five classes or 
sections. Section No. 1 comprises standard tests of small 
Specimens in (1) the green, (2) the air dried, and (3) the 
kiln dried condition. From the results obtained under 
this section, a very fair judgment can be formed of 
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the qualities and likely uses of a timber even before 
the special tests under other sections are started. 
The results also afford a reliable basis of comparison 
between species, and render unnecessary a great deal 
of other work by eliminating at the start, species 
that would not be worth investigating for special 
uses. 

Section No. 2 covers tests of structural timbers on 
full size pieces up to 18 ft. in length, indicating 
directly the suitability of timbers for construction 
and building purposes, determining also the allowable 
stress for use in calculating dimensions for structural 
members. Section No. 3 covers an investigation of 
suitability of timbers for use as vehicle parts, in par- 
ticular for gun carriage poles. Section No. 4 covers 
a study of the railway sleeper problem in India. 
Lastly, all minor investigations required to answer 
special inquiries involving a relatively small number of 
tests, are grouped together and dealt with under a fifth 
section. 

Under this last grouping, the work during the year 
1923-24 related principally to the testing of woods for 
oil well pump rods, tool handles, and picker arms for 
bobbin factories. As a result of these tests, a trial is 
now being made in Burma with Heritiera minor and 
Terminalia tomentosa for pump rods in oil wells, and 
the Military Supply Department are including Par- 
rotia jacquemontiana in their next purchase of axe 
helve woods, this timber having proved itself an excel- 
lent wood for tool and hammer handles. A consider- 
able amount of work has also been carried out under 
other sections also, and complete results are now avail- 
able on timber from 15 localities, comprising Tectona 
grandis, Terminalia tomentosa, Dipterocarpus alatus, 
Dipterocarpus tuberculatus, Dipterocarpus turbinatus, 
Cedrus deodara, and Anogeissus latifolia. 

Research on timber seasoning has not, however, 
shown equally satisfactory results for the year, owing 
principally to the return of Mr. V. Sweet, the officer 
in charge, to America; Mr. S. Fitzgerald, the present 
seasoning officer only took up the duties in the latter 
months of the year. One important result attained 
by kiln seasoning is that Cullenia excelsa, a species 
which is abundant in the Madras Presidency, and has 
hitherto been regarded as worthless, can be utilised 
as useful box wood, if no time is wasted between 
sawing and the kiln drying. Other artificial seasoning 
experiments include the successful drying of Terminalia 
bialata, a common Andaman timber, and Dalbergia 
sissoo for gun wheel felloes, while 200 sleepers were 
partly dried for the wood preservation section. With 
regard to air seasoning, two sets of experiments are in 
progress, in both of which fresh sawn timber of various 
species is stacked in the open, but protected by godowns, 
and specimens are weighed periodically to record the 
loss of moisture as time proceeds. The object of these 
experiments is to ascertain the exact rate of drying 
under ideal conditions for air seasoning. 

In the paper pulp section, the staff was engaged 
in erecting the plant during the greater part of the 
year. Twenty-five requests for advice and information 
on paper pulp schemes were duly attended to and 
laboratory investigations carried out in that connec- 
tion. In the section covering wood preservation some 
interesting experiments were completed in respect 
of the use of wood tar creosote for sleeper treatment. 
Some Terminalia tomentosa sleepers were treated with 
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this creosote and durability tests are in progress. In 
this section, as well as in the section of wood technology, 
some excellent foundation work has been done. 

Continuous researches of the kind that are now in 
progress at Dehra Dun, when applied in practice, will 
greatly enhance the value of the forest property of 
India, which is already very great. The forest lands 
extend to 250,000 square miles in area and so far 
development work may be said to have only just 
commenced. 





EXPLOSION OF A WATER-TUBE 
BOILER. 


- THE results of an investigation held into the circum- 
stances attending the explosion of a water-tube boiler 
which occurred on April 7 last, at the works of the 
United Steel Companies, Limited, situated at Moss 
Bay, Workington, Cumberland, have been embodied 
in a recently-published Report of Preliminary Inquiry 
compiled by Mr.,J. H. Ferguson on behalf of the Board 
of Trade. In this report it is stated that the boiler 
involved in the mishap was made by Messrs. Babcock 
and Wilcox, Limited, thirty-one years ago. Originally 
fired by coal, the boiler consisted of two steel drums 
42 in. in diameter and 24 ft. in length, together with 
14 header sections, each having nine solid drawn steel 
tubes 4 in. in external diameter, 18 ft. in length, 
and No. 9 S.W.G. in thickness. The headers were 
connected with the upper drums by short tubes 
at the front end, and longer tubes at the back, and 
with a steel mud drum at the bottom by means of 
nipples. The 126 generating tubes were thus inclined. 
A baffle was fitted amongst them near the middle of 
their length to deflect the furnace gases. The boiler 
mountings included three deadweight safety valves set 
to lift at 180 lb. pressure per square inch. Jointed 
caps were fitted to the headers opposite each tube 
and four handhole doors were provided on the mud 
drum. 

Extensive alterations were made in March, 1921, 
when arrangements for gas firing were adopted. The 
boiler was then reset at a higher level, the header 
tubes, both back and front, being renewed, and a new 
mud drum and nipples were fitted. A total of 72 new 
generator tubes were put in on this occasion. The 
explosion was caused by the bursting of one of these 
tubes, which, becoming bent, was drawn out of the front 
header. It has been established that failure occurred 
under normal working conditions of pressure, namely, 
170 lb. per square inch, due to a latent defect formed 
in the tube during manufacture. Tests of the metal 
near and at the rupture revealed the existence of a 
longitudinal fracture within the wall of the tube, a 
defect which could not be noticed during any inspection 
of the boiler such as was regularly made by insurance 
company representatives. The makers of tubes 
usually submit their products to a pressure of 1,000 Ib. 
per square inch before despatch, but it is not known 
if the tube that failed was so tested. Following the 
explosion it was found necessary to renew 53 tubes, 
and to caulk the circumferential seams of the drums. 
After sustaining a water pressure of 360 lb. per square 
inch for half an hour, the boiler was again passed for 





service on April 30 last. 
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ASHFORD FALLING SHUTTERS 
FOR BARRAGES. 


On river irrigation works, or, indeed, wherever 
impounded waters are liable to the sudden influx of 
large quantities of flood water, it is frequently con- 
venient for the barrage to embody a collapsible section 
which, when occasion arises can be quickly lowered to 
give free passage for the excess flow so as to prevent 
the flooding of upstream areas. For these emergencies 
the collapsing shutter weir has much to recommend it 
in the case of relatively low heads, as it requires much 
less in the way of permanent structural works than 
lifting sluices, and also, when down, leaves the channel 
clear of obstruction, so that debris, &c., coming down 
with the flood cannot be held up and accumulated, 
as often happens with fixed piers. In some cases it 
may be convenient to combine the two types, having 
some lifting sluices to effect moderate regulation, and 
a set of drop shutters for use in emergencies. 

For satisfactory service the drop shutters must be 
made as light as possible, consistent with the strength 
required not only to resist the water pressure, but also 
the shock of falling under load to the horizontal position. 
There must be no projections, as such parts can hardly 
fail to become damaged in course of time by floating 
trees, &c. It is further essential that they should be 
easily handled and re-set, and of course as nearly 
watertight as possible. 

One of the most convenient forms of these shutters 
is that due to Major J. Ashford, O.B.E., M.I.Mech.E., 
of the Punjab Irrigation Department. An installation 
of this type of weir, at the Mockes Dam of the Bloem- 
fontein Corporation Waterworks, South Africa, is illus- 
trated in Figs. 1 to 9, on this and the opposite pages. 
The Mockes Dam is one of three forming impounding 
reservoirs on the Modder River, some 14 miles from 
Bloemfontein, the other two being the Mazels Poort 
and the Sannah’s Post dams. The Mazels Poort 
reservoir is furthest down stream and is fed by the 
other two. The capavity of all three has been greatly 
diminished by silting. In order to remedy this the 
Mazels Poort dam was altered and a 40 ft. gate 
installed, being supplied by Messrs. Glenfield and 
Kennedy. ‘This was introduced to induce scour, 
apparently with quite satisfactory results. 

The Mockes Dam originally was a concrete dam 
18 ft. high with 18 sluices 3 ft. x 2 ft. at 50 ft. 
centres. In rearranging-this work it was decided to 
raise the water level, and at the same time provide 
means of sending down a flush of water to the lower 
dam. For this reason the drop shutter type of weir 
was adopted. The work was erected under the super- 
vision of Mr. J. A. Caskie, City engineer, the shutters, 
&c., being supplied by Messrs. Glenfield and Kennedy, 
Limited, of Kilmarnock. In the case of the Mockes 
Dam the shutters are 5 ft. high, and have a width of 
2 ft. 6 in. There are 160 set in the row across the 
river. Thesame makers have recently furnished similar 
shutters for two other South African installations. 
One of these is the Kopjes Dam irrigation scheme for 
which 126 shutters are used, each 4 ft. high and 2 ft. 

6 in. wide, the other being the Zebediela Estates scheme, 
where 30 sets are required. 

The principle on which these shutters are constructed 
and work will be followed by reference to Figs. 1 to 3, 
annexed, and 8 and 9, page 443. As will be seen from 
these illustrations the shutters, of steel plate, are hinged 
at the base and are supported on the down-stream side 
by a strut, also hinged at the base to a point some little 
distance below the weir. At its upper end the strut is 
fitted with a head which is capable of sliding inside a 
groove formed by Z bars riveted to the back of the 
shutter, as shown in Fig. 1. When set in the vertical 
position the strut head is near the bottom end of the 
groove, where it is held by alatch. When the shutter is 
collapsed the head slides up the groove until the shutter 
lies flat, with the strut beneath it, the head then 
moving of course towards the other end of the 
groove. 

The latch is best illustrated in Figs. 2, 3, and 9. 
It is pivoted on a horizontal pin, the projecting fongue 
when set through a slot in one of the Z-bars forming 
the groove, holding down the strut head. The tail 
of the latch is hinged vertically, and the end length 
projects across the side frame of the shutter, in which 
is cut a notch on which the tail can be placed. The tail 
also projects slightly beyond its own shutter frame, so 
as to overlap the frame of the next shutter, as shown 
in Figs. 1, 3, and 9. 

When a shutter is released and falls, its movement 
dislodges the tail of the latch on the next shutter. 
On the tail being knocked out of the notch, the latch 
pivots on the horizontal pin, and the tongue is pushed 
out of the way by the strut ; the support of the shutter 
is thus withdrawn, as in Fig. 3. The shutter at once 
collapses, serving in its turn the shutter next to it in 
a similar manner, and so throughout the series. 

The shutters of this type can be made so as to be 
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the shutters, which are in course of being tripped. 
Figs. 5, 6, and 7 further illustrate the travelling gantry 
which is seen in Fig. 4. This is used for resetting the 
shutters. The gantry runs on rails permanently laid 
on the floor of the weir on either side of the shutters, 
as shown in Fig. 6. It consists of a carriage built up 
of steel sections, and can be traversed along the track 
by one man working the crank-wheel shown on the 
left of the platform in Fig. 5. By means of bevels and 
horizontal and vertical shafts, this gear drives two of 
the four 2-ft. wheels upon which the gantry runs, as 
is indicated in Fig. 6. In addition, the gantry is 
provided with a double-cranked hand winch operating 
a grappling hook which engages with the upper lip of 
the shutters. This can be seen in Fig. 6, which also 
shows the hand chain by which the hook is easily 
guided jnto position. The wire rope is wound in on 
a large-diameter drum, being taken on the way over 
guide pulleys on the up-stream side of the gantry, so as 
to secure a suitable direction of pull. Each shutter is 
locked in position after being raised. While one man 
can traverse the gantry, an assistant usually attends 
to the grappling of the shutters and raising them into 
position. This form of traveller has been found to be 
very effective and easily worked. 

To ensure practical water-tightness, a strip of 
flexible material, such as balata, is fastened along one 
vertical edge of each shutter so as to overlap the next, 
against which the strip is forced by water pressure. 
The leakage with this arrangement is said to be, 
practically speaking, nil. On the down-stream side 
the weir floor is arranged so that, on release, the 
shutters fall on to a water cushion, thus reducing 
considerably the shock to which they are subjected. 
The water cushion thus obtained, is perfect, according 
to a statement by Mr. J. A. Caskie, in a paper read 
recently before a meeting at Durban of the African 
District of the Institution of Municipal and County 
Engineers. The shutters fall without noise and have 
proved most satisfactory. 





LABOUR NOTES. 


AT a meeting in London on Tuesday, representatives 
of the various trade union executives concerned again 
took into consideration the interim report, prepared 
and presented by the joint committee of employers 
and employees, which is at present investigating the 
economic state of the British shipbuilding industry 
and the effect on it of foreign competition. When the 
proceedings ended, it was officially stated that after a 
long discussion a resolution had been agreed upon 
which would be presented to the employers at a meeting 
to be arranged. The nature of the resolution was not 
revealed, but it was mentioned unofficially by one of 
the men’s leaders that the various executives were not 
prepared to come to a definite decision on a report 
covering only a part of the investigation. Their 
desire was to complete the inquiry, and they were 
anxious to proceed to do so as soon as possible. 





On Monday the conflicting wage claims of the 
railway companies and the National Union of Railway- 
menand the Railway Clerks’ Association, were discussed 
ata meetingin London. The companies had previously 
expressed the opinion that the Wages Boards were not 
competent to deal with certain items in the men’s 
all-grades programme, such as pensions and shopmen’s 
wages, while the N.U.R., chiefly through its industrial 
Secretary, Mr. Cramp, had, in effect, taken the line 
that if the items to which exception was taken were 
excluded there would be no _ negotiations. Very 
little was officially communicated after the meeting as 
to what had transpired in it, but it was understood that 
most of the difficulties had been smoothed away, and 
a compromise reached. Mr. Thomas said :—‘“* There 
has been a full and frank discussion of the whole situ- 
ation, and there is no reason whatever why the meeting 
of the Central Wages Board, which has been fixed for 
October 14, should not take place.” 

As this issue of ENGINEERING went to press before 
the decisions of yesterday’s Miners’ Conference was 
known, we are unable io say exactly how the position 
stands. The General Council of the Trade Union 
Congress has, however, re-appointed the special 
committee, which acted in consultation with the 
Miners’ Federation in July, and in a letter dated 
September 25 and addressed to Mr. Cook, Mr. Bramley 
states two conclusions at which it has arrived on the 
question at issue. They are as follows :— 

**(1) That the House of Commons voted in favour 
of a subvention in aid of wages in the coalmining 
industry on the distinct understanding that wages in 
the industry were not to be reduced pending the results 
of the inquiry and during the period covered by the 
subvention. 

**(2) The Council on the evidence submitted to them 
were also fully satisfied that under the recent settle- 








ment it was distinctly understood by the miners’ 
representatives that no section of the miners were to 
be subject to any reduction in their wages during the 
period of Government subvention ; and in view of the 
evidence submitted to the Council, and the evident 
intention of the Government at the time of the settle- 
ment, my Council have expressed considerable surprise 
that any of the employers in the mining industry should 
have considered it necessary or possible to place any 
other interpretation on the recent agreement.” 

‘On behalf of the General Council,’ Mr. Bramley 
expresses ‘“‘the hope that your executive committee 
will be able to settle the outstanding points of difficulty 
by negotiation with the responsible authorities.” 





The Ministry of Labour states that on September 28, 
1925, the number of unemployed persons on the registers 
of Unemployment Exchanges in Great Britain was 
1,336,100—1,068,900 men, 40,400 boys, 195,800 
women, and 31,000 girls. On September 21, 1925, the 
number was 1,311,958—1,043,558 men, 38,801 boys, 
198,236 women and 31,363 girls, and on September 29, 
1924, it was 1,199,316—903,944 men, 37,850 boys, 
223,935 women and 33,587 girls. 





At a joint meeting in London on Wednesday of 
building trade employers and operatives the more or 
less vexed question of payment for time lost through 
wet weather was under discussion. The Amalgamated 
Union of Building Trade Workers was represented, 
although it is no longer affiliated with the National 
Federation of Building Trades Operatives. A draft 
scheme embodying what the National Federation of 
Building Operatives believes to be a satisfactory 
solution of the problem involved, was submitted, and 
after a long discussion consideration of the matter was 
adjourned for a month. A special committee was 
appointed to go into the matter in the interval. The 
draft scheme proposes, it is understood, that the 
employers shall pay into a joint fund 6d. per week for 
every operative employed, the fund to be administered 
by the Workers’ Federation and be subject to joint 
audit. 





In the course of the speech with which he opened his 
election campaign, Mr. Bruce, the Australian Prime 
Minister said that the great bodies of organised workers 
had tended to become increasingly undemocratic in 
their form of self-government. Their increased acti- 
vities and financial strength had immensely increased 
the numbers and status of their paid officials. The 
very success of trade unionism had tended to make the 
individual worker the servant of his paid official. The 
Government proposed to legislate so as to restore to 
the trade unionist the control over his union, and its 
officials, funds and acts, which he once had, but to-day 
had largely lost. By means of the secret ballot, the 
democratic control of trade unionism would be restored 
to the workers of the country. It was also proposed, 
Mr. Bruce added, to strengthen the powers of the 
Arbitration Court, providing for a judicial appointment 
for life, and for a vesting of the court with judicial 
power to enforce its awards and to control better the 
parties under its jurisdiction. Provision was also to 
be made to prevent the overlapping of Commonwealth 
and State awards. 





Mr. Arthur Pugh, general secretary of the Iron 
and Steel Trades Confederation, has been elected 
chairman of the General Council of the Trades Union 
Congress, and as such will preside over next year’s 
Congress. Mr. Pugh has been prominent on the 
industrial side of the movement for a number of years, 
and is generally regarded as a man of moderate views. 





An official statement issued by the Mines Department 
last week stated that the amount of the coal subsidy 
paid up till September 30 in respect of the month of 
August was 1,517,678/. The sums paid in the various 
areas were as follows :— 


£ 

Scotland 2 293,541 
Northumberland 111,907 
Durham Suse i as 268,404 
South Wales and Monmouthshire .... cis 21,915 
Eastern Division of the Federated Area ... 271,889 
Lancashire, North Staffordshire,and Cheshire 168,630 
North Wales .... aes ae es Sis 23,494 
South Staffordshire and Salop 16,550 
Cumberland as oes 24,306 
Bristol 1,893 
Forest of Dean 11,277 
Somerset 1,972 
Kent 1,900 

Total 1,517,678 





The Association of Joint Industrial Councils and 
Interim Reconstruction Committees has decided to 
suggest to the Minister of Labour that Government 








Departments, when fixing district rates under the Fair 
Wages Resolution, should take into consideration the 
rates adopted and recommended by the Joint Industria] 
Council in the industry concerned, that the respective 
Departments should be instructed to that effect, and 
that steps should be taken towards remodelling the 
Fair Wages Resolution to permit of such a change being 
made. 





In the course of a paper which he read at the recent 
conference in Oxford of directors, managers, foremen 
and forewomen, Mr. Charles Renold, managing director 
of Hans Renold, Limited, said that in his firm’s 
experience, the good results of working with committees 
of workers did not depend on the sharing of executive 
management functions, but on the sharing of informa- 
tion, in the readiness to discuss any question which the 
workers liked to bring forward, and in the assurance, 
which the committee’s procedure gave, that the 
worker’s point of view would be put before the manage- 
ment and taken into consideration in forming their 
policy and decisions. Although there had been many 
differences of opinion between their management and 
the workers, some of them pretty acute, they had never 
from the beginning of the war to its end, or since, lost 
a single hour of work due to labour troubles of their 
own or other people’s. 





According to the Worker, the policy of the National 
Minority Movement in “‘the coming fight” is (1) 
100 per cent. trade unionism, (2) organisation of the 
unemployed and a consistent fight against unemploy- 
ment, (3) amalgamation of kindred trades, (4) factory 
committees. ‘‘If,’’ this official organ of the Movement 
says, “‘ we are going to get action against the masters 
it must have its root in the factory. The factory is the 
unit of the workers’ struggle. In the factory the 
workers must be organised. The trade unions are not 
sufficient. The workers must take up their grievances 
as a body ; they must tackle the problems of the factory 
as a class. The Minority Movement has sponsered, 
in season and out, the necessity of all-embracing 
factory committees. The Minority Movement suc- 
ceeded in getting the T.U. Congress to adopt this 
proposal and incorporate it in its programme. Now, 
it must be given effect to in the localities. Well- 
organised factory committees will ensure that the whole 
workshops will act in unison—not one or two here and 
one or too there. Well-organised factory committees 
will pull out every man or keep in every man. The 
National Minority Movement is bending its energies to 
this task. Every keen trade unionist must assist.” 
On the same page of the Worker there is an appeal 
for a ‘‘ 5001. Fighting Fund.” 





At last week’s Conference of the Labour Party in 
Liverpool, a series of resolutions defining the policy of 
the Party was moved by Mr. Ramsay MacDonald, 
and seconded by Mr. W. A. Young. Mr. Ferguson, a 
Glasgow Communist, moved a long amendment, 
rejecting the resolutions of the executive and calling 
on the workers to realize that there was no hope for 
them short of a fundamental change in the social 
foundations of this country, to adopt a co-ordinated 
Socialist policy based on the needs of the workers and 
pledging the Conference to rally the workers for the 
realisation of such a policy and to fight by every means 
that the circumstances demanded, for the resolute. 
complete, and final overthrow of the capitalist class. 
Mr. Ferguson characterised the executive’s resolutions 
as an example of “crawling, snivelling gradualism.” 
He maintained that the workers were coming into the 
Labour Party because British capitalism had reached a 
point at which wage reductions had to be enforced. 
Mr. C. J. Moody seconded the amendment, which was, 
however, rejected on a card vote by 2,844,000 to 
206,000. 





Mr. F. O. Roberts, M.P., moved a comprehensive 
resolution on the subject of unemployment, which called 
for the scientific co-ordination of the nation’s economi¢e 
resources and industrial undertakings, the national 
adoption of the principle of the living wage, the passing 
of the Labour Party’s Prevention of Unemployment 
Bill, the provision in the meantime of maintenance, 
free from all association with the Poor Law, for all 
unemployed persons, the provision of adequate 
pensions for all aged and incapacitated workers and 
widows with children, the raising of the school-leaving 
age to 16, the revival of oversea trade, and the develop 
ment of closer treaty relationships with Russia. 
Mr. P. I. Dollan seconded. An amendment was moved 
and seconded, calling for the nationalisation of the 
railways, mines, canals, and a number of industries 
without the payment of compensation, for the develop- 
ment of national systems of electrical supply, land 
reclamation, and afforestation, and for the establish- 
ment of a minimum wage of 4/. a week and a working 
week of 44 hours. The amendment was defeated, only 
half a dozen delegates voting for it. 
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THE LATE CAPTAIN M. H. P. RIALL 
SANKEY, R.E. (Ret.) 


Ir is with very great regret that we have to 
record the death on Saturday last, at his Ealing 
residence, of Captain M. H. P. Riall Sankey, C.B., 
C.B.E., from heart failure. Born at Nenagh on 
November 9, 1853, Captain Sankey was not quite 
72 years of age. As conditions are to-day, many 
engineers retain much of their bodily vigour and 
an undimmed intellect 
till long past the three 
score years and ten 
allotted by the Psalmist, 
and his very wide circle 
of friends hoped that 
Captain Sankey would 
be spared for many 
further fruitful years. 

In these days, when 
early specialisation is 
the almost invariable 
rule, the great variety 
of experience acquired 
by the leading engineers 
of the Victorian era is 
worthy of particular 
note. Captain Sankey 
also enjoyed this ad- 
vantage, and it was 
perhaps this which was 
in part responsible for 
the fact that he was a 
man having an immense 
number of interests. No 
department of engineer- 
ing was indifferent to 
him. His early educa- 
tion was acquired in 
Switzerland and at Mr. 
Rippon’s School at ; 
Woolwich. He then 
entered the Royal Mili- 
tary Academy, receiving 
his commission in 1873. 
During his stay at 
Woolwich he was a 
constant visitor to the 
Arsenal, and no doubt 
profited by his obser- 
vations there. In 1874 
he proceeded to the 
School of Military En- 
gineering at Chatham, 
and near the end of his 
course was selected as 
one of those appointed 
to assist in the conduct 
of the famous trials 
of continuous railway 
brakes, carried out 
in 1876 on a nearly 
level stretch of line 
at Thurgarton between 
Newark and Notting- 
ham. Of the brakes 
then tested the sole 
survivor to-day is the 
Westinghouse auto- 
matic. This proved 
incomparably superior 
to even the best of the 
other competitors, since 
owing to the adoption 
of the automatic prin- 
ciple the brake blocks 
“came on” in about one-fourth of the time 
required by the best of its rivals. 

At the conclusion of his college course Captain 
Sankey was employed at the War Office on the design 
of barracks. Later on he was put in charge of the 
drawing office at Manchester, where he had 16 
draughtsmen under him, and still later he was sent 
‘o Gibraltar to superintend the construction of 
works and the erection of barracks. He was next 
ordered to Canada to take up a three years’ appoint- 
ment as instructor in military engineering at Kings- 
ton. Here, in addition to other subjects, he had 
to lecture to the cadets on electricity and its 








measurement, and this led him to write a text-book 
on the subject. This had a sequel which could 
never have been anticipated. The Ordnance Depart- 
ment at Southampton were having trouble with the 
electrical deposition of copper in duplicating the 
copper plates from which the maps were engraved. 
Excellent results were obtained when the current 
was supplied from Smee cells, but this was costly and 
it was desired to use a dynamo. With this, how- 
ever, it was found impossible to secure satisfactory 








Photograph by Elliott and Fry, 


THE LATE Captain H. Riatt SAnKEY. 


deposits, and as Captain Sankey was the author of 
a Clearly-written text book on electricity, the 
Director of Surveys concluded that he was the man 
to solve the difficulty. In 1882, therefore, he was 
sent to Southampton and given the task in ques- 
tion. He succeeded in solving the problem, but 
had to trick the engravers into acknowledging the 
fact. In view of the early failures, the engravers 
were not unnaturally prejudiced against dynamo 
deposited material. Captain Sankey accordingly, 
in sending them plates, marked the cell de- 
posited plates “D” and the dynamo deposits 
“C.” The latter were declared by the en- 





gravers to be the better and the matter was 
thus settled. 

In the course of this work Captain Sankey 
required a high-speed engine. Having inspected 
several of which one appeared to be satisfactory, 
he wished also to see the Willans engine. There 
was, however, only a bare possibility of fitting in a 
visit to Thames Ditton before he returned to South- 
ampton, and he decided that if unable to do this 
he would be satisfied with the best of the engines 

already seen. As it 
chanced he just man- 
aged to catch a train; 
he saw the engine, gave 
his order, and thus 
started his association 
with Mr. Willans. Hav- 
ing very similar tastes, 
the two men took to 
each other, and on the 
urgent representations 
of Willans,, Captain 
Saukey was induced to 
resign his commission 
in 1889 and to join the 
firm of Willans and 
Robinson, as one of the 
directors. 

Whilst still at South- 
ampton,Captain Sankey 
was responsible for the 
installation of power 
presses for printing 
maps from copper 
plates. Hand presses 
had been previously in 
use, and with these it 
was necessary to damp 
the paper in order to 
secure a good impres- 
sion. As the paper dried 
it shrank and thus the 
maps were no longer 
true to scale. With the 
power machines higher 
pressures could be at- 
tained so that excellent 
prints could be obtained 
with dry paper. 

On joining Messrs. 
Willans and Robinson, 
Captain Sankey took 
charge of the “ outside” 
department with sole 
responsibility for the 
erection and running of 
the engines. Some 
20,000 h.p. were thus 
installed under his 
supervision during his 
first six years with the 
firm. This was in the 
early days of power 
station practice, and all 
sorts of troubles arose 
from a_ general lack 
of knowledge which is 
now common property. 
He had hardly joined 
the firm before a 200 
h.p. engine was wrecked 
by solid water gaining 
access to the cylinders. 
Separators were not 
introduced till later, and 
the design of steam 
ranges was little understood. Pipes were commonly 
of cast iron, but as pressures and dimensions rose 
Messrs. Willans and Robinson introduced the use 
of steel and met, of course, with the usual troubles 
of pioneers. Joints, for instance, which were satis- 
factory enough with the smaller sizes would not 
keep tight with larger diameters, and new methods 
had to be adopted. The dynamos of those days 
often ran very hot, and Captain Sankey has related 
one experience in which he found that the power 
station staff were in the habit of filling a hollow in a 
pole piece with water and using it as an egg boiler. 
As is well known, Messrs. Willans and Robinson 
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led the way in fixing satisfactory dimensions for 
high-speed crankshafts. In the early days there 
was much trouble from broken shafts, and, on 
studying the matter, Captain Sankey came to the 
conclusion that the failures were due to the fact 
that with single-acting engines there was a reversal 
of siress, since on the down stroke the piston 
drove the crank, whilst on the up stroke the crank 
drove the piston. He halved accordingly the 
calculated working stress and the trouble ceased, 
save for some exceptional cases in which resonance 
was involved. A later outcome of these experiences 
was the paper on “ The Strength of Shafts subject 
to Small Forces Rhythmically Applied,” for which 
the Institution of Civil Engineers awarded Captain 
Sankey the George Stephenson medal and prize 
in 1905. 

As the demand for larger engines increased, 
the works at Thames Ditton became inadequate, 
and to Captain Sankey was entrusted the selection 
of a new site. He chose that now occupied by 
the works of the British Thomson-Houston Company 
but owing to the opposition of the then rector of 
Rugby, was unable to secure the land, and had to buy 
instead that now occupied by the Victoria works. 
For the layout of these Captain Sankey was largely 
responsible, and probably so far as the general 
lines are concerned the plan could not be materially 
improved on to-day. 

A prominent feature of the new works was the 
testing department. In the matter of engine test 
beds as an integral part of works equipment, 
Messrs. Willans and Robinson were probably the 
pioneers. The equipment provided at Rugby was 
most complete, it included Kelvin static electro- 
meters which were placed in a closed room and 
read on transparent scales, fitted into the wall, on 
which the mirrors of the instruments were focussed. 
Captain Sankey was also responsible for introducing 
the plan of weighing condensate in a tank mounted 
on a weighbridge, the tipping of the lever being 
made to ring a bell. The time of each tip was 
noted and very precise measurements of the steam 
rates were thus very easily attained. The plant 
also included one of the earliest of the Froude 
hydraulic brakes. The observations recorded 
formed the basis of the two papers on engine tests 
contributed by Mr. Willans to the Proceedings of 
the Institution of Civil Engineers. Mr. Willans 
died before the second of these papers could be 
read, and to Captain Sankey fell the task of repre- 
senting the author and completing his work. Mr. 
Willans was probably the first of British manu- 
facturing engineers to realise the value of the 
temperature-entropy diagram. Captain Sankey, 
though new to thermo-dynamics when he joined 
the firm, had a competent knowledge of mathe- 
matics and soon made good his defects. His heat 
chart was drawn and used in proportioning engines 
at the Willans works long before it was published 
and made accessible to engineers. A paper by 
him on “ The Thermal Efficiency of Steam Engines ” 
was awarded the Telford medal and prize in 1896. 
When the steam turbine made its advent, Captain 
Sankey was one of the several independent investi- 
gators who realised the value of heat charts in 
steam turbine design, and was perhaps the first 
thus to apply them in actual practice. 

The death of Mr. Willans left Captain Sankey 
as the only one on the board of directors 
who had been trained as an engineer. His 
colleagues were responsible for rather unsuccessful 
policy, and this led to Captain Sankey’s retire- 
ment in 1904, when he commenced practice as a 
consultant at Westminster; in this he was very 
successful. Later on he became consulting engineer 
to, and a director of, the Marconi Company for 
whom he carried through much work of the highest 
importance. 

When the war broke out Captain Sankey returned 
to the Army as Engineering Adviser to the Director 
for Fortifications and Works. Here he found 
himself in the somewhat anomalous position of 
ranking below his own son. In his new official 
position he did magnificent work in connection with 
the production of gauges, and not a little in educa- 
ting the various civil servants, lawyers, politicians 
and such like to whom the then Ministry confided 


terms the characteristics suited to government, 
the arrangement involved heavy losses to the 
country. Captain Sankey was a very active and 
valued member of the committee appointed to 
advise the authorities on the valuation of com- 
mandeered plant and premises. 

Captain Sankey was president in 1922-23 of 
the Junior Institution of Engineers, to which he 
delivered an instructive address on “ The Utility 
of Theory to the Practical Man.” He was elected 
a member of the Institution of Civil Engineers in 
1894, and took a very prominent part in the 
preparation of the original standard codes for the 
conduct of engine and boiler trials. He played 
a similar réle in connection with the revised 
version promulgated this year, for which a joint 
committee of our leading engineering societies was 
responsible. 

His work for the Institution of Mechanical 
Engineers demands special notice as he was largely 
responsible for the reforms carried through during 
the past few years. He was elected a member in 
1894. In 1910 he became a Member of Council, 
and he was President in 1920 and 1921, being 
compelled by the pressure of opinion to serve for 
a second year in despite of the general rule that a 
new president is chosen annually. To the Pro- 
ceedings of this society he contributed papers on 
the governing of steam engines, on gas engines, 
on chrome-vanadium steel, on steel testing ; and in 
1917 he was the Thomas Hawksley lecturer. The 
paper on the chrome-vanadium steel described a 
material of extraordinary toughness and was 
the result of a long series of experiments in 
which Captain Sankey was assisted by Mr. J. 
Kent Smith, who was co-author of the paper. 
Captain Sankey was also a frequent and very 
welcome contributor to the discussions, a com- 
bination not always achieved. 

The above constitutes in itself an excep- 

tional record, but Captain Sankey’s most im- 
portant work for the Institution was done on 
the Council and on various sub-committees. As 
always happens with old establishments, certain 
traditions grow up, the continued observance of 
which are no longer of advantage. Thus, it was 
with the Institution of Mechanical Engineers, 
where it had been the custom that the senior 
vice-president became president as a matter of 
course. In certain cases, however, the burden of 
years had rendered some of the more elderly of 
the vice-presidents unequal to the responsibilities 
involved. The situation demanded very tactful 
handling, and the Institution was fortunate in 
finding its reformer gifted with Captain Sankey’s 
exceptional personal charm. On his initiative the 
difficulty was surmounted by the device of trans- 
ferring such members to a new class of past 
vice-presidents, thus clearing the way to the chair 
for younger and more vigorous men. 
Captain Sankey was also mainly responsible for 
the issue of the Journal of the Institution, which 
afforded a means of unloading from the Proceedings 
a vast volume of matter of temporary interest 
only. It was during his presidency, moreover, 
that the local branches of the Institution were 
founded, largely on the initiative of Mr. Patchell, 
whose suggestion received the hearty support of 
the President. This move has been thoroughly 
justified, and indeed in repeated instances the 
discussions at the local centres have surpassed in 
interest those at headquarters. When the Steam 
Nozzles Research Committee was established 
Captain Sankey was appointed chairman, and his 
assistance proved invaluable. He succeeded the 
late Dr. Maw as chairman of the Membership 
Committee and of the Publications and Library 
Committee. He was an original subscriber to the 
benevolent fund and a member of the committee 
entrusted with the administration thereof. He was 
we may add, exceedingly popular with the staff of 
the Institution. 

As already mentioned, he was the author of a 
text book on Electricity. He was also responsible 
for Part IV of Rimington’s ‘‘ Construction,” and 
he translated from the German Professor Ritter’s 
treatise on Bridges and Roofs. Mention should also 
be made of his simple but highly effective machine 





the control of engineering operations. While these 
gentlemen may have had what Mr. Sidney Webb 





for testing the endurance of materials by repeated 
bending tests. 





THE LATE MR. J. H. CARRUTHERS, 


One of the oldest of the engineers associated with 
the industry of the Clyde, Mr. John Hornsby Carruthers, 
died in his 90th year, at Bridge of Allan, on 
Wednesday, September 30. Mr. Carruthers was the 
founder of the well-known firm of makers of steamship 
auxiliaries, Messrs. J. H. Carruthers and Co., Limited, 
of Polmadie, Glasgow. 

a young man Mr. Carruthers went to Glasgow 
from his birthplace in Cumberland, where his father 
had a salt business and a fleet. of sailing vessels to 
carry the rock salt from Ireland. In Glasgow he 
came under very inspiring influences, for he served 
his apprenticeship with Messrs. John and James 
Thomson, the marine engineers. Once his indentures 
were served young Carruthers returned to Cumberland 
to act as superintendent of his father’s vessels. On 
the death of his parent he left his native place to 
make a change, which provided opportunity for the 
resourcefulness of the young engineer. This post was 
that of manager of an ochre and alabaster mine in 
Ireland, for which he designed and constructed the 
machinery for the separation and grading of the 
ochre, and the splitting of alabaster into sheets. He 
returned later to Glasgow, where his abilities were 
much appreciated, and at a very early age became 
at first manager to Messrs. L. Sterne and Co., Limited, 
and then acted in a similar capacity for the British 
Hydraulic Forge Company. His next move was to 
join the late Mr. Stephen Alley, the founder of Messrs. 
Alley and MacLellan, Limited, in an engineering 
merchanting business, which proved very successful 
in supplying British goods to the Russian markets. 

An early venture of Mr. Carruthers in making steam 
winches proved unsuccessful because he could not 
supply them at prices competing with those of the 
types then available, but of inferior construction, and 
for long he sought some sphere of manufacture where 
good design work and successful management would 
provide him with the satisfaction of using his undoubted 
abilities to proper advantage. Inspiration came from 
a new design of pump that had been sent to this 
country from America, and he early set to work to 
produce a reciprocating pump. For the purpose of 
manufacture the firm of J. H. Carruthers and Co. 
was founded in 1886, and their early products are 
believed to have been the first direct-acting pumps 
made in Scotland. Vertical, as well as horizontal, 
designs were placed on the market, and before long 
a successful business was built up. Gradually other 
auxiliaries were added to the productions of the firm, 
including the first practical type of gravitation feed- 
water filter and grease extractor, in ~ design and 
manufacture of which Mr. Carruthers Was associated 
with the patentees, Messrs. List and Munn, of the 
Castle Line. These appliances were much in demand 
and fitted extensively in vessels of both the merchant 
service and the Royal Navy. In 1900 Mr. Carruthers 
took into partnership Mr. James Gourlay, who is now 
the chairman and managing director of The Glasgow 
Herald. Later, a limited company was formed, of 
which Mr. Carruthers was chairman, but his advancing 
years induced him in 1910 to retire from active business. 
Since then he has lived in the country, but he always 
took a great interest in the progress of development of 
the firm which was started by his own efforts. By his 
death it is believed that the Clyde has lost the last 
of the prominent engineers associated with the pioneer 
days of marine engineering. 





Lonpon ScHoot or Economics AND POLITICAL 
Scrence.—It is announced that a course of twelve lec- 
tures dealing with modern road transport operation 
will be given in association with the Institute of Trans- 

ort at the London School of Economics and Political 
cience, Houghton-street, Aldwych, London, W.C.2, 
at 6 p.m. on Wednesday evenings from October 28 to 
December 2, 1925, inclusive, and from February 3 to 
March 10, 1926, inclusive. The first six lectures, 0 
order, will be entitled: The Function of Road Trans- 
port; Lay-out, Organisation, and Operation of a Large 
Goods Station; The Different Departments of a Large 
Road Transport Passenger Undertaking ; Vehicles ; 
Design and Construction of Various Types of Vehicles 
in Relation to Convenience in Loading and Unloading ; 
and Passenger Services. These discourses will 
delivered by Mr. D. R. Lamb, M.Inst.T., Mr. E. H. 
Davies, Mr. J. C. Mitchell, F.C.I.S., Mr. G. W. Watson, 
M.I.Mech.E., Mr. W. Elliot and Mr. S. E. Garke, 
M.I.Mech.E. The lectures given in 1926 will be: Condi- 
tions Governing the Choice of a Particular Vehicle for 
a Particular Purpose; Co-operation between Roi : 
Maker, Vehicle Designer, and Road User; (Genera 
Hints on Management of Horses Used for Tranepor) 
Purposes; Goods Services; Financial and Statistica 
Aspects of Road Transport Operation ; and Purchasing 
and Stores Systems. These lectures will be given 
respectively by Mr. E. G. E. Beaumont, O.B.E., Major 
T. Salkield, M.Inst.C.E., Mr. C. C. Cunningham, 
M.R.C.V.S., Mr. G. L. Polkinhorn, Mr. J. L. Clewes; 
M.Inst.T., and Mr. C. W. Reeve. Both on account ofthe 
subjects to be discussed and the personnel of the’speakers, 
these lectures should attract widespread attention. _ 
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OPTICAL MICROMETER FOR THE CALIBRATION OF 


GAUGES. 


CONSTRUCTED BY THE CARL ZEISS OPTICAL WORKS, JENA. 








EAC OER IORE 


Fig. 2. INstRuMENT ARRANGED FOR INTERNAL MEASUREMENTS. 











Fie. 1. VerticaL ARRANGEMENT OF INSTRUMENT. 


OPTICAL MICROMETER FOR THE 
CALIBRATION OF GAUGES. 


WE illustrate on this page an instrument now being 
introduced here, under the name of the ‘‘ Optimeter,” 
by Messrs. Dowdings Machine Tool Co., of Bush 
House, London, W.C.2. It is used for determining 
with rapidity but with extreme precision the actual 
dimensions of limit gauges, or of fine machine parts. 
The machine is a comparator which measures the 
difference between a standard and the gauge or com- 
ponent under test. It is made by Messrs. Carl Zeiss, 
the well-known Jena Optical Works, in co-operation 
with Messrs. Schuchardt and Schiitte. 

It is represented in its simplest form in Fig.1. A 
cross arm sliding on the stout vertical column shown 
supports a tube which, at its lower end, carries a lens and 
a tilting mirror, and at its upper end a total-reflection 
prism by which light traversing the horizontal arm of 
the tube can be reflected down to the mirror below. 
This horizontal arm, at its outer end, is provided with 
an eye-piece, and with a finely-divided scale engraved 
on a glass prism. A magnified image of this scale is 
formed at the focus of the eyepiece by light which 
passes through the prism down to the lens and to the 
tilting mirror and back again. A fixed fiducial mark 
18 seen at the same time as the scale, and the latter 
Is read against this mark. 

The mirror is tilted by a spring-controlled plunger, 
the lower end of which is first brought into contact 
with the standard, after the latter has been mounted 
on the work table shown. This table is fitted with a 
micrometer screw by which it can be raised or lowered, 
and when the standard has been placed in position on 
it, matters are adjusted until the scale reading is zero, 
as viewed through the eyepiece. On replacing the 
standard by the gauge to be measured, the difference 


above or below the standard can be read in in. 





1 
100,000 
Each scale division actually represents in., and 
It is easy to subdivide this into fifths by eye estimation. 

Coarse adjustments are made by raising or lowering 
the optical tube or the bracket on the vertical column, 

ich is about 2 in. in diameter, and fine adjustments 

y the micrometer screw under the work-table. The 

















Fic. 3. InstRUMENT ARRANGED 
latter is of hardened steel, and its upper surface is 
lapped to an optical finish. In placing a gauge in 
position after the coarse adjustment has been made, 
the spring plunger at the bottom of the optical tube 
is held back by hand, and is released when the gauge 
being tested is in place. The spring is a light one, 
exerting a maximum pressure of 7 oz. to 8 oz., and the 
instrument can, therefore, be used with safety to 
measure the thickness of tin or aluminium foil. 

Special tables fitting on top of the table shown in 
Fig. 1 are provided for measuring wires or for corre- 
sponding purposes, and provision is made for accurate 
adjustment perpendicular to the line of sight, by 
means of three ball-pointed screws. 

The tilting mirror is supported on three balls, two 
of which form the fixed fulcrum about which it tilts, 
whilst the third abuts on the upper end of the plunger. 
The scale, as already mentioned, is engraved on a glass 
plate, which, behind the scale, is bevelled away so as 
to form a total-reflection prism. Light entering from 
the outer edge of this glass plate, perpendicular to 
the optical axis of the eye-piece, is thus reflected 
through the scale and down to the mirror, as already 
described. The range of the scale is 3} mils on each 
side of the zero. 

For certain purposes it is found advantageous to 
make the measurements horizontally, instead of 
vertically. This is particularly the case when discs or 
thin rings are to be calibrated, since by resting these 





FOR OALIBRATING PLUG GauGEs. 


on a horizontal table all liability to tilt is eliminated. 
This method of using the instrument is illustrated in 
Figs. 2 and 3. In the former, the inner diameter of 
a ring is being measured. The ring is located by an 
adjustable stop at the back of the instrument, which is, 
perhaps, more clearly shown in Fig. 3. The contact 
heads are carried by swinging arms, of which that 
shown on the left is “fixed” but adjustable by a 
fine pitch screw. The other is free, and one part of it 
abuts on the spring-controlled plunger of the optical 
tube already described. In Fig. 3 the instrument is 
shown as employed in the measurement of plug 
gauges. These are located by two adjustable stops, 
of which one is shown behind the instrument and the 
other to the left of it. The accessories provided include 








V-blocks and various other holders. 





AUSTRALIAN ENGINEERING STANDARDS ASSOCIATION.— 
For the purpose of providing material on which the 

rovisions of specifications may be based, the Austra- 
Sen Commonwealth Engineering Standards Association, 
of Macleay House, 16, College-street, Sydney, is estab- 
lishing a collection of trade catalogues and similar 
commercial publications. This collection is associated 
with the library of the Institution of Engineers, Aus- 
tralia, and will be available for the use of members of 
both organisations. The Association. would be glad to 
receive catalogues, leaflets, and other forms of trade 
literature regularly from engineering and manufacturing 
firms for addition to their collection, 
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LETTER TO THE EDITOR. 


ISOSTACY AND GEOLOGICAL 
STRUCTURE. 


To THE Eprror oF ENGINEERING. 


Str,—In the report of my remarks at the British 
Association on the variation of gravity, published in 
your issue of September 25, page 378, there are one or 
two points in which my views are not quite correctly 
stated. 


I never asserted that the Alps were kept above the |° 


isostatic position by the Jura Mountains. Even the 
most thorough-going advocates of lateral support 
would not extend it so far. The distance to which it 
may be afforded naturally depends on (1) the amount 
of the deviation from isostatic equilibrium, (2) the 
strength of the connecting rocks, (3) the time during 
which the conditions prevail. Other things being 
equal, the greater the distance the shorter the time 
in which a deviation from isostasy will be corrected. 

It should be clearly understood, too, that folding 
due to lateral compression is one of the principal 
reasons for the disturbance of isostasy, but isostasy 
is restored by the sinking of the folds almost as far 
as they are found, with the result that mountain folds 
extend far further down below sea level than the 
heights they reach above it. 

Yours faithfully, « 
Joun W. Evans. 

The Athenzum, Pall Mall, S.W. 1., October 6, 1925. 

[We thank Dr. Evans for his letter; but we may 
point out that we did not ascribe the suggestion of the 
‘““swimming-belt ”’ effect to Dr. Evans.—Eb. E.] 





WATER-SOFTENING MATERIALS. 


AuttHovues Dr. T, P. Hilditch and Mr. H. J. Wheaton 
in their paper, read in July at Leeds before a joint 
meeting of the Institution of Chemical Engineers and 
the American Institute of Chemical Engineers, insisted 
that Doucil was not an artificial zeolite, it is most 
conveniently classed as such with the similar water 
softeners which are known as Permutits. Doucil was 
described as a complex synthetic alumino-silicate, 
containing exchangeable alkali bases and differing from 
other compounds of this type by its lower alumina 
content and by being a rigid homogeneous gel. As at 
present made, the composition of Doucil was said to 
be approximately NagO, Al,O3, 5SiQo. 

In another paper,read on the same occasion by Dr. E. 
B. Higgins and Mr. J. P. Callaghan on “ Base-Exchange 
Water-Softening Materials,” it was stated that Per- 
mutit, under which name Messrs. Water Softeners, 
Limited, introduced the Gans zeolite from Germany into 
this country, was first prepared by precipitating silicate 
of sodium with aluminate of sodium in highly-diluted 
solution in the percentage ratios SiO, 40 to 60, Al2O; 
25 to 38, NagO 10 to 30; the Permutit 31 contained 
52, 29 and 19 per cent. of these chemicals. The gela- 
tinous precipitate was coagulated by the addition of 
soluble salts, dried at low temperature and finally 
dehydrated to produce a mechanically-stable system. 
Instead of this elaborate process, the Permutit B now 
marketed, is made by submitting natural glauconite 
to a heat treatment which imparts an adamantine 
hardness to it and prevents it from being slimed when 
immersed in water; after mechanical cleaning and 
grading the product is said to be marketable. The 
various synthetic materials prepared over here and in 
America vary much in composition, the soda content 
being, in some cases, as low as 3 per cent. and the silica 
nearly 72 per cent., whilst the alumina content also 
varies, though to a lesser extent. None of these 
softeners has, according to Dr. Higgins, a tithe of 
the mechanical and chemical stability of the natural 
material. They suffer progressive mechanical dis- 
integration and are affected by the constituents of 
natural water, notably by the dissolved carbonic acid 
which removes the soluble alumina, the constituent 
responsible for the base exchange. Natural zeolites 
in experiments were only attacked after being treated 
for months with water saturated (at atmospheric 
pressure) with carbonic acid. Ferric oxide and lime 
are also fatal to synthetic zeolites, whilst the natural 
mineral may be restored by being washed with diluted 
sulphuric acid. : 

How Doucil is prepared was not explained._ Quoting 
the Philadelphia Quartz Company, which directs the 
American Doucil Company, Dr. Hilditch admitted 
that the use of Doucil was a problem in chemical 
engineering. Provision had to be made for an even 
distribution of the water in the vessel before it 
reached the Doucil, which was lighter than other 
softening materials and might be lifted out of the 
container and lost. The salting had also to be 
controlled as to time of contact, brine strength and 
other factors, in such a way as to secure the full 





development of the water-softening capacity. The 
feed water should be kept absolutely clear, if necessary 
by preliminary filtration. There was no evidence 
of attack by carbonic acid or of mechanical attrition 
in plants that had been working for three years; 
neither had Messrs. William Boby and Co., Limited, 
of Bury St. Edmunds, the English agents for Doucil, 
received any complaints about wastage, though 
they had some 200 Doucil installations at work in 
England, many of which treated from 10,000 to 200,000 
gallons of water between regenerations. 








ENGINEERING TRAINING AND 
EDUCATION. 


University College of Swansea.—The prospectus of the 
Department of Engineering of the University College 
of Swansea, for the session 1925-26, has now been pub- 
lished. The institution is a constituent college of the 
University of Wales, and provides facilities for the 
study of engineering, mathematics, physical chemistry, 
geology and metallurgy, as well as other subjects. 
Degree and diploma courses, normally extending over 
three years, may be taken in civil, mechanical, and 
electrical engineering, whilst special courses have been 
arranged to meet the requirements of non-matriculated 
students. Classes, which commence this week, are 
under the supervision of Professor Frederic Bacon, 
M.A. (Cantab), M.I.Mech.E., and a representative 
staff. Recent additions to the laboratories, made pos- 
sible by the generosity of a number of leading firms, 
should be of considerable value to students undergoing 
instruction in the principles and practice of motive- 
power engineering. Copies of the prospectus may be 
obtained on application to Mr. Edwin Drew, the College 
Registrar. 
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Beitrdge zur Theorie des Segelns. By Drrt-Ina. H. 
Croseck. Berlin: Julius Springer. [Price 4.80 gold 
marks. ] 

Hephaestus or the Soul of the Machine. By E. E. FouRNIER 
D’AtsBE. London: Kegan Paul, Trench, Trubner 
and Co., Ltd. [Price 2s. 6d. net.] 

Aprovechamiento de las Energias Naturales. By Juan 
Getpi BLtanco. Barcelona: Imprenta Altés Angeles. 

The Electrical Contractors’ Year Book, 1925-1926. London: 
The Electrical Contractor’s Association. [Price 5s.] 





British Science Guiip.—It is announced that the 
first annual Norman Lockyer lecture, arranged by the 
British Science Guild, of 6, John-street, Adelphi, London, 
W.C. 2, will be given by Sir Oliver Lodge, F.R.S., at 
4 p.m., on November 16, in the Hall of the Goldsmiths’ 
Company. The subject of the lecture will be ‘“‘ The 
Link between Matter and Matter.” Lord Askwith, 
K.C.B., K.C., President of the Guild, will be in the 
chair. Tickets of admission to the discourse may be 
obtained on application to the Secretary of the Guild. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Hopes of a winter revival have received 
something of a setback owing to the absence of orders for 
heavy machinery and steel, accompanied bya falling off 
in several of the lighter branches that had been relatively 
busy. There is yet time for the expected improvement 
to materialise, though in several quarters producers are 
beginning to lose hope. The downward trend of con- 
ditions is reflected in an addition during the past week to 
the unemployment figures for Sheffield and district, 
There are now over 24,000 operatives idle, and, in 
addition, close on 2,000 short-time workers. Business 
in raw and semi-manufactured materials continues at a 
minimum. The amount of forward business received at 
heavy iron and steel works is insufficient to warrant 
increased production. Fresh efforts are being made to 
induce British users to cover their requirements ahead. 
Compared with a month ago steel billets have been 
reduced an average of 7s. 6d. to 10s. per ton, hematites 
for local delivery 2s. to 5s. per ton, and most descriptions 
of pig-iron 2s. 6d. per ton. The new official quotations 
are as follow: Hard basic steel billets, 8/. 12s. 6d.; 
soft basic steel billets, 71. 5s.; West Coast hematites, 
4l. 58s.; East Coast hematites, 3/. 15s.; Lincolnshire 
and Derbyshire No. 3 foundry iron, each 3i. 7s. 6d. ; 
Lincolnshire forge iron, 31. 5s.; Derbyshire forge iron, 
3l. 28. 6d. ; bars, 121. 10s. ; and sheets, 15/., in each case 
~ ton delivered at local works. There appears to be 
ittle doubt that production at the level represented by 
these revised figures is unprofitable having regard to the 
generally restricted character of output. The intention 
is, if possible, to stimulate forward buying and to stem 
underselling by importers of foreign materials. Iron 
and steel scrap is a similarly depressed market, despite 
the low range of current prices. Current business is so 
scarce that concessions can be had on reduced quotations. 
The tool and implement trades are still busy in parts, 
particularly in meeting the demands of the home auto- 
mobile and electrical industries. Certain descriptions 
of hand tools, however, show an easier tendency as 
compared with two months ago. 


South Yorkshire Coal Trade.—Though the house coal 
demand continues below the seasonal average, there are 
definite signs of improvement both on London and country 
account. In accordance with the usual custom at this 
time of the year, prices of all grades have been advanced, 
the average increase for best qualities being 1s. per ton. 
In contrast, the indifferent state of the market for best 
steams has resulted in an average fall of 6d. per ton in 
both Yorkshire and Derbyshire descriptions. Exports 
of hards show no improvement. Better quality slacks 
are in fair demand for inland consumption, but there is 
little movement in smalls. Quotations: Best branch 
handpicked, 31s. to 34s.; Barnsley best Silkstone, 
28s. to 30s.; Derbyshire best brights, 248. to 26s.; 
Derbyshire best house, 23s. to 25s.; Derbyshire best 
large nuts, 17s. to 20s.; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 17s. 6d. to 21s. 6d. ; 
Derbyshire hards, 17s. 6d. to 21s. 6d. ; rough slacks, 
9s. 6d. to 128. 6d.; nutty slacks, 6s. 6d. to 8s. ; smalls, 
3s. 6d. to 5s. 6d. 





ContTracts.—Messrs. J. W. Brooke and Co., Limited, 
of Adrian Works, Lowestoft, recently secured orders 
for propelling machinery of motor boats for the Royal 
Air Force, and for motor boats for the British Admiralty. 
—NMessrs. International Combustion, Limited, of Africa 
House, Kingsway, London, W.C.2, have secured, through 
their associated company in Germany, an order for 
equipping twelve large boilers, at the Berlin Electric 
Light Works, with the Lopulco pulverised fuel system 
of firing—Messrs. John Allen and Sons (Oxford), 
Limited, of Cowley, Oxford, have received an order 
for 100 of their standard three-tyne Allen scarifiers 
for attachment to Marshall rollers being supplied 
to the Greek Government.—The Sperry Gyroscope 
Company, Limited, of 15, Victoria-street, London, 
S.W.1, is supplying nevigational equipment to the 
motor vessels Gripsholm and Gascony, and to the 
turbine steamer Conte Biancamano. 





INTERNATIONAL NAvIGATION CoNGRESS.—It is an- 
nounced that the Permanent International Association 
of Navigation Congresses has decided to hold the next 
Navigation Congress at Cairo about the end of November, 
1926. The proceedings will be divided into two sections, 
one dealing with inland and the other with ocean 
navigation. Under the first heading, the questions 
discussed will include the advances made in the study 
and construction of dams, the disposition of apparatus 
for the intake of water, &c., together with the technical 
and commercial working of waterways. The disposition, 
dimensions and equipment of river ports for inland 
navigation, customs and sanitary arrangements, protec- 
tion against ice, and the steps taken during recent years 
to reduce the periods of closure on canals, will all be 
on the agenda. In the second section, quays, break- 
waters and jetties in tideless seas, and the general 
design and construction of fishing harbours will be 
considered, together with the maintenance of the 
principal dimensions of large maritime canals. Traffic 
statistics will be examined. The reception and storage 
of liquid fuel in metallic and reinforced -concrete reservou's 
will be treated, and also the questions of precautions 
against fires, and the distribution of liquid fuel in ports. 
Intensive suction dredging will also come up for 
discussion. All reports to be presented to the Congress 
should be received by the Genenal Secretary of the 
Permanent International Association at 38, Rue de 
Louvain, Brussels, not later than February 1, 1926. %_3 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The slight improvement 
noticeable last week in the Cleveland ——— trade 
has not been maintained. Customers have again 
become very cautious in their dealings, prices have 
once more taken a downward turn, and transactions 
have shrunk to small proportions. Makers, however, 
have little iron to offer, and expansion of demand to 
any extent might speedily create a shortage of supply. 
No. 1 is now 69s. 6d., No. 3 g.m.b. 66s. 6d., No. 4 foundry 
65s. 6d., and No. 4 forge 65s. 


Hematite.—The situation in the East-Coast hematite 
branch is rather better. Some fairly good home and 
export contracts have been arranged, and values are 
steadily maintained. Nos. 1, 2 and 3 were put at 74s., 
and No. 1 is quoted 74s. 6d. 


Foreign Ore.—Inactivity characterises the foreign-ore 
trade, consumers still having heavy overdue supplies to 
take up against old contracts, and market rates remain 
nominal on the basis of best rubio at 20s. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is in 
rather better request for local use, and good average 
qualities are steady at 18s. 6d.’ delivered here. 


Manufactured Iron and Steel—Demand for most 
descriptions of manufactured iron and _ steel is 
disappointing, but fairly good sales of constructional 
steel are being made, and a few more contracts for 
rails are stated to have been arranged. Shipbuilding 
material continues slow of sale. Sheetmakers are very 
busy, and, in the galvanised corrugated branch, they are 
so well sold that they are not keen to enter into further 
contracts just at present. Principal market quotations 
stand: Common iron bars, 11l. 12s. 6d.; iron rivets, 
131. 10s. ; packing (parallel), 82. ; packing (tapered), 11/.; 
steel billets (soft), 77. 10s.; steel billets (medium), 8i. ; 
steel billets (hard), 9/.; steel ship, bridge and tank 
plates, 8/.; steel angles, 7. 10s. to 7l. 15s.; steel 
rivets, 13/.; steel joists, 7/. 10s. to 71. 15s.; heavy 
steel rails, 8/. 10s.; fish plates, 127. 10s.; black sheets, 
11l.; and galvanised corrugated sheets, 16/. 10s. 


Imports of Iron and Steel.—Statistics issued by the 
Tees Conservancy Commission this week give the 
imports of iron and steel to the Tees from Holland, 
Belgium, France, Norway, Sweden, Germany, India 
and coastwise for the eleven months ended September 30 
last, together with the figures for the corresponding 
pre-war period of 1913-14. Pig-iron imported to the 
end of last month amounted to 15,359 tons, as against 
21,868 tons a year ago and 1,427 tons in the pre-war 
period; crude sheet bars, billets, blooms and slabs 
unloaded to the end of last month reached no less than 
126,408 tons, as against 84,887 tons a year ago and 
33,655 tons for the pre-war period; and plates, bars, 
angles, rails and joists unshipped to the end of last 
month amounted to 23,240 tons, as against 18,457 tons 
a year ago and 19,481 tons for the pre-war period. The 
total imports of iron and steel to the end of last month 
thus reached 165,007 tons, as against 125,212 tons a 
year ago and 54,563 tons for the pre-war period. 


Shipments of Iron and Steel—The 177,427 tons of 
iron and steel shipped from the Tees last month were 
composed of 26,479 tons of pig-iron, 5,136 tons of manu- 
factured iron, and 45,812 tons of steel. Of the pig-iron 
loaded, 14,577 tons went to foreign destinations, and 
11,902 tons went coastwise; of the manufactured iron 
shipped 2,348 tons went to foreign destinations, and 
2,788 tons went coastwise; and of the steel cleared 
23,788 tons went to foreign destinations, and 12,104 
tons went coastwise. Of pig-iron the largest buyer was 
Scotland with an import of 10,222 tons. The Cape of 
Good Hope was the best customer for manufactured 
Iron, taking 654 tons, and India was the heaviest 
purchaser of steel, receiving 9,200 tons. 








NOTES FROM THE NORTH. 


Guasaow, Wednesday. 


Scottish Steel Trade.—Depression is still general in 
the steel trade of Scotland, and managements hardly 
know where to turn in the hope of securing much-needed 
business. Few industries in the country are well em- 
ployed, and the demand for material has fallen away 
to almost nothing, The export markets are forward, 
with rather better inquiries this week, but very keen 
prices require to be quoted if makers are to secure 
the orders. Each week the difficulty of running the mills 
Seems to get greater, and tHe outlook is rather serious 
for all concerned. Prices are continually being shaded, 
but with little result. The black-sheet trade continues 
to be active, and the lighter gauges are going rapidly 
into consumption. Local buyers are taking in better 
deliveries, and bookings for export are still very good. 
The heavier gauges are not in very great demand, but 
there is no falling off in the demand for galvanised 
~~. and, with raw material advancing, prices have gone 
— The following are to-day’s market quotations :— 
- plates, lll. 108. per ton; shi plates, 8/. to 

» 2s. 6d. per ton; sections, 7/. 12s. 6d. to 71. 15s. per 
ton; and sheets, ¥ in. to } in., 92. 12s. 6d. per ton, 
all delivered Glasgow stations. Sheets (Gal. Cor., 24 b.g.), 
are quoted at 17/. 15s. per ton, f.o.b. Glasgow. 


Malleable-Iron Trade: Prices Reduced.—Quietness is 
_ general in the malleable-iron trade of the West of 
wapeven and the current demand is of small dimensions. 

© steel re-rolling departments are also rather quieter. 


inquiry, the makers have reduced their prices by 7s. 6d. 
per ton. The meeting of the Scottish Bar-Iron Manu- 
facturers’ Association at which this decision was made 
took place in Glasgow, on Monday of this week. The 
new price of ‘‘Crown” bars is now 111. 5s. per ton, 
net, delivered Glasgow stations, but up to to-day it 
is stated that little fresh business has been booked. 


Scottish Pig-Iron Trade.—No change of any kind has 
taken place in the Scottish pig-iron trade, and the tone 
continues dull and rather depressing. Stocks are still 
quite ample to meet all demands, and only in one or two 
instances are the available supplies of special grades 
getting low. The steel works are consuming little 
hematite iron, and the demand for foundry grades is not 
heavy. Prices are weaker, and the current market 
quotations are as follow :—Hematite, 4/. per ton delivered 
at the steel works; foundry iron, No. 1, 41. 1s. 6d. to 
4l. 4s. per ton, and No. 3, 3/. 19s. to 41. 1s. 6d. per ton, 
both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ended last 
Saturday, October 3, only amounted to 232tons. Of this 
total, 206 tons went to foreign destinations and 26 tons 
coastwise. For the corresponding week of last year 
the figures were 1,055 tons overseas and 194 tons coast- 
wise, making a total shipment of 1,249 tons. 


Institution of Engineers and Shipbuilders in Scotland.— 
The opening meeting for session 1925-26 of the Institution 
of Engineers and Shipbuilders in Scotland took place 
in the Rankine Hall, Glasgow, last night, when the 
President, Mr. A. J. Campbell, general manager of 
Messrs. Wm. Beardmore and Company’s Naval Construc- 
tion Works at Dalmuir, delivered his presidential address. 
He dealt chiefly with the shipbuilding industry—its 
present position and its outlook. In all, he said, there 
were about 96 shipyards in Britain, and in 30 of these 
there was not a single keel; in 15 the work on hand was 
rapidly nearing completion, while the remainder were 
barely occupied beyond one-fourth of their capacity. 
The number of building berths was 20 per cent. more 
than in the year preceding the war, and only 28 per 
cent. of the berths were occupied, while the percentage 
of unemployed workmen was between 30 and 40, which 
was really appalling. He suggested that shipbuilders 
and shipowners should consider, in their common interests, 
what was the best method of disposing of old and in- 
efficient tonnage. Could not such ships be offered in 
part payment for new vessels, instead of being sold 
abroad for, in many cases, not much more than their 
scrap value? The British position among the nations 
as owners and builders would thus be conserved. 





NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—Conditions in the Welsh coal trade 
are rather more encouraging than for several weeks 
past. Inquiries are circulating more freely, and business 
is somewhat more active. Supplies are, however, still 
in excess of the demand, and a considerable volume 
of fresh business is still necessary to put prices on 
anything like a stable basis. A shortage in the supply 
of shipping is at present handicapping operators in 
the conduct of. business, besides causing irregularity in 
prices in view of the fact that colliery arrangements 
are upset by the scarcity of tonnage. The slump in 
the coal export trade is clearly indicated by the returns 
of coal and coke shipments from the South Wales 
docks from January 1 to September 6, as compared 
with the corresponding period of last year. It is shown 
that exports this year totalled 18,244,770 tons, a decrease 
of 3,644,605 tons. The figures for the different docks 
are as follow :— 

January 1 to September 6. 
1924, 1925. 





Decrease. 
From— Tons. Tons. Tons. 

Cardiff... 5,378,662 4,544,772 834,890 
Swansea 2,303,710 2,030,408 273,302 
Newport 4,015,122 3,619,758 395,364 
Barry ... 6,492,770 4,971,654 1,521,116 
Port Talbot 1,571,118 1,367,111 204,007 
Penarth 2,126,993 1,711,067 415,926 

Totals... 21,889,375 18,244,770 3,644,605 


It will be observed that the slump in exports is 
shared in by all the ports, the biggest reduction being 
at Barry. Exports of coal as cargo from South Wales 
in the past week amounted to 328,210 tons, compared 
with 329,680 tons in the previous week and 354,080 tons 
in the corresponding period of last year. Shipments 
from Cardiff last week totalled 167,170 tons, against 
169,520 tons a week earlier ; from Newport 48,550 tons, 
against 53,570 tons; from Swansea 74,880 tons, against 
68,130 tons; from Port Talbot 31,560 tons, against 
37,460 tons; and from Llanelly 6,050 tons, against 
1,000 tons. Brazil took 15,000 tons, France 139,040 
tons, Italy 41,500 tons, and Spain 15,030 tons. The 
Powell Dufiryn Steam Coal Company, Limited, one 
of the largest colliery-owning concerns in South Wales, 
has decided to cease working at four of its pits, notices 
having been given to some 5,000 men at the Bargoed, 
New Tredegar, Groesfaen and Mardy pits. 

Large Order for Pig-iron.—Messrs. Guest, Keen and 
Nettlefolds, Limited, have secured an order for 20,000 
tons of pig-iron from an American firm. The pig-iron will 
be manufactured at the Cardiff Dowlais Works and 
shipped to Philadelphia and Norfolk, Va., by steamers 
belonging to the Bristol City Line in cargoes of 3,000 
tons between now and January. The making of the 
pig-iron will absorb some 40,000 tons of iron ore and 


NOTICES OF MEETINGS. 





THE Junion InsTITUTION oF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Informal 
meeting. Technical Questions and Informal Discussions. 
Tuesday, October 13, at 7.30 p.m. “Town Planning ; 
its Effect and Influence on Industry,” by Mr. R. A. 
Hudson. Friday, October 16, at 7.30 p.m. Lecturette. 
“* Super-Tension Cable Dielectrics,’’ by Mr. A. J. Tracey. 


THE Diese ENGINE Users’ AssociatTion.—To-night 
at Caxton Hall, Westminster, 8.W.1. ‘‘ The Scottish 
Shale-Oil Industry,’’ by Mr. Edwin M. Bailey. 


THe Socrety or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING Group.—To-night at 8 p.m., at the Royal 
Society of Arts, John-street, Adelphi, W.C.2. ‘* Aero- 
sols in Industry,’’ by Dr. W. E. Gibbs. 


Tue Institute or TRANSPORT: NORTH-EASTERN 
Loca SectTion.—Saturday, October 10, at the Town 
Hall, Newcastle-upon-Tyne. “Electric and Petrol 
Transport of Passengers in America,’ by Mr. Walter 
Jackson. 


THe InstTITuTION OF MECHANICAL ENGINEERS : 
GrapvuatTEs’ Section.—Monday, October 12, at 7 p.m., 
at Storey’s-gate, S.W.1. ‘‘An Analysis of Tests on a 
High-Speed Petrol Engine,’ by Mr. G. Lyon, M.Sc. 


THE INSTITUTE OF METALS : ScoTTisH Loca SEcTION.— 
Monday, October 12, at 7.30 p.m., at the Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. Chairman’s address by Mr. John 
Stirling. 

THE BRADFORD ENGINEERING Sociery.—Monday, 
October 12, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. ‘Modern Developments in 
Electric Lighting for Industrial Purposes,’’ by Mr. 
Harry Moss. 


THe Institute OF MARINE ENGINEERS.—Tuesday, 
October 13, at 6.30 p.m., at 85-88, The Minories, Tower- 
hill, E.1. ‘‘ Metallic Corrosion,” by Mr. W. 8. Patter- 
son, M.Sc. 


THE INSTITUTION OF CIVIL ENGINEERS.—Wednesday, 
October 14, at 6 p.m., at Great George-street, S.W.1. 
Extra Meeting. Joint meeting with the following bodies : 
The Institution of Mechanical Engineers, the Institution 
of Electrical Engineers, the Institution of Naval Archi- 
tects, the Institute of Marine Engineers, the North-East 
Coast Institution of Engineers and Shipbuilders, the 
Institution of Engineers and Shipbuilders in Scotland, 
&c., &c., which are co-operating in the work of the 
Special Committee on Tabulating the Results of Heat- 
Engine Trials. The following subject, introduced by 
Mr. R. A. Chattock, will be submitted for discussion : 
“Standard Codes for Tabulating the Results of Trials 
on Steam Turbines and Condensing Plant.” 


Tue InstITuTION OF ENGINEERS-IN-CHARGE.—Wed- 
nesday, October 14, at 7.30 p.m., at St. Bride Institute, 
Bride-lane, Fleet-street, E.C. 4. Presidential Address 
by Engineer Vice-Admiral Sir George G. Goodwin, 
K.C.B., LL.D., M.I.Mech.E. * 


THE INSTITUTION OF CHEMICAL ENGINEERS.—Wednes- 
day, October 14, at 8.30 p.m., at the Science Museum, 
South Kensington, 8.W. 7. Reception to meet the new 
President, Sir Frederic L. Nathan, K.B.E. 


THE RoyaLt AERONAUTICAL Socrety.—Thursday, 
October 15, at 5.30 p.m., at 7, Albemarle-street, W. 1. 
Lecture: ‘ Aircraft Survey in Burma,” by Major C. K. 
Cochran-Patrick, D.S.O., M.C. 


THe OpticaL Socrety.—Thursday, October 15, at 
7.30 p.m., at the Imperial College of Science and Techno- 
logy, Imperial Institute-road, South Kensington, 8.W. 7. 
“On Brewster’s Bands: Part I,’’ by Professor C. V. 
Raman, F.R.S., and Mr. Sushil Krishna Datta, M.Sc. 
Demonstration of “‘ A New Method of Recording Rapidly- 
Varying Phenomena,” by Mr. W. G. Collins. 


THE Mipitanp InstituTE oF MINING ENGINEERS.— 
Friday, October 16, at 2.30 p.m., at the Royal Victoria 
Station Hotel, Sheffield. Presidential Address by 
Mr. Robert Clive. Discussion on ‘‘ Notes on Devices to 
Prevent Overwinding,’’ by Professor J. A. 8. Ritson 
and Mr. W. L. Grassham. “ The Burrell All-Service Gas 
Mask,” by Professor J. A. 8S. Ritson and Mr. Hartley. 


THE INSTITUTE OF METALS : SWANSEA LOCAL SECTION. 
—Friday, October 16, at 7.15 p.m., at the University 
College, Singleton Park. Chairman’s Address by 
Captain Hugh Vivian. 

THE Nortu-East Coast INstiTuTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, October 16, at 7.30 p.m., 
at Bolbec Hall, Newcastle-upon-Tyne. Annual General 
Meeting. Presidential Address by Sir Eustace H. 
Tennyson-d’Eyncourt, K.C.B., F.R.S. 


THE Institute or British FouNDRYMEN: LANCA- 
SHIRE BraNncH—JvUNIOR SEction.—Saturday, October 
17, at 7 p.m., at the College of Technology, Manchester. 
Presidential Address by Mr. Stubbs. Lantern Lecture : 
“The Moulding of a Jacketed Cylinder,” by Mr. J. G. 
Robinson. 


THe Hutt Association oF ENGINEERS,—Saturday, 
October 17, at 7.15 p.m., at the Technical College, Hull. 
Lecture: ‘‘ The Production of a Technical Journal,” by 
Mr. A. Arnold. 





PrersonaL.—Messrs. T. D. Huntington, Limited, 
building contractors, have removed to larger premises 








In the hope of stimulating business and of encouraging 


20,000 tons of coke. 


at Broadway Chambers, Hammersmith, London, W.6. 
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THE AUTOMOBILE INDUSTRY. 


THE opening of the annual motor exhibition at 
Olympia offers a fitting occasion on which to draw 
attention to the growth of the automobile industry, 
which is now one of the most important in the 
country. Taking the figures as revealed by the 
licencing returns issued by the Ministry of Transport, 
it will be seen that in the last five years, the total 
number of motor vehicles licensed in this country 
has increased from 837,5C0 to 1,388,286, an increase 
of 550,786. This represents a conservative esti- 
mate, as the latest returns available only cover the 
period up to May 31, 1925. Of the vehicles on the 
road at that date, 532,909 were private cars, 518.457 
motor-cycles, and 229,984 were commercial or trade 
vehicles, the remainder being made up of hackney 
carriages, and official vehicles of various kinds. 
The ratio of cars to inhabitants in the British Isles 
is usually given as 1 to 57, but we are not aware on 
what authority the figure is based. The last census 
return available was that for 1921, and the popula- 
tion was then officially given as 47,413,382. It is 
generally agreed that there has been an increase 
since that date, and if the population is now taken 
to be 50 million in round figures, the ratio on the 
basis of 1,388,286 is approximately 1 in 30. Possibly, 
certain types of vehicle are omitted to arrive at the 
figure of 1 in 57, but whichever ratio is taken, the 
question naturally arises as to whether, so far as 
the home market is concerned, we are in sight of 
what may be termed the saturation point. In this 
connection, it is interesting to turn to the corres- 
ponding figures for the United States of America, 
where the number of cars in relation to the total 
population reaches its maximum. In the case of that 
country, the total number of vehicles registered for 
1924, the latest year for which the figures are 
available, was 17,591,981, representing approxi- 
mately one car to every six inhabitants. In com- 
paring the two countries, consideration should be 
given to the fact that alternative forms of transport 
are more highly developed in England than in the 

















United States ; while other material points are that 
the cost of both cars and fuel is lower, and the 
average wage of the individual higher, in the latter 
than in the former country. It is unlikely that the 
relative position of the two countries will materially 
alter in any of these respects for many years to come. 
Making every allowance for these factors, it would 
still appear that the home market is capable of very 


4| considerable expansion. 


Turning now to the possible expansion in foreign 
markets, the ratio of population to cars in some of 
the more important foreign countries is generally 
accepted to be as follows :—Germany, 272 ; France, 


7169; Russia, 8,896; Japan, 2,645; China, 39,695. 
g| The figure for India is 7,497. 


Up to the present, 
British export trade in motor vehicles has been in- 
considerable, but it is satisfactory to note that in 
the current year, there has been a considerable 
improvement in the position. At the moment, 
figures are only available for the first-half of the year, 
but these show that in this period, as compared with 
the corresponding period of 1924, the value of motor 
vehicle exports has increased by 1,817,275l. For 
the eight months ending August 31, 1925, the total 
value of exports in cars, chassis and parts, amounted 
to 6,049,0927. While these figures may be regarded 
as satisfactory so far as they go, we believe that the 
position is capable of appreciable further improve- 
ment. In considering possible developments in our 
export trade, two facts have to be taken into con- 
sideration. The first of these is that the price of 
our products is generally high, in comparison with 
those of our chief competitors in foreign markets ; 
and the second is that our designs are frequently 
unsuitable for use in overseas countries. On the 
question of price, it is satisfactory to note that the 
majority of manufacturers have been able to 
announce reductions in the current year, amounting 
in some cases to over 20 per cent. No corresponding 
reductions have taken place in either labour or raw 
material costs, and while, no doubt, the reductions 
are in part due to increased output, they suggest 
that manufacturers are giving the most careful 
attention to improvements in organisation and 
methods of production. In the majority of cases, 
the output of individual firms is so small that com- 
petition on a price basis becomes impossible against 
American firms, who are our most serious competi- 
tors in foreign markets. This will be more clearly 
realised if it is mentioned that the number of motor 
vehicles in use in the United States in 1924 was 
approximately 83 per cent. of the world’s total. 
In view of the favourable position indicated by this 
figure for continuous production in the American 
home market, it might be argued that international 
competition is hopeless, but such a view ignores 
the expansion in export trade to which reference 
has already been made. It is evident from this 
that some factor exists which tends to off-set 
the special facilities enjoyed by American firms for 
quantity production, and this can only be that the 
design of British vehicles makes a particular appeal 
to certain buyers abroad. In the Dominions, no 
doubt, patriotism has some influence in assisting 
the sale of British-made vehicles, but it is easy to 
over-estimate the value of this factor, as the average 
buyer seeks the best return for his money all the 
world over. 

When considering the design of British cars, a 
distinction should be made between the design of 
the car as an engineering proposition, and that from 
the point of view of its suitability for the work 
which it ‘is required to perform. Generally these 
two considerations may be regarded as inseparable ; 
however perfect a given piece of mechanism may 
be ab intra, its design may be justly condemned in 
so far as it fails to tulfil the purpose for which it is 
intended. The distinction is justifiable when con- 
sidering British cars exported abroad, as no criticism 
can be levelled against such vehicles on the grounds 
ot their mechanical soundness; but their design 
frequently renders them unsuitable for the extreme 
climatic conditions, and bad road surfaces, which are 
often met with in undeveloped countries. No 
useful comparison can be made between British and 
American manufacturers in this respect, as in the 
case ot the latter, vehicles designed for use in the 
United States are equally suitable for use in 
many other countries. British firms engaged in the 
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automobile industry are frequently criticised for their 
failure to market designs intended specifically for 
foreign markets, but the hazardous nature of such 
a venture is seldom realised. The chief difference 
between typical American and British design is in 
the type ot engine employed, and it is mainly in 
respect of this unit that the former show to advan- 
tage on the bad gradients and road surfaces in 
undeveloped countries. There are also minor 
differences in the practice of the two countries, of 
which the greater ground clearance of the American 
vehicle is typical, but such items could readily be 
brought into line if required. The typical American 
engine is of large capacity, and runs at a relatively 
low speed. The former characteristic results in a 
large power reserve, with a concomitant ability to 
take any ordinary hill on top gear, and to negotiate 
bad road surfaces without distress ; while the latter 
tends towards reasonable service over long periods 
with little or no attention. Many ot the higher- 
priced British models also possess these charac- 
teristics, but we are concerned at the moment with 
the vehicle of moderate price, the distinction being 
essential when discussing any large development in 
our export trade. There is no demand on .the 
British market for a car of moderate price having 
a large capacity, slow-running engine, owing to the 
high taxation and heavy fuel consumption associated 
with such designs. The British manufacturer who 
contemplates the production of a special car for the 
foreign market is therefore faced with the necessity 
of designing a model which is essentially different 
from his normal production, and which would be 
unsaleable in the British Isles. In attempting to 
market a car of this type, he would be competing 
directly with American firms manufacturing very 
similar models as their normal product, and sufficient 
has been said to indicate the difficulty of such an 
undertaking. 

There remains the possibility of increasing our 
export trade in typical British cars to countries in 
which they can be employed to advantage, and it is 
in this direction that appreciable further develop- 
ments should be possible. There is no doubt that 
there are many parts of the world where at the 
present time the British car is almost unknown, but 
for which it is quite suitable, either exactly as 
delivered on the British market, or with such slight 
modifications as are customary in so-called “‘ Colonial 
models.” At the same time, roads are being very 
generally improved, both as regards surtace and 
gradient, in many places where they have previously 
been of a primitive nature, and in all such cases the 
special characteristics of British vehicles, but more 
particularly their low fuel consumption, are likely 
to make a strong appeal. Recent price reductions 
should do much to assist development along these 
lines, and much also could be done in the more 
important dominions and foreign countries, by 
improving the facilities for obtaining spare parts 
with reasonable promptitude. 





THE BRITISH STANDARD SPECIFI- 
CATION FOR PORTLAND CEMENT. 


Tue remarkable increase in strength of Portland 
cement now produced, compared with that of five 
years ago, has necessitated a revision of the speci- 
fication for Portland cement of the British Engineer- 
ing Standards Association. This revision, which has 
just been issued, marks a distinct step in the im- 
provement of the product, brought about by the 


specification, designated No, 12-1925, now applies to 


spond with the British figures, so that comparison 
with foreign specifications is facilitated. 

One change now introduced which has a far- 
reaching effect is the reduction of the permissible 
residue from 14 per cent. to 10 per cent., on the fine 
sieve of 180 wires to the lineal inch. Although this 
is a considerable decrease, it by no means represents 
the remarkable degree to which fine grinding has 
been carried by the leading British manufacturers. 
The residue on the coarser sieve with 76 wires to the 
lineal inch remains at 1 per cent. The sieves 
themselves are described very fully, the tolerances 
being 2 wires either above or below for the 180 
wires to the lineal inch; and 1 either way for the 
76 wires to the lineal inch. Tolerances are laid 
down for the size of the wires and apertures. The 
minimum size of sieve is now specified to be 50 sq. in. 
(say, 8 in. diameter), but the shape of the sieve is 
not restricted, provided its height is 2? in. From 
the foregoing it may be argued fairly that the 
accuracy demanded in the wire cloth really involves 
an increase of fineness in the cement greater than 
that actually represented by the reduction from 
14 per cent. to 10 per cent. of the residue on the 
180 by 180 sieves. 

In spite of the finer grinding demanded there is 
now permitted an increase from 20 minutes to 
30 minutes in the minimum setting time of what is 
designated a ‘‘ normal setting cement.” The final 
setting time remains at 10 hours. The term “ quick” 
setting has been reintroduced from the March, 1915, 
specification. The initial setting time being not 


more than 30 minutes. To avoid confusion, it is 
expressly stated that the term “ quick-setting 
cement”? does “not necessarily imply that the 


reminder of the fact that since the previous speci- 
fications quick-hardening Portland cements have 
come to the fore. These cements do not differ 


increased from 2-85 per cent. to 2-980 per cent., and 
the maximum limit for magnesia extended from 
3 per cent. to 4 per cent. It is generally recognised 
that this quantity is not deleterious, and the exten- 
sion will widen the range of raw materials available. 
These alterations do not affect the soundness of the 


has not been added. 


greater strength. This latter effect preponderates 
and results in accelerating the strength at seven 
days, despite the probable decrease in density, 


strength for mortar briquettes to neat briquettes 
in 1920 was 200/450 or 1/2-25, compared with 
325/600 or 1/1-83 in the present specification. 

The fact that greater manipulation is now per- 
mitted and a better consistency of the mortar is 
obtained both assist in increasing the tensile 
results obtainable. The formula for the deter- 
mination of the percentage of water to be used is 
+ P + 2-50 where P is the percentage of water 
required for the preparation of neat cement 
briquettes. This formula is of the type suggested 
by Mr. H. G. Lloyd, M.Inst.C.E., in a paper read on 
April 22, 1920, at the Concrete Institute (now 
the Institution of Structural Engineers), on ‘the 
Consistency of Portland Cement, Mortar, and 
Concrete.” 

In this Mr. Lloyd showed that with 


C = the number of parts by weight of dry Portland 


cement, 
S = the number of parts by weight of dry sand. 
c¢ = the percentage of water by weight required 


by the Portland cement. 

s = the percentage of water by weight required 
to damp the sand. 

w = the percentage of water by weight required 
by the combined weights of Portland cement 
and sand. 

Then 
Cce+S8s 
o= 35 9- 


If, as in the example given in the British Standard 


less than 5 minutes and the final setting time not | Specification C = 1, S = 3, then 


wa O+88 


If s be taken as 4 per cent. of the weight of the 


cement hardens quickly.” This explanation is a] sand then this formula reduces to 


wal +3, 


From this it will be seen that the constant 2-5 has 


chemically from the limits permitted by the speci-| heen substituted for the figure 3 for the sand sug- 
fication, which in this respect tends to broaden| oested by the formula in the paper referred to, 
rather than to curtail its limits. The lime ratio in| this being probably chiefly due to the change from 
what is termed the “ hydraulic modulus ” has been yellow to white sand. 





THE UNITED STATES AIRCRAFT 
CARRIER ‘“ LEXINGTON.’’ 
Tue launch of the new United States aircraft 


cement. The test for soundness has not been revised, | carrier Lexington, after a somewhat checkered 
consequently the “Le Chatalier” boiling test| career that has involved two changes of design, has 
remains in force, and the cold pat or “ plung ”’ test, | attracted a lot of attention in naval circles, the more 
though this may be useful in some circumstances,|so as the event comes at the time when H.M.S. 
Furious has completed her conversion and is 
As the natural result of finer grinding, a great] putting to sea for trials. The American boat has 
increase has been made in the minimum requirements | the advantage of over 15,000 tons in displacement 
for the tensile tests. It is customary to regard the | and two and a-half knots in speed, and was designed 
neat cement tests as indicative of the cohesive | with knowledge of the British experiments that were 
properties of the cement. It, therefore, follows | carried out before the end of the war; the Furious 
that if the cement is finely ground and is then gauged | has the advantage of an armoured belt and has been 
and moulded, a greater number of particles will have designed after a long series of secret post-war ex- 
to cohere, more water will be required for the| periments. Each is fitted with bulges and a very 
purpose, the density will not be quite so great, and| elaborate system of under-water protection against 
consequently the strength may be expected to be] mines and torpedoes. It is a question whether the 
less. On the other hand the water will be in more | Lexington is not too large for her purpose. the hull 
intimate contact with the cement and so produce|having been about one-fourth completed as a 
battle cruiser before it was decided to modify the 
plans into those for an aircraft carrier. Her 
dimensions will permit large-scale experiments to be 
but no great increase in strength can be expected] carried out which would not be possible with a 








at 28 days, and it has been found that some cements 
introduction of the fine grinding of well-burnt clinker | fail to increase in strength at 28 days. 
as manufactured by the modern rotary kiln. The | less accounts for the omission of the 28 days’ test. 
On turning to the 3-1 sand and cement mortar 
a much larger sphere as the temperature conditions | tensile tests, which indicate the adhesive properties 
under which the cement must be tested have been | of the cement, the fine grinding results in a greater 
raised to 95 deg.F. for tropical or other hot countries. |spreading of the cement in thinner layers, and 

The specification now contains, for the first time, | consequently produces greater density than if 
a means of determining the normal consistency for | it were coarsely ground. Greater strength has been 
3-1 standard sand and cement mortar, by use of a]assured, too, by the stipulation that the white 
rational formula based on the quantity of water | variety of Leighton Buzzard sand shall be used, and 
required by each sample of Portland cement. The|that its loss on extraction with hot hydrochloric 
publication is printed in the handy standard form | acid shall not exceed 0-25 per cent. 
in which it appeared in 1920, and has been further | strength of the mortar from 200 Ib. per square inch 
improved for ready reference by a summary of tests | in the 1920 specification to 325 lb. per square inch 
at the beginning. A foreword summarises the | at seven days, or 624 per cent. increase, is a greater 
principal alterations. The metric equivalents and | alteration than that for the neat cement, which only 


smaller vessel, but at the same time under the 
limitation of tonnage imposed by the Washington 
Agreement it is very doubtful if she and her sister 
the Saratoga will not be very expensive luxuries. 
As in the latest British ship the navigating bridge, 
mast and a huge flat-sided funnel are placed right 
over on the starboard side, leaving a clear flying 
deck. There is a landing net over a hundred feet 
long placed well abaft the funnel, and a clear deck 
running right aft from it, nearly 100 ft. wide aft and 
tapering down to about 80 ft. to make room fora 
heavy anti-aircraft battery. The trouble of landing 
aircraft on board a moving ship will always be @ 
very serious one, but the problem appears to be 
solved as well as possible. Experiments have been 
carried out in the slow aircraft carrier Langley, 
whose smoke stacks are hinged and fitted with 








Centigrade degrees are placed in brackets to corre- 





amounted to 334 per cent. The ratio of the tensile 





cooling devices ; the results of these experiments are 





a a ae ee ee ae ee 





Oct. 9, 1925.] 


ENGINEERING. 


453 














presumably to be seen in the big single funnel of the 
Lexington. 

Under the Washington Agreement an aircraft 
carrier is allowed to carry guns up to 8 in. in calibre, 
the Lexington carrying eight of this size. Four of 
them are in casemates on the upper deck forward, 
the side of the ship being recessed to give them a 
fire right ahead; the other four are in lightly 
armoured gunhouses aft, placed under the flying-on 
deck, and having a large arc of fire. In addition 
there is a battery of twelve anti-aircraft guns, four 
of them forward on the forecastle deck and eight aft, 
the flying-on deck being pinched in slightly at this 
point to give them a clear file of fire. They are 
5 in. in calibre, firing a 50 lb. shell. In the Furious 
our designers have apparently not elected to avail 
themselves of the permission to mount 8-in. guns, 
for according to the current statement in Naval 
Estimates she is to mount ten 5-5-jn. guns, six 
4-in. anti-aircraft guns, and four 3-pounders. The 
provision of only six 4-in. A.A. guns in a ship that 
by her functions is bound to be a particular target 
for aircraft has been very severely criticised. 
According to unofficial report she still carries four 
sets of triple 21-in. torpedo tubes, while the Lexing- 
ton will carry two triple tubes placed right aft, their 
function apparently being to embarrass any pursuit. 

Experience with the old converted Cunard Liner 
Campania with the Grand Fleet during the war 
proved that an aircraft carrier should have at least 
three knots in hand over and above the speed of the 
squadron with which she is expected to work. 
Steaming at high speed the diversions of course and 
manceuvres necessary for an aircraft carrier were 
found to bring her right astern of the fleet. This 
lag should be reduced in the case of the Lexington, 
which is provided with two 60-ft. training com- 
pressed air catapults, one on either bow. The 
fastest American capital ships have a speed of 
21 knots, so that the Lexington’s 33} will be very 
ample for squadron purposes, and suggests that she 
and her sister have been converted very largely with 
an eye to detached operations in distant waters. 
especially in the vast distances of the Pacific. 
In spite of their tradition for publishing everything 
concerning their Navy the United States authorities 
have kept one or two details of the Lexington very 
secret. One is the long endless belt for the handling 
of aircraft forward, another is the number and type 
of machines that will be carried. It may be taken 
for granted, however, that the former is for the use 
of machines whose lainch by catapult appears 
inadvisable, while the !atter will certainly be large. 
The whole of the upper deck is devoted to the storage 
and assembling of aircraft, the extensive repair shops 
apparently being on the main deck below it. It is 
only cut up by the intrusion of the funnel uptakes, 
the forward 8-in. guns and their equipment, and 
the necessary boats in large recessed ports. 

The early designers of aircraft carriers were 
confronted with the great danger of fire on account 
of petrol fumes, and in the experiments carried out 
in the British Navy before the war careful measures 
were taken to stow all the fuel in 2-gallon tins on the 
upper deck. When the Hermes was torpedoed this 
was the factor that saved all her survivors, but it is, 
of course, quite impracticab'e in the modern carriers 
which transport a large number of machines. In 
the case of the Lexington it is understood that a 
particularly large and elaborate system of piping 
has been installed, so that the petrol can be stowed 
in bulk in a protected position as low down as 
possible and can be pumped to a number of filling 
stations in different parts of the ship. 

In size the Lexington is so much bigger than any 
European aircraft carrier that she is most fairly 
comparable with the Japanese Akagi of some 33.000 
tons and a speed of 33 knots. She also was laid 
down as a battle cruiser, of the improved Kongo 
type, and converted under the Washington Agree- 
ment. She was launched before the Lexington, pre- 
liminary experiments being carried out in the 9,000- 
ton Hosho, and she has been reported to have been 
hone too satisfactory. With their ability to carry 
large numbers of aircraft, to steam at high speed 
right across the Pacific and back again without 
re-fuelling, and to protect themselves from any 
marauding man-of-war that they are not able to 
steam away from, these two ships are both capable of 





destructive air raids. The Pacific States have long 
discussed the possibility of Japan carrying out 
raids of this sort on the Californian coast by means 
of her big aircraft carriers, but the Lexington is 
certainly equally capable of carrying out such raids 
in Japanese waters. Whether they would be worth 
while is another matter, but should war break out 
in the Pacific it would introduce such novel factors 
that many preconceived ideas would have to be 
revised. The provisions of the Washington Treaty 
will prevent any more of these giant ships being 
built for some years to come, but there is so much 
to be learnt concerning aircraft-carrier design that 
experiments with them will help designers to arrive 
at the compromises that are necessary to get all 
the features required by the type into the displace- 
ment that is permitted and practicable under the 
Agreement. 





NOTES. 


NATIONAL ASSOCIATION OF SUPERVISING 
ELECTRICIANS. 


THE service that can be rendered by supervis- 
ing electricians in reducing waste was the first 
subject treated in his presidential address to the 
National Association of Supervising Electricians by 
Mr. Frank Gill. In the absence of Mr. Gill abroad, 
Mr. J. S. Highfield occupied the chair at the 
opening meeting of the session, which was held in 
the room of the Junior Institution of Engineers on 
Tuesday, October 6, and Mr. A. H. Dykes read the 
address. A great multiplicity of materials and also 
of fittings was employed in electrical] installations, 
and the varieties could be cut down, Mr. Gill 
suggested, with great benefits to the industry and 
the consumers. Examples were quoted of small 
switches, steel conduit, ceiling roses, and wiremen’s 
tool kits. The elimination of many types of these 
was desirable, and, after decisions had been arrived 
at regarding the most suitable, the findings of 
those who were concerned with their use should be 
published for the benefit of the trade generally. 
Another topic dealt with by Mr. Gill was the pos- 
sible reduction in accidents that could be effected 
by devising suitable codes of instructions for work 
involving risk. Interesting figures were given of 
the accidents occurring in a large firm, where the 
workmen themselves were invited to draw up a list 
of instructions. As a result of this, the accidents were 
reduced by half in a period of two years and further 
reduced subsequently, so that it only amounted to 
one-third in a little over three years. Mr. Gill hoped 
for the time when every worker would be a partner 
in the business in which he was employed, and 
showed the financial and other advantages that 
would accrue to the men if they made attempts to 
save definite sums annually for such investment. 


THE APPLICATION OF SAFETY First PRINCIPLES 
To INDUSTRIAL WORKSHOPS. 

With the aim of reducing the number of accidents 
in the streets and in the factories, the London 
Safety First Council has entered on an extensive 
educational campaign. Already it is said that the 
propaganda has resulted in a drop in the returns 
of both fatal and non-fatal accidents, and for this 
reason the Council is making renewed efforts to 
ensure that pedestrians, workpeople and, indeed, 
every class of the community, are fully cognisant 
of the risks that they unnecessarily run. The Rt. 
Hon. J. H. Thomas, in speaking at the opening of 
a meeting of the Industrial Section of the Council, 
at the Central Hall, Westminster, on Monday, Octo- 
ber 5, claimed that the introduction of Safety First 
principles by the Admiralty had resulted in a reduc- 
tion of 25 per cent. in the accident returns, while 
in many industrial works the figures for the diminu- 
tion were even greater. Subsequently, Dr. G. H. 
Miles, the Assistant Director of the National 
Institute of Industrial Psychology, delivered a lecture 
on “Some Psychological Aspects of Industrial 
Accidents.” In his address, Dr. Miles referred to 
the inefficient work and the prevalence of accidents 
in works where the men were subject to feelings of 
irritation, caused by the treatment they received 
from inconsiderate managers. Other causes of 
casualties he cited were insufficient, excessive or 
badly distributed lighting, bad ventilation, and the 


distance that goods had to be moved between the 
various operations. He thought solutions could 
only be obtained in some cases if they studied 
the work from the standpoint of the operative. 
Increased speeds of working did not always mean 
increased liability to trouble, because in some 
industries the quickest was frequently the safest 
worker, 


STANDARDISATION IN AUTOMOBILE ENGINEERING. 


Not for the first time, the question of standardisa- 
tion has been raised in a presidential address to the 
Institution of Automobile Engineers. The new 
president, Mr. H. Kerr Thomas, based his address, 
on Tuesday evening, on an inquiry into the best 
definition of ‘‘an automobile engineer,” but in the 
course of his dissertation raised the questions of 
standardisation and research. These are matters 
of the first importance in most industries, but with 
the latter we need not concern ourselves at the 
moment. It is always under discussion in some 
form. Standardisation is also in many of its 
aspects a hackneyed subject, but on the question 
of its application in automobile engineering there 
is still much to be said. To the non-automobile 
engineer there would appear to be hardly any field 
in which standardisation could profitably be carried. 
so far as in motor-car manufacture. In spite of 
this, not a great deal appears to have been done. 
We think, however, in his remarks about standard 
wheels Mr. Kerr Thomas was hardly fair to his 
own industry. He may have purposely chosen a 
bad case, but the Society of Motor Manufacturers 
and Traders and the British Engineering Standards 
Association have been dealing actively with various 
details of the question for some time, and many 
both provisional and final specifications have now 
been published. It may be that Mr. Thomas was 
referring to the application of standards rather 
than to their definition, and it is possible that this 
application may tend to lag in an industry in which 
such a large number of firms—especially such a 
large number of small firms—are engaged. Actually, 
of course, these conditions should be a reason for 
welcoming standards, and not for ignoring them. 
The more firms there are concerned, and the smaller 
the average firm, the more benefit will the industry 
and the public receive from a wide use of standard 
parts. 


THE COMPETITION OF ROAD AND RAIL 
TRANSPORT. 

The railways of Great Britain having been con- 
solidated into four great undertakings with the 
deliberate intention of reducing costs, how far is 
it in the public interest to permit road transport 
to upen up a new and energetic form of competition ? 
This was the question s¢t himself by Sir Joseph Nall, 
D.S.0., when delivering his presidential address on 
Monday, October 5, in London, to the Institute of 
Transport. Examining the various phases of the 
questions involved in road and rail transport, the 
author of this address brought forward much infor- 
mation, on which he based some interesting conclu- 
sions. Parliament had decided that whatever the 
magnitude of the traffic on railways, the rates and 
charges were to be determined and adjusted from 
time to time to produce a fairly definite aggregate 
revenue. The transfer of remunerative traffic 
from rail to road, without any corresponding in- 
crease in the remaining activity, could only result 
in increased charges for whatever was carried by 
rail. On the other side of the question, the transfer 
to the road services of the traffic that was unre- 
munerative to the railways should result in a reduc- 
tion of railway rates for what was left. Those 
who were concerned with road transport had to 
consider, however, the question of whether the 
great high-roads of the country were in the future 
to be maintained partly by the local ratepayers, 
whose local needs did not require so great an 
outlay. The railways, by contributing to the local 
rates for the purpose, might be considered as 
providing facilities for their own undoing. In 
most cities and boroughs, the tramway concerns 
had to maintain a large part of many of the first 
and second-class roads-in their areas, and this was 
done at the expense of the local people in their 





capacities as tramway passengers. It seemed, 
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therefore, that those concerned with road transport, 
must face the prospect of shouldering a greater 
proportion of the cost of providing and maintaining 
the roads required for their business. 


THe Auxmisary AIR Force. 
The first four squadrons of the new Auxiliary 
Air Force, which will constitute a portion of the 
Home Defence Force, are to be formed during the 
current year, and applications are now invited from 
persons wishing to be considered for commissions 
in the new units. They will be raised and adminis- 
tered by the Territorial Army and Air Force Asso- 
ciations in various districts, and will be composed, 
with the exception of a small nucleus of regular 
personnel, of non-regular officers and airmen drawn 
from the vicinity of the city or town at which the 
units are centred. Of the squadrons to be formed 
at once, two will belong to the City and County of 
London, respectively, and the other two to Glasgow 
and Edinburgh. Each squadron will be provided 
with training machines, and, later, with bombing 
aircraft on the same scale as is allowed for the Regular 
squadrons, the machines being housed at the squad- 
ron aerodrome, which will be equipped with the 
necessary workshops, &c. The normal flying train- 
ing will be carried out at these aerodromes, but each 
squadron will also be allotted a war station in the 
defence system. Ground training and technical 
instruction will be given-in town headquarters. 
The two London units will carry out their flying 
training at Northolt aerodrome, while those for 
Glasgow and Edinburgh will be located at the Ren- 
frew and Turnhouse aerodromes, respectively. 
With the exception of the senior appointments, it 
is intended to fill the commissioned ranks from can- 
didates without service flying experience, one reason 
for this being that it is desired to render acquaint- 
ance with flying more widespread and so to broaden 
the basis on which the Air Force is built up. Appli- 
cants for commissions as pilot officers who are 
found suitable will be required to produce, or to 
obtain, a Licence “ A ”’ certificate and must engage, 
in the first instance, for five years’ service. After 
qualifying as a pilot, however, they will only be 
required to fly for a few hours each quarter and to 
attend annual training for fifteen days. Full in- 
formation may be obtained from the Air Officer 
_Commanding, Special Reserve and Auxiliary Air 
Force, 145, Sloane-street, London, S.W.1, as well as 
from the secretaries of the Territorial Army and Air 
Force Associations. 


AntT1-DazzLtr Motor-Car HEApLamPs. 

Owing to the rapid increase in the number of 
motor cars on the road, the dazzling effect of power- 
ful headlamps has, of late years, become a very 
serious nuisance; the whole question is one of vital 
importance to motor-car users as well as to pedes- 
trians. At a lecture and demonstration dealing 
with the subject, at the Savoy Hotel on Wed- 
nesday last, Mr. E. S. Shrapnell-Smith, C.B.E., 
president of the Commercial Motor Users’ Associa- 
tion, stated that in February of the present year 
he had been requested to stimulate investigations 
into various methods of securing mitigation of 
dazzle by the use of vinted electric headlamp bulbs. 
During the course of extensive trials, a large number 
of experimental bulbs were made and tested, and an 
uninterrupted series of comparative tests, extending 
over many months, in regular omnibus service, had 
been carried out by the Aldershot and District 
Traction Company, Limited. The conclusions 
arrived at were that yellow or cobalt blue gave the 
best results in filtering the offending red rays. On 
the other hand, clear yellow or blue glass only 
eliminated dazzle attributable to light radiated 
from a white-hot filament, and a slight degree of 
opacity on, or in, the wall of the bulb was required 
to mitigate the dazzle attributable to the reflected 
image of such white-hot filaments. After exhaustive 
tests, yellow had shown itself to be in many respects 
superior to blue, and excellent results had been 
obtained from a treated bulb, termed the Osram 
half-sprayed yellow anti-dazzle lamp. The upper 
half of this bulb is covered with a yellow semi- 
transparent pigment and a point in its favour, from 
a commercial point of view, is that the additional 
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blinding glare is to a large extent eliminated, a 
certificate of performance, issued by the Royal 
Automobile Club, shows that when at a height of 
4} ft. from the ground, this lamp gives a beam 
having a range of 327 ft. and a width of 16 ft. 
Although there were still, Mr. Shrapnell-Smith said, 
many difficulties to overcome. the substitution of 
tinted and treated translucent bulbs for the colour- 
less transparent type, appeared to go a long way 
towards solving the problem. 





THE MOTOR EXHIBITION AT 
OLYMPIA. 


In past years, the motor exhibition has usually 
been held in November, and by opening it last year 
on October 17 the organisers made a departure 
from their usual practice. Presumably the change 
was found to be advantageous, as the present 
exhibition was opened to the public to-day. The 
early date has probably been dictated in part by 
the necessity of arranging for an unusual number 
of exhibitions at Olympia in the fall of the year, as 
in addition to the motor-cycle and motor exhibitions, 
a Commercial Motor and the Shipping, Engineering 
and Machinery Exhibition will both be held before 
Christmas. Whatever the reason, there is no doubt 
that the earlier date of opening is advantageous 
to the manufacturers, in tending to reduce the 
stagnant period between the end of the normal period 
of sales activity in July, and the renewal of business 
following the display of new models at the exhibition. 
The year has been one of unusual activity in 
the motor industry, and an exceptional number of 
new models are on exhibition at the show. As 
regards development in design, perhaps the most 
marked feature of the year has been the success 
attained in competition work by cars having engines 
fitted with superchargers, but the extent to which 
this addition to the engine equipment will ultimately 





retail charge per lamp is only ninepence. While 


Fie. 2. Pian View or CHASssIs. 


take its place in ordinary design is an open question. 
The tendency in the last few years has been in the 
direction of simplicity in design, but recently this 
tendency has been checked by the demand for 
increased output for a given cylinder capacity. The 
supercharger has a very appreciable effect in this 
direction, but it is an additional complication, and 
is particularly difficult to silence effectively, a point 
which is now rightly regarded as of considerable 
importance. Upon the whole, it appears possible 
thai the fitting of a supercharger may make some 
headway in the case of sports cars, a type which is 
becoming increasingly popular, but is unlikely to be 
adopted to any appreciable extent in touring -car 
practice, which constitutes the bulk of the auto- 
mobile output of the world. The year has also been 
marked by an increase in the use of straight-eight 
engines, and it is interesting to note that there are 
now some 22 cars being produced to which such 
engines are fitted. Of these, 17 are of American, 
4 of Continental, and only one of British origin. 
The success achieved in competition work by the 
front-wheel drive car, manufactured by the Alvis 
Car and Engineering Co.. Limited, of Coventry, 
has again drawn attention to the advantages 
resulting from such a drive, but the arrangement is 
hardly likely to become a commercial proposition 
in the immediate future. 

Turning now to developments in ordinary 
touring car practice, the most marked feature of the 
year has been the phenomenal demand for the 
lighter and cheaper classes of vehicle. This 
particular type is now firmly established on the 
English market, largely due no doubt to the ex- 
cellent road surfaces throughout the country, but 
its possibilities are also becoming more widely 
realised abroad, and there can be little doubt that 
as roads are improved an increasing demand for the 
light car will make its appearance in countries 





where it is at present almost unknown. More 
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Fie. 6. Front or ENGINE. 




















Fia. 4. 


Front AXLE AND BRAKES. 





























Fia. 5. 


than one manufacturer, who has previously special- 
ised on heavier models, has entered the light-car 
market this year, and one of these at least is a firm 
of the highest reputation, who has been associated 


Front WHEEL BRAKE. 


with the industry almost since its inception. One 
of the factors which accounts for the popularity of 
this type is unquestionably the low annual tax as 
compared with vehicles in the heavier classes, and 





Fie. 7. CLuToH AND GEaR-Box. 
it is possible that if the sustained agitation for the 
substitution of a petrol tax, in place of the present 
system of rating on cylinder bore, is ultimately 
successful, the manufacturers who specialise in this 
type of vehicle will be somewhat adversely affected. 
On the other hand, the low consumption figures for 
these vehicles, which is now frequently over 40 miles 
to the gallon, will tend to sustain their popularity. 
Before dealing with any of the actual models 
exhibited at the Show, a brief reference to the 
design of some of the more important components 
will not be out of place. The detachable cylinder 
head may now be said to represent standard 
practice, as no less than 85 per cent. of the cars on 
the market have this arrangement. Side-by-side 
and overhead valves are about equally represented, 
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25/70-H.P. 


6-CYLINDER CAR WITH 


SLEEVE VALVE ENGINE AT OLYMPIA. 


CONSTRUCTED BY MESSRS. VAUXHALL MOTORS, LIMITED, LUTON. 
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Fig. 11. 
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while there are distinctly more cars fitted with 
pump than with thermo-syphon cooling. The disc 
and plate clutch have been gradually replacing the 
cone type for a number of years, and the latter are 
now fitted by comparatively few makers. It is 
somewhat surprising to find that the four-speed 
gear-box is generally preferred to the three-speed 
variety, and as a final point it may be mentioned 
that nearly 80 per cent. of the cars on the market 
are now fitted with four-wheel brakes. 





Fia. 12. View or Caassis. 


There are fewer cars and chassis on view than 
there were in the previous exhibition, but as the 
actual number of stands, apart from those showing 
accessories and:examples of carriage work, is 112, 
it will be evident that it is only possible to make a 
somewhat arbitrary selection for detail description. 
We have endeavoured as far as possible to choose 
models which either contain departures from the 
usual practice, or which are typical of some parti- 
cular tendency in design. The 16-h.p. “ Aceca” 





car which forms the subject of Figs. 1 and 2, on 
page 454, comes within the latter category, as it 
serves to illustrate the steadily increasing popularity 
of the six-cylinder engine of moderate dimensions. 
This car is made by Messrs. A.C. Cars, Limited, of 
Thames Ditton, Surrey, and has the characteristic, 
in common with the four-cylinder models made by 
the same firm, that superfluous weight has been 
carefully eliminated throughout the chassis. This 
can only be achieved by utilising the most suitable 












Bae Were oS 


TART RD ES Be gle SM ep eS eee 


Seek. EASA ae Se ee a Te eT ee 


FO RE Ree euat oes Ie 





458 


ENGINEERING. 





[Ocr. 9, 1925. 








material for the various parts, and the natural 
result is that the car is relatively high in first cost. 
On the other hand, the reduction in weight tends to 
reduce wear and tear, and therefore upkeep charges, 
and has the additional advantage of giving low fuel 
consumption, in conjunction with high speed and 
good acceleration. The engine is of unusually neat 
appearance, resulting from the method of con- 
struction. The six cylinders are set in a monobloc 
aluminium casting, having an open rectangular 
water jacket, which only makes contact with the 
cylinder barrels at their lower ends. As a result of 
this arrangement, the cooling water is in direct 
contact with the cylinder walls throughout the 
entire length of the stroke. The upper ends of the 
cylinder barrels are spigoted into the combustion 
chambers, formed in the one-piece detachable head, 
so that the removal of the latter renders the water 
jacket accessible equally with the combustion space. 
The combustion chambers are dome-shaped and are 
machined and polished. The valves are of the 
overhead type, and are operated by an overhead 
camshaft driven by a silent chain, with an automatic 
tensioning device. The inlet manifold is of 
aluminium and is water-jacketed. There are two 
exhaust pipes, leading into a common silencer, thus 
allowing exceptional freedom for the exhaust gases. 
The flywheel is machined from a steel stamping, 
the gear teeth, with which the starting pinion 
engages, being cut directly on the periphery of the 
wheel. The bore and stroke of the engine are 
65 mm. and 100 mm. respectively, giving a cubic 
capacity of 1,991 c.c. Four bearings are employed 
for the crankshaft. Lubrication of the engine is 
effected by forced feed to all bearings from a sub- 
merged oil pump. Cooling is by thermo-syphon, 
assisted by a water impeller driven from the front 
end of the camshaft. 

As will be seen from the plan view of the chassis, 
Fig. 2, the gear-box is mounted separately from 
the engine. It is of the three-speed type, having 
ratios of 4-33, 8-31 and 15-4 to [. The reverse 
has a ratio of 19-8 tol. A plate clutch is employed. 
The propeller shaft is enclosed in a torque tube, 
which forms one unit with the rear axle, additional 
rigidity being obtained by diagonal stays, which 
can be clearly seen in the plan. An overhead 
worm drive is employed for the final transmission. 
Quarter-elliptic springs, made of chrome-vanadium 
steel, are employed for both axles. Both the foot 
and hand brakes operate directly on the rear 
wheels, and are of the internal-expanding variety. 
Front-wheel brakes can be supplied as an extra. 
An interesting feature of the car is that carbon- 
impregnated bearings are extensively employed, 
leaving only three greasers on the whole of the car 
which require attention. The wheel-base of the 
two-seater chassis is 9 ft. 3 in., and that of the 
four-seater chassis 9 ft. 9 in. The track in both 
cases is 3 ft. 9 in., and the road clearance is 9 in. 

The firm of Messrs. Swift of Coventry, Limited, 
who are one of the oldest-established in the country, 
are showing an entirely redesigned model of their 
12/35 h.p. car, details of which we illustrate in Figs. 3 
to7, page 455. The engine is a four-cylinder model, 
with a bore of 72 mm. and a stroke of 120 mm. 
The capacity is thus 1,954 c.c., giving a R.A.C. 
rating of 12-8 h.p. As will be seen from Fig. 3, 
side-by-side valves are employed, with a detachable 
cylinder head. The valves are of cobalt-chrome 
steel, slightly inclined to the cylinder axis, and 
are enclosed by the usual cover, which is not 
shown in the illustration. The cylinders are formed 
in one unit with the upper portion of the crank- 
case, a form of construction which always leads to 
a very neat appearance. The camshaft is driven 
by helical gears, and, as will be seen from Fig. 6, 
which shows a front view of the engine, the gear 
casing also embraces the roller chain triangular 
drive for the dynamo and magneto. The latter 
are both mounted on spigoted joints behind the 
front off-side bearer arm, and thus lie parallel with 
the centre line of the engine. Chain adjustment 
is provided by swinging the dynamo on its flange. 
The starting motor is on the near side of the engine, 
and can be seen in Fig. 3. The carburettor is 
mounted directly on the cylinder block on the 
off-side, and the whole of the induction passages 


fall is arranged from the inlet valves to the car- 
burettor, so that it is not possible for condensed 
fuel to collect in the passages and upset the running 
of the engine when it is suddenly speeded up. A 
three-bearing crankshaft is employed, and forced 
lubrication is proved for both the crank and cam- 
shaft bearings, the pistons being lubricated by 
splash in the usual way. The pistons are of 
aluminium alloy, with split skirts. The oil pump, 
which is of the submerged gear type, is driven by 
skew gears, through the medium of a vertical 
shaft, from the middle of the camshaft. The oil is 
delivered into passages cast in the cylinder block, 
which feed to the various bearings. The big-end 
bearings are lubricated through passages in the 
crankshaft. The position of the oil filler can be 
seen in Fig. 3. 

As will be clear from the illustrations, unit con- 
struetion is employed for the engine and gear-box. 
The clutch is of the single dry-plate type, with 
fabric transmission surface. It is closed by six 
springs, the clutch plate sliding on three guide 
pins. As will be seen from Fig. 7, the clutch pit 
has an open top; and this view also serves to 
illustrate the clutch withdrawal mechanism. A 
laminated steel flexible joint is fitted between the 
clutch and the gear-box, and provision is made for 
detaching the former without the necessity of first 
removing the gear-box from the unit. The gear- 
box provides four forward speeds, the ratios being 
5-0, 8-4, 11-8 and 20 to 1. The reverse has a 
ratio of 17-5 to 1. An unusual feature in the 
gear-box is the provision of centre bearings for the 
main and secondary shafts. These are of the 
ball type, and are housed in webs extending from 
the side of the box. The propeller shaft is tubular, 
and is enclosed in a torque tube, which terminates 
at the front end in a spherical joint. The rear 
axle is of the banjo variety, and is made up of two 
steel pressings welded top and bottom. A large 
inspection cover is provided on the back. The 
final transmission is by spiral bevels, a practice 
which is now almost universal, worm drives and 
straight bevels being comparatively rare. Both the 
pinion and crown wheel of the final drive are 
adjustable for mesh. By drawing out the axle 
shafts, which are fully floating, the whole of the 
differential assembly can be withdrawn through the 
opening in the axle. The front axle, which is 
illustrated in Fig. 4, is an H-section stamping, the 
wheels being mounted on ball-thrust bearings and 
swivel pins. The arrangement of the front brakes 
is shown in Fig. 5, and from this figure and from 
Fig. 4, it will be seen that a shaft is mounted at each 
end of the axle, in a direction parallel with the 
latter. This shaft carries the usual brake-operating 
lever at its inner end, and at its outer end ter- 
minates in a forked lever, which is shown at the 
bottom of Fig. 5. The rounded ends of this lever 
work in slots cut on each side of a sliding shaft, 
which passes through the swivel pin. The upper 
end of the sliding shaft engages in a similar way 
with the ends of a second forked lever, with its 
fulcrum on a short cross-shaft, mounted on a 
bracket attached to the swivel pin. From the illus- 
tration, it will be seen that the upper forked lever 
carries two blocks into which are screwed the ends 
of the shoe-operating rods, the whole forming a 
toggle system for pressing the lined surfaces of 
the shoes against the brake drum. The frame of 
the car is unusually stitf, and is provided with 
tubular stays across the dumb irons, both front 
and back. The springing is semi-elliptic for both 
axles, the front springs being 36 in. long, and the 
rear springs 50 in. long. The rear axle is under- 
slung. The wheelbase is 9 ft. 6 in., the track 
4ft. 4in., and the road clearance 9 in. 

The new 25/70 h.p. Vauxhall car, of which we 
illustrate the chassis in Figs. 8 to 12, on pages 456 
and 457, is of unusual interest, The manu- 
facturers of this car, Messrs. Vauxhall Motors, 
Ltd., of Luton, Bedfordshire, have achieved a 
very high reputation with their overhead-valve 
models, particularly for high-speed work, and the 
adoption of the sleeve-valve principle by such a 
firm is therefore an event of considerable interest 
to students of automobile design. Messrs. Vauxhall’s 
products have aiways been distinguished by the 





are cast within the cylinder block. A continuous 





attention given to those small points which differen- 





tiate the high-class vehicle from the ordinary 
commercial model. As an example, the adoption 
of the Lanchester harmonic balancing device on 
their 23/60 h.p. engines may be quoted. Owing 
to limitations on our space, we are obliged to leave 
over the illustrations and description of the engine 
of the new model until next week, but it may be 
mentioned that this engine has six cylinders, and 
employs single sleeve valves. The cylinder capacity 
is 3,880 c.c., and it is claimed that with a heavy 
closed body, the car is capable of a speed of 70) 
miles per hour. Turning now to the chassis, it 
will be noted from the illustrations that the frame 
side members are of unusual depth, the actual 
dimension being 6 in. at the centre, and that the 
cross-members are also of ample dimensions, so that 
the frame as a whole is exceptionally rigid. As will 
be clear from Fig. 9, the gear-box is mounted 
separately from the engine, although there is a 
sub-frame common to both, which can be seen in 
the sdme figure. 

The clutch is of the multi-disc variety, with 
dry plates running in graphite, and, as shown 
in Figs. 8 and 9, the drive is transmitted 
from the engine to the gear-box by means of 
a short shaft, with a fabric disc universal joint. 
Right-hand gear change is employed, and the 
gear-box provides four forward speeds and reverse. 
The gears are ground, and an unusual feature 
is the provision of an oil-circulating system 
within the box. Troughs are formed on the side 
of the gear-box, and the oil thrown off by the 
gear wheels collects in these troughs and is fed 
to the speedometer drive, gear-box bearings, and 
universal joint. The propeller shaft is exposed, 
and is fitted with a star-type universal joint at 
the front end, and a sliding block type universal 
joint at the rear. The back axle, which is shown 
in Figs. 9 and 11, is of the semi-floating variety, 
with a central casing of aluminium-alloy, the 
weight being taken by large steel tubes. The 
final drive is by means of spiral bevels. 

The four-wheel brakes are hydraulically operated 
on a system déveloped by Messrs. Vauxhall Motors, 
Limited. There are actually five brakes in all, 
as, in addition to those on the four wheels, there 
is a locomotive-type transmission brake mounted 
behind the gear-box. The brakes on the rear 
wheels are operated by the hand lever in the usual 
way, the hydraulic system being confined to the 
front wheel and transmission brakes. The foot 
pedal operates the supply cylinder, from which 
the oil is taken through two pipe lines, one of 
which terminates in the control cylinder on the 
transmission brake, while the other is carried 
through a flexible connection to the front axle, 
where it feeds into branches terminating in the 
control cylinders on each front-wheel brake. ‘The 
actual front-brake operating plungers are mounted 
in the steering pivots, and expand the brake shoes 
through the medium of a short lever, which moves 
two sliding blocks which bear on the shkees, by 
means of a right and left-hand thread arrangement. 
The system is automatically charged with oil from 
a reservoir on the dash, and certainly has the 
appearance of being somewhat complicated in 
comparison with some of the purely mechanical 
front-wheel braking systems fitted to other cars 
of leading make in the exhibition. Semi-elliptic 
springs are employed for both axles, and the 
mounting of these springs is typical of the careful 
design of the whole chassis. The forward end of 
each spring is carried on a special bracket with 
projecting pins, which are mounted in roller bearings, 
the housings for the latter being carried by the 
frame. At the rear end of the springs the leaves 
slide through hardened rollers, so that spring 
shackles of the usual type have been eliminated 
throughout. 

(To be continued.) 





Tue INstITUTION OF AUTOMOBILE ENGINEERS.—A 
conference has been arranged by the Institution o! 
Automobile Engineers at the Shipping Exhibition at 
Olympia, London. ‘This conference will be held on 
Friday, November 27, when a paper entitled ‘ The 
Installation of Small Marine Motors ” will be read, at 
11 a.m., by Mr. Colin H. Macmillan, and another, on 
“The Advantages of Twin-Screw Installation for Motor 








Boats,” will be given at 2.30 p.m. by Mr. Basil H. Joy 
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THE PARSONS MERCURY VAPOUR 
CONDENSATION PUMP. 


{ur mercury vapour condensation pump, which we 
illustrate in the diagrams, Figs. 1 to 3, on this page, is 
distinguished from most of its type by its very large 
capacity, by being made entirely out of steel, and by the 
utilisation of a divergent nozzle for expanding the 
mercury vapour from the boiler pressure down to 
the pressure of the backing pump. The idea of trying 
a divergent nozzle for the jet of mercury vapour, 
in the place of the straight nozzle generally adopted 
in diffusion and condensation pumps, occurred to Sir 
Charles Parsons* when he found that a large Gaede 
molecular pump, tried at the Heaton Works, 
Newcastle-on-Tyne, for. the evacuation of a large 
electric resistance furnace, gave disappointing 
results. The flow of mercury vapour must in 
essentials resemble the flow of steam, although the 
mean free path of the molecules of highly-attenuated 








into the nozzle by means of the long internal pipe 
D has been adopted in order to avoid the need 
of a hot pipe in the connecting space between 
the receiver J and the nozzle. The condenser tube 
H consists of 5-in, steel piping; it is water-jacketed 
and connected towards the farther end to the backing 
pump by the top pipe shown in Fig. 2. The mer- 
cury drains back to the boiler by the pipe shown on 
the right of the same figure. The boiler pressure is 
measured by a U-tube mercury gauge, one limb of 
which is open to the atmosphere, and there is a 
glass tube connected with the backing pump branch 
to enable a vacuum gauge to be attached at this point; 
the connection is effected by the aid of a tightly-fitting, 
stout rubber sleeve, generously smeared with burnt 
rubber. 

Permanent joints, branches and bosses are attached 
by welding, and joints between pipes and pipe flanges 
not in contact with mercury are brazed. Detachable 





flange joints, &c., have rubber sheet or a rubber ring, 
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mercury vapour would be very much longer than was 


that of the molecules of high-pressure steam. In the 
case of steam, divergent nozzles had proved useful in 
the Giffard injector for feeding boilers, in the Laval 
turbine, in the Koerting ejector for producing moderate 
vacua, and also, since 1902 in electric generating 
stations, for intensifying vacua in surface condensers, 
whether backed up by anodinary air pumpor in series 
with other ejectors. . A vacuum of 0-1 mm. had been 
obtained, and also a large volumetric efficiency when 
using three steam ejectors in series with an ordinary 
wet air-pump giving a vacuum of only 10mm. Assum- 
ing that mercury vapour on being discharged through a 
nozzle followed the usual law of expansion, and that 
mercury vapour initially “dry-saturated ”” was expanded 
with 80 per cent. nozzle efficiency from half an atmo- 
sphere absolute at the nozzle entry down to 0-5 mm. 
back pressure, Sir Charles calculated that che exit 
velocity from the divergent mouthpiece would be 
1,500 ft. per second, whilst the velocity could not 
exceed that of sound in the vapour, 7.e., 550 ft. per 
second, with a straight or convergent nozzle. 

The pump illustrated was constructed at the Heaton 
Works in 1919, and has been in use since. The mercury 
boiler contains about 1 ewt. of mercury; the furnace 
capacity is 4,500 cub. in., and this space is evacuated 
within less than 1} minute to a degree that the discharge 
will no longer pass through an X-ray bulb connected 
to it. The furnace is not dried before use, and the 
surface is usually covered with deposits of carbon 
and other material vaporised during previous experi- 
ments, which may have emitted gas on exhaustion. 
The pump operates as follows. Mercury is heated in 
the boiler A (Fig. 1) by means of the gas burners 
to 320 deg. C., at which temperature the mercury 
vapour pressure is about half an atmosphere absolute. 

he vapour passes along the internal pipe D (Figs. 2 
and 3) of the condenser H, which is over 7 ft. long, 
and escapes through a ring of four holes, ~; in. in 
diameter, into the throat of the nozzle E. The total area 
through the supply holes is 0-307 sq. in., and the jet 
throat area is nearly 0-16 sq. in. The exit area of the 
expanding mouthpiece Gis 65 times the entry area, and 
this mouthpiece, which consists of a steel cone held in 
position by a set screw is proportioned to expand 
the vapour from a pressure of half an atmosphere 
sbeolute, down to 0-5 mm. mercury back pres- 
‘ure. The introduction of the mercury vapou 





a ane Charles Parsons was not aware at the time that 
b wee nozzle had been used in asmall glass pump 
y W. W. Crawford (Physical Review, 1919). 
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partly embedded in a groove, smeared on both faces 
with burnt rubber, between the flanges, while unions 
have conical seatings ground in with fine emery and 
the faces smeared with burnt rubber. Metal work 
and joints of all kinds are heavily coated externally 
with a heat-resisting flexible varnish. 





THE ADMIRALTY SYSTEM OF HIGHER 
EDUCATION.* 

The Admiralty System of Higher Education and Technical 
Training for Naval Constructors and Engineer 
Officers, and its Effect on the General Practice in the 
Shipbuilding Industry. 

By W. J. Berry, C.B., Director of Naval Construction, 
and Engineer Vice-Admiral Str Ropert B. Drxon, 
K.C.B., Engineer-in-Chief of the Fleet. 

Tue training of the higher technical officers of the 
Admiralty service is based upon a system which is 
little known outside the Naval Service, and differs in 
many respects from the systems of technical education 
in use at the Universities and elsewhere. In its results 
it has exercised a powerful influence upon the develop- 
ment of the warship, and, incidentally, upon that of 
vessels of the Mercantile Marine, and a brief account 
of the system itself and of the successive steps which, 
through many years, have served to mould it into its 
present form will, it is thought, be of interest to the 
Association. 

Towards the close of the eighteenth century, it was 
realised that, in the matter of warship design, this 
country was being outstripped by other nations, parti- 
cularly France and Sweden. A Society for the improve- 
ment of Naval Architecture existed for a few years 
before 1800 and aroused some interest in the study of 
problems connected with the subject, but no improve- 
ment was made until, in 1805, a commission, presided 
over by Lord Barham, inquired into and reported on 
the civil affairs of the Navy. This Commission found 
that there was definite inferiority in the design of our 
ships, though in the matter of their construction there 
was superiority in workmanship, and recommended 
that the officers responsible for ship construction 
should be given a sound scientific training which they 
could apply to naval design in place of the “ rule of 
thumb ” and “ trial by error ’’ methods then in vogue. 

As a result, the first school of Naval Architecture 
was opened at Portsmouth Dockyard in 1811. This 
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school, however, was closed in 1832 by Sir James 
Graham, First Lord of the Admiralty, and it was not 
until 1848 that a second school, also at Portsmouth, 
was opened. This also was closed by Sir James Graham 
in 1853. In both schools, instruction was given in 
theoretical as well as in practical subjects, and in 
them were trained several men who eventually filled 
positions of great responsibility either within or out- 
side the Admiralty service, among these being Mr. 
Isaac Watts, Sir Edward Reed and Sir Nathaniel 
Barnaby, who became either Chief Constructor of the 
Navy or Director of Naval Construction. 

The important character of the work of these early 
schools, however, was not lost sight of by those most 
fitted to form an opinion upon it, and the Institution 
of Naval Architects, founded in 1860 and numbering 
among its members and associates naval officers of 
high standing and influence as well as gentlemen of 
recognised position in the shipbuilding and engineering 
world, strongly pressed for their re-opening. Largely 
as a result of this pressure, the Royal School of Naval 
Architecture and Marine Engineering was founded at 
Kensington in 1864. It was transferred to the Royal 
Naval College at Greenwich in 1873, and the system 
of higher education then established has continued 
till the present day. 

These establishments differed in important respects 
from the earlier schools at Portsmouth. Rapid progress 
had been made in marine engineering, and it was 
decided that a certain number of engineer officers of 
the Navy should be given a higher education and 
technical training in parallel with students of naval 
construction. The standard of education, theoretical 
and practical, was raised to a very high level and as 
a necessary basis for this it was insisted that the pre- 
liminary training should be adequate and thorough. 

The great majority of the students of naval con- 
struction were drawn, by competitive examination, 
from among the apprentices at the Royal Dockyards as 
also were the embryo engineer officers prior to the 
opening of H.M.S. Marlborough in 1877 as a training 
school for naval engineers. 

The system of preliminary training at the Dockyards 
has been described elsewhere,* but it may be stated 
here that the apprentices entered the yards at about 
14 years of age and spent the gréater part of their 
time in assisting in the actual work of ship construction 
or engineering. On certain afternoons and evenings 
they attended classes, principally in mathematical, 
mechanical and scientific subjects. Annual examina- 
tions served to eliminate the less promising, until, at 
the end of the fourth year, a few (sometimes only one) of 
the best were selected for the further course of training 
at Kensington or Greenwich. This process of selection 
fostered great keenness and rivalry among them, and 
ensured that those selected for the advanced coui'se 
had received already a thorough practical training and 
were in a position to devote profitably a large portion 
of their remaining period of training to the more 
theoretical branches of study. 

The preliminary training adopted in H.M.S. Marl- 
borough and, in 1879, at the Naval College at Keyham, 
which was then opened as an additional establishment 
for the training of engineer officers, was somewhat 
similar in principle to that just described in so far as 
technical education was concerned, but differed in 
other respects inasmuch as the young officers under 
training were resident and under naval discipline. 
Entry to H.M.S. Marlborough and to Keyham College 
was by open competitive examination by the Civil 
Service Commissioners and from among the successful 
candidates a few—usually two in each year—had 
the option of becoming students of naval construction 
in preference to being trained as naval engineers. 

In these establishments, the training lasted for six 
years, and until 1886 an entrant spent the whole of this 
period at the one or the other. When the Marl- 
borough was closed in 1888, all entrants passed to Key- 
ham College, and, at the same time, the period of 
training was reduced to five years, at the end of which 
the most successful passed to the Royal Naval College 
at Greenwich and took the first year course there, a 
selection of a small number who would complete the 
full three years’ professional course being made by 
examination. 

A certain limited number of private students were 
permitted to take this course in naval construction. 
Such were required to have spent a number of years 
under practical training in a shipyard and to pass a 
qualifying entrance examination, the standard of which 
was approximately equal to that of the final for the 
degree of Bachelor of Science. 

It will be seen, therefore, that on entry at Green- 
wich (or Kensington) the students were about 20 
years of age and were already well prepared for a 
severe three years’ course of study. The details of 
this course have varied from time to time in accordance 
with more modern views on education and with the 
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developments associated with the professional subjects, 
but in its main characteristics the course itself has been 
maintained on the principles adopted in 1873, although 
some modifications in its application to engineer officers 
entered since the introduction of the system of common 
entry in 1903 by Lord Selborne, have been rendered 
necessary. 

Each year consists of a nine months’ session at 
Greenwich, with brief intervals at Christmas and 
Easter, and a three months’ summer vacation, during 
which more than two months are spent at a dockyard 
in the study of the practical details of ship construction 
or in marine engineering work ashore or afloat. A 
considerable portion of the time spent at the College 
is devoted, in the case of students of naval construction, 
to ship calculation and design. Numerous lectures 
are given in these subjects, but an essential feature of 
the course is the working out by the students them- 
selves of the various calculations actually made in the 
profession and the preparation by them of a complete 
warship design. 

In the first year, and in the early portion 
of tho second year, calculations are made of the 
buoyancy, stability and strength of ships, and by the 
end of the second year a sketch design of a large warship 
is prepared including the lines, structural section and 
small-scale general drawings, together with the calcula- 
tions of speed, stability and approximate weights 
necessary to ensure that requirements will be realised. 
During the third year, the design is worked out in 
detail, including the weights, and complete drawings 
are prepared. 

A constructor on leaving Greenwich is thus fully 
trained in the work of ship design, and it has frequently 
happened that otherwise inexperienced men, fresh from 
college, have successfully undertaken a responsible 
part of the work actually entailed in preparing a new 
design at the Admiralty. In the case of engineer 
officers, the arrangements. are of a similar nature, 
machinery calculation and design occupying a prominent 
place in the whole of the three years’ course and cul- 
minating in the production, by each of them, of a com- 
plete design of a set of propelling machinery for a 
large warship, together with all the principal calcula- 
tions in connection therewith and the preparation of 
drawings in detail. 

In addition to the instruction in ship and machinery 
design referred to, the course includes general sub- 
jects, in the form of mathematics, applied mechanics, 


‘ physics, chemistry, and a foreign language, which were 


formerly taken in common hy students of naval 
construction and by engineer officers. Instruction in 
mathematics was given at Greenwich for many years 
by Professor W. Burnside, who succeeded in presenting 
the subject in a rigorous and logical form, retaining its 
value as a mental discipline while rendering it attractive 
to technical students. The instruction under this 
heading consists mainly of the applied branches, e.g., 
particle and rigid dynamics, hydrostatics and hydro- 
dynamics, but it also includes such portions of pure 
mathematics as the theory of curves, differential 
equations and analytical and solid geometry. The 
standard maintained in this section is a very high one, 
comparable with that of the Cambridge Tripos. The 
course in applied mechanics, originated by the late 
Professor J. H. Cotterill, who lectured on this subject 
for many years at Kensington and at Greenwich, 
‘was modernised by his successor, the late Professor S. 
Dunkerley and includes lectures on heat, thermodyna- 
mics, hydraulics, mechanism and on structures, strength 
of materials, vibration, &c. Until recently the theory 
of waves and ship resistance was also included in this 
course; but this subject, which has developed con- 
siderably, has been transferred to the department of 
naval construction. 

In all the above-mentioned subjects a large number 
of exercises are set, the working out by the students of 
examples based on the lectures having always been 
considered an important feature of the Greenwich 
Course. In physics and chemistry the courses are of 
a less exacting nature. The names of Professor Reinold 
and Professor Lewes, who occupied the chairs of 
physics and chemistry for many years, will be familiar 
to many now present. Examinations are frequently 
held—nine in all during the three years’ course; but 
it is on the results of the final examination, the scope 
of which covers almost the whole of the course, that 
the position of the student depends. No degree is 
conferred; but a first-class certificate is awarded to 
those who obtain 75 per cent. of the total marks, a 
second-class to such as obtain 50 per cent. in each 
of the main groups of subjects (latterly 60 per cent. 
of the total has been substituted), and a third-class 
to those who obtain 50 per cent. of the total. Asecond- 
class certificate is a condition of entry into the Royal 
Corps of Naval Constructors; and the holding of a first 
or second-class certificate carried with it, for engineer 
officers, a corresponding degree of accelerated promo- 
tion in the Naval Service. To obtain even a second- 
class certificate, severe and unremitting study and 





the sacrifice of a large proportion of leisure time are 
necessary. 

Reference has been made already to modifications 
found necessary in the application of the course to 
engineer officers entered under the system of common 
entry introduced in 1903 by Lord Selborne, with whom 
Sir Alfred Ewing, then Director of Naval Education, 
was associated. Sir Alfred succeeded Sir W. D. Niven, 
who was Director of Studies, and the latter in his relation 
to the subject matter of this paper may be regarded as the 
successor of the Rev. Dr. James Inman, whose Book of 
Nautical Tables has for many years been the standard 
work of its kind, and of Dr. Joseph Woolley, who were 
Principals of the Schools at Portsmouth and Kensington, 
and took an active part in developing the early theory 
of naval architecture. 

These modifications have, of necessity, been spread 
over a long period, since, allowing for the earlier age 
at which the young officer entered the Naval 
College at Dartmouth and the period in his career 
at which, under earlier regulations, he elected to 
take up engineering as his speciality, it was not until 
early in 1914 that the first product of the Selborne 
scheme entered the Naval College at Keyham. The 
outbreak of war in August of that year and its long 
duration interfered very considerably with the course 
of training then in view, while, as a result of successive 
changes in Admiralty policy and the experience gained 
in war, this course has been considerably altered and 
intensified so that much work, which in former days 
was carried out in the first year of the Greenwich 
Course, is now dealt with at the R.N.E. College, at 
Keyham, the course at Greenwich, also modified and 
brought up to date in the light of the above-mentioned 
experience, consisting of two years instead of three. 

As at present devised, the arrangements are as 
regards engineer officers, in brief, as follows :—Entering 
the Naval College ut Dartmouth when 13-14 years of 
age, the cadet remains there for 3% years and then 
proceeds to sea for eight months after which he joins 
the R.N.E. College at Keyham, and takes what is 
known as the Keyham-Vernon course of 4 years, 
3% years of which are spent at Keyham and the 
remaining 4 months in the Vernon, where a further 
short course of electrical engineering follows the 
longer Keyham Course in marine and electrical engineer- 
ing. The Keyham Course aims at the development 
of personality, discipline, and officer-like qualities 
generally, affords a sound practical and theoretical 
training in engineering and fosters a general interest 
in matters affecting other branches of the naval 
service, as well as those relating to the outside world. 
A description of the course itself is outside the scope 
of this paper. It forms an admirable foundation upon 
which is based the two years’ Greenwich Course, which 
is thereafter taken by a limited number of the most 
proficient, who by that time have reached the rank of 
lieutenant. Their course at Greenwich is now entirely 
distinct from that taken by students of naval con- 
struction, though, in principle, it follows the main 
idea of following up a preliminary training of an 
adequate and thorough nature by a much-advanced 
course aimed at producing experts in design and 
research, who are destined to fill the higher positions 
at the Admiralty and elsewhere to which reference 
has been made. 

It will be seen that the Admiralty method of training, 
though varied in form to meet the exigencies of the 
Naval Service, has remained unchanged in principle for 
many years. The stress laid upon early technical 
training has the advantage of directing the minds of 
young students, at their most receptive age, into 
practical channels and leads them to regard their 
subsequent scientific and theoretical studies from the 
point of view of their relation to the practical problems 
of their profession. The standard set at Greenwich is 
admittedly a high one, but it must be remembered that 
it is taken only by what may be described as “‘ Honours 
students,” who have, in competition with many, 
demonstrated their fitness to tackle it and their keenness 
to profit by it. Of the graduates of Kensington and 
Greenwich, a large number have risen to eminence 
both inside and outside the Admiralty Service. Among 
naval architects may be mentioned the successive 
Directors of Naval Construction, Sir W. H. White, 
Sir P. Watts and Sir E. T. D’Eyncourt, who between 
them have been responsible for the existing ships of 
the British Navy; Mr. F. Elgar and Sir J. B. Marshall, 
Directors of Dockyards; Mr. S. J. P. Thearle and 
Sir W. S. Abell, Chief Surveyors of Lloyd’s Register ; 
Sir J. H. Biles, Sir Archibald Denny, Sir W. E. Smith, 
Professor J. J. Welch, and Professor T. B. Abell; 
while on the marine engineering side are to be found 
Engineer Vice-Admirals Sir A. J. Durston, Sir H. J. 
Oram and Sir G. G. Goodwin, successively Engineers- 
in-Chief of the Fleet, and many others who attained 
to high rank in the Naval Service and to high positions 
in private firms. 

At the conclusion of the Greenwich course the 
successful students have a wide field of activities open 





to them, including work at the Admiralty or in the 
Royal dockyards, appointments in these establishments 
being alternated, in the case of engineer officers, with 
spells of sea service, with which it is essential that 
they shall continue to remain in close touch. At the 
Admiralty, the Director of Naval Construction and the 
Engineer-in-Chief of the Fleet are directly responsible 
to the Board for the designs of ships and machinery, 
respectively, and under their direction the preparation 
of designs and examination of designs and details are 
carried out. Nearly all questions dealing with tech- 
nical matters are referred to them. Positions on the 
staffs of these heads of Departments are open to the 
graduates of Greenwich, as also are positions on the 
staffs of the managers of the Constructive and Engi- 
neering Departments of H.M. dockyards in which the 
construction and repair of ships and their machinery 
are carried out, as well as important posts in connec- 
tion with the oversight of contract work placed with 
the manufacturers of armour, machinery, torpedoes, 
gun-mountings, steel, and other materials in various 
parts of the country. 

A number of commercial establishments are under 
the direction of former Admiralty students, and indeed 
a considerable proportion of the larger shipbuilding 
and marine engineering firms have availed themselves 
of their services in positions of great responsibility. 
By arrangement with foreign Governments, notably 
those of the United States, Japan and Denmark, 
facilities have been afforded from time to time for a 
very limited number of foreign students to take the 
complete Greenwich Course; and among these may 
be mentioned Admirals Taylor and Bowles, of the 
United States Navy, and Constructor Vice-Admiral 
Kondo, of the Imperial Japanese Navy, who have 
occupied the highest positions open to them in their 
respective services. 

It will be appare# from what has gone before that 
the work of the schools referred to has enabled the 
Admiralty to exercise a very considerable influence on 
scientific research as applied to naval architecture 
and marine engineering. As a result of the advances 
made in the engineering industry in this country 
the naval designer was situated fortunately in early 
days in having materials, appliances, and methods 
ready to hand to meet his growing needs. As time 
went on, however, the still more rapidly advancing 
demands upon his skill revealed the necessity for 
superior characteristics which the then available 
commercial practices could not meet, and led, to an 
ever-increasing extent, to the setting up of measures 
for experiment and research. By these means, the 
essential data necessary to permit of the searching 
design entailed by the growing material demands were 
gradually acquired. It did not follow that it was 
necessary to carry out the experimental and research 
work within the Naval Service. On the contrary, it 
was done usually, and preferably, in outside establish- 
ments or by Admiralty contractors during the fulfil- 
ment of their contracts, at the inspiration of the 
Admiralty, whose designers indicated the precise needs 
and guided and co-ordinated the work. Where no 
other means existed of obtaining the desired informa- 
tion within the time available—and here it may be 
observed that time was always an important factor 
in the fulfilment of successive naval programmes—the 
research or experimental work was carried out by the 
Admiralty. For example, a large amount of research 
work on Diesel engines is now being carried out at the 
Admiralty Experimental Laboratory at West Drayton, 
to which place it was removed in 1920 from South 
Kensington, where it had first been set up in 1917. 
It must be remembered that the problems involved 
in the development of such engines for naval purposes 
are entirely different from those connected with them 
in their development for use in the mercantile marine, 
considerations of weight and space per unit of power 
being, in the case of naval craft, of prime importance. 
In these circumstances it would be unreasonable to 
expect that any private firm should undertake at its 
own expense the experimental work required in the 
development of a naval engine unless assured in 
advance of a sufficiency of orders for its manufacture, 
and for this and other weighty reasons this particular 
work is carried out by the Admiralty. Close touch is, 
however, maintained always between the Admiralty 
and all private firms engaged on similar work in 
connection with the development of internal-com- 
bustion engines for commercial purposes, and the 
influence of warship-machinery design upon commercial 
practice, which has been a feature of the past, is thus 
continued. 

A further and very important instance of research 
carried out by the Admiralty is afforded by the work 
done at the experiment establishment at Haslar ° 
The institution of its predecessor, the Admiralty 
experiment tank at Torquay, has probably exercised & 
greater influence on modern ship design than any other 
event. It was the outcome of some experiments 
made with models by W. Froude, who was a member of 
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a committee of this association appointed in 1868. 
Some of Froude’s experiments were witnessed by Sir 
Edward Reed, then Chief Constructor of the Navy, 
who appreciated their value, and as a result the 
Admiralty tank at Torquay was built. The success of 
the method devised by Froude of powering ships from 
model experiments has led to many similar tanks being 
constructed, including the present Admiralty tank at 
Haslar. To-day, experimental work of this type is 
recognised as a necessity in any country with mari- 
time pretensions; and the basis of the design of almost 
all classes of ships, particularly the attainment of bigh 
speeds and economical propulsion, rests upon the data 
so obtained. Froude and his son also carried out 
fundamental researches on the resistance, propulsion 
and rolling of ships, and the foundation of these 
branches of naval architecture can be attributed to 
him. In spite of the continuous routine work on new 
forms which has to be undertaken, such researches 
are still being carried on at Haslar and at the tank at 
Teddington named after Froude; and their super- 
vision is in the hands of graduates of Greenwich 
College. 

To the solution of the many problems that had to 
be faced, the naval designer brought a scientificaliy- 
trained mind and a knowledge of practice and theory 
and of naval conditions which enabled him to work 
from first principles, to arrive at deductions unswayed 
by precedent or prejudice and to co-ordinate the data 
obtained from experimental work with the last word 
in technique available in commercial practice. His 
training, moreover, had given him some knowledge 
of the labours of scientific workers throughout the 
country and enabled him to take advantage of their 
special knowledge in so far as this was applicable 
to the problems under consideration. I+ is of interest 
to recall that this co-operation with scientific workers 
reached its climax in recent vears when almost the 
whole of the scientific world was harnessed to the 
fighting services and to industry in prosecuting the 
war. Recognition of the importance of such co- 
operation is revealed by the fact that a‘special depart- 
ment, the duty of which is to deal with scientific 
problems and to keep in close touch with the scientific 
world, now forms part of the Admiralty organisation. 
In this way the whole facilities of the country have, 
in the past, been laid under tribute in so far as they 
contributed to the development of the Navy and very 
marked advances were thereby rendered possible. 

Numerous works on naval construction and marine 
engineering by past members of the colleges have 
been published and have become standard treatises 
in the respective subjects ; while the Transactions of the 
Institution of Naval Architects and the Proceedings 
of other learned societies contain many papers by 
former students which have effectively contributed to 
professional progress. 

Very considerable also has been the resulting in- 
fluence of the Admiralty training on shipbuilding and 
engineering procedure. The introduction of steel in 
place of iron as a material for shipbuilding was mainly 
due to Sir W. H. White, and more recently the adoption 
of high-tensile and high-elastic-limit steels has been 
developed and fostered by Admiralty officers who 
were formerly Greenwich students. By the use 
of armour plating of greatly improved quality, by 
the adoption of light alloys for ships’ fittings, by 
careful and periodical heat treatment of material 
liable to be overstrained, full advantage has been 
taken of external researches, and corresponding benefit 
in the reduction of weight has been obtained. The 
direction of these researches has frequently been 
indicated by the Admiralty departments, but ack- 
nowledgment is also due to the various firms who have 
actually undertaken work of this nature at considerable 
expense with, in many instances, little prospect of any 
direct monetary return. 

_ The advances as regards matériel on the machinery 
side in the Navy proceed always upon the lines of 
creasingly difficult compromise between the con- 
flicting requirements arising from higher speeds on 
the one hand and improved fighting attributes on the 
other. Improved hull and propeller design, based upon 
continuous tank experiment, played its part in the 
attainment of higher speeds, but the increases were so 
considerable as to lead concurrently to demands for 
snormously increased engine power. In satisfaction 
of these followed the adoption of higher steam pres- 
sures, the water-tube boiler, the steam turbine in con- 
junction with the Michell thrust block, the use of 
superheated steam and of oil fuel, all of which were 
Speedily and successfully developed for specific naval 
purposes, 

The displacement of the reciprocating engine by the 
steam turbine was perhaps the most remarkable of the 
changes which lent themselves to the achievement of 

igher powers in warships, and a brief reference to 
the first of these to be so fitted will not be out of 


Charles Parsons and others associated with him in the 
completion of the Turbinia—the first vessel to be 
steam-turbine driven—that the first war vessel to be 
so engined, H.M.S. Viper, was laid down by the order 
of the Admiralty. Both as regards the enormously 
higher power developed and as regards immunity from 
trouble, the machinery constituted a marked advance 
on that which it was destined to replace, and, within 
a few years only, the change to turbine machinery had 
become genetal for all war vessels. 
As will be inferred, the dominating factor throughout 
was the reduction of weight—the need for using 
material, fuel and men to greater advantage—and 
this led to the development of special metals and 
alloys and ancillary appliances, a higher standard of 
craftsmanship and accuracy in manufacture and 
narrower margins in design attended by increase 
rather than decrease in durability and reliability. The 
technical history of such developments is within the 
knowledge of many members of this Association, and in 
any case its review is beyond the purpose of this paper. 
It may be of interest to note, however, as illustrating 
the degree of progress made during a comparatively 
brief period of 14 years that, for installations of pro- 
pelling machinery of comparable power, the weight per 
unit of power developed, and the personnel required 
for its manipulation, had been reduced to something 
of the order of one-third of what had been formerly 
found necessary. Thus, in H.M.S. Inflexible (1908) the 
horse-power developed was 41,000 as compared with 
40,000 developed in H.M.S. Diomede (1922); the 
weight of machinery installation in the former ship 
was 74 tons per 1,000-h.p. as against 24 tons in the 
latter; and the personnel had been reduced from 8 to 
2-5 per 1,000-h.p. developed. This rapid progress 
can hardly have failed to stimulate further advance 
in methods and in matériel in the mercantile marine. 
Many of the builders of merchant vessels were also 
associated with warship production, and on the 
staffs of these firms were a certain number of men 
who had been trained by Admiralty methods, so that 
a fairly general knowledge of naval practice obtained 
throughout the mercantile shipbuilding industry. 
The supremacy of the mercantile marine has in the 
past been maintained to a large extent by reason of 
natural advantages and by the accumulated experience 
of generations in the management of shipping; but with 
increasing competition the matériel aspect upon which 
depends the economical running—possibly even the 
margin between profit and loss—becomes more and 
more important. In the nature of things, impelled by 
the rivalry of nations, the improvements in types, 
methods and appliances found general use in war 
vessels at an earlier date than in merchant vessels. 
For such, the war vessel proved un ideal “trying out ” 
ground, and the merits or demerits of new devices were 
speedily and thoroughly determined. Such as were 
applicable to the merchant ship, in so far as they 
promised commercial advantages, have been adopted 
with a considerable measure of confidence and, what 
is more, the need for specific research and experiment 
in probing matters which may lead to improvement in 
commercial efficiency, and for adequately trained men 
to conduct this work has come to be recognised more 
generally. Few establishments of any standing are 
without their experimental section to-day, and the 


pied with experiments on mercantile ship forms, many 
of which are made at the behest of shipowners who 
find the cost of such experiments trivial in comparison 
with the resulting economy in fuel. 

So, the work devoted to the improvement of naval 
matériel, erected upon the sure foundation of sound 
technical education, has effected more than its original 
purpose ; it has quickened the economic development 
of the mercantile marine, and the Imperial funds pro- 
vided by successive Navy votes for specific military 
purposes have served an indirect and no less useful 
purpose in contributing to the development of the 
shipbuilding industry and will pay a lasting dividend. 
It is no exaggeration to say that during the last half- 
century, or more, the designs of the warships of ail 
nations have been largely influenced by those evolved 
at the Admiralty, and that nearly all advances in 
warships design have been originated by officers who 
have passed through the training at Kensington or 
Greenwich. Competition, whether naval or mer- 
cantile, will be still more severe in the future, and 
will call for a high standard of endeavour and co- 
ordination of effort to a greater extent than in the 
past. 

It will be realised that the presentation of this paper 
is a matter of some delicacy in so far as certain of its 
conclusions are concerned; but there can be no doubt 
that the Admiralty course of training, through its 
graduates, has exercised and still exercises great 
influence in the domain of shipbuilding and marine 





place here. _ It was in 1898, as a direct outcome of the 
Success which attended the efforts of the Hon. Sir 


more generally known that this paper has been 


THE INFLUENCE OF THE TIME 
FACTOR ON TENSILE’ TESTS 
AT ELEVATED TEMPERATURES.* 
By Joun S. Brown, M.B.E., A.R.T.C. (Glasgow). 


THE service required from the materials used in 
the engineering industry frequently involves parts 
being subjected to conditions of temperature which 
cause the strength to vary from the value shown 
by the simple, cold, tensile test as used for classifica- 
tion purposes; and while our technical literature 
includes many records of investigations on the strength 
of materials at elevated temperatures, there is also a 
general experience that these results require to be 
applied with considerable caution in practical service. 
As the margin provided by the usual factor of safety 
is relatively large, this position involves a distinct 
reflection on the testing procedure used in the labora- 
tory, and there would appear to be a éall for further 
assurance that the laboratory procedure legitimately 
represents the conditions which hold during service. 
With this object, a survey of testing methods has 
been made. It shows the only departure between 
laboratory and practical conditions to be in the re- 
stricted time in which the laboratory tests are com- 
monly carried through. Any progressive weakening 
of the material which might occur while under load 
would thus not be given an opportunity to make 
itself evident. And while the rate of application of the 
load, as adopted in tests of the commercial type, is 
known to lead to a result which is only slightly high, it 
appears to have been accepted that a similar condition 
would hold throughout the complete range of tempera- 
tures. This position has probably arisen from the 
inconvenience which is associated with the manual 
counterpoise control on the standard type of testing 
machine, making continuous attention necessary 
throughout the period of a test; and it was due to a 
novel machine being available that it became attrac- 
tive to proceed with the experimental work about to be 
described. 

The introduction of a term involving time gives the 
tensile test a form in which three independent factors 
have to be observed, #.e., time, load, and temperature. 
In carrying through the test any two of these may be 
pean} leaving the third as the variable; and, 
correspondingly, the procedure may follow any one 
of three fundamentally different forms. These are 
as follows : 

(a) The rapid raising of the temperature of the speci- 
men to a selected value, —< is stabilised (over, say, 
half an hour), and then applying an increasing load 
to give rupture within a matter of minutes. The 
ordinary commercial test is a special case of this type. 
(5) The application of a selected load and then heating 
under conditions which give a uniform rate of increase 
in the temperature (of several degrees per minute) 
until rupture takes place. The adoption of this 
procedure is not common; but it formed the basis 
of Ingall’s extensive investigation.t 

(c) The application of selocted values of the load 
and the temperature, followed by the observation of 


the time interval which elapses until rupture. The 


work of Dickenson{ was carried out on this basis, but 


there the stress was so low that the tests continued 


William Froude Tank at Teddington is chiefly occu-|°Ve? # period of a year without rupture taking place, 
while a daily record was kept of the elongation. 


The normal conditions of service of engineering 


materials involves the concurrent application of the 
load and the temperature, and if the various procedures 
just outlined do not lead to completely concordant 
results, there can be little question that only type (c) 
has any legitimate connection with practice. In this 
investigation it has been confirmed that such a 
discrepancy does exist. Thus the procedures outlined 
under (a) and (5), as commonly applied, fail to bring 
out the true characteristics of the materials, the 
strengths which they show being quite artificial, and, 
since they are high, they are due to be regarded as 
dangerously misguiding. 


For these reasons attention becomes directed to the 


procedure given under (c). Here the conditions would 
only appear to become completely representative when 
an extensive period elapses before fracture; and it 
can be conceived that a choice of stress and temperature 
values which approached those under which the material 
gives satisfactory service would lead to the plant 
being set aside for a time, which might extend over 
many years. A st1ict adherence to this procedure 
could only be followed under conditions which made 
available both a battery of testing machines and an 
observer with quite unusual patience. But by 
developing a scheme of systematic variations from 
strict adherence to the procedure, it has been found 





* Paper read before the Institute of Metals, Glasgow, 


engineering, and it is with the object of making it} on September 2, 1925. Abridged. 


t See ENGINEERING, vol. cxviii, page 408 





written, 








¢ See ENGINEERING, vol. cxiv, pages 326, 378 and 339. 








462 


ENGINEERING 








(Oct. 9, 1925. 





possible to throw sufficient light on the stress-tempera- 
ture-time relationship for a modified form of test to 
be developed which places a fairly definite restriction 
on the time the machine is likely to be occupied by a 
single specimen, and this without involving any 
material sacrifice in the accuracy of the result. In 
this form the test reverts towards type (a), but with 
the important restriction that the rate of application 
of the load is to be less than 1 ton per square inch 
per day. 

Testing Plant.—The new testing machine is shown 
in Fig. 1, and is built from triangular platforms of 
cast-iron on 1}-in. diameter steel columns. The centre 
platform is guided on the columns, and is raised or 
lowered by the screw which passes through the hand- 
wheel boss. The large spring rests on this platform 
and has its upper end connected through to the 
specimen. The deflection of this calibrated spring 
forms a measure of the applied load, and is varied 
by raising the centre platform by the handwheel. 
Axial application of the load is ensured by the adoption 
of a screwed specimen in conjunction with the opposite 
end of the grips being centred on steel balls. When 
the specimen fractures the spring is freed, and the 


Fig.7. 
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strain energy is taken up by the use of wood packing | 
at the upper end to restrict the free movement to | 
a minimum. The grips are guided by side stops to 
prevent damage to the furnace tube at this time. A 
clock recorder gives a record of the time interval 
which elapses before failure occurs, the test being 
continuous, day and night, from commencement. 
With a specimen of 0-05 sq. in cross-section, the 
maximum stress obtainable is 22 tons per square inch, 
and under this condition the spring deflection is 
0-25 in. per ton per square inch, which allows fractional 
readings to be readily taken. This range of stress is 
well suited for the temperature conditions which are 
being considered, but where a stress in excess of this 
value is likely to be involved the cross section of the 
specimen is reduced. 

In the previous work on the strength of materials 
at elevated temperatures it has been established that 
the required heat conditions can best be obtained by 
surrounding the specimen, together with the adjoining 
ends of the screwed grips, in an electric furnace, while 
the local temperature of the specimen in this shrouded 





position is conveniently obtained by the adoption of 
the thermocouple pyrometer. These methods have 
been used throughout the present work and call for 
little explanation. The thermo-junction of copper- 
constantan was tied to the specimen by a strand of 
asbestos, which was so arranged that it acted as a 
shield from the furnace-wall radiation for both the 
junction of the wires and the points at which these 
left the specimen. The e.m.f. was read by the null 
method, and the temperature was then obtained from 
a previous calibration of the wires. The electric 
furnace consisted of a silica glass tube 1-75 in. 
diameter by 10 in. long, wound with nichrome resistance 
wire, and heat-insulated by asbestos and magnesia. 
Current was taken from the town mains, the tempera- 
ture regulation being obtained by an external resistance 
consisting of banks of lamps under switch control. 
Test Procedure.—The evolution of the plant which has 
just been described was based on the requirement that 
the specimen was to be subjected to selected service of 
stress and temperature for a period that could be 
extended indefinitely ; the primary object being to 
learn the time interval that would elapse before failure, 
as given by the clock recorder. Where failure did not 





ug. 3. HIGH TENSILE BRASS. 
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take place within an arbitrary limit of time, which was 
varied during the progressive development of the tests, 
the conditions could be altered to a slightly more 
severe form and the period of observation commenced 
anew—that is to say, the increase in load has been made 
in small steps and not as a continuous rate. In this 
way the conditions which finally gave rupture have 
been gradually approached; and immediately pre- 
ceding the state which caused failure there is a slightly 
less severe condition which the material withstood for a 
prolonged period. The latter condition represents a 
limiting value of the working stress, where the period 
of useful life is similar to the corresponding period of 
observation, and is known to a degree of accuracy which 
only involves the size of the stress increment with 
which the final conditions were approached. 

The results obtained in this manner still fall short of 
practical service in the restriction of the time element, 
but they are of immediate value for comparison with 
tests in which the time of test is still further reduced ; 
and it is only when the variation in time has no influence 
on the result, that the test results have an immediate 
practical application. It is from a further analysis of 
such results that features are shown which suggest con- 
ditions under which the tests in the machine just 
described appear to become representative of the 
continuous service available from the materials. 

The results given by each of the materials tested are 
presented as graphs in Figs. 3 to 6, the co-ordinates being 
temperature and tensile load. The third factor, time, 
is dealt with by marking it against each point, the 
figures being the hours during which the particular 
combination of stress and temperature were maintained ; 
where no such entry appears a period of 24 hours is to 
be understood, the omission having been made to avoid 
further confusion of the diagram. The final failure of 
the specimen is indicated by a circular point lying at 
the end of a line which connects the progressive stage 
through which the failure was approached ; in this way 





the whole course of treatment of each specimen has 
been indicated. The full line curve passing among the 


points generalises the results into a strength-tempera- 
ture characteristic. Little attention has been given to 
the conditions around atmospheric temperature; the 
cold strength, used for the beginning of the curve, is 
from a rapid loading test. In general, the daily, or 
other, progressive changes were in the load, although 
instances occurred where the limit of capacity of the 
machine was reached and increments in temperature 
had then to be accepted. These are indicated by the 
diagrams. The diagrams also record the results yiven 
by a series of tests of the half-hour type (procedure (a) ), 
in which the temperature was maintained uniform over 
this period, and the load then rapidly increased, from 
zero, to give fracture ; these are indicated by points (X), 
and are connected by a dotted curve. 

The testing programme included certain variations 
in the procedure, made with the object of establishing 
the effect of two secondary factors which might have 
sufficient influence to diminish the value of the results, 
The first point relates to the restriction of each stage in 
the test to 24 hours, and it will be appreciated that any 
lengthening of this period may well add to the conclusive 
value of the result, but is attained at the expense of 
additional time being required to complete the work. 





Fig.4. PHOSPHOR BRONZE. 
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The diagrams include a number of cases where this 
time has been extended, and it will be shown that 
nothing of further interest has been brought out by 
continuing the test for any reasonable period beyond 
the figure of 24 hours. It is to be understood that this 
conclusion can only apply to the materials so far 
investigated. Secondly, there is the experience that 
the weakening effect arises from the associated con- 
ditions of stress and temperature, and makes its 
appearance in quite a critical manner. Thus a series 
of preliminary periods, under conditions which are 
progressively more severe, will show the same final 
value for the strength as that of another specimen for 
which the preliminary periods were largely omitted by 
a judicious selection of the initial conditions. On this 
basis it becomes unnecessary to commence each test 
at zero load and work up to the breaking strength in 
increments of 1 ton per square inch per day; it being 
sufficient if the conditions can be so chosen that the life 
extends over one period of a day. , 

High Tensile Brass (Fig. 3).—The material was 
provided as machine-screwed bars, }-in. Whit.. and 
was then reduced in diameter in the centre of each 
length to give the required form of specimen. 

The half-hour tests require no comment at this 
stage, as they follow closely on the work of the earlier 
investigations. 

The long-duration tests were commenced around 
370 deg. C., where the half-hour strength had been 
over 17 tons per square inch, and successive specimens, 
under loads of 10 tons, 7-5 tons, and 4 tons per square 
inch, each gave failure in 2 hours. These results give 
an immediate illustration of the fundamental change 
in the characteristics under the new procedure ; «nd, 
as the final condition indicated that no useful service 
could be obtained from the material when at this 
temperature, the matter was not carried to a definite 
conclusion by the use of further specimens at stil 
lower stress values. The uniform life of 2 hours show” 
under the successively reduced loads is somewhat 
remarkable ; but no explanation is here being offered. 
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The failures at 204 deg. C. and 260 deg. C. occurred at 

riods in excess of 24 hours, and show that the 
weakening of the material is not entirely completed 
within that time. At 150 deg. C. two specimens were 
expended ; the first was of the normal cross-section, 
and proved to be beyond the capacity of the machine, 
although heated under increasing loads over a period 
of 120 hours; it was disposed of by increasing the 
temperature, and the close relationship between the 
strength then shown and that of the half-hour curve 
forms the point of alaterremark. The second specimen 
at 150 deg. C. was of reduced cross-section, and after 
96 hours at a relatively high load it was broken while 
changing the conditions. 

The very general use of rolled brass bar in steam 
fittings makes it of special interest to consider the 
bearing of the present results on engineering practice. 
Thus at the higher steam pressures there is a very 
general experience that a stop-valve spindle requires 
much care in handling if seizure in the bridge is to be 
avoided. For saturated steam at 235 lb. per square 
inch the temperature is about 200 deg. C., and reference 
to the curve shows that the brass has then only half 
its original strength; indeed, the material is no 


Fig.5. MONEL METAL. 
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better in respect of the strength than a good cast-iron. 
Probably it is fortunate that these spindles commonly 
operate in compression. 

Phosphor-Bronze (Fig. 4).—This material was avail- 
able as a turbine-blading section of heavy proportion, 
as used for forming the unit type of blade and packing. 
The cold tests with rapid loading gave a strength of 
27 tons per square inch, and were followed by a test 
of the same type at 440 deg. C., where the strength 
shown was 21 tons per square inch. In the light of 
the latter result the first of the long-duration tests 
was commenced at the same temperature, but with 
only half that load ; it resulted in failure at the end of 
2 hours. For the following specimen the same load 
was applied, but the temperature was restricted to 
300 deg. C.; this lengthened the life to 12 hours. 
From the information available at this point it became 
possible to sketch an approximation to the graph, 
and the conditions imposed on each following specimen 
were selected in the light of this guidance. The 
Specimen, which commenced under 225 deg. C., had a 
very extended period of heating, and its falling in with 
the other results is taken to indicate that it is only in 
the final phase of the test that weakening commences 
in the material. In two cases, following on an initial 
period under observation, the stress was rapidly 
increased to give rupture; and in each instance the 
strength shown is considerably above that given by 
astrict adherence to the procedure otherwise followed. 
This feature is referred to in the concluding remarks. 

The tests of the half-hour type (X) extend some- 
what beyond the range of temperatures found of 
interest in the long-duration series, but the only effect 

been to make the difference in the characteristics 
more prominent. Here the point of departure between 
the curves lies at 180 deg. C., and the strength falls to 

If the original value about 280 deg. C. Under the 
Conditions of centrifugal loading which atise in turbine 


present sample of material is consequently quite 
unsuitable for service under anything beyond a 
moderate superheat. 

Monel Metal (Fig. 5).—The specimens for the tests 
on Monel metal were prepared from a rolled (or drawn) 
bar of 0-5 in. diameter, and were screwed and turned 
to size as for the earlier materials; due to the higher 
strength, an increased proportion of the specimens were 
of 0-20 in. diameter, It appears unnecessary to add 
to the diagrammatic history which the figure provides, 
the procedure by this stage of development having 
become of a routine form. The tests of the half-hour 
type are only sufficient in number to give the outline 
of the characteristics associated with these conditions ; 
but it is of interest to notice that they follow those on 
record for the material, and may be taken to indicate 
that the composition of the sample was quite repre- 
sentative. 

Comparison of the tests of long and short duration 
again confirms that the time factor exercises a promi- 
nent influence on the strength. The point at which 
the curves depart from each other lies at about 
350 deg. C., and at 410 deg. C. the strength is below 
half that given at normal temperature. 
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Fig.6. ALUMINIUM. 
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Cast Aluminium (Fig. 6).—The section of this mate- 
rial provided six specimens, and had been cut from a 
piston of a large internal combustion engine. 

The cold-strength with rapid loading was 10-7 
tons per square inch, while a test of the same type at 
371 deg. C. showed 6-7 tons per square inch. 

From the latter result the long-duration tests were 
commenced at 370 deg. C. and 3-4 tons per square 
inch, and, to study the influence of the rate of loading, 
this condition was maintained for 60 hours; but 
failure did not take place. Then, on attempting to 
increase the loading, failure occurred at 4-2 tons per 
square inch. The remaining specimens were then 
dealt with as indicated in the graph. That tested 
at 177 deg. C. shows a lengthy period under increasing 
loads, and, in falling in with the otherresults it is taken 
to support the view that the material remained in an 
unweakened condition until a critical point closely 
adjacent to the final strength had been passed. 

Here the single half-hour test at 370 deg. C. is 
alone available for bringing out the difference between 
the testing procedures ; but clearly it has no connection 
with the long-duration tests. Many curves showing 
the half-hour type characteristics for different alumi- 
nium alloys are available,* and the change-point is 
found to vary little from 250 deg.C. For the particular 
type of rapid loading adopted by Ingall this tempera- 
ture became 150 deg. C. for pure aluminium. The 
present investigation places this change-point at 100 
deg. C. This displacement to a lower temperature has 
already been demonstrated in the tests on other mate- 
rials. In the Light Alloy Research Report it is noted 
that for aluminium there is a reduction of strength as 
the time of loading is extended, but the range of times 
investigated was very restricted; and the important 
bearing on the practical value of the material does not 
appear to have been fully appreciated. 

Gun-Metal (Fig. 7).—The materials dealt with up 
to this stage of the investigation were, generally 
speaking, of the rolled or drawn type. It was felt 
that these mechanical processes might impart, to the 
material, artificial high-strength values, which disappear 
when the specimen is subjected to the temperature 

involved in the tests. The characteristics of the gun- 
metal, as shown in the curve (Fig. 7), are, however, 





* See Institution of Mechanical Engineers. Zleventh 





lades the use of large cross-sectional areas does not 
Sive a direct reduction in the working stress, and the 


Report to the Alloys Research Committee (Light Alloys), 


identical with those of the materials previously tested. 

| The critical temperature feature, followed by a rapid 
|reduction in strength, is, therefore, apparently quite 
| general. The change from 11 tons per square inch 
at 260 deg. C., to 5 tons per square inch at 315 deg. C., 
emphasises the unsuitability of this material for 
service under superheat. It will be seen that at 
315 deg. C., the strength of the material as given by 
the half-hour tests is 11} tons per square inch; the 
fact that 5 tons per square inch is now substituted 
affords an illustration of the importance of the new 
procedure. 

Conclusions.—In each diagram the series of results 
given by the long-duration tests has been connected 
by a full line curve, so located as to bring out the varia- 
tion in the useful strength of the material over a range 
of temperatures which covers all conditions under which 
any reasonable proportion of the original qualities are 
retained. Some points lie above these curves, but 
examination will show that each instance is associated 
with a very restricted life, and thus provides evidence 
which prevents the curve being displaced in an upward 
direction. On the other hand, it is a much more open 
question as to whether a considerable prolongation 
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of each stage in the test might not have provided 
results which would bring the curve to a slightly lower 
position ; but the general characteristic shown by such 
tests as were of extended duration, either shows 
that failure does not occur, or that the strength then 
found is in agreement with corresponding tests cover- 
ing only a 12-hour period; and both circumstances 
support a view that the progressive weakening of the 
material is completed within the period of 24 hours, 
as normally adopted in the scheme of testing. 

Comparison of the half-hour characteristic, with that 
from the tests of longer duration, shows there to be a 
restricted position of the lower temperature range 
over which the result is independent of the procedure 
adopted, but beyond a certain critical temperature the 
curves depart widely from each other, the long-duration 
tests showing a relatively rapid reduction in strength. 
As the long-duration tests merely approximate more 
bclosely to actual service conditions, the practical value 
of all the records from tests of the half-hour type on 
various materials have evidently been brought under 
suspicion ; and the critical temperature feature would 
appear to leave no scope for the derivation of a corre- 
lating factor to connect the different procedures. In 
these circumstances the work which has been described 
merely forms an introduction to an extensive field of 
investigation. 

Three of the materials which have been handled are 
noted for their ductility when tested at normal tempera- 
tures; but the long-duration tests were found to be 
associated with a diminution in both the elongation 
and reduction in area, the latter at the higher tempera- 
tures being practically nil. It is not proposed to 
submit details of these characteristics, as they are not 
only somewhat incomplete and complicated by two 
diameters of specimen having been used, but also the 
form which the work has taken makes it desirable to 
confine attention to the strength of the material alone. 

Considerable attention has been given to the question 
of finding some procedure which would reduce the time 
required to carry through’ a test, while still ensuring 
that the prominent time effect does not vitiate the 
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result. There appears to be little scope for improvement 
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in this direction. Thus the adoption of a stress incre- 
ment in excess of 1 ton per square inch would enable 
the final condition to be more rapidly approached, 
but the ratio of this increment to the final strength is 
an important factor in the accuracy with which the 
result is given, and itis, consequently, unattractive 
to consider any material departure towards a larger 
increment than the value just quoted. Alternatively, 
it appears unnecessary to consider a smaller value for 
this increment in view of the variation commonly found 
between a series of similar specimens tested under 
identical conditions. During the investigation the 
opportunity has been taken of making variations in 
the procedure to provide further light on this matter, 
and has brought out the critical manner in which the 
final phase makes its appearance; it thus becomes 
of no service to accelerate the final stages of the test 
in an expectancy that a lengthy preliminary heating 
at the lower stresses or temperatures will have caused 
a modification in the characteristics of the material ; 
such is not the case, and the final strength may show 
little change from that which would have been obtained 
by a test of the half-hour type. Several examples of 
this effect are provided in the figures ; thus, for brass, 
five days under load at 150 deg. C. did not alter the 
strength for rapid loading at 315 deg. C., while for 
phosphor-bronze at 290 deg. C. a specimen withstood 
14 tons per square inch for 24 hours, and on rapid 
loading fractured at 20-5 tons per square inch, but the 
succeeding test showed that 17-5 tons per square inch 
could not be carried indefinitely. 

The present basis of testing is unlikely to be con- 
sidered suitable for the routine classification of materials 
under the conditions found in an engineering works, 
although a type of proof test might be developed where 
certain requirements of temperature and stress, each 
carrying a margin over the subsequent conditions of 
service, would be imposed over a period of a reasonable 
duration. 








InpIAN TrRADE.—The trade returns of British India 
for the month of July of this year showed as compared 
with the preceding month an increase in the value of 
imports and re-exports, with a decrease in the exports. 
Imports of private merchandise totalled Rs. 17,74 lakhs 
in July, 1925, and showed an increase of Rs. 1,41 lakhs 
as compared with the preceding month. The value of 
the exports of Indian produce and manufactures fell 
from Rs. 33, 10 lakhs in June, 1925, to Rs. 27,20 lakhs in 
July, 1925, while re-exports ‘increased by Rs. 2 lakhs to 
Rs. 1,06 lakhs. Measured by the statistics of mer- 
chandise and treasure the visible balance of trade was 
in favour of India to the extent of Rs. 6,09 lakhs in 
July, 1925, as compared with Rs. 14,52 laks in June, 1925, 
and Rs. 3,18 lakhs a year ago. 

THE Or FIELD At YENCHANG, SHENSI PROVINCE, 
Curna.—It has been estimated by a Japanese authority 
that the oil deposits which are known to exist at Yen- 
chang, in the northern part of the Province of Shensi, 
in China, cover an area of some 150 acres. This pool 
has had an interesting history. Yenang is situated on 
the right bank of the Yellow River. A _ tributary 
of this, the Yen River, roughly bisects the oil field, 
which extends from the city in a north-westerly direction. 
Oil works in this region were first constructed during the 
time of the Ming dynasty, which lasted from 1368 to 
1661 a.D., but, due to the primitive measures employed, 
only a limited quantity of the impure substance was 
obtained. The poor yield discouraged the operators of 
that period, and the greater part of the field was left 
undisturbed until recent times. Attempts made by 
German and Japanese firms to secure concessions some 
thirty years ago were unsuccessful. Operations under 
Chinese direction began after the discovery of a high- 
yielding oil well outside the east gate of the City of 

enang. The Yenang Petroleum Company, a_ joint 
— and Government enterprise, was formed in 1906, 
apanese experts directing the work. By the winter of 
the following year drilling to an average depth of about, 
250 ft. was found to be necessary in order to reach oil- 
bearing sand. The product, too, at first contained a 
rather high percentage of brine. The daily output 
averaged half-a-ton, from which about a third of this 
quantity could be obtained in the refined state. Several 
years later, two or three new wells were drilled. The 
revolution of 1911 caused activities to be suspended 
until 1914, when American interests, representing the 
Standard Oil group, were admitted into the undertaking. 
The prospects did not appear sufficiently attractive to 
warrant continuance of A nefrican co-operation, however ; 
the company is now envirely a Government financed 
organisation. The geological features of the deposits 
bear a resemblance to those at Fushun, in the Province 
of Szechwan, both being characteristically Mesozoic. 
The crude oil is dark brown in colour, and after distilla- 
tion, is found to be composed of 16-5 per cent. benzine, 
62 per cent. kerosine, 10 per cent. heavy oil, 2 per cent. 
paraffin, and 9-5 per cent. residue. The company is 
poorly equipped, sets of modern drilling outfits delivered 
from abroad during the first years of the Republic having 
lain unused until recently, when local militarists removed 

ortions of the apparatus for purposes other than that 
intended. Poor appliances alone are responsible for the 
present small output. First of importance among the 
company’s products is kerosine, but paraffin candles, 
benzine, lubricating oil, petrol, heavy oil. and the surgical 
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WOODWORKING CUTTER-BLOCK 
WITH CIRCULAR KNIVES. 


In recent years the demands for savings to be made 
in the cost of reducing timber to the dimensions and 
finish required in construction has resulted in a great 
demand for woodworking machinery. When meeting 
the demand the engineers who specialise in this class 
of machine tools, both at home and abroad, have made 
great efforts to increase their efficiency, reliability and 
ease of operation. In some cases complete changes in 
construction have been resorted to, while in others 
details have been modified in such a way as greatly to 
enhance the value of the machine. As an example of 
this it may be noted that in.recent designs of planing 
machines, cutter blocks of the cylindrical type have 
largely replaced those of square cross-section; the 
reason being that this form is suitable for carrying a 
number of blades and also has advantages in setting 
with great exactitude. A cutter-block of this form, but 
with the unusual and interesting feature of using knives 
of a circular, rather than a flat type, has been recently 
put on the market by Mr. John T. Pickles of Mytholm 
House, Hebden Bridge, and is illustrated in Figs. 1 and 
2 on this page. 

It will be noted from the illustrations that the solid 
cylinder has had removed from it the material necessary 
to provide circular seats for the knives, and that in these 
spaces the curved knives are accommodated and held in 
position by cutter-bars, which have a groove cut on 
their periphery near the edge where the knives project. 
This serves for chip-breaking and allows the cuttings to 
be driven away easily. These cutter-bars are securely 
held in place on the bloek by means of heavy screws. 
The great advantage possessed by knives of this 
circular form is that they can be easily and accurately 
set up. Because of their shape, it will be appreciated 
that it is only necessary to set the knives for projection 
at a single point as they must always be projecting 
the same amount along their entire length. The 
time saving that results from this and the absence of 
stoning and the, so-called, jointing must be considerable. 
In normal position the knife is at a suitable angle 
to the cutter-block for cutting hard timber, but by 
simply increasing the projection of the knives from the 
block a new angle can be obtained for other classes of 
work. Because of the circular seat it will be observed 
that there is considerable latitude regarding the angle 
of the cutting edge without having the knife projecting 
far. Usually the knives are made of carbon steel 
drawn to the required shape, though for fast planing 
werk and for machines which must be run almost 
continuously a tungsten alloy steel, which has edge 
retaining qualities, is adopted. The back support of the 
knives will be seen to be against the solid steel of the 
block and, therefore, thoroughly effective. A proper 
running balance of the block is another feature of this 
design and thus disturbances due to centrifugal 
force when running at very high speeds are eliminated. 
It may be stated that these cutter-blocks, known as 
the J.T.P., safety cylinder blocks with circular seats 
and knives, are made with two or three knives of 6 
to 30 in. length, for service in surface planing and 





requisite, rhigolene, are produced. 


thicknessing machines, with four knives of 12 to 60 in. 








length for heavy panel planing work, and in all sizes 
with six knives to plane at 60 to 120 ft. per minute, 
and with 8 to 12 knives for work at from 200 to 400 ft. 
per minute. This cutter-block can be easily adapted to 
existing machines of good design using square cutter- 
blocks, and it is claimed that by doing so such machines 
can then be considerably speeded up with resulting 
benefits in increased output. 





COLLAPSE OF A STEAM-JACKETED 
PAN. 


In a recently published Report of Preliminary 
Inquiry compiled by Mr. R. J. Berry on behalf of 
the Board of Trade, particulars are given of the 
circumstances attending the explosion of a steam- 
jacketed pan on May 6 last, at the works of the 
Chemical Supply Company, Limited, at Abbey-road, 
Barking, Essex. The apparatus consisted of a monobloc 
cast-iron cylinder, having a slightly concave bottom, 
into which fitted an inner copper pan. The outer 
shell was about 32} in. in mean diameter externally, 
352 in. high, and { in. thick. Its flange was 38} 
in, in diameter and 1{in. thick. The pan, which was 
made of three pieces of sheet copper with brazed 
seams, had a mean diameter of about 26 in. anda 
depth of about 30} in. Its hemispherical end was }in. 
in thickness and each piece forming the cylindrical 
portion was ¥,in. thick. The top end was flanged. The 
flanges of the copper pan and outer cast-iron body 
were secured by 29 §-in. diameter bolts, an iron ring 
& in. thick and 2} in. wide supporting the joint. The 
space between the two vessels thus connected was 
supplied with steam through a 4-in. bore iron pipe 
about 14 ft. long which branched from a 2-in. bore pipe 
at a distance of about 50 ft. from the boiler adjoining 
the latter. Interposed in the }-in. bore pipeline, and at 
18? in. from the jacket inlet, was a 4-in. diameter screw- 
down stop valve. An iron drain pipe of }-in. bore and 
about 8 ft. 6 in. in length, was connected to the lower 
part of the jacket. This pipe was also equipped with a 
similar valve at a distance of 9 in. from the jacket 
outlet. No pressure gauge, safety valve or other 
device for ascertaining or limiting the pressure was 
provided. ; 

At the works a boiler of the Lancashire type, working 
at about 70 lb. pressure, supplies steam solely for 
heating purposes in connection with stills and pans. 
The pan involved in. the accident was charged with 
carbolic acid in a crystalline form at about 6.30 a.m. 
on the day of the mishap. An attendant opened 
fully the drain valve and gave the steam inlet 
valve to the jacket a half-turn a few minutes later, 
in order to melt the acid in the pan. Whilst 
leaning on the portable pan cover he sustained 
a sudden thrust, forcing him backwards. The em 
had collapsed, opening at the brazed circumferentia 
seam for a length of 9 in. Owing to some unknown 
cause the carbolic acid caught. fire. The — 
controlling the steam supply to the pan was !mme- 
diately closed’ by the operator, who sustained come 
injury due to scalding by the acid. Excessive pressure 
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MOTOR-DRIVEN AUTOMATIC LATHE. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, COVENTRY. 





in the jacket alone was the cause of the accident, 
and would have been avoided by the use of safety 
or reducing valves on the steam supply system. The 
pan has now been reconstructed, and these pre- 
cautionary devices fitted. 





MOTOR-DRIVEN AUTOMATIC LATHE. 


EXAMPLES of the automatic lathes, manufactured 
by Messrs. Alfred Herbert, Limited, of Coventry, are 
to be found in very many of the larger engineering 
works throughout the country, and for this reason 
any alterations made by the makers to these machines, 
with a view to improving the design, are of very 
general interest. We dealt with the No. 5 automatic 
lathe, made by Messrs. Herbert, at some length in 
our issue of September 10, 1920, when reviewing the 
Machine Tool and Engineering Exhibition at Olympia. 
At that time the machine had been newly introduced, 
but it has since found a wide use for repetition work 
of the larger size, and as a result of the experience 
gained, the lathe has recently been modified by the 
makers. We illustrate the machine in its present 
form above, and before entering into details may 
say that, in general, the alterations have been 
made with a view to increasing the output of the 
lathe, while rendering its operatiou more convenient. 

It will be recalled that the machine is provided 
with a single pulley head, driven by belt from an electric 
motor on the headstock. In the new model the 
spindle is designed to run at a speed 50 per cent. higher 
than previously. The back of the machine carries a 
feed-shaft driven at constant speed, the camshaft 
being arranged in the bed, under the head and slides. 
The front and back cross slides work independently, 
and are also independently adjustable along the bed. 
They can be set to work either at the same time, or 
Separately, so that roughing and finishing cuts can be 
taken simultaneously if required. They have also a 
Variable stroke, which can be set to any aniount from 
1 in, to 6 in. by turning the screws in the ends of 
the projecting rams below the slides. The turret 
cam drum is driven by gearing off the camshaft in the 

d, and is located under the cover shown below the 
handwheel on the right-hand side of the machine. 
The spindle has six substantive spindle speeds, altered 
yl means of change wheels, for each of which combina- 
ed there are five automatic changes. In the new 
‘sign the change gear casings on the headstock has 
en made more accessible, and a positive safety 
a k is provided, which makes it impossible to 
me the covers of the change gear casings unless 

main starting clutch is disengaged. 

The ross slides are now operated by cams of a type 
generally similar to the turret cam, the lower slide 
the ©, ~ vde in the form of a deep box, which contains 
vith its control mechanism and also the oil 

- ‘The general appearance of the altered slide is 











clearly shown in the illustration. The cams them- 
selves are driven, through side shafts and spiral gears, 
from the main worm shaft driving the turret cam. 
The cross-slide tools are brought into action, at any 
required point of the cycle, by trip mechanism, which 
is controlled by the large drum below the headstock. 
This drum has five grooves round the circumference, 
the two right-hand grooves carrying adjustable dogs 
for engaging the cross-slide mechanism. These dogs 
control the engagement of clutches, which set the cross- 
slide cams into motion, and move the tool inwards. A 
second dog on the large drum starts the withdrawing 
movement of the slides. As a result of the various 
modifications to the machine, the time for one cycle 
at high speed has been reduced to 40 seconds. 

The ease with which the machine can be set up, in 
conjunction with the automatic feed and speed changes, 
both of which can take place during a cut, make it 
possible to employ this machine economically on 
much smaller quantities of work than has been 
customary in the past. The ample power and rigidity 
also enable the machine to be successfully employed 
on work of a type which is usually considered too 
heavy for automatics. We are informed by the makers 
that one of these machines will be exhibited in opera- 
tion on their stand at the Motor Exhibition, which 
opens to-day at Olympia, and will close on the 17th inst. 
The operations being carried out consist in boring, 
turning, recessing, and facing cast-iron cover plates 
12 in. in diameter, the total machining time for the 
piece being 9} minutes. The exhibition will also 
afford an opportunity of viewing a variety of other 
tools which the firm are showing on their stand, 
including their portable hand-shaping machine, cylin- 
der re-boring tool, and a number of hand tools of 
various sorts. 





THE INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Minutes of Proceedings No. 15, recently issued by this 
Institution contains reports of the meetings held on 
January 23, April 24 and May 8, of this year, at which 
meetings papers were read on Shock Absorbing Hulls 
for Flying Boats, by Lieut. N. A. Olechnovitch, on 
Airship Transport, by Lieut.-Commander C. D. Burney, 
C.M.G., and on Lessons of 1924, by Capt. W. H. Sayers, 
respectively. The papers are reprinted together with 
reports of the discussions to which they gave rise. 
Copies can be obtained from the offices of the Institution, 
at 60, Chancery-lane, London, W.C. 2, price 1s. 6d. 





Bristot Mounicreat Pusric Lisraries.—The Bristol 
Public Library system consists of a central and ten branch 
libraries. In June of this year, the total number of 
volumes in stock amounted to 216,751, and in view of 
the facilities thus made available in the city for providing 
general and specialised information on a variety’ of 
subjects, it has been thought advisable to prepare a 
booklet describing them. The distribution of this work 
was made to coincide with the holding of the “ Bristol 
First ’? Exhibition, at Colston Hall, Bristol, from August 
31 tgSeptember 12 last. Copies of the pamphlet may be 
obtained on application to the City ‘Lassen. 


CATALOGUES. 


Oil Purifiers —A catalogue of centrifugal machines 
for cleaning transformer oil and the lubricating oil from 
steam turbines, is to hand from Super-Centrifugal 
Engineers, Limited, Imperial House, Kingsway, London, 
W.C.2, who are sole makers of the Sharples machines. 
These machines were illustrated and described in our 
issue of February 20 last, on page 226. 


Castings —Catalogues of iron castings produced by 
Messrs. Cole, Marchent and Morley, Limited, Bradford, 
show two special qualities: one a tough and easily 
machined kind known as “‘ Marcol” and the other, called 
“Colmar,” having high refractory qualities suitable for 
furnace parts, such as fire bars, mechanical-stoker links, 
&c.; both have a clean smooth finish. 


Travelling Hoists —A catalogue of hand and electric 
hoists with overhead runway fittings for loads up to 
1 ton, has come to hand from Messrs. Herbert Morris, 
Limited, Loughborough. All the component parts of 
the runway are standardised; they may be coupled 
together in a variety of ways, so as to meet any particular 
requirements. 


Motor-Car Repairs.—Messrs. Wolseley Motors, Limited, 
Adderley Park, Birmingham, have issued a booklet 
calling attention to their repair shops at Manor-street, 
Chelsea, London, 8.W. 3, which are fully equipped for 
engineering work, coach-building, upholstery, painting, 
and all kinds of repairs and renovations to any make of 
car. 


Instruments.—A catalogue of industrial instruments 
made by Messrs. Negretti and Zambra, 38, Holborn- 
viaduct, London, E.C.1, contains illustrations and descrip- 
tive matter of many varieties of thermometers, pyro- 
meters, pressure gauges, air meters, thermostats, hydro- 
meters, micrometer calipers, counters, levels, drawing 
instruments, slide rules, &c. The catalogue states prices 
in all cases. 

Boilers.—Messrs. Spencer-Bonecourt, Limited, Parlia- 
ment Mansions, Victoria-street, London, S.W. 1, have 
sent us a catalogue of Kirke patent boilers and super- 
heaters. The boilers are of the fire-tube type of high 
efficiency, and are suitable for waste-gas firing as well 
as for any of the ordinary fuels. A number of tables of 
tests are given in support of the claims for high thermal 
efficiency and low capital cost. 


Electrical Machinery.—We have received a copy of 
a trade journal issued by the Société Alsacienne de 
Constructions Méchaniques, of Belfort, France, and con- 
taining articles on turbo-alternators and three-phase 
motors. The text isin French. All the contents of this 
issue are devoted to electrical subjects, but the compan 
are also makers of steam engines, hydraulic, chemical, 
textile and general machinery. 


Bituminous Road-making Materials.—A catalogue of 
Invicta bituminous materials for road construction 
is to hand from Messrs. Thomas Hill-Jones, Limited, 
Bow Common-lane, London, E.3. These materials 
include grouts for cementing broken granite and granite 
sets, compounds for dipping hard-wood blocks, a flux for 
surfacing, and a cold bitumen ; all, except the latter, are 
used hot. 

Oil Engine—We have received a pamphlet giving 
particulars of the 50 brake horse-power Plenty 
stationary-type oil engine with electric starter, from 
Messrs. Plenty and Son, Limited, King’s-road, Newbury. 
The starting equipment comprises a small generator 
driven from and mounted on the main engine, a storage 
battery in cases where an external supply of electricity 
is not available, a control switchboard, &c. 


Woven Wire.—A catalogue received from Messrs. 
G. A. Harvey and Co. (London), Limited, Greenwich 
Metal Works, Woolwich-road, London, 8.E. 7, gives a 
full description of the nature and uses of ‘“ Harco”’ 
woven-wire products. A great variety of metals and 
alloys are used in the manufacture of all descriptions of 
screens, sieves, woven-wire cloth, &c., for all industrial 
and technical purposes. 


Electric Batteries——The D.P. Battery Company, 
Limited, Bakewell, Derbyshire, have sent us two cata- 
logues, the first of which is a very comprehensive list of 
stationary storage batteries and accessories and contains 
much general information. The second is a small descrip- 
tive catalogue of batteries for electric locomotives. One 
of the first standard-gauge battery-driven locomotives 
was constructed by the Midland Railway Company, 
in 1913, for shunting service at the London docks. It 
was equipped with D.P. batteries and is still in use. 


Conveying Plant.—Messrs. Spencer (Melksham), 
Limited, Melksham, Wilts, have sent us three booklets 
giving illustrations of conveying plants for grain, ore, coal, 
and packages. One of the booklets deals with the con- 
veyance of coal, ash, ore, and similar materials in boiler- 
houses, docks, power stations, &c. Another relates to 
grain handling, and the third with the conveyance of 
sacks, packages, &c. In all cases the apparatus and 
machinery is designed for regular and continuous opera- 
tion on a large scale. 


Marine Diesel Engines.—A new edition of a catalogue 
describing their marine Diesel engines is to hand from 
Messrs. Werkspoor, Amsterdam. The firm constructs 
single- and double-acting engines of the reversible type, 
and also a non-reversible engine for use with reversible 
propellers in small craft. he largest standard size 
of engine made by the firm has eight cylinders and 
develops a maximum indicated horse-power of 7,000. 
The North Eastern Marine Engineering Company, 
Limited, Wallsend-on-Tyne, and Messrs. R. and W. 
Hawthorn, Leslie and Co., Limited, Newcastle-on-Tyne, 





are licensed to build Werkspoor marine Diesel engines. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

eee enres where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, &c., 

of the communicators are given in italics. 
CO as at ions may be obtained at the Patent Office, Sales 
vanch, 25, Southampton Buildings, Chancery-lane, W.C.2., at 

the uniform of 18, 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the “* Sealed” is pee. 
7 may, at any time within two months from the date of 

advertisement — te of a Complete Specification, 

give notice. at the Patent Office of ition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, <c. 


235,676. R. Greenwood, Eastriggs. Pistons. 
(1 Fig.) April 8, 1924.—According to the invention, a 
a for an internal-combustion engine comprises a 
ower or inner portion 6 guided in the cylinder and 
carrying the gudgeon | j, an upper or outer portion a 
working in the cylinder above the lower portion and 
formed with grooves f for piston rings, the two piston 
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portions being connected by a pin c fixed to the upper 
portion and mounted so as to slide on the lower portion. 
A coiled spring g designed to be compressed during the 
explosion stroke is disposed between the two piston por- 
tions and acts so as to separate them. An additional 
lighter cushioning spring h is preferably interposed 
between the lower or innef portion and a flange ¢ on the 
lower end of the connection pinc. (Sealed.) 


235,674. Aircraft Disposal Company, Limited, 
London, and J. Kenworthy, Wallington, Surrey. 
Radiators. (7 Figs.) April 7, 1924.—The invention 
relates to surface radiators adapted for cooling water 
used for cooling internal-combustion engines on aircraft. 
The radiator, constructed in accordance with the inven- 
tion, is formed with an annular receiver A, to which the 
water tubes C are all connected at their forward ends, 
and the after ends of the tubes are all connected to an 
annular collector B. The inflow of water to the annular 
forward receiver A is by means of a pipe or connection E, 
and the outflow of water, after being cooled, takes place 
from the annular collector through an outlet F. An 
outer casing G extends from the annular receiver A to 


























the annular collector B, thus causing all the air which 
enters through the annular receiver to travel the full 
length and leave the radiator by way of the central 
opening of the annular collector. Thus a tubular passage 
is formed in which the water tubes C run longitudinally, 
extending from the interior of the annular receiver to the 
annular collector, and through this passage and along the 
tubes the air is free to travel. In the passage of the air 
the water tubes connecting the receiver to the collector 
are traversed their full length by the air flow and are 
continuously cooled. T.1.e speed and the quantity of air 
flow are controllable by means of closure devices J, 
Jt, K, K1, and such may be operated simultaneously in 
unison. (Sealed.) 


235,693. Woodall-Duckham (1920), Limited, West- 
minster, London, and D. Rider, Westminster, 
London. Carburetted Water Gas. (1 Fig.) May 17, 
1924.—The invention relates to carburetting water gas. 
The invention includes a carburettor®connected with 
a gas-holder and so fed with the oil to be cracked 
that when a certain pressure has been attained in the 
gas-holder, the oil ceases to flow into the carburettor 
until the gases and vapours have been passed from 
the gas-holder, preferably through the carburettor, 
into the generator. The carburettor a is represented 
in section as contained in the off-take chimney } of 
a water-gas generator. The chimney is lined with 


d carried on shelves e, e1.. At its lower end it has an 
air inlet pipe f and a gas outlet pipe h connected with 
the injector k which withdraws the gas from the gene- 
rator. At its upper end the carburettor has an air outlet / 
and a gas outlet n delivering into a gas-holder 0. At 
its middle part there enters the carburettor a pipe p 
which is connected through a U-bend with a reservoir r 
supplied with gas-oil through a pipe s. The operation 
is as follows: Oil flows continuously at the required 
rate into a reservoir r from the pipe s, and flows from 
pipe py on to the packing in the carburettor where it 
is vapourised, the vapour being in great part cracked. 
The gases and vapours pass into the gas-holder o untii 
the pressure in the latter balances the head of oil in 
the reservoir r, whereupon flow of oil into the carburetter 
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ceases. It is arranged that the time occupied by this 
accumulation of pressure corresponds with the blow 
period of the generator. The valve 7 in pipe h and 
the valve of the steam injector k are now opened. The 
suction of the steam injector draws the gases from 
the gas-holder o through the carburettor and pipe h 
into the flow of steam. As soon as the pressure in the 
gas-holder and carburettor has fallen below the head 
of oil in the reservoir r, oil begins to flow again into 
carburettor and this is arranged to be substantially 
contemporaneous with the end of the run, when the 
injector valve and the valve i become again closed. 
The cycle is now repeated. Any oil vapours which 
may condense and collect on the surface of the water 
in the gas-holder will in time attain the level of the 
mouth of pipe » and will flow into the carburettor. 
(Sealed.) 


LIFTING AND HAULING APPLIANCES, 


235,945. A. Redler, Gloucester. Conveyers. 
(2 Figs.) March 24, 1924.—The invention relates to 
conveyer terminals. a, 6 are the sides of a conveyer 
trough, c is a distance-piece or bridge placed between 
the sides a, b of the trough. The upper side of the 
bridge-piece c forms a track d on which the conveyer 
chain bears, the track being provided with wings e, e 
which are slightly inclined and raise the links of the 


Fig.t 




































































sides a, b of the trough is disposed a back distance-piece 
z, and on the outside of the trough are disposed side 
plates k and m. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


235,976. ‘Thomas Robinson & Son, Limited, 
Rochdale, C. J. Robinson, Rochdale, and J. Twee- 
dale, Rechdale. Woodworking Machinery. (; /j7;.) 
April 3, 1924.—The invention, has reference io wood 
mortising, planing and moulding machines of the kind 
wherein a clutch is used to control the operation. 
According to the invention, a cone driving pulley 6 
is mounted to rotate freely on a hollow shaft 7, one 
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(835,976) 


pulley 14 of the cone acting also as a clutch member 
adapted to be engaged by another clutch member 13. 
The latter is secured to the shaft 7 and is actuated 
axially by a rod 17 passing through the shaft 7, the 
shaft thee Fi upon it a worm 12 engaging a worm wheel 9 
from which the operating parts of the machine are 
driven. The axial movement of rod 17 is controlled 
from the front of the machine. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


235,934. G. A. Neild, Bedford. Forced-draught 
Systems. (2 Figs.) March 21, 1924.—The invention 
relates to systems for supplying air under pressure 
to a boiler grate. The invention consists in providing 
means for automatically closing a shutter, comprising 
a number of pivoted blades or louvres 1 inserted in the 
intake or discharge system of a fan or blower, by power 
applied to the shutter externally in order to ensure 
that it closes when the fan is out of operation, and to 
cause the shutter to open automatically when the fan 
comes into operation, the external power for operating 
the shutter being independent of the draught induced 
by the fan. Each of the pivoted blades or louvres | 
is,connected by links 2 to a connecting rod 3. A link 4 
is,secured to a pivot pin 6 carried by a fixed bracket 5. 
































(235,945) 


conveyer chain out of the teeth of the sprocket wheels f, f, | 
when the upper chain is travelling from left to right and | 
the tension is on the under run. The underside of the | 
bridge-piece c is provided with extensions g under the | 
wings e, which move the chain off the sprocket wheel | 
when the tension is on the upper run and the chain | 
moving in the reverse direction. On the bridge-piece c 
are bevelled guides h, A, the edges of which guide the 





refractory material. The carburettor contains packing 


materiul between the sprocket wheels f, f. Between the 


| nected to a connecting rod 7 secured to a piston 





A link 4a is secured to the other end of pin 6, and is 
connected to rod 3. The outer end of link 4 is -_ 
8. The piston 9 operates in a cylinder 10 against yee 
action of a spring 11 which tends to return anc hole 
the piston at the lower end of the cylinder. Stour 
from the prime mover is admitted to the lower ent 
of the cylinder through inlet 12, and forces the piston 
upwards, thereby compressing the spring, and causing 
all blades of the shutter to turn in a clockwise direction 
to open. Failure of the steam supply to the ae 
mover immediately relieves the pressure on the ona 
side of the piston 9, when the spring asserts itself ant 
causes the blades of the shutter to turn in an antl: 
clockwise direction to close. (Sealed.) 
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THE PENINSULAR AND ORIENTAL 
LINER ‘ RAWALPINDI.”’ 


Tue Peninsular and Oriental Steam Navigation 
Company is in course of adding to its fleet a group 
of four steamers, the last of which is expected to 
be in commission betore the end of the year, while 
its predecessor, the Rawalpindi, is at present on 
her maiden voyage. They have been built from 
the designs of Mr. C. G. Deane, the P. & O. Com- 
pany’s Naval Architect, especially for operation 
on the company’s Bombay mail service, and the 
two last of the series have been constructed and 
equipped by Messrs. Harland and Wolff, Limited, 
at their Belfast and Greenock yards and shops 
respectively. They are essentially passenger 
vessels, and though in some respects they show an 
advance on the high standard already attained in 
the design and equipment of such vessels for the 
eastern trade, they follow for the most part lines 
already adopted in the company’s earlier ships. 
What is almost notable about them is that as a 
whole they fairly represent ‘the present high- 
water mark in the construction and equipment of 


stock of the stage that has been reached in the 
design and equipment of such vessels. By the 
courtesy of the P. & O. Company we are, therefore, 
in the present and subsequent issues giving an 
account of some of the principal features of the 
Rawalpindi, with illustrations showing various 
features of special interest. In the present and 
following number we deal with the hull and equip- 
ment, and so many of their features are due to 
the manner in which the space has been utilised 
that in addition to general views we are showing 
the arrangement of each separate deck. The detail 
involved in the whole structure is so great that 
reference to these drawings will be found the most 
convenient way of following what has been done, 
and our description will be confined to so much as 
the drawings do not make sufficiently clear without 
comment, or as Calls for special attention. 

A view of the ship afloat during her trials and 
reproduced from a photograph is given in Fig, 1 
below. She is a twin-screw vessel, of 16,600 tons 
gross, constructed generally of steel, and propelled 
by two sets of balanced reciprocating quadruple- 
expansion steam engines, developing 15,000 h.p. 





Figs. 3 and 4. The decks below the bridge deck 
are shown in Fig. 2 and Fig. 9, and plans of each 
of them will be given later. 

Before referring to the lay-out of the individual 
decks the general features of the vessel may be 
shortly described. As will be seen from the illus- 
trations, the hull has a straight stem and a cruiser 
stern, with a cellular double bottom. The interior 
is divided by twelve water-tight bulkheads, includ- 
ing those in the fore and after peaks and bunker 
bulkheads ; all of them are carried up to the shelter 
deck, and the collision bulkhead up to the bridge 
deck. The water-tight doors are controlled electri- 
cally from the navigating bridge on the Harland 
and Wolff system. As will be seen in Fig. 2, 
part of the double bottom is used to carry fuel oil, 
as well as water baliast and fresh water. Oil 
bunkers are also provided on both port and star- 
board sides of the boiler-rooms, and a cross bunker 
foreward of them across the after end of No. 3 
hold. The port and starboard bunkers have a 
settling partition at each end, stopping 3 ft. short 
of the upper deck. The vessel has cargo hatches 
worked by 14 hydraulic cranes, a special derrick 

















such vessels, and one that is not likely to be passed 
for some time to come. 

Probably no ocean traffic makes an equal demand, 
or, if the expression may be allowed, offers so 
much excuse for attention to the conditions that 
conduce to the comfort of passengers as does the 
Eastern passenger service. The travellers between 
India and Europe must include a higher percentage 
than is found in other lines of passengers, who 
have to make their journeys when they must, 
rather than when they would, and have to repeat 
them at dates that circumstances dictate without 
any necessary regard to their own wishes. On 
the voyage the vessel has to pass through a con- 
siderable variety of climate, which passengers 
have to stand as best they can; and in order to 
be able not merely to endure the changes but to 
enjoy in the passage a particularly effective rest 
or holiday, they are dependent largely on the 
amenities to be found in the vessel. Leaving out 
of account the war period, it is hardly an ex- 
aggeration to say that for many years past the 
history of the Eastern passenger service has been 
one of uninterrupted improvement. No sooner 
have the latest improvements in comfort and 
convenience been embodied in the fresh tonnage 
by which the fleets in the service have been 
increased than other vessels have been designed 
—if, indeed, they had not already been laid 
down ~in which still further refinements have 
been introduced. It seems probable, and indeed 
8 only reasonable, that those who have so con- 
stantly been raising the already high standard of 
the service may now be content for the time being 
with what they have achieved, and the present may 





Fig. 1. 


The steam is provided by six double-ended boilers, 
fired under forced draught with oi] fuel. Her 
sea speed on an average displacement of 20,000 tons 
is 17 knots, and at a mean draught of 28 ft. 9 in. 
she can carry 8,000 tons dead weight, which, of 
course, includes spare gear. Accommodation is 
provided for 331 first-class and 280 second-class 
passengers, in addition to captain, officers and 
crew to the number of 353. The leading dimensions 
of the vessel are :— 


Ft. In. 

Length over all ... ue ore 570 0 

Length between perpendiculars 547 2 

Breadth, moulded aie eva ane 71 0 
Depth, moulded, at sides to top of 

shelter deck beams ... “ 38 0 


Depth, extreme, amidships (from top 
of shelter deck beams to top of keel) 38 6 


The general arrangement and some details of con- 
struction of the entire vessel and its superstructure 
are best seen in the rigging plan reproduced in 
Fig. 2 on Plate XXIX. An amidships section 
(Fig. 9, page 439) gives further details of the hull 
structure. Figs. 5 and 6, page 468, shows the 
arrangement of the tops of the deck houses for the 
captain’s and officers’ quarters, and of the vents, 
fans and skylights to the rooms on decks below, with 
the docking bridge aft, as shown on Fig. 2, while 
Fig. 7 on the same page shows the navigation 
bridge, arranged over the captain’s quarters. A 
plan of the boat deck, immediately below the level 
of the captain’s quarters, is given on Fig. 8, page 468, 
and plans of the promenade and forecastle decks 
and the bridge deck, the two highest decks formed 
in the structure of the vessel proper and shown in 





for dealing with loads up to 30 tons being provided 
at No. 2 hatch. 

Coming to the arrangement and equipment of 
the individual superstructures and decks, that of 
the navigating bridge and the houses is sufficient 
clear from the illustrations, Figs. 5 to 7, page 468. 
It will be observed that the houses which, except 
the wheelhouse, are all of steel, include the quarters 
of the captain below the navigating deck, and those 
of the officers and engineers, as well as the wireless 
room on the boat deck, and are surrounded by deck 
spaces convenient for their use. Part of the chart 
room and its equipment are shown in Fig. 10, 
page 470, which, like the other interior views, are 
from photographs by Mr. Steward Bale, of Liver- 
pool. The equipment of nautical instruments, all 
supplied by Messrs. Kelvin, Bottomley and Baird, 
is as simple and modern as has been the com- 
pany’s invariable practice to provide, and need not 
be specified in detail. Among the other objects 
to be seen in Fig. 10 is the wireless direction -finder, 
which appears to the right against the back wall. 
It appears that this instrument has now come 
into regular use with satisfactory results. Other 
gear to be observed in this room are the Pneumer- 
cator gauges, which are connected with the oil fuel 
tanks, and the Harland and Wolff gear for con- 
trolling the watertight doors electrically. A full 
system of intercommunication by telephone includes 
a number of Graham’s laryngaphones, one of which 
may be seen in the figure, by which transmitted 
speech is unaffected by any noise in the neighbour- 
hood of the sender. 

The primary purpose of the boat deck is, of course, 
to carry boats, and these are provided on the ample 








therefore be considered a suitable epoch to take 





the cross-section (Fig. 9), are given in Plate XXIX, 


scale usual with this company. As against the 
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PENINSULAR AND ORIENTAL LINER “RAWALPINDI.” 


MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 


MIDSHIP SECTION 
DIMENSIONS 547: 2” B.P. x 71:0" M*°. x 38:6" K.TO B. 
CLASS 100 A./. WITH FREEBOARD. 


NUMERALS. 
y : LxD = 546-66 x 42-83 = 23413 
Fig. g. L x(B+D) = 546-66x (71+ 42-83) =62226 
’/p (Prom. Dk.) = 982 
= —-) = 11:59 


Pn, not exceeding 70200 
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and the Hon. Elsie Mackay have been largely 
responsible for the selection of the styles in which 
each of these rooms has been decorated and fur- 
nished, and no account of the interior of the ship 
would be complete which did not record the success 
with which the obvious difficulties have been sur- 
mounted ; a success the more remarkable because 
different styles are said to have been chosen not 
only for each room, but for each ship, and the same 
artists have co-operated in the decoration and 
choice of furniture and fittings for all the ships of 
the present class and of a previous class—the 
Cathoys—as well. The styles adopted in the 
Rawalpindi for the lounge, music room and smoking 
room will be recognised as being respectively 
Adams, Louis XVI, and early eighteenth century. 
Each of them has a marble fireplace, the fire being 
an electric stove, with a mirror above. The two 
first rooms are finished in light tints, the lounge 
having blue panels relieved with ivory coloured 
mouldings and Wedgwood plaques and the dome 
and ceiling finished in cream colour, while the 
music room has both walls and dome finished in 
cream colour panels with antique gilt enrichments. 
The smoking room is carried out in cedar wood 
with walnut furniture, and a floor of rubber tiles. 

In addition to the accommodation of these rooms 
the promenade deck provides ample space for the 
salutary exercise from which it takes its name, and 
in recesses formed by the configuration of the rooms 
gives convenient space for resting. An idea of the 
considerable extent to which the deck is available 
for these purposes may be gathered from Fig. 11, 
page 470. An important convenience, provided in 
the foreward part of this deck, is the steam laundry, 
with electric ironing table, and ironery and an 
adequate equipment of machines. Room is also 
found amidships for a few one-bed and two-bed 
cabins. 

On the bridge deck, a plan of which is given on 
Plate XXIX, Fig. 4, about half the first-class sleep- 
ing accommodation is provided, and it may be 
convenient to refer here to its character. We are 
informed by the company that, while Lady Inch- 
cape and Miss Mackay have given valuable assist- 
ance in the practical details of cabin fittings and 
furniture, the interior plan and the ample dimensions 
of the cabins have been settled principally by 
Viscount Inchcape, the chairman of the company. 
If this provision includes the care that has been 
taken to provide every cabin with at least one side 
light, permitting direct illumination and ventila- 
tion for the outer air, many passengers will be 
grateful to him. Most of the cabins have only two 
beds, but there are a number of single-bed cabins 
and a few three-bed. Each of these is fitted with 
mechanical ventilation and an electric radiator, 
which are under the control of the occupants. In 
addition to a liberal provision of public bathrooms 
and lavatories amidships, a number of single and 
double bed cabins have private bath rooms, and 
there is a limited number of cabines de luxe. How 
the three-bed cabins and the cabines de luxe are fitted 
is illustrated on Plate XXX, Figs. 16and 17. On 
this deck are also the surgeon’s quarters and the 
genera! hospital, the bureau, and a printing office. 
Quarters for European crew are provided forward, 
and native quarters and dispensary aft. 


(To be continued.) 
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THE BRITISH ASSOCIATION MEETING 
AT SOUTHAMPTON. 


SECTION K.—BOTANY. 
(Concluded from page 438.) 
THE EVOLUTION AND COLONISATION OF TIDAL 
LANDS. 


Tue joint discussion by Sections E and K, held 
in the rooms of the latter section, on “The Evolu- 
tion and Colonisation of Tidal Lands ’’ drew attention 
to important, but somewhat neglected problems. 
Professor F. W. Oliver, of London, opening the 
discussion, said that three elements defined the early 
phases of tidal-land formation, first, the inorganic 
products of erosion brought to the coast lines and 
imprisoned in more stable waters in which only a 
small proportion of the silt would settle ; second, the 








sources of energy, bringing the deposits above water- 
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mark, viz., tides, currents, and winds; and third, 
sedentary vegetation, which wasso much the conser- 
vative and creative element that one might say, 
“‘ No plants, no tidal lands.” Three types of tidal 
lands might be distinguished, shingle beaches, sand 
dunes, and salt marshes. Shingles would remain 
sterile unless the water-borne drift and dead vege- 
table matter, which served as a germinating bed, 
carried seeds. When the soil moved more rapidly 
than the plants could grow, no vegetation could 
persist; he had made observations on this point, 
and it was noteworthy that -by judicious planting 
the protective value of shingle beaches could much 
be enhanced. Given a sufficiency of sand on a 
foreshore, the plants would hold the sand as it 
drifted, hummocks arising behind the plants ; even 
gales might be favourable to this growth. Salt 
marshes, the most interesting tidal formations, varied 
muchin nature. Once a start was made with vege- 
tation the ground might be covered to maximum 
density within a few years; spartina grass, which 
cattle and sheep took readily, had been most 
successful for tidal-land cultivation. Cultivation 
experiments were now being made in this country 
and in the Dominions ; the bay of Mont St. Michel, 
off Brittany, was cultivated by this grass, and the 
Dutch Government were introducing roots for trial 
purposes, 

According to the Board of Trade, the second 
speaker, Professor J. W. Gregory, of Glasgow, 
pointed out, tidal lands were lands situated between 
the limits of ordinary spring tides ; but intimately 
connected with them were lands formed outside 
these limits under the indirect action of the tides. 
Tidal lands belonged to two classes: plains due 
to the cutting back of the land by the sea, and land 
due to deposition. The former process was more 
impressive, and the land lost or transformed into 
a tidal marsh was often valuable. The Coast 
Erosion Committee of 1907-12 found, however, 
that the loss of land by coastal abrasion was much 
smaller than the gain by accretion elsewhere, the 
figures for thirty-five years being 6,400 acres and 
48,000 acres ; and sub-aerial erosion, though slower 
in action—a lowering of the land at the rate of 
1 ft. in 10,000 years—was a far more serious danger 
to land than coastal abrasion. The most important 
tidal lands owed their origin to the filling up of 
bays and estuaries, which began by the formation 
of a bar as a bay-head beach on which storms piled 
up the beach material. Spits were formed by the 
drift of material along a coast under tidal or wind 
action. Spurn Head was now 10 ft. to 20 ft. in 
height and grew southward at varying rates—3 yards 
or 4 yards a year and up to 56 yards a year; one 
and a-half miles of the total natural length had 
formed since 1676, and the whole spit was shifting 
westwards, Occasional breaking of the Humber 
through the spit, as in 1849, had boen stopped by 
strengthening the groynes. The Yare estuary illus- 
trated spit formation and development of tidal 
lands in the estuary of a less powerful river. 

In the silting up of the depression behind the 
bar or spit the precipitating (or coagulating) effect 
of the salt water on the fine mud particles carried 
by the river was a most important factor; dis- 
charged into fresh water, the mud would remain 
in susp2nsion for long p2riods. Thus the river 
was stopped as it entered the sea. The banks 
were raised above low tide because the ebbing 
water retired more gontly than the rising tide 
advanced. The water brought up by the rising 
tide was moreover caught in the depression and 
by the vegetation, so that each tide left a film of 
“warp.” Along the Humber and Lincolnshire 
coast that process was tiJised for reclamation ; 
water was admitted to /ow-lying tracts to flow 
out through controlled channels. In this way 
184 acres were raised along the Trent by warping 
at the rate of 4 in. to 16 in. per year, and a good 
crop was raised in the fourth year. Warping along 
the Norfolk coast had raised the land at rates 
ranging from 1 ft. in 9} years to 1 ft. in 120 years. 
Vegetation aided the mechanical deposition. In 
the South of England spartina grass had been 
found useful in this respect by Lord Montagu 
and by Professor Oliver ; in Burma water hyacinths 
actually blocked the rivers. As the floor of the 
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Fig. 11. 


less powerful, until the area was raised above 
sea level. Meanwhile, however, the area of the 
estuary might be diminished by the formation of 
further spits as in the finger-shaped delta of the 
Mississippi. When the silt jetties, formed along 
adjacent rivers, were meeting, parts of the estuary 
were cut off as lakes, among which the river wound 
its course as in the Norfolk Broads. If those tidal 
lands of the Broads should be buried by winds 
under sand and clay they might provide the 
conditions for a future coal field. 

Professor R. H. Yapp, of Birmingham, referred 
to the colonisation of the mud flats in the Dovey 
estuary, in Wales, by a salt marsh vegetation. 
The vertical accretion of silt and the growth, 
rapid at first, decreased in later stages. The 





estuary was raised the tidal scouring became 





plants were great silt-binders and prevented 
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sun-cracking. The margins of the marsh and of 
the drainage pans were undercut by erosion, but 
the rate of this retrogression was comparatively 
slow. Lord Montagu of Beaulieu, speaking next 
as owner of some 1,000 acres of foreshore and as 
an experimenter, urged the co-operation of 
botanists and local authorities, but wished to 
dispel the belief that easy and quick agricultural 
returns could be obtained by enclosing and draining 
new marsh land ; that was impossible unless the land 
was covered and rendered fit for cultivation. Work 
for the unemployed could not be found on those fore- 
shores, and a good deal of money had been wasted 
on preservation schemes. Dr. Vaughan Cornish, 
of Camberley, also suggested further studies of 
the flood and ebb tide phenomena before engineers 
laid down schemes for coast defence. The 
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rhythmical movements of the detritus at the turn 
of the tides might be observed by the aid of punts 
moored just inside the breaker line. Dr..E. J. 
Salisbury, of Radlett, the last speaker, discussed 
the nature of the successive phenomena, the 
gradual diminution of the calcium carbonate and 
the increase of acidity in the tidal soil, leading 
in the course of decades and centuries to the 
replacement of lime-plants by heather. 





SECTIONS J AND L.—PSYCHOLOGY AND 
EDUCATION. 
VocATIONAL TRAINING. 

The discussion of the problems of vocational 
training was not limited to the afternoon which a 
joint. meeting of the Psychology and Education 
Sections, J and L, devoted to it. It came up also 
in the presidential address of Professor C. Spearman 
to Section J, in committee reports and in various 
papers. Dr. Spearman’s address was on “Some 
Issues in the Theory of ‘G.’” The essential 
theorem was that the measure of every different 
ability of any person could be resolved into two 
factors, the one g, which was always the same, and 
the other s, always independent. Thus if a person 
passed a mental test with 17 marks and the two com- 
ponents were 11 and 6, the 11 would reoccur in any 
other test of this person, whilst the 6 would change 
with the special test. The g might represent the 
general energy of the brain, the s the particular 
part or engine through which it acted when switched 
on to some special work. The special abilities might 
vary from one individual, to another almost inde- 
pendently ; thus, for instance, judging the com- 
parative lengths of two lines seemed to be a problem 
quite independent of drawing a line of the length of 
a given line. 

The Committee on Vocational Tests, of which 
the chairman was Dr. ©. V. Myers, pointed out 
that tests might be utilised for vocational guidance 
to those, who needed help in the choice of an 
occupation, and for vocativnal selection, when 
tests were devised that would give information 
about the degrce of suitability for that occupation. 
In America psychological examinations were applied 
for choosing a high school curriculum and for 
estimating suitability for industrial, professional 
or commercial life. On the Continent numerous 
vocational bureaux classificd occupations as to 
estimated requirements, and large firms, the 
A.E.G., Krupp, the Post Office, &c., had estab- 
lished psychological lahoratories to test candi- 
dates before assigning them to departments. 
Similar work was done over here by the National 
Institute of Industrial Psychology. But the re- 
quirements of vacancies were usually vaguely 
defined, and there were generally too many candi- 
dates. The teacher’s estimate of a child’s ability 
was limited to his own sphere of observation, and 
the medical examination mainly showed what the 
child was not fitted for. An enormous ground was 
still to be covered before valid positive information 
could be obtained. 

In opening the joint discussion on Vocational 
Guidance, over which Dr. W. W. Vaughan, of Rugby, 
presided, Professor Cyril Burt, of London, referred to 
the Education and Choice of Employment Act of 
1910, which had imposed psychological tests on 
teachers. The Industrial Research Board and the 
National Institute of Industrial Psychology had 
undertaken the tests. Discussing the possibility of 
scientific advice and the methods to be used, 
Professor Burt considered that we knew enough for 
giving advice and an official report was in prepara- 
tion. A case-study should be made of each indivi- 
dual. The child could be measured exactly by the 
mental ratio, the ratio of his mental age to his chrono- 
logical age, and by that test various types might be 
distinguished. The ratio 15/10 meant that a child of 
10 years had the mental equivalent of a child of 15. 
There would be one child in a thousand of that class 
suited for higher professional or administrative work, 
for whose superior education he would specially 
provide. His fourth class comprised children just 
above the average, the sixth those only fit for 
unskilled work; there was a seventh class of the 
fecble-minded, two-thirds of whom yet passed into 
the working world; whilst the eighth class of the 


defective should remain in special institutions for 
life. 

Mr. J. W. Cox dealt with “‘ Mechanical Aptitude 
in Relation to Fducation and Vocational Psycho- 
logy.” Referring to Dr. Spearman’s criterion, 
he stated that data collected from various types of 
schools indicated the existence of a group factor, 
which he provisionally called “ mechanical apti- 
tude,” and which was not to be confused with 
general intelligence or scholastic ability. The 
essential requirement was ability to cognise 
relations between special characters, and to find 
a correlate in the case where the given funda- 
ments and relations were mainly spatial. He 
discussed that group factor in relation to school 
curriculum, examinatiorsand trade scholarships, and 
to certain branches of engineering, and described 
some new mechanical ability tests. These tests 
could be given to groups, or individuals, and 
should prove useful as additions to the ordinary 
Trade Scholarship Examination and as tests for 
vocational guidance and selection. 

Mr. E. Salter Davies spoke on vocational guidance 
in his county, Kent, in which next to agriculture, 
engineering, shipbuilding, paper, cement, brewing 
and building were the chief industries. Vocational 
guidance was organised in Kent, lectures were given 
by officials; teachers and employers; he gave 
statistics of boys and girls registered by the 
Juvenile Welfare Bureau and placed in various 
occupations, mentioned false starts, and advocated 
closer co-operation between employers and. local 
educational authorities, and more regard for the 
human element. 





EVENING DISCOURSE, &c. 
Somzt AERONAUTICAL PROBLEMS. 

The one evening discourse delivered this year— 
there are usually two—by Mr. R. V. Southwell, on 
“Some Aeronautical Problems,” is to receive the 
unusual honour of being printed in the Report. 
Mr. Southwell, who has now returned to Cambridge 
after being for some years Superintendent of the 
Aeronautics Department of the National Physical 
Laboratory, was assisted in the demonstrations 
by Mr. T. Lavender, of the same department. 

Mr. Southwell briefly and critically reviewed 
aeronautical progress from the standpoint of 
applied aerodynamics, the latest of applied sciences. 
It was little more than twenty years ago, he pointed 
out, that the Wright brothers made their first 
power-driven flight, which did not last one minute. 
Recently an altitude of 9,3576 ft., and a speed of 
278 m.p.h., had been attained in France, and 
distances of 2,517 miles had been covered without 
refuelling, and of 3,293 miles with refuelling, in 
America. The future of aeronautics was in our 
hands, to make or to mar, because practically the 
whole of aeronautical research and development 
was financed and directed by Government. Many 
people seemed to imagine that progress in aero- 
nautics was first and last a question of money. 
No view could be more fallacious. Unless research 
and development programmes were well conceived, 
additional money would do more harm than good. 

Mr. Southwell proceeded to review some of 
the questions which bulk largest in the aero- 
nautical columns of the Press at present. Two 
airships, larger than any hitherto constructed, were 
known to be on order for the Air Ministry, and the 
public Press wished to inflate them with helium, 
to avoid the fire risks of hydrogen. Until 
recently one might have objected that the petrol 
fuel was more dangerous than the hydrogen ; 
but engines burning heavy oil were now used. On 
the other hand, no airship had perished by hydrogen 
ignition, except during the war by incéndiary 
bullets, and Dr. Eckener, of the Zeppelin Com- 
pany, who had made over 2,000 flights in 
rigid airships, did not consider lightning dan- 
gerous provided that no gas were let out either 
through valves or through defective gas cells. To 
meet that condition Eckener would make the airship 
carry small reservoirs of helium, only intended for 
emergency if it should become absolutely necessary 
to valve gas ina thunderstorm. The fatal objection 
to helium as a complete substitute for hydrogen 





was its smaller lifting power. The difference was 





not large at first sight ; 1,000 cub. ft. of hydrogen | 
would keep 68 lb. in the air at ground level, 
1,000 cub. ft. of helium 63 Ib. But the greater 
part of those lifting powers was needed on 
indispensable duty. If the R.33, of 2,000,000 cub. 
ft. capacity, had on her recent memorable involun- 
tary flight been inflated with helium instead of 
hydrogen, she would have had 10,000 Ib. less useful 
lift, and, other things being equal, she would have 
had 1,430 gallons of petro] less in her tanks ; as it was, 
she carried 1,600 gallons, which proved just suffi- 
cient to bring her home. In war a 5,000,000 cub. ft. 
hydrogen airship could carry 11 tons more bombs 
or petrol than a helium ship, or could fly at 
12,000 ft. instead of at 10,000 ft.—and risks had to 
be taken in war. 

Mr. Southwell passed on to the helicopter, a 
hardy perennial of the ‘aeronautical column ” 
which was supposed to offer great military advan- 
tages and could not be shot down. Mr. Southwell’s 
model consisted of an air screw, 1 ft. in diameter, 
loosely mounted on a vertical spindle which was 
turned by an electric motor. At 4,000 r.p.m. 
the screw flew off, rose to a height of about 30 ft. 
and came down again, reversing its rotation in 
descending, as expected. The greatest height to 
which a helicopter carrying a man had ascended 
according to official records, Mr. Southwell said, 
was 1 metre. To come down again, supposing he 
had risen to some height, the man on the helicopter 
had best declutch the lifting screw. They had 
proved at the National Physical Laboratory that 
@ spinning air screw opposed nearly as much 
resistance to falling as did a flat plate; but that 
resistance did not impart stability. It was demon- 
strated that a parachute enlarged but flattened by 
a wire ring was unstable, whilst the proper umbrella 
parachute was stable. The problem of stability 
for the helicopter was probably not of overwhelm- 
ing difficulty. But it would have to be attacked 
by systematiic research, and not by secret investi- 
gators or by prize competitions. 

The case of the high-speed aeroplane was different. 
Systematic research was indeed needed for engines of 
higher power. The other way of gaining speed— 
reduction of the resistance to motion through the 
air—was in the main now a question of clean design 
and elimination of excrescences, and, the principles 
governing the design of wings being sufficiently 
understood, that was now a suitable subject for prize 
competition. But in civil aviation, at any rate, 
too much stress should not be laid on speed as the 
dominating factor; safety, comfort and reliability 
were the three essentials. Safety depended largely 
upon low landing speed, and an air speed of 80 
miles per hour should suffice to secure a time-saving 
over other means of transport. The popular cry for 
giant flying machines overlooked the fact that sur- 
faces increased as the square of the linear dimensions 
and volumes and weights with the cube, and that 
a large bird had to fly faster than a small one. 
To maintain its level a bird had to fly at a speed 
proportional to the square root of its linear dimen- 
sions, and whilst its capacity for doing work only 
varied as the cube of the linear dimensions, the 
rate at which it had to do work had to increase 
as the power 33. 

Doubts had been expressed about the wisdom 
of the Air Ministry in embarking upon the con- 
struction of airships of twice the size so far 
attempted, after four years of stagnation in airship 
construction. In that case the problem was regu- 
lated by a different dimensional law. On land the 
legs of an animal of twice the size had to support 
double the weight per unit cross section. But that 
rule did not apply to animals swimming in the 
water, such as whales, whose mass was buoyed up 
by the water displaced and which might indeed 
grow to indefinite sizes. The cases of the whale and 
the airship were not rigorously parallel, of course, 
but there was a relatively insignificent dimensional 
handicap in the stresses due to the loads and the 
resistances, and there was also an advantage in 
increased robustness due to increased size. If we 
imagined the dimensions reduced, the cross section 
of the R.33 longitudinal members, which in all 
amounted only to 8 sq. in., would soon involve 
thicknesses which corrusion would endanger. On 
the other hand, in an airship of double dimensions 
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corrosion would be less important, and since the 
resistance to motion at the original speed would 
be fourfold, and the petrol capacity eightfold, flying 
at the same speed the ship could fly twice as far. 
Thus increased size did not in itself add risk. The 
R.38 disaster had left us faced with the necessity 
of dispensing with previous experience, unless we 
were content to take our problems abroad. We 
had to tackle this business from the very begin- 
ning, and we were making our chances greater, 
not smaller, when we departed from the orthodox 
Zeppelin construction, of which we knew little, in 
favour of steel, with which we had been succesful 
on aeroplanes. The magnitude of the undertaking 
was fully recognised at Cardington. Mr. Southwell 
regretted that airship research had been inter- 
rupted for four years, and he was very critical in 
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trolled by the elevator of the plane: when the 
elevator was put up, the tail was pushed down 
hy the wind, but the resulting change in the 
attitude of the wing caused a net increase in the 
lift, and the aeroplane climbed. But if the pilot 
tried to climb too rapidly, he would stall his 
wings; the nose would go down, and he would 
descend. Now the second great difficulty, the 
tendency to auto-rotation, came in. To explain 
this feature Mr. Lavender had mounted a wing 
model at an adjustable angle on a _ horizontal 
shaft; an electric motor, which drove an air 
screw, sent a horizontal air current through a 
honeycomb (to eliminate eddies) on to the wing. If 
the wing was set at a small angle and was given 
a spin about the horizontal axis, the side travelling 





down (up) would meet the wind at a greater 
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some comments. For the next two years the 
design staff should be left in peace to do its best. 
But he was emphatically in favour of this great 
adventure in airship construction, 

In the second part of his lecture Mr. Southwell 
emphasised that the aim of research was not to 
achieve, but to understand. To that attitude he 
ascribed three signal triumphs in aeronautics. 
First, the attainment of automatic stability. 
Credit for that was chiefly due to Professor G. H. 
Bryan, who studied this problem as an application 
of the dynamics of a rigid body, to Professor 
L. Bairstow and his colleagues at the National 
Physical Laboratory, who determined the stability 
tactors (derivatives) experimentally, and to the 
late Captain Edward Busk and the Royal Aircraft 
Factory at Farnborough, who translated the new 
knowledge into practice. The term “a stable 
aeroplane’ generally meant “stable below the 
stall.” Even a stable aeroplane in this sense 
might become very dangerous if accidentally stalled. 
The vertical force exerted by the air upon the 
wings, the lift, depended upon the angle at 
which the wings were inclined to the current. In 
one attitude there would be no lift at all; with 
increasing angle the lift increased to a maximum 
at the angle of stalling incidence; at a greater 
angle the lift decreased. The angle was con- 





(smaller) angle than before. Hence, the lift was 
greater on the downward moving side. But when 
this side was stalled (with the angle set close to the 
stalling incidence), the wind would tend to maintain 
the motion, whatever the direction of the original 
spin. When the wind was turned on, the wing 
showed indecision; if given a spin in either 
direction, it would settle down to steady rotation, 
the direction depending upon the side from which 
the disturbance came. So a plane accidentally 
stalled would tend to rotate and to descend in a 
state beyond the control of the pilot. His instinct 
would be to pull his nose up, so as to avoid the 
ground; but he ought to put it down, so as to 
reduce the angle of incidence. This understood, 
spinning, previously responsible for many accidents, 
had no terror for the skilled pilot, except close to 
the ground. This elucidation of the spin was due 
to Bairstow, and was claimed as another triumph 
for the attitude which seeks to understand. 

The third triumph, control at any angle, below 
or above stalling incidence, was due to a panel 
of the Aeronautical Research Committee working 
under Professor Melvill Jones. It had taken them 
some time to formulate the essential requirement, 








that the pilot must be able to “roll” his machine 


(as the model wing turned on its spindle) without 
tending to “‘ yaw” (move to right or left). Success 
had finally been achieved by combining two 
devices, of Handley Page and the Bristol Company. 

Many problems yet remained to be solved before 
we could predict the characteristics of an aeroplane 
from the characteristics of the wing and tail sections. 
But the fundamental question was: Why does an 
aeroplane lift at all? The wing cleft the air and 
forced the fluid to move in a curved path around it ; 
if we could predict these paths, we should have a 
sufficient theory of lift and drag. Path calculations 
could be made for frictionless fluids, and so far 
as air sliding on air was concerned, it was sub- 
stantially frictionless. The stream lines past a 
long aerofoil were reproduced in Fig. 4, as deter- 
mined by Messrs. L. W. Bryant and D. H. 























Williams ; the full lines indicated tunnel measure- 
ments, the dotted lines the curves deduced from 
the equipotential curves determined by Mr. Relf’s 
electrical method ; except in the neighbourhood of 
the aerofoil and in the “ wake” the motion was 
that of a sensibly frictionless fluid.* 

Real fluids refused to slide over solid surfaces. 
Thus the air in actual contact with the aerofoil 
was stationary, but was moving fast at a small 
distance from it. If air could slip over the 
aerofoil, there would be no resistance, but also no 
lift. In the boundary film, whose thickness was 
measured in thousandths of an inch, were generated 
those forces which produced the lifting power. 
Osborne Reynolds’ theory of lubrication had proved 
that there was nothing impossible in this notion. 
but the aerodynamical problem was much harder. 
Figs. 5 and 6, due to Dr. Stanton, showed the eddies 
set up by friction when a stream of coloured liquid 
flowing in water impinged upon a circular wire. — 

For the six photographs of eddy formation 
behind a circular cylinder, shown in Fig. 7, Mr. 
Southwell was indebted to Professor T. von 
Karman, of Aachen. The cylinder shown in the 

~* A further illustration of turbulence on an aerofoil 
must be held over till next week. 
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illustrations had suddenly been pulled to the left. 
That pull did not at once set up eddies; but after- 
wards the increasing velocity caused vortices to 
develop which finally broke away from the cylinder 
and left the surface in the disturbed state of the 
sixth figure, in which the camera had been held 
stationary with the liquid: in the other five 
figures it had moved with the cylinder. 

Concluding, Mr. Southwell said that Professor 
Prandtl, of G6ttingen, had shown in brilliant fashion 
how much could be done with the theory of friction- 
less fluids towards explaining the “lift” of an 
aeroplane, provided we took these boundary effects 
for granted. It was Prandtl, with Kérmén, who was 
leading the new attack—the attempt to elucidate by 
mathematical investigation the microstructure of 
the boundary layer. That might seem to be a 
purely academic inquiry—just as Sorby’s researches 
into the microstructure of steel had been con- 
sidered academic sixty years ago. To the lecturer 
himself, this boundary layer seemed the most 
fundamental problem of aeronautics. 


CoNncLUDING REMARKS, 


The general character of the proceedings and 
the final attendance of 1,784 members fully 
justified the anticipation of an instructive and 
very pleasant, though not large, meeting. Mem- 
bers of the British Association are, perhaps, 
generally too much tempted by the excursions. 
Southampton was in an exceptionally favourable 
position in this respect, with the attractions of the 
port, the New Forest, of the abbeys and cathedrals 
of Romsey, Salisbury, and Winchester, of Stone- 
henge, &c., while such facilities as the visit arranged 
to the Calshot Royal Air Force Base, where the 
handling of float planes and flying boats could be 
watched, are unusual. The dispersal of the section 
rooms at Southampton certainly caused some in- 
convenience ; but it was inevitable and is always 
a matter of difficulty, and the Mayor could 
assure the members at the concluding meeting that 
these drawbacks would soon be a reminiscence, and 
the votes of thanks and the best wishes for South- 
ampton University College, which is waiting for 
recognition as a University, were well deserved and 
cordially received. The grants to research funds 
amounted this year to 6911. 

Next year, the Association will meet at Oxford, 
on August 4, under the presidency of the Prince 
of Wales. For 1927, an invitation to Leeds has 
been accepted. 





THE MOTOR EXHIBITION AT 
OLYMPIA. 


(Continued from page 458.) 


We illustrate the engine of the 25-70 h.p. Vauxhall 
car in Figs. 13 to 16. As will be evident from the 
first of these figures, the external appearance is 
conventional ; but a glance at the sections suffices 
to indicate {that the construction differs widely 
from that usually adopted in multi-cylinder sleeve 
valve engines. The engine has a bore of 81-5 mm. 
and a stroke of 124mm. The capacity is therefore 
3-88 litres, and the R.A.C. rating 24-8 h.p. Before 
entering into the details of construction, reference 
may be made to the leading features of the design. 
Perhaps the most important of these is the excep- 
tional provision which has been made to ensure 
rigidity, not only in the moving parts, but in the 
general structure of the engine. The importance 
of the latter point, as conducing to smooth running, 
and an absence of vibration periods, is not always 
realised, but it has formed one of the leading features 
of Vauxhall engines for some time past. As will 
be seen from Fig. 16, both the cylinder block and 
the upper half of the crankcase are designed to offer 
ample resistance to lateral deflection, the cylinder 
block in particular having a quite exceptional overall 
width across the walls of the jacket. The walls are 
splayed out towards the bottom, resulting in a 
lateral width at the base of the cylinder block 
which must be almost unique in motor car practice. 
A further point in this connection is that horizontal 
Webs are provided for stiffening up the cylinder 
barrels. The other leading features of the engine 
are the built-up crankshaft with a central flywheel, 





the form of the combustion space and the method 
of operating the sleeve valves. 

The construction of the crankshaft is shown in 
Figs. 14 to 16, from which it will be noticed that 
each crank web is a separate piece, pressed on to 
the journals, and split at the outer end, the split 
portions being drawn together to nip the crank pin 
by means of a through bolt. The crank-pins 
are case-hardened and run in phosphor bronze 
bushes, which are themselves free to turn in the 
case-hardened steel bushes, which are inserted and 
clamped into the big ends of the duralumin rods. 
The floating phosphor-bronze bush has a number 
of holes drilled through it for lubrication purposes. 
One of the difficulties usually associated with six- 
cylinder engines is the possibility of torsional vibra- 
tions in the crankshaft. This tendency is greatly 
reduced by the provision of a central flywheel, as 
arranged on this engine, and also utilised by Messrs. 
Vauxhall on one of their earlier engines. Lateral 
rigidity for the crankshaft is ensured by the pro- 
vision of a bearing between each throw. There 
are ten main bearings in all, as both the central 





shaft running parallel with the cylinder block. 
The drive for the worm shaft, which carries the 
six phosphor-bronze worms, can be seen in Fig. 15, 
from which it will be observed that it takes the 
form of a silent-chain drive, from a chain wheel, 
mounted between the two forward bearings, on the 
crank-shaft. The worm shaft is provided with a 
bearing between each wheel, and is fitted with a 
thrust bearing at the front end. There is very 
little actual thrust on the shaft, however, as three 
of the worms are cut right hand and three left hand. 
The silent chain is tensioned by means of an adjust- 
able jockey pulley. The chain wheels are of equal 
size, the two-to-one reduction necessary for the 
sleeves being obtained between the worms and 
worm wheels. The remaining features of the 
engine do not call for special comment, with the 
exception of the lubricating system. The oil 
pump is of the plunger type, and is operated by an 
eccentric mounted on the crank-shaft between 
the two main bearings at the rear end of the engine. 
The oil is fed from the sump into a central passage 
running through the worm-shaft, from which it is 

















Fie. 13. 25/70-H.P. Vauxnatt ENGINE. 


bearings, and the two end bearings, are divided 
into two separate parts. The main bearings are of 
phosphor-bronze, lined with white metal. Dealing 
next with the form of the combustion space, it 
will be seen from Figs. 14 and 16 that it is in the 
shape of a cone, with the sparking plug in the centre. 
It is claimed by the makers that the form adopted 
gives very effective combustion, with a marked 
absence of any tendency to detonation. The com- 
pression ratio is 5 to 1. The construction of the 
detachable head will be clear from the various 
illustrations, and does not call for special comment, 
but attention may be drawn to the effective cooling 
of the combustion space, and also of the cylinder 
barrels, ensured by the planning and ample size 
of the respective water jackets. 

We may now pass on to the operation of the 
sleeve valves. The single sleeves have four ports 
at the upper end, and there are five ports in each 
cylinder, three of which are on the inlet, and the 
remaining two on the exhaust side. The sleeves 
are operated on the Burt and M’Collum principle, 
which results in a partial rotation taking place 
during the reciprocating movement. The double 
movement reduces any likelihood of grooving to a 
minimum, while at the same time it ensures an 
effective distribution of the lubricating oil. As 
will be seen from Fig. 16, the base of the sleeve is 
thickened up, and is provided with a lug which 
constitutes the housing for a ball and socket joint. 
The central pin, on which the joint is mounted, 
constitutes the crankpin of a short overhung crank- 
shaft, in the form of a cross-shaft, having its axis 
at right-angles to the centre line of the engine. 
There are six of these cross-shafts, one to each 
sleeve, driven by steel worm-wheels from a worm- 





tapped off to each of the shaft bearings. From 
these bearings the oil is conveyed by pipes to the 
main bearings, and from thence, through passages 
in the crank-shaft, to the big ends. The worm gears 
run partially immersed in oil, which is fed into the 
wheel chambers from the worm-shaft bearings. 
The overflow from these chambers serves to lubri- 
cate the silent chain, finally returning to the sump. 
The pistons, sieeves and small end bearings are 
lubricated from the oil mist within the crank-case. 
As a final point it may be mentioned that the dynamo 
and magneto, which can beseen in position in Fig. 13, 
are driven from the centre of the worm shaft by the 
silent chain, shown in Fig. 16. 

The extremely moderate price, at which cars of 
British manufacture may be obtained at the present 
time, is illustrated by the products of the Clyno 
Engineering Company (1922), Limited, of Pelham- 
street, Wolverhampton. The 11 h.p. car made by 
this firm is now available as a two-seater, with front- 
wheel brakes, at 1701., and it is no exaggeration to 
state that in every essential respect, the qualities 
of this car are fully equal to those sold a year or 
two back at from 250/. to 3007. This year, Messrs. 
Clyno are introducing a new model with a 13 h.p. 
engine, which we illustrate in Figs. 17 to 19 on 
page 475. The chassis is the same as that of the 
11 h.p. car to which we have referred, with the excep- 
tion of the larger engine, and of larger wheels. The 
engine, which is shown in Fig. 19, has four cylinders 
with a bore of 69mm. and astroke of 100 mm., giving 
a cubic capacity of 1,496c.c. It follows conventional 
lines for a side-by-side valve engine very closely, 
having a detachable head, a three-bearing crank- 
shaft, and thermo-syphon cooling. The carburettor 
is bolted direct on to the cylinder block on the 
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13-H.P. MOTOR CAR AT OLYMPIA. 


CONSTRUCTED BY THE CLYNO ENGINEERING COMPANY (1922), LIMITED, WOLVERHAMPTON. 














Fig. 17. Sipe View or CaHassis, 
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Fie. 18. Enp View or CuHassis. 


above the timing gear casing in Fig. 21. Both 
magnetos are driven by skew gearing from the cam- 
Shaft. The crankshaft is of the eight-bearing 
variety, and is fitted with a vibration damper at 
the forward end. The latter can be clearly seen 
in the illustration. A single carburettor is em- 
ployed. The induction manifold is jacketed above 
the carburettor, and the two branches are joined 
at the top, with a view to reducing surging effects. 
The exhaust system is duplicated down to an 
expansion box, shown in Fig. 20, from which a 
Single pipe leads to the silencer at the rear end of 
the chassis. The engine is fitted with aluminium 
pistons, having split skirts, and with steel connect- 
Ing rods. The gear-type oil pump is driven by 
means of a vertical spindle, operated by skew 
gearing from the crankshaft. The bearings are 
pressure fed throughout. 

The clutch is of the plate type, with a Ferodo- 
faced duralumin disc. The gear-box is mounted 
Separately from the engine, and is fitted with four 








Fia. 1 


forward speeds. The propeller shaft is of the open 
type, with metal-to-metal universal joints at each 
end. The back axle is of the banjo type, and is 
fully floating. The final transmission is by spiral 
bevel. There are six brakes in all, four on the rear 
wheels and two on the front. Two of the rear wheel 
brakes are operated by the hand lever in the usual 
way, the remaining four brakes heing operated 
by the foot pedal. The car has a track of 4 ft. 8 in., 
and a wheelbase of 12 ft. Rudge Whitworth detach- 
able wire wheels, and 33 in. by 6-75 in. semi- 
balloon tyres, are standard for the chassis. Quarter- 
elliptic springs are employed for both axles. 

The firm of Messrs. Lea and Francis, Limited, of 
Lower Ford-street, Coventry, are exhibiting examples 
of their 10-h.p. and 12-h.p. models. Since the last 
show, these cars have been subject to some modifica- 
tion, the frame having been stiffened up, the 
propeller-shaft increased in diameter, and the spring 
mounting altered. Front-wheel brakes are now 








standard. We illustrate the larger car in Figs. 22 


9. 4-CyLINDER ENGINE. 


and 23, page 482, from which it will be seen that unit 
construction is adopted for engine and gear-box, with 
open-type transmission. The engine has a bore of 
69 mm. and a stroke of 100 mm., the cubic capacity 
thus being 1,496 c.c. It is fitted with overhead 
valves, operated by tappet rods from the crank- 
case. The cylinder head is detachable, and the 
overhead-valve mechanism is completely enclosed 
by an aluminium cover, which can be readily 
removed for tappet adjustments. Nickel-steel 
valves are employed. The crankshaft is of the 
three-bearing type, and is of high-tension steel. 
The pistons are of cast-iron, except in the case of 
the super-sports engine, in which aluminium-allcy 
pistons, in conjunction with duralumin connecting 
rods, are employed. Engine lubrication is by 
plunger pump, situated in the sump, and operated 
by an eccentric on the camshaft. The oil is delivered 
to troughs under each cornecting rod, from which 








the dippers on the rods distribute the oil to 
all the working parts of the engine. Additional 
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34-LITRE 


MOTOR CAR AT OLYMPIA. 


CONSTRUCTED BY MESSRS. BENTLEY MOTORS, LIMITED, LONDON, 




















lubrication is provided for the overhead valve 


rockers in the form of an oil wick. 


° ° 4 
The clutch consists of an inverted cone of alumi- 


nium alloy, faced with chrome leather. Springs are 
introduced between the leather and the cone to 
ensure a smooth take-up. The four-speed gear-box 
is of circular formation, as shown in Fig. 23, and 
is bolted to the crank-case of the engine. The 
gears are of the sliding type, and provide ratios of 
4-7, 7°36, 11-2, and 18-8 to 1. The reverse ratio 
is 24-6 to l. 
of nickel-chrome steel, and are hardened and 
ground. All gears, shafts, striking forks, and 
positive lock are mounted on the rear cover of the 
box, and may readily be removed for examination 
or repairs. A positive speedometer drive is incor- 
porated in the gear-box. The propeller-shaft is 
exposed ; and fabric-disc couplings, reinforced with 
steel plates, are employed at each end. The rear 
end of the shaft incorporates a sliding splined joint 
protected by a grease-filled cover, to allow for the 
movement of the axle. The rear-axle casing, which 
can be seen in Fig. 23, is made up of two aluminium- 
alloy castings, which are bolted together, and 
ribbed internally to give adequate streneth. The 
differential is of the spur-wheel type, and the casing 
is made in halves to ensure easy assembly. The 
final transmission is by spiral bevels, the crown 
wheel being mounted on a spigot on each half of 
the differential housing, with through bolts. The 
axle-shafts are located at the wheel end, and may 
be removed from the casing without dismantling 
the axle. The spiral bevel is mounted in an alumi- 
nium-alloy housing, and is carried on two ball 
bearings, with a double-thrust race to take up 
end thrust. A torque member, shown in Fig. 23, 
is provided on the reai axle, with a vertical hinge 
at its rear end, and a spring-loaded and swivelling 
link in front. 

The steering is of the worm and worm-wheel 
type. There are five brakes in all, a hand brake 
operating on the transmission, and a brake on each 
wheel operated by the foot pedal. The hand brake 
is mounted on an extension of the spiral-bevel shaft, 
and is therefore immediately in front of the rear 
axle. This brake does not appear to be in the best 
position, as this shaft is already heavily loaded by 
the bevel reaction. The front-wheel brakes are 
mechanically operated, and an interestmg point is 
that all the brake-drums, shoes, and linings are 
interchangeable throughout. The front springs are 





Both the gears and shafts are made | 











Fic. 20. View or CHassis. 





























Fie. 21. 


semi-elliptic, and the rear springs quarter-elliptic. 
The track of the car is 3 ft. 9 in., the wheelbase 
8 ft. 9 in., and the road clearance 8 in. 

Numerous attempts have been made in the past 
to eliminate the step-down gear box, as a unit in 
the transmission of motor vehicles ; or alternatively, 
to do away with the necessity for engaging sliding 
gears or dogs, by utilising epicyclic arrangements. 
The demand for a reform in these directions can 
easily be over-estimated, as the average driver finds 
very little difficulty in engaging the gears with 
reasonable accuracy. There will always remain, 
however, a certain number of people to whom this 
operation presents almost insuperable difficulties, 
and to such people a friction transmission is a very 
decided boon. At the present time we are only 
aware of one British firm who market a car with 
this form of transmission, namely, Messrs G. W. K., 





6-CYLINDER ENGINE. 


Limited, of Cordwalles Works. Maidenhead. This 
firm was established in 1911. and, we believe, have 
consistently adopted a friction drive since that date. 
As a result, they have brought this form of drive to 
a considerable degree of perfection. The contact 
drive as fitted to their cars is undoubtedly perfectly 
reliable, but it is a matter of considerable surprise 
that the firm should sacrifice one of its outstanding 
advantages by providing only four forward speed 
notches, instead of a practically continuous range. 
We illustrate the G. W. K. chassis in Fig. 24, page 
482. Itis fitted with a four-cylinder engine, with 
thermo-syphon cooling. The cylinder bore is 66 mm.. 
and the stroke 100 mm:, giving a cubic capacity of 
1,368 c.c., and an R.A.C. rating 6f 10-8h.p. Neither 
the engine nor chassis call for particular comment, 
and we can at once proceed to a description of the 
friction transmission. The engine drives a steel 




















































Oct. 16, 1925.] 





ENGINEERING, 











HELE-SHAW BEACHAM TRANSMISSION GEAR. 


MESSRS. HARPER, SONS AND BEAN, LIMITED, DUDLEY. 
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disc, which lies at right angles to the centre line of the 
car, through a transmission shaft of the usual type. 
A second disc, of approximately the same size, 
is provided with a ring of friction material, which 
makes contact with the steel disc. The friction disc 
1s mounted on a splined cross-shaft, in line with the 
rear wheels, to which the drive is transmitted by a 
pair of universally jointed shafts, terminating in a 
helical gear drive on to the road wheels. The friction 
disc is moved along its shaft, and therefore across 
the face of the steel disc, by the change speed lever. 
The splined shaft is hinged in a gymbal joint at 





one end, and is mounted in a bracket, which is 
free to slide through guides, at the other. Anexten- 
sion of this bracket carries a spring, which keeps the 
dises in contact, at one end ; and a forked lever for 
separating them at the other. It will thus be clear 
that the spring exerts a greater pressure between the 
contact surfaces, the nearer the friction disc is to 
the centre of the steel disc. The forked lever, to 
which we have referred, is connected up to a foot 
pedal which is depressed when it is necessary to 
alter the gear ratio, or in starting up the car. An 
extra pressure may be temporarily exerted between 





the two discs by means of a subsidiary pedal, 
pressure on which assists the spring. The purpose 
of this arrangement is to ensure an absence of 
slipping between the discs in exceptional circum- 
stances such as when starting up on a steep hill. 


(T'o be continued.) 





THE HELE-SHAW BEACHAM 
VARIABLE TRANSMISSION GEAR. 


A REALLY efficient continuously-variable transmis- 
sion gear would find an almost unlimited number of 
applications. Kinematically considered, the problem 
presents no difficulty. There are, in fact, numerous 
devices, by which a continuously-variable motion 
may be transmitted from one shaft to another. In 
most cases, however, a variable gear is required to 
transmit power, and it is then essential that it shall be 
at once compact, enduring and reasonably efficient. 
So far, no mechanism devised has been wholly satis- 
factory in all these respects, and we find accordingly 
that both motor-car manufacturers and machine- 
tool makers generally use a gear-box for varying torque 
and speed. In respect of compactness and efficiency, 
the gear-box is little likely to be surpassed. It may 
be noted, indeed, that an efficiency of nearly 99} per 
cent. has been recorded at the N.P.L., with a spur- 
wheel reducing gear. Nevertheless, the gear-box has 
certain obvious disadvantages which render it quite 
unsuitable for perhaps the majority of purposes for 
which a variable-transmission gear is required. With 
most types of gear-box, the changing of the gears 
involves the temporary uncoupling of the driver 
and follower components of the mechanism. In many 
cases such a procedure is wholly inadmissible, whilst 
in others a much greater range of variation in the 
reduction ratio is required than it is practicable to 
provide on the gear-box system. Both these con- 
siderations are of first importance in marine work, and 
this has led to the adoption at sea, for certain sub- 
sidiary services, of continuously-variable gears to an 
extent which has no parallel in land service. The in- 
genious hydraulic transmission gear which was patented 
by Dr. Hele-Shaw in 1908, has accordingly been widely 
adopted for gun training and the like, in the Navy, 
and for steering gear and winches in the mercantile 
marine. In the latter connection special mention may 
perhaps be made of its use on the Orient liners. 

The success of this gear depended on the elegant 
device of taking the heavy loads involved on a float- 
ing ring, which ran with a minimum of friction on 
ball or roller bearings. This floating ring, whilst it 
solved the problem of reducing friction to a permis- 
sible figure, was accompanied by the drawback that 
it fixed a limit to the dimensions, and consequently 
to the power transmitting capacity. of the device. 
It has not, in fact, been found practicable to secure 
large rings of as good and of as uniform a quality as is- 
readily obtainable with the smaller sizes. 

The gear, moreover, was not quite noiseless, its 
working being accompanied by a characteristic hum, 
which was held to bar its retention on submarine craft. 
This hum has now been traced by Mr. T. E. Beacham to 
the deformation of the ring and its subsequent re- 
covery of form as the load progresses from point to 
point of the circumference. 

Mr. Beacham, who, it may be added, has had a 
long experience in the operation of this gear, was 
accordingly led to suggest a re-arrangement of the 
components, and, in conjunction with Dr. Hele-Shaw, 
has worked out designs for a new pattern, which can 

be made in the largest sizes, is silent in working, and 
has the additional advantage of giving a somewhat 

higher efficiency than the original type. The rights for 
the manufacture and marketing of the improved pattern 

have been taken up by Messrs. A. Harper, Sons and 
Bean, Limited, of Dudley, Worcestershire, and we re- 

produce in Figs. 1 and 2, annexed, photographs of 

some recent applications of it, due to this firm, and in 

Figs. 3 to 19, on pages 478 and 479, drawings illus- 

trating both the general arrangement of the gear and 

certain of the more interesting details. 

The transmission gear in question consists of two 

main components, viz., a pump with a variable stroke 

and a constant-stroke hydraulic motor. The variable- 

throw pump is coupled directly to some prime mover, 

and supplies the oil by which the motor is driven. 

By varying the stroke of the pump, the oil pressure can 

be increased almost indefinitely (safety valves being 

provided in practice to prevent over-pressure), and 

the torque on the driven shaft is correspondingly 

increased. Moreover, by continuing the motion by 

which the stroke.of the pump is varied beyond the 

point corresponding to no discharge, the direction of 

the flow of the fluid is reversed, the suction pipe 

becoming the delivery pipe and vice versa, so that the 

gear is reversible as well as continuously variable. 





Sections through the pump are represented in Figs. 3 
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THE HELE-SHAW BEACHAM VARIABLE TRANSMISSION GEAR. 


CONSTRUCTED BY MESSRS. HARPER, SONS AND BEAN, LIMITED, ENGINEERS, DUDLEY. 
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and 4, above, and through the motor in Figs. 5 and 6. 
As the latter is the simpler, it will be convenient to 
describe it first. 

It consists of a casting in which are housed five 
cylinders all driving on to a single stationary crank, 
around which the set of cylinders revolves when the 
motor is coupled up to a supply of oil under pressure. 
The distribution of the oil to and from the cylinders 
is effected by the fixed cylindrical valve a shown to 
the left of Fig. 5. The oil enters the valve through 
the port 6, and, passing axially through this valve, 
passes to the cylinder by the opening c, when this is 
put into communication with the port by the rotation 
of the cylinders. Corresponding ports on the other 
side of the valve a serve to exhaust the oil from the 
cylinders as the pistons make their return stroke. 
Any oil which leaks from between the valve a and its 
housing passes by the port e to the casing of the motor, 
from which it is drained o:f and returned to the pump 
suction. 

The revolving cylinders are bolted to the motor- 
shaft by a suitable flange, as shown on the right of 
Fig. 5. To support the outward end of the crank, 
the latter is fitted with the disc shown on the right, 
the outer periphery of which is concentric with the 
axis about which the cylinders revolve. This disc runs 
on a ball bearing which is mounted as shown in the 
cylinder casting. By this arrangement the stress on 
sthe crank and also its deflection under load are 
greatly reduced. 

The driven shaft, and with it the right-hand side of 
the cylinder casting, is supported on a second ball 
bearing, whilst on the opposite side the load is taken 
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The thrust of the pistons on the crank pin is 
taken by a live ring, which is also mounted on 
a roller bearing, as indicated in Figs. 5 and 6. 
The design of the connecting rods is. best shown 
in Figs. 13 to 15. As there indicated, the whole 
set are machined from a single casting. The bosses, 
shown dotted at the outer ends of the rods in 
Fig. 13 are provided merely to facilitate machining, 
and are ultimately removed. The feet by which the 
rods bear on the live ring are cut from a cylindrical 
shell, which is shown intact in Fig. 14. This is parted 
by cuts inclined to the axis of the shell, as indicated in 
Fig. 15. The toe of one foot thus projects into the heel of 
the other. Theinterspace required is small, as through- 
out a revolution there is very little relative motion 
of adjacent feet. This is, perhaps, best seen in Fig. 16, 
in which are reproduced photographs of the motor 
ready for assembling. The interspaces between the feet 
of the rods are clearly shown in the bottom left-hand 
figure. Two retaining rings, shown in section in 
Fig. 5, fit over the connecting-rod feet and prevent 
them from lifting from the crank. 

A section and an end view of one of the pistons are 
represented in Figs. 11 and 12. As the dimensions 
given show, the diameter is finished to a fraction of a 
mil. As the cylinders are lapped to a corresponding 
degree of precision, there is very little leakage past the 
pistons. Such oil as does escape fills up the crank 
chamber, thus ensuring thorough lubrication of the 
connecting-rod feet and of the main roller bearing. 
It ultimately leaks along the surface of the cylindrical 
valve a into the outer casing, from which it is withdrawn 
and returned to the pump suction. 








by the two roller bearings shown at g and h, 


In its main features, the pump is a mere variant 
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of the motor. In the pump, however, the cylinder 
housing is driven round by the castellated shaft ¢. 
Fig. 3. This shaft passes through the fixed distribut- 
ing valve, i, the inlet and outlet ports of which are 
alternately coupled up to each cylinder in turn as they 
revolve. 

The variable stroke is secured by replacing the 
crank used for the motor by a compound eccentric. 
The component parts of this eccentric are shown 
separately in Figs. 7 to 10, but its general arrangement 
and use will be best appreciated on reference to the 
diagrammatic views, Figs. 17 and 18. In Fig. 18 the 
two eccentrics have been shifted relatively to each 
other so that the exterior surface of the outer eccentric 
is concentric with the axis about which the cylinders 
rotate. In Fig. 17, on the other hand, the two eccen- 
tricities are added to each other instead of subtracted, 
and the pump pistons have their maximum stroke. At 
intermediate positions of the control lever, the stroke, 
and therefore the delivery per revolution, is correspond- 
ingly reduced. By shifting the control leverto the other 
side of the neutral position, the inlet and delivery 
branches are interchanged, and a motor coupled to the 
pump would thus have the direction of its motion 
reversed. The gear for controlling the relative position 
of the eccentrics appears on the right of Fig. 3, though 
not in detail. The mechanism is, however, in essentials 
the same as indicated in the diagrammatic views, Figs. 
17 and 18. 

The eccentrics are supported at both ends by ball 
or roller bearings, the arrangement being, in principle, 
the same as already described in connection with the 
motor. As in the case of the pistons, the components of 
the compound eccentric are finished true to a fraction 
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THE HELE-SHAW BEACHAM VARIABLE TRANSMISSION GEAR. 


CONSTRUCTED BY MESSRS. HARPER, SONS AND BEAN, LIMITED, ENGINEERS, DUDLEY. 
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Fig 19. EFFICIENCY CURVES FOR 100 H.P.. 
£0 HELE SHAW BEACHAM PUMP 
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oe? Oil Pressure in Los per Sg. lv. 
of a mil, and they are thoroughly lubricated by the oil | the connecting rods is taken by a live ring supported rnentaing 
which, escaping past the pistons, fills the eccentric | on a roller bearing. is still about 88 per cent. Some tests have also been 
chamber and finally escapes into the outer casing.| In Fig. 19 we give curves obtained in an efficiency | made of the complete gear as fitted to a winch. In 
Che connecting rods and pistons are identical with| test of the pump. The maximum figure reached was, | these tests, the load was run up and down through a 
those of the motor, and as in that case, the thrust of | it will be seen, about 94 per cent., and at half-stroke it | distance of 10. ft. for a period of, in the one case 
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15 minutes and in the other half-an-hour, so as to 
render the conditions uniform This having been 
done, five additional runs were then made. In these, 
the average time of lift was noted and readings 
taken of the energy supplied to the electric motor by 
which the winch was driven. This motor was cali- 
brated so that its brake horse-power was known. The 
horse-power developed at the hook was determined 
from the height of the lift and its average duration. 
The following were the figures observed :— 





| 
Height | Duration Hook | oe 
Load, | of Lift, of Lift, Horse- | ,H0.8e- | Efficiency. 





Tons. Feet. | Seconds. | Power. | Power of | Per cent. 
Motor 
3 10 7-4 16-5 25°65 65 
14 10 3°72 16-5 24°5 67°5 


— : _ - 


In the second test it will be seen that the lifting 
speed was 162 ft. per minute. In calculating the 
efficiency, the whole of the lo:ses between the motor 
shaft and the hook were included. 
The possible applications of the gear are, of course, 
almost innumerable. In Fig. 1 it is shown as applied 
to an electrically-driven winch, whilst in Fig. 2 it is 
being used to operate an hydraulic gear for raising and 
lowering the top of a kiln. In this case the motion is 
reciprocating instead of rotary. To both rotary and 
reciprocating gears a pressure-operated governor can 
be fitted which automatically reduces the throw of the 
pump as the Joad on the motor increases. This device 
makes the pump well suited for feeding hydraulic 
presses, as until the load comes on, the pump runs 
light with a large delivery and with a corresponding 
saving of power and time. 
It may be added that it is proposed to fit the gear to 

a 500 h.p. Diesel-engined locomotive, the trials of which 
will undoubtedly be of much interest to locomotive 
superintendents. The arrangement adopted provides 
that at low torques the gear is out of action and the 
wheels are direct driven. As the resistance rises, more 
and more of the power is transmitted hydraulically, and 
at maximum torque, the amount will be one-third of 
the total. Under these conditions the gear will waste 
in friction only about 5 per cent. of the total power 
supplied to the wheels. 








THE LATE PROFESSOR ANDREW 
GRAY, F.R.S. 


ProFrEssoR ANDREW GRAy, who died at Glasgow 
on Saturday, October 10, came early under the personal 
influence of William Thomson, Lord Kelvin, Professor 
of Natural Philosophy at Glasgow, and worked there 
most of his life as pupil, secretary, assistant, and finally 
successor of Kelvin. 

Andrew Gray was born in 1847, the eldest son of John 
Gray, of Lochgelly, Fifeshire. From the subscription 
school of his birthplace he went, after a period of private 
education, to Glasgow, where he was elected Egling- 
ton Fellow in Mathematics in 1876. From 1875 to 
1880 he was Thomson’s private secretary, and for the 
following four years his official assistant. In 1884 he 
became Professor of Physics at the University College 
of North Wales. When Thomson resigned his pro- 
fessorship in 1899, Gray was appointed his successor, 
and he occupied that chair until 1923, when he retired 
with the title of Emeritus Professor. His succession 
to a man of the eminence of Kelvin, who had ruled his 
department in the university for more than fifty years, 
did not in every respect facilitate his task, but it helped 
him to carry through the large extensions of the 
department and the erection of splendid new labora- 
tories. 

Gray’s best work was done in the early ’eighties, 


Gray, who had in 1908 published a book on the 
“* Scientific Work of Lord Kelvin,” dealt particularly 
with Kelvin’s work on gyrostats (see ENGINEERING 
February 19, 1915, page 207). The chief subject of his 
presidential address at Bournemouth was the part that 
science took, or ought to have taken,in the war. Gray 
had suggested that the Royal Society, to which he 
belonged from 1876, should set up a scientific organisa- 
tion especially for the shipbuilding industry of the 
North of the United Kingdom. 





BOOKS RECEIVED. 


British Coasters, 1925. A Descriptive Annual of Powe* 
Vessels of between 100 and 1,000 tons Gross, Trading 
in Home Waters, and of Sea-going Tugs and Salvage 
Craft. Edited by F. J. N. Wepce. London: Samp- 
son Low, Marston and Co., Limited. [Price 2ls. net.] 

United States Department of Commerce. Simplified Practice 
Recommendation No. 23, Plow Bolts. No. 28, Sheet 
Steel. No. 29, Eaves Trough, Conductor Pipe, Conductor 
Elbows and Fittings. No. 30, Terneplate. No. 32, 
Concrete Building Units (Block, Tile and Brick). [Price 
5 cents each.] Washington: Government Printing 
Office. 

Die Feile und ihre Entwicklungsgeschichte. By Otto 
Dick. Berlin: Julius Springer. [Price 18 gold 
marks. ] 

Handbuch der Ingenieurwissenschaften. Part II. Der 
Brickenbau. Vol. VI. Chapter I and II. Theorie 
der eisernen Bogenbriicken und der Héngebriicken 
Konstruktion der Hingebriicken. Edited by Dr. Ing. 
e.h. J. Metan. Fourth edition. [Price 22 marks.] 
Vol. VII. Chapter I. Die eisernen Briickenpfeiler. 
Edited by H. Kayser. Fourth edition. [Price 15 
marks.] Leipzig: Wilhelm Engelmann. 

United States Bureau of Labour Statistics. Bulletin No. 
388. Union Scale of Wages and Hours of Labour, May 
15, 1924. [Price 25 cents.] Washington: Govern- 
ment Printing Office. 

X-Rays. By Maurice DE Broctiir. Translated by 
J. R. Cuarxke, M.Se., F.Inst.P. London: Methuen 
& Co. Ltd. [Price 12s. 6d. net.] 

The Strength of Materials. A Treatise on the Theory of 
Stress Calculations for Engineers. By JOHN CasSE, 
M.A., F.R.Aé.S. London: Edward Arnold & Co. 
[Price 30s. net.] 

The Confessions of a Capitalist. By Ernest J. P. BENN. 
London: Hutchinson & Co. [Price 18s. net.] 








Farapay Hovse Oxtp Stupents’ Assocration.—It 
is announced that the seventeenth annual dinner of the 
Faraday House Old Students’ Association will be held 
at the Piccadilly Hotel, London, W. 1, on Friday, 
November 6, under the chairmanship of Mr. H. W. H. 
Richards, electrical engineer to the London and North 
Eastern Railway Company, and President of the Associa- 
tion. Members of this organisation may introduce 
guests who need not necessarily be Faradians. Early 
application for tickets should be made to the 
Hon. Secretary, Mr. H. W. Fairman, Faraday House, 
Southampton Row, London, W.C. 1. 

Prrsonat.—The Harvey-Siemens Furnaces, Limited, 
late of 70, Victoria-street, Westminster, London, 8.W.1, 
have now removed to 26, Victoria-street, S.W.1.—Mr. 
James Turnbull, of 3, New-street, Birmingham, has been 
appointed Birmingham and Midlands representative for 
Messrs. E. G. Appleby and Co., Limited, of 70, Victoria- 
street, London, 8.W.1, makers of gas producers, lifting 
magnets, &c.—Hrratum.—In connection with the notice 
concerning the New Zealand agency of Messrs. Joseph 
Rodgers and Sons, Limited, which appeared on page 417 
of our issue of October 2, we much regret that Messrs. 
Rodgers’ address was given incorrectly. The actual 
address of the firm is 6, Norfoik-street, Sheffield. 








Contracts.—Messrs. John Birch and Co., Limited, of 
2, London Wall Buildings, London, E.C. 2, have secured 
an order, in co-operation with a Bombay firm, for the 
supply of 1,000 tons of 4-ft. and 3-ft. diameter piping, of 
British manufacture, for service in the Ahmedabad 
Municipality, India.—A contract for the supply of 500 
low platform trolleys for service at the fruit-cooling stores 


when ; the British Assoc lation Committee for con- | at Cape Town has been placed by Messrs. Hubert, Davies 
structing and issuing practical standards in electrical] and Co., Limited, of Salisbury House, London, E.C. 2, 


measurements took up this fundamental problem. 
tray was not himself a member of this committee, but 
Kelvin was, and when Gray presided over Section A of 
the British Association in 1919 at Bournemouth, he 


had to record the recent deaths of two of its leaders, 


Carey Foster and Rayleigh. Gray’s chief books were 


on ‘* Absolute Measurements in Electricity and Mag- 


netism ’’ (1883) and on the ‘‘ Theory and Practice of 


Measurements in Electricity and Magnetism,” pub- 
lished in parts in 1888 and 1893 and, in a new edition, 
in 1921. Later he wrote a good deal on the teaching 
of physics, emphasising the importance of the study of 
dynamics in his ‘‘ Dynamics and Properties of Matter ” 
of 1901, ‘‘ Treatise on Dynamics” of 1911, and in his 
‘““Gyrostatics and Rotational Motion”? of 1919. In 
the compilation of the second book mentioned, 
his son, Dr. J. G. Gray, himself Cargill Professor of 
Applied Physics at Glasgow, was his collaborator, and 
in the “Treatise on Bessel Functions’? the late 
Dr. G. B. Matthews. As Kelvin Memorial Lecturer at 
the Institution of Electrical Engineers in 1915, 


with the Jules Weitz Works, Lyons (France), through the 
latter firm’s London agent, Mr. Pierre Weil, 137, Victoria- 
street, S.W. 1.—Messrs. Lightalloys, Limited, of Stafford 
House, King William-street, London, E.C. 4, have secured 
an order from Messrs. Cammell Laird and Co., Limited, 
for 2.500 railway-carriage doors for service on the rolling- 
stock used in connection with the electrified portion of 
the Bombay, Baroda and Central India Railway. The 
type of door to be supplied was described and illustrated 
on pages 353-4 of our issue of September 18 last.— 
The Armstrong Construction Company, Limited, asso- 
ciated with Sir W. G. Armstrong, Whitworth and Co., 
Limited, has secured a contract from the Air Ministry 
for the construction and erection at Karachi of a large 
airship shed. The whole of the steelwork for this 
structure will be fabricated at the company’s works at 
Germiston, Glasgow.—In connection with contracts, it 
is worthy of note that a copy of the ‘‘ Statement and 
Engineering Report by the MHydro-Electric Power 
Commission of Ontario,’’ submitted to the International 
Joint Commission, respecting the proposal to develop the 
St. Lawrence River, is available for loan to British firms, 
and may be obtained from the Department of Overseas 








Trade, of 35, Old Queen-street, London, S.W. 1. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Hull Coal Traffic.—Official returns show the receipts 
from South Yorkshire for the first nine months of this year, 
namely 3,195,388 tons, to have been over half a million 
tons less than fer the corresponding period last year. 
This included a drop last month of 58,000 tons. Exports 
for September aggregated 119,000 tons, as compared with 
194,000 tons in September, 1924. For the nine months, 
exports were down, as compared with the returns for 
January to September, 1924, by 605,000 tons. Last 
month’s principal shrinkages were again in sales to 
Germany, France, Holland, Sweden and Belgium. Ex- 
ports to Germany were less than one-sixth of those for 
September, 1924, and to France and Belgium only about 
half. The most notable improvement was in business 
with South America, which country took 14,000 tons, as 
compared with less than 6,000 tons in the corresponding 
month last year. There were also considerable increases 
in sales to Norway and Iceland. Business with Italy 
last month showed a decline, though, for the nine months, 
the tonnage sent to that country was over three times as 
large as during January to September, 1924. 


Iron and Steel.—Though the general rate of progress is 
disappointingly slow, and is mainly restricted to those 
branches specially equipped to cater for transport 
requirements, encouraging developments are to be 
found. The booking of large orders by the British 
automobile industry is keenly welcomed in this district, 
which plays a leading part in the supply of constructional 
steel, magnetos, general fittings, and tools. Works 
supplying steel magnets for a variety of motor and 
electrical purposes have scarcely known a dull period 
for two years. It is also reported that a considerable 
quantity of nickel -chrome steel, required in connection 
with an order valued at over 300,000/., which has been 
secured by a Birmingham concern for motor-car parts, 
will be obtained in Sheffield. Output of railway steel, 
carriage fittings, and various supplies for rolling-stock 
renewals has, this year, been substantial on home account. 
The difficulty has been to secure sufficient export business 
to operate profitably plants with a capacity for output 
greatly in excess of the pre-war average. Business with 
India and South America is capable of considerable 
improvement, while colliery requirements, in the way of 
wagon renewals, are suffering restriction from the con- 
tinued slump in coal exports. Activity in the lighter 
branches is maintained at a high level, though the 
demand for certain classes of tools and implement parts 
is less pronounced than was the case two months ago. 
There is scarcely any improvement in the market for 
raw and semi-finished materials. The reductions in 
official quotations for steel billets, hematites and forge 
and foundry pig-iron reported last week have apparently 
failed to stimulate buying. 


South Yorkshire Coal Trade.—The market displays a 
firmer tone in several sections. Last week’s advance in 
house-coal prices has not checked a slow but consistent 
expansion in the demand from London and country users, 
though gross sales are considered unsatisfactory for this 
time of the year. Business in manufacturing fuels has 
improved owing to the fact that lighting and power 
concerns are placing orders for increased supplies. 
Stocks at electricity works are being steadily augmented 
Steam hards are steadier at revised rates, the bulk of the 
current output being absorbed on contract account. 
Quotations :—Best branch handpicked, 3ls. to 34s. ; 
Barnsley best Silkstone, 28s. to 30s.; Derbyshire best 
brights, 24s. to 26s. 6d.; Derbyshire best house, 23s. 
to 25s.; Derbyshire best large nuts, 17s. to 20s.; 
Deibyshire best small nuts, 12s. 6d. to 14s. ; Yorkshire 
hards, 17s. 6d. to 21s. 6d.; Derbyshire hards, 17s. 6d. 
to 21s. 6d.; rough slacks, 9s. 6d. to 12s. 6d.; nutty 
slacks, 6s. €d. to 8s.; small, 3s. 6d. to 5s. 6d. 





THE LoNDoN IRON AND STEEL EXCHANGE, LIMITED.— 
It is announced that Mr. H. J. Skelton, who is an authority 
on the British steel market, will give an address entitled 
“The Outlook for the British Iron Trade,’ at the 
quarterly meeting of the London Iron and Steel Exchange, 
Limited, which will be held at 123, Cannon-street, Lon- 
don, E.C.4., on October 20. 


TenDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, S.W.1, has announced 
that tenders are invited for the supply and delivery 
of purifying plant for the Dunedin (New Zealand) 
City Gas Works. Offers will be received by the Town 
Clerk, Dunedin, not later than November 14.—The 
State Electric Works Authorities, of Montevideo, 
Uruguay, invite tenders for the supply of black and 
galvanised iron wire and coloured Marseilles (Sacoman) 
tiles. These tenders must be presented at Montevideo 
not later than January 8, 1926.—The Victorian Railways 
Government Commissioners invite tenders for the supply 
and delivery of a hot-sawing machine, for service at the 
Ways and Works new machine shop at Spotswood, 
Melbourne. Offers should be presented there not later 
than 1] a.m. on November 25, 1925.—It is announced 
from Wellington, New Zealand, that the Hastings 
Borough Council invite tenders, to be presented by 
February 1, 1926, for the supply of a Diesel engine and 
an alternating-current generator.—The South African 
Railways and Harbours Authorities invite tenders. 
to be received not later than December 3, 1925, for the 
construction, supply, and delivery of a self-propelling 
steam breakdown crane of 36 tons capacity, or, alterna- 
tively, of 60 tons capacity. All inquiries regarding these 





tenders should be made to the Department of Overseas 
Trade, at the above address. 
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N OTES FROM CLEVELAND AND ‘THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland pig- 
iron continues quiet, but is showing some little expansion. 
The substantial sale of special quality of iron to America 
appears to have hastened somewhat the movements of 
home buyers of ordinary foundry descriptions who have 
been holding off the market,-with the result that there 
is rather more trade doing, but quotations show no 


improvement. Export demand is still very quiet. No. 1 

Cleveland pig is 69s. 6d. ; No. 3 g.m.b., 66s. 61.; No. 4 

foundry, 65s. 6d. ; and No. 4 forge, 65s. 
Hematite.—Conditions in East-Coast hematite iron 


show steady improvement. With the very limited output 
barely sufficient to meet current needs, producers fairly 
well sold, and stocks at a low ebb, values show a rather 
marked upward tendency. More inquiries are circu- 
lating both for home use and for despatch to Continental 
eustomers. Nos. 1, 2, and 3 have advanced 6d., making 
the price 748. 6d., and No. 1 is quoted 6d. above mixed 
numbers. 

Foreign Ore.—There is little or nothing doing in 
imported ore. Nominally market rates are unaltered 
on the basis of best rubio at 20s. c.i.f. Tees. 


Blast-furnace Coke.—Durham blast-furnace coke is 
in rather better request, but sellers still offer good average 
qualities at 18s. 6d. delivered here. 


Manufactured Iron and Steel.—Contracts for most 
descriptions of manufactured iron and steel are as 
difficult as ever to arrange, and producers have lowered 
quotations in the hope of inducing buying. Construc- 
tional steel makers, however, have a good deal of work 
on hand, and sheet producers are very busy. Iron bars 
are down 7s. 6d., iron rivets 15s., steel rivets 10s., steel 
billets: 10s. to 17s. 6d., and heavy steel rails 10s. Prin- 
cipal market quotations now stand :—Common iron bars, 
lll. 5s.; iron rivets, 12/. 15s.; packing (parallel), 81. ; 
packing (tapered), 11/.; steel billets (soft), 7/.; steel 
billets (medium), 7/. 10s. ; steel billets (hard), 87. 2s. 6d. ; 
steel ship, bridge and tank plates, 8/.; steel angles, 
71. 5s. to 7l. 10s.; steel rivets, 127. 10s.; heavy steel 
rails, 8/.: black sheets (24-in. gauge), 11l.; and galva- 
nised corrugated sheets (24-in. gauge), 161. 10s. 


Ironstone Miners’ Wages.—Under sliding-scale arrange- 
ments governed by the selling price of Cleveland pig-iron, 
the Cleveland ironstone mine owners are entitled to 
reduce miners’ wages by 6-3 per cent. for the last quarter 
of the year, but they had previously foregone a claim 
due to them which, if they had insisted on their rights, 
would have made the reduction now due 11-4 per cent 
At a conference of owners and men’s representatives 
held at Middlesbrough this week, the employers, in 
view of the hardships the men were still suffering as a 
consequence of the depressed condition of the industry, 
decided to forego the advantage and leave wages on 
the same level as in the past quarter. 





NOTES FROM THE NORTH. 


GuLascow, Wednesday. 


Scottish Steel Trade.—Little change has taken place 
in the Scottish steel trade this week, and the down- 
ward tendency of prices has somewhat retarded buying 
beyond the actual necessities of the moment. Some 
consumers were inclined to book a little ahead, but 
with the weak tone now prevailing, there is no desire to 
fix more than almost day-to-day requirements. The 
local demand is extremely poor, as there are no signs of 
any opening up of business, and there is a very small 
demand from the overseas markets. Inquiries all 
round are only fair. Black-sheet makers continue to be 
well employed, and the output, particularly of the 
lighter gauges, is being steadily absorbed. Galvanised 
sorts are finding a ready market, and order books are well 
fil’sd ahead. Except in the case of the latter, prices 
are all easier, and the following may be taken as to-day’s 
market quotations :—Boiler plates, 111. 10s. per ton; 
ship plates, $1. to 81. 2s. 6d. per ton ; sections, 7/. 12s. 6d. 
per ton; and sheets, ~ to } in., 9/. 12s. 6d. per ton, all 
delivered Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, a dull tone is general, and movement 
is very restricted. The demand has varied little since 
the reduction in price noted last week, as buyers are 
preferring re-rolled steel bars, and it is doubtful if any 
marked increase in buying will follow just immediately 
because of the dullness of trade in general. Inquiries, 
however, are hopeful. The current price for Crown 
bars is 110. 5s. per ton, net, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—Quietness is still being experi- 
enced in the Scottish pig-iron trade and a poor demand 
exists. Buyers, both home and foreign, are not entering 
into commitments of any bulk, and inquiries are also for 
small tonnages. Prices still have a weaker tendency 
which may encourage enquiries to some extent. The 
market quotations are as follows :—Hematite, 4/. per 
ton, delivered at the steel works ; foundry iron, No. 1, 
41, Is. 6d. to 41. 4s. per ton, and No. 3, 3. 19s. to 
41. 1s. 6d. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ended last 
a October 10, amounted to 951-2 tons. Of 
_ total 75 tons went coastwise and the balance to 
oe destinations. For the corresponding week of 
ast year the figures were 478 tons 13 cwt. overseas 
and 41 tons coastwise, making a total shipment of 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—There has been little alteration in 
the condition of the Welsh steam-coal trade during the 
past week. Negotiations are proceeding in connection 
with the dispute at the Clydach pits owned by the Cam- 
brian Combine in regard to the rates of pay, and it is 
hoped that a settlement will be reached and work re- 
started. Tentative inquiries are fairly numerous. but 
actual business remains quiet, and, with accumulated 
stocks, prices are irregular and a matter of bargaining. 
In isolated cases collieries are rather more comfortably 
situated, but the bulk are in need of fresh business. A 
shortage of shipping, too, is aggravating the difficulties 
of salesmen, while the day-to-day policy adopted by 
prospective buyers keeps business within narrow limits. 
In fact, those with a range of coals to choose from can 
secure concessions on the quoted prices for almost any 
class of coal, especially so in regard to quick shipment, 
which is needed by most collieries to enable them to 
secure a clearance of loaded wagons and so save stop- 
pages at the pits. Sized descriptions are in seasonal 
demand, with prices upheld on the basis of 25s. to 29s. 
for washed dry nuts, while best dry large coal is also 
steady at 23s. to 24s. 3d., but Admiralty large and Mon- 
mouthshires are in plentiful supply on the basis of 22s. 
to 24s. for the former and 19s. 6d. to 21s. 6d. for the 
latter, while smalls rule from 8s. 6d to 10s. 6d., according 
to quality. Exports of coal as cargo foreign from South 
Wales last week amounted to 390,670 tons, compared with 
328,210 tons in the previous six days and 468,210 tons 
in the corresponding period of last year. Of last week’s 
exports 41,300 tons were despatched to Argentina, 
34,950 tons to Brazil, 21,900 tons to Egypt, 132,640 tons 
to France, and 34,130 tons to Italy. The export trade 
has fallen off so severely that the coal trimmers at 
Cardiff, Penarth and Barry, who pool their earnings in 
sections, are taking a ballot on a suggestion that some of 
the men shall be dismissed during the slump. The 
president of the men’s union, however, advises the men 
to vote in favour of keeping all the men on and sharing 
in the sacrifice of wages. 


Dry Dock Strike.—Following a policy of retrenchment, 
notices of dismissal were served during the week on three 
of the responsible officials in the yard of the Barry 
Graving Docks and Engineering Co., Limited, by Mr. 
Aitken Quack, the new general manager of the Cardiff 
Channel Dry Docks and Pontoon Co., Limited. Excep- 
tion was taken to this action by the men, who immedi- 
ately came out on strike. Negotiations have since 
taken place and work is being resumed to-morrow 
(Thursday). 


Iron and Steel.—Exports of iron and steel goods last 
week totalled 17,494 tons, against 13,378 tons in the 
previous week. Shipments of tinplates and _terne- 
plates amounted to 8,664 tons, against 4,423 tons; 
blackplates and sheets, 1,790 tons, against 2,446 tons ; 
galvanised sheets, 3,366 tons, against 1,702 tons; and 
other iron and steel goods to 3,675 tons, against 4,807 tons. 





CLYDE SHIPBUILDING.—Intimation is made that the 
contract for a small cargo steamer for Glasgow owners 
has been piaced with the Ayrshire Dockyard Company. 


THE INSTITUTION OF AERONAUTICAL ENGINEERS,— 
The 1925-26 session of this institution will commence 
on Tuesday, the 27th inst., when Dr. A. P. Thurston 
will give an account of the International Aircraft Naviga- 
tion Congress recently held in Brussels. A paper on 
the Rotorplane, which was to have been given on this 
occasion by Herr Karl Gligorin, has been postponed 
until later owing to the illness of the author. Other 
subjects to be dealt with during the session include 
practical flying, metal construction, full-scale experi- 
ments, civil marine aircraft, and the theory of aerofoils ; 
in addition, a number of visits to works and other places 
of aeronautical interest have been arranged. The 
ordinary meetings wi!l be held this year in the lecture 
room of the Junior Institution of Engineers, 39, Victoria- 
street, S.W.1, at 6.30 p.m., instead of at the Engineers’ 
Club, which has been the meeting place hitherto. A 
complete programme and full particulars of the institu- 
tion can be obtained from the secretary, whose address 
is 60, Chancery-lane, London, W.C.2. 


ELrctricitry DrMonstRATION HaLts.— 
October 8, the Hackney Electricity 
Demonstration Halls and Offices, situated at Lower 
Clapton-road, London, E.5, were formally opened 
by the Mayor of Hackney, Councillor E. Farmer, J.P. 
The showrooms have been built with the object of 
providing an opportunity for consumers of electrical 
power and others to witness the most up-to-date 
electrical devices, principally for domestic purposes, in 
actual operation. It is anticipated that the demand 
for increased power supplies thus stimulated will enable 
lower unit costs to be quoted by the undertaking. The 
borough electricity works, situated in Millfields-road, 
comprise eight boilers, giving an evaporation of 33,000 Ib. 
per hour, and equipped with economisers, &c., and a 
turbine room containing four sets of turbo-generators, 
these having a total capacity of 24,000kw. The works, 
designed by Mr. L. L. Robinson, M.Inst.C.E., are note- 
worthy from the fact that they were placed first for 
economical working in the group of generating stations 
with outputs between 25 and 50 million units per annum 
in London and the home counties area. The new halls 
are handsomely appointed, and include model household 


HACKNEY 
On Thursday, 


NOTICES OF MEETINGS. 





THE JuNIorn INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette— 
‘* Super-Tension Cable Dielectrics,” by Mr. A. J. Tracey. 
Friday, October 23, at 7.30 p.m. Lecturette—‘‘ The 
Construction and Laying of Reinforced-Concrete Pipes,” 
by Mr. H. S. Bower. 


THE Mrinine InstiruTeE oF ScoTLtanp.—Saturday, 
October 17, at 3 p.m. Visit to the Maclaurin Smokeless 
Fuel Plant at Dalmarnock Gas Works. At 5 p.m. at the 
Royal Technical College, Glasgow, “Safety First in 
Mines,”’ by Mr. E. H. Frazer. ‘‘ Notes on Cleat in the 
Scottish Coalfield,” by Professor R. W. Dron, M.A. 


THE INSTITUTE OF BRITISH FOUNDRYMEN.—LANCASHIRE 
BrancH—JuNIorn Sxrction.—Saturday, October 17 at 
7 p.m., at the College of Technology, Manchester. Presi- 
dential address by Mr. R. W. Stubbs. Lantern Lecture— 
‘*“Moulding a Water-Jacketed Cylinder,” by Mr. J. G. 
Robinson. 

THe BraprorpD ENGINEERING Soctrry.—Monday, 
October 19 at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Lecture. ‘‘ Modern Develop- 





ments in the Utilisation of Exhaust Steam,’’ by Mr. 
David Adamson, M.I.Mech.E. 
THE Junior INSTITUTION OF ENGINEERS: NORTH 


WEsTERN SeEcTION.—Monday, October 19 at the Geo- 
graphical Society, 16, St. Mary’s Parsonage, Manchester. 
Lecturette.—‘‘ Engineering Troubles,” by Mr. A. N. 
Haworth. 

THE IystITUTE OF TRANSPORT.—Tuesday, October 20, 
at the Institution of Electrical Engineers, Savoy Place, 
Victoria Embankment, W.C.2. Graduates and Students 
Lecture. ‘‘ Electric and Petrol Transport of Passengers 
in America,”’ by Mr. Walter Jackson. 


THe InstiruteE oF TRANSPORT: MIDLAND LocaL 
SEcTIon.—Tuesday, October 20 at the Queen’s Hotel, 
Birmingham, ‘“ Railways Act, 1921,” by Mr. G. F. 
Bilbrough. 

THe INsTITUTE OF MARINE ENGINEERS.—Tuesday, 
October 20, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E. 1. Presidential Address, by Lord Inverforth, P.C. 


THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLanp.—Tuesday, October 20, at 7.30 p.m., at 
39, Elmbank Crescent, Glasgow. ‘‘ The Ruths Steam 
Accumulator,” by Mr. Alfred J. T. Taylor. ‘‘ The 
Jubilee of the Marine Spring-Loaded Safety Valve,” by 
Mr. Donald MacNicoll. 


THE Soctrty or Giass TECHNOLOGY.—Wednesday, 
October 21, at 2.30 p.m., at the University, St. George’s 
Square, Sheffield. Presidential Address by Mr. T. C. 
Moorshead on ‘“‘ The Glass Industry and Future Develop- 
ments.” 


THe Newcomen Socrety.—Wednesdey, October 21, 
at 5.30 p.m., at the Chamber of Commerce, New-street, 
Birmingham. A Diary of a Tour in the Midlands in 
1823, kept by Joshua Field, will be shown. 


THE MANCHESTER METALLURGICAL Sociery.— Wednes- 
day, October 21, at 7 p.m., at the College of Technology, 
Manchester. ‘‘ Modern Grey-Iron Foundry Practice,” 
by Mr. H. J. Young, F.I.C. 


Tue InstITUTION OF ELectTRICAL ENGINEERS.—Thurs- 
day, October 22, at 6 p.m., at Savoy Place, Victoria 
Embankment, W.C.2. Inaugural Address by the 
President, Mr. R. A. Chattock. 


THE INSTITUTION OF MUNICIPAL AND County ENcar- 
NEERS: West-MIpLAND District.—Friday, October 23, 
at 5.15 p.m., at the Guildhall, Shrewsbury. ‘* Municipal 
Works in Progress in Shrewsbury,’’ by Mr. Ward. 


THE INSTITUTION OF MECHANICAL ENGINEERS.— 
Friday, October 23, at 6 p.m., at Storey’s Gate, 8.W. 1. 
Presidential Address by Sir Vincent L. Raven, K.B.E. 
Followed by kinematograph film of the Railway Cente- 
nary Procession between Stockton and Darlington. 


THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, October 23, at 7.15 p.m., at the Engineers’ Club 
Albert Square, Manchester. ‘‘ Notes on the Design 
and Construction cf Electric Cranes,” by Mr. Daniel 
Adamson, M.I.Mech.E. 


Tue InstituTION oF MUNICIPAL AND County ENGI- 
NEERS: SoutH-EasterRN District.—Saturday, October 
24, at 10.30 a.m., at the Municipal Offices, Sutton. 
Address by Sir Henry P. Maybury, K.C.M.G. Discussion 
on “The Work of a Municipal Engineer,’’ by Mr. W. 
Hedley Grieves. 


THE INSTITUTION 
NEERS : SOUTH-WESTERN DiIstTRicv. 
24, at 11 a.m., at the Police Court, Bridgwater. 
cipal Works, Bridgwater,’’ by Mr. F. Parr. 


oF MUNICIPAL AND County ENGI 
Saturday, October 
** Muni- 








PropvuctTion oF IRON AND STEEL IN SEPTEMBER.—- 
The National Federation of Iron and Steel Manufac 
turers, of Caxton House, Tothill-street, Westminster, 
London, 8.W. 1, has announced that the production of 
pig-iron in September throughout the United Kingdom 
amounted to 448,700 tons, compared with 444,500 tons 
in August, and 569,200 tons in September, 1924. The 
number of furnaces in‘ blast durjmg the month under 
review was reduced by seven to“l29. Included in the 
production were 117,200 tons of hematite, 157,200 tons 
of basic, 124,500 tons of foundry, and 19,500 tons of 
forge pig-iron. Steel ingots and castings made amounted 
to 638,900 tons, compared with 477,100 tons in August— 
when production was afiected by holidays—and 645.900 
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MOTOR CARS AT THE OLYMPIA EXHIBITION. 


(For Description, see Page 473.) 
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THE PENINSULAR AND ORIENTAL LINER “RAWALPINDI.” 
CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, ENGINEERS AND SHIPBUILDERS, BELFAST. 


(For Description, see Page 467.) 
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THE DEPRESSION IN TRADE. 


THe famous definition of the profession of 
engineering set forth in the original charter of 
the Institution of Civil Engineers, fails in one 
important regard. The engineer has not merely to 
direct the forces of nature to man’s use and con- 
venience, but has to do this at a cost which shall not 
be prohibitive, and it is this latter consideration 
which the conditions of to-day tend to emphasise. 
Our steel works, shipyards, and engineering works 
generally, are better equipped than ever, but the 
problem of providing steel, ships and machinery 
at a cost which will keep these establishments in full 
employment is proving of unexampled difficulty. 
It is only natural, therefore, that this disquieting 
state of affairs should be reflected in recent presiden- 
tial addresses to our various technical institutions. 
The North East Coast area has been particularly 
hard hit, and the prevalent depression in most of 
the local trades formed the main theme of Sir 
Eustace d’Eyncourt’s presidential address to the 
North East Coast Institution of Engineers and 
Shipbuilders. The long-continued deficiency of 
orders, in spite of prices reduced to an unremunera- 
tive level, certainly affords grounds for pessimism 
but pessimism, however logically defensible, is a 
hopeless creed, and as ineffective in industry as it 
is in philcsophy. Sir Eustace found some ground 
for hope in recalling the fact that matters were 
equally bad here after the Napoleonic Wars. We 
surmounted our troubles then by exercising our 
brains, and it is in this direction in which we shall 
have to look for improvement in the future. This 
view. no doubt, will not be popular with that 
influential and vociferous minority who, in spite of 
the teachings of history, advocates the nationalisa- 
tion of our principal industries. No co-operative 
society has founded a new industry, nor has any 
State railway or telegraphic service been responsible 
for any important improvement in transportation 
or in methods of communication. The creative 
mind is essentially individualistic and fits in badly 
with official routine, but it is: to it we must look 





for any notable alleviation of the heavy burdens 
under which the nation now groans. Apart from 
work of this character which can, of course, only 
be expected from exceptional men, much can be 
done along less ambitious, and less speculative 
lines. A first necessity is the establishment of a 
better feeling between employer and employed. 
In this matter existing conditions are largely a 
case of the fathers having eaten unripe fruit and the 
children’s teeth being set on edge. 

In the latter half of the nineteenth century personal 
contact between the directorate of a business and the 
operatives became less and less frequent. A work- 
man was known merely as a number and not as a 
personality, and the relationship between the two 
tended more and more to be purely business-like in 
character. Of late years, much has been done to 
remove this reproach, and Henry Ford, in particular, 
has given evidence that to him his men are some- 
thing more than mere hands, but there is still much 
leeway to make up. Certain suspicions and pre- 
judices based upon experiences in the past have 
made the operatives slow to realise the truth that 
labour costs must come down. As Mr. Ford has 
shown, this may not necessarily mean a reduction 
in the weekly takings, but it does imply at least 
some relaxation of rules as to demarcation of work 
and as to restrictions of output. 

The fallacy is often advanced that such restric- 
tions on the part of a workman are analagous to 
the restrictions which have been imposed on the 
production of rubber. There is, however, an implied 
contract in every engagement of a workman that 
output shall not be wilfully and intentionally re- 
stricted, whilst a rubber planter is under no contract, 
either explicit or implicit, to produce rubber beyond 
what he holds to be a remunerative limit, and his 
refusal to do more is thus really analogous to the 
strike of an operative for more pay,.and has none of 
the element of dishonesty, which is inherent in the 
restrictions of output which have given rise to 
complaint in certain of our industries. The most 
annoying class of labour troubles are, however, 
probably those connected with the demarcation of 
work. This has proved particularly detrimental 
in the shipbuilding trades. and a less intransigeant 
attitude in this regard on the part of the various 
trades concerned, would do not a little towards 
helping to fill the bertis now vacant. Perhaps, 
—indeed, some good authorities will not admit the 
doubt—something more than this may be necessary 
in the way of concession, to restore prcsperity.to 
our shipbuilding and engineering trades. Matters 
are not helped by invidious assertions that there 
is a “conspiracy ” to reduce wages, the implication 
being that there is something disingenuous in the 
claim made that labour, costs. must be reduced. 
We all hope that this may prove possible without 
a lowering of wage rates, but this may, unfortunately, 
prove to be impracticable. It may be added that 
this fear will of a certainty be realised unless the 
unions are more prepared to pull their full weight 
in the industrial boat than they have been in the 
recent past. 

The necessity of reducing labour costs was also 
the main theme of Mr. R. Onion’s presidential 
address to the Manchester Association of Engineers. 
The speaker deprecated the rough and ready 
plan of reducing wages. and claimed, we believe, 
with not a little justice that very substantial 
savings could be effected by greater knowledge 
and skill in the drawing office. In times past it 
was the rule rather than the exception for a draughts- 
man to have had adequate workshop experience, 
and we owed much of our past supremacy in 
mechanical engineering design to this very fact. 
The drawing office is, however, commonly classed 
as non-productive, and short sighted, and, un- 
fortunately, often ignorant directors have been 
known to insist on, say, a 20 per cent. reduction 
in drawing-office costs, with the result that for 
every 100/. thus saved they lost at least a 1,000/. 
in the shops. ‘This latter loss could not be detected 
by the auditor. It would, in many cases, not make 
its appearance in the books in the same financial 
year as that in which it was really incurred, viz., 
when the drawings were got out. Moreover, so 
long as it was due to no actual blunder but merely 
to wasteful and expensive designs, the loss would 















be attributed to the shops and not to the depart- 
ment really responsible for it. One Metropolitan 
firm attributed their ability in pre-war days to 
compete with the cheaper labour of the provinces, 
to the fact that they would not employ a cheap 
draughtsman. 

Mr. Onions emphasised the value to a draughts- 
man of foundry experience. Bad castings, he 
pointed out, were often due to the draughtsman’s 
ignorance of foundry work, and he particularly 
animadverted on a not uncommon design of 
cylinder, in which the valve chest walls are tan- 
gential to the cylinder body. This arrange- 
ment leads to a large local variation in the 
thickness of the metal at the point of junction, 
which may result in scrapped castings. It has, 
moreover, to be added that not all foundry managers 
are thoroughly competent, and we have known of 
a case in which a draughtsman, who had included 
in his experience a period of two years in the foundry, 
was able on taking up a new post to effect great 
economies in the firm’s foundry practice by insisting 
on the feasibility and economy of designs which 
the foundry manager declared it would be impossible 
to cast. The draughtsman in question took up 
the challenge, entered the foundry, prepared his 
own moulds, saw them cast and watched them 
carefully till safe from intentional maltreatment. 
In the same way machine shop experience may 
be invaluable in reducing shop costs. Almost any- 
thing can be made in half a dozen different ways, 
but sometimes at very unequal costs. 

Mr. Onions also deprecated the practice of supply- 
ing the machine shop with fully-dimensioned draw- 
ings. The majority of the dimensions needed by 
the patternmaker are not required in the shops, 
where they merely make it more difficult for the 
operative to pick out those with which he is imme- 
diately concerned. A considerable saving of time 
in the boring of cylinder was effected, Mr. Onions 
stated, by supplying the turners merely with 
diagrammatic sketches on which only necessary 
dimensions were marked. The address also con- 
tained an explanation of how it happened that the 
automatic tool was relatively so little favoured in 
shops engaged in the construction of textile 
machinery. In few fields is there more repetition 
work, but many years ago Lancashire engineers 
schemed out methods by which the work was done 
with a succession of single-purpose tools, in the 
manipulation of which the operatives soon acquired 
an exceptional degree of skill. Such tools are 
cheap in first cost. They do not require a long 
time to set up, nor the services of a special expert 
to conduct the operation. 











RAILWAY CENTENARY EXHIBITION 
AT THE SCIENCE MUSEUM. 

In an article on the Railway Centenary, published 
in our issue of June 26, we dealt inter alia with many 
of the historic locomotives and models which are to 
be found in the great national collections at South 
Kensington, at the same time illustrating several of 
them. That article was, of course, written prior to 
the notable celebrations of the Centenary at Dar- 
lington and Manchester. In the intervening months 
a@ very interesting collection of documents and 
other material has beon arranged and is now on 
view as a special Railway Centenary Exhibition 
at the Science Museum. The railway companies 
and various individuals have contributed to this 
exhibition, and it is there possible to study the 
portraits of some of the great pioneers, the plans 
of the lines they projected, the locomotives they 
built, original letters and books and models of 
things both old and new. For the student with no 
opportunity to inspect the actual collection an 
excellent catalogue has been compiled containing 
copious notes on the exhibits. This will be sent 
post free for 77. on application to the Director ; 
the catalogue has as a frontispiece a reproduction 
of an original sketch by John Dobbin of the opening 
of the Stockton and Darlington Railway on Sep- 
tember 27, 1825. 

The exhibits are divided into five groups, illus- 
trating Railway History, Railway Construction, 
Locomotives, Rolling Stock, and Railway Working. 
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visitor will linger, for here are to be seen the report 
of George Stephenson after he had re-surveyed 
George Overton’s line for the Stockton and Dar- 
lington Railway ; Timothy Hackworth’s note-book 
containing notes on happenings on that railway, 
including accounts of the breaking down of the 
“* Royal George ”’ and the explosion of the boiler of 
“Locomotion,” whereby John Cree lost his life ; 
the original note-book of Rastrick containing his 
views on the relative merits of fixed and locomotive 
engines for the Liverpool and Manchester Railway, 
and holograph letters from W. Kitching to Hack- 
worth, from W. Laird to C. W. Williams, and from 
Hackworth to the directors of the Liverpool and 
Manchester Railway. The three letters were 
written just after the Rainhill trials, and contain 
information and criticisms of the Rocket, Novelty, 
and Sans Pareil. Included in this section is also 
Mr. Dendy Marshall’s collection of 143 medals, 
struck to commemorate railway openings in various 
parts of the world. 

Among the exhibits illustrating railway construc- 
tion there are plans of lines and drawings of bridges, 
including the first suspension bridge by Captain 
Samuel Brown, the inventor of chain cables. A 
collection of lithographs lent by the Great Western 
Railway illustrate the main line from London to 
Bristol, while plans show Crewe station as it was in 
1837 and in 1917. In this group will also be found 
John Birkinshaw’s patent specification of 1820 for 
his rolled wrought-iron prismatic rails. To Birkin- 
shaw not only belongs the credit of making wrought- 
iron rails, but, at a time when that material was 
very costly, by the economical use of the material 
he enabled the wrought-iron rail to successfully 
compete with the cast-iron rail. His rails were 
made in 15-ft. lengths of fish-bellied form with square 
ends abutting against one another in chairs. The 
chairs were 3 ft. apart, and the rails were secured 
by pins passing through holes in the webs of the 
rails and in the jaws of the chairs. The rails were 
21 in. wide on the tread and weighed 28 lb. to the 
yard. Various sections of early and modern rails 
are shown, including the 95-lb. rail used on the 
London and North Eastern Railway. 

There are some thirty locomotives referred to in 
the catalogue. and some of the drawings on view 
are of great historic value. The locomotive models 
include those of Stephenson’s “‘ Locomotion,”” Hack- 
worth’s “‘ Royal George,’’ Stephenson’s ‘ Invicta” 
built for the Canterbury and Whitstable Railway, 
and the beautiful model of the “ Atlantic” type 
engine designed by Mr. Worsdell for express passenger 
work on the North Eastern Railway in 1903-4. Ina 
small case will be found the locomotive sketch-book 
of Sir Daniel Gooch, first locomotive engineer of 
the Great Western Railway. The book is scarcely 
larger than a pocket Bible. but contains well- 
executed sectional drawings of the locomotives 
designed by Gooch. Another drawing of great 
interest is that of the long-boiler type of engine 
patented by Robert Stephenson in 1841. The 
last section of the exhibition illustrates such things 
as signals, time-tubles, tickets, lamps, bills, and 
the like. Fixed signals were first used about 1834 
on the Liverpool and Manchester Railway ; and the 
semaphore arm, originally invented by the French- 
man Claude Chappe during the French Revolution, 
was adapted to railway working in 1841 by Sir 
C. H. Gregory. <A year later Fothergill Cooke, one 
of the inventors of the electric telegraph, suggested 
the method of working long known as the block 
system. He put forward his ideas in a pamphlet a 
copy of which has been lent to the exhibition by 
the Goldsmiths’ Library of the University of London. 
During the Manchester celebration of the railway 
Centenary the Rt. Hon. J. H. Thomas, M.P.. in a 
speech which was. broadcast, stated that British 
lines had 51,587 track-miles ; the railways possessed 
24,319 locomotives, 51,570 passenger vehicles, 
722,090 goods wagons, while another 630,000 goods 
wagons were privately owned. Mr. Forward, in his 
introductory note to the Catalogue of the Exhibition, 
supplements these figures by informing us that 
the total length of the world’s railways is about 
700,000 miles, and the capital expended some 
9,000,000,000/., a vast sum, it is true, but which, 
even so. is less than that spent in the Great War 


MINERAL AND WATER-POWER RE- 
SOURCES OF THE GOLD COAST, 


Wir the object of bringing some of the unde. 
veloped resources of the Gold Coast to the notice of 
persons interested in the mining and metallurgical 
industries, an address was delivered at Winchester 
House on Wednesday, September 30, by Mr. A. E. 
Kitson, C.M.G., C.B.E., Director of the Gold Coast 
Geological Survey, the chair being occupied by 
His Excellency Brigadier-General Sir F. G. Guggis- 
berg, K.C.M.G., D.S.0., the Governor of the Colony. 
Mr. Kitson first pointed out that large portions of 
the country are covered with rock detritus and the 
thick vegetation of tropical forests which effectually 
mask the underlying rocks. It follows, therefore, 
that although the country has been proved to 
possess large deposits of minerals of economic 
value, many deposits are at present hidden trom 
sight. So far as is known, the mineral deposits of 
economic value comprise gold, manganese and 
aluminium ores, and diamonds, the first-mentioned 
metal being widely distributed throughout the 
country. It occurs in lodes in the matrix near, or 
in, its original home, in the dendrital condition 
in soil formed from disintegrated rock, and in 
alluvial and beach deposits. Of the lode gold, the 
most important sources are the banket and quartz 
reefs, from which 86,041 and 111,950 fine oz., 
respectively, were produced in the year ended 
March 31, 1924, while alluvial deposits produced a 
further 2,712 fine oz. The average yield from the 
banket reefs was 9-81 dwt. per ton and from the 
quartz reefs 12-33 dwt. per ton, while the yield 
of alluvial gold was 5-05 grains per cub. yd. Mr. 
Kitson pointed ou. that a much greater total 
annual output could be obtained if sufficient African 
labour for underground work could be secured and 
if hammer drills were substituted for hand drills. 
Manganese ore occurs in different forms, but, so 
far as is known, the segregation deposits formed by 
surface concentration during the weathering of 
manganiferous phyllites, spessarite quartz and other 
rocks are the only ones of economic value. Those 
at Insuta-Dagwin are the most important, com- 
prising, as they do, a series of very large discon- 
nected masses forming a prominent ridge some two 
miles in length and rising to a height of over 350 ft. 
at one end. At many places along this ridge occur 
large outcrops of massive manganese ore extending 
downwards to at least 100 ft., while nodular ore 
is found in great quantities on the slopes of the 
ridge. A large proportion of the Insuta-Dagwin 
ore is of high quatity and is specially suitable for 
the manufacture of ferro-manganese, while some 
found of still better quality is used in the chemical 
industries. An average ore, however, contains, 
by analysis, 50 to 53 per cent. of manganese, 2 to 4 
per cent. of iron, 3 to 7 per cent. of silica, and 0-1 
to 0-12 per cent. of phosphorus. The deposits 
were discovered by the Geological Survey in 1914 
and were not developed until 1916, from which time 
up till the end of 1924, 579,170 tons of ore have been 
exported. At present the output is at the rate of 
about 360,000 tons per annum. 

Large deposits of bauxite have been discovered 
at many places, chiefly on the summits of the 
highest flat-topped mountains, where they form caps 
from 10 ft. to over 40 ft. in thickness. One of the 
principle deposits is on Mount Ejuanema, where. 
from evidence furnished by shafts, it is estimated 
that some 4,000,000 tons of bauxite are available. 
The average alumina content of the ore is given as 
60-66 per cent, and as the mountain is on about 
1} miles from Nkawkaw railway station, which is 
111 miles from Accra and 249 miles from Sekondi, 
via Kumasi, its commercial utilisation for the 
production of metallic aluminium and in the manu- 
facture of high-alumina cements would appear to be 
quite feasible. There are many other useful bauxite 
deposits in the country which, if developed, would 
form an important source of alumina. 

Diamonds are widely distributed throughout the 
Gold Coast, where they occur in the gravels of 
streams and in old marine deposits, but, so far, they 
have only been proved to occur in numbers sufficient 
to be of economic importance in the besin of the 
Birim River in Akim. Diamond mining has been 
carried on in the Birim Valley since 1919, the total 
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yield, to the end of last June, amounting to 115,000 
carats. Valued at 153,9471. Most of the diamonds 
found are very small, but being of good quality, 
they are readily saleable. 

In the future development of the above mentioned 
and other mineral resources of the Gold Coast, it is 
probable that water power will play an important 
part, but, as no proper hydrographic survey has 
vet been carried out, it is only possible to arrive at 
rough estimates of the resources of the country in 
this direction from such data as have been obtained 
during the course of geological investigations. The 
largest river, the Volta, is formed by two main 
streams. viz., the Black Volta and White Volta, 
which both rise in French territory and, after 
traversing courses of several hundred miles, flow 
into the Gold Coast. Numerous rapids and falls 
occur in the course of the river and, as an instance 
of its possibilities for power production, Mr. Kitson 
mentions that by constructing a dam 40 ft. in 
height at the entrance to a gorge at Akonsomo, 
near Ajina, it would be possible to obtain some 90,000 
horse-power as well as to improve the transport 
facilities provided by the river and its tributaries 
formany miles abovethedam. Several sites on other 
rivers. where from 2,600 h.p. to 13.200 h.p. could 
be obtained, were also referred to, but that near 
Ajina alone would be sufficient to supply energy for 
the operation of the entire railway system of the 
country as well as for the works at the principal 
mines and for other industries that may be developed 
in the future. Ajina, it may be mentioned, is 
situated in the Akwapim Range, about 50 miles 
from the mouth of the Volta and about the same 
distance from Accra. : 

It will be evident from the above that the 
known resources of the Gold Coast are of sufficient 
importance to warrant careful consideration from 
those who can assist in their development, although 
there can be no doubt that further investigations 
will materially augment the possibilities of the 
country. The pioneer work of the geologist, to 
which such information as is now available is 
mainly due, must greatly facilitate the subsequent 
operations of the prospector, to whom Mr. Kitson 
supplied many useful hints in the course of his 
address. It is to such work, followed by that of the 
mining engineer, that the prosperity of several of 
our overseas possessions is due, so that the future of 
the Empire is dependent on the efforts of its geolo- 
gists to a greater extent thar: is always fully 
realised, 





STEAM TURBINES AND CONDENSER 
TESTS. 


TuE joint committee of our principal technical 
societies, assisted by representatives of the Ad- 
miralty, War Office and Air Ministry, have reached 
another stage in the preparation of their standard 
codes for the conduct of heat engine trials. Draft 
codes for tests of steam turbines and of condensers 
were submitted for discussion at a meeting held on 
Wednesday last at the Institution of Civil Engineers. 
The chair was to have been taken by Capt. Sankey, 
and, owing to his much lamented death, Sir Charles 
Parsons was called upon at short notice to fill the 
vacant post. The subject was introduced by Mr 
R. A. Chattock, who explained that the code had 
been drawn up to cover two types of tests, viz., 
comprehensive trials furnishing all the data re- 
quired for scientific purposes, and ‘ commercial ” 
trials made to ascertain whether guarantees had been 
met. The codes have been very thoroughly discussed 
by the committee which prepared them, and it is not 
Surprising therefore that they met with an approval 
80 unanimous that little scope was left for discussion. 
Mr. I. V. Robinson brought forward a proposal due 
to Mr. Swallow, of Messrs. Richardsons, Westgarth 
and Co., Ltd., that an additional item should be 
added to provide a correction for “ leaving ’’ loss. 
Present methods of dealing with this are, however, 
far from satisfactory, as we have found that they 
often lead to inconsistent results. These correc- 
tions are only required for the purpose of comparing 
blading efficiencies, and we would suggest that for 
this purpose the loss in question may hest be dealt 
with as a vacuum correction. In bringing the meet- 
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present trend towards much higher pressures and 
temperatures. He stated that certain chrome 
steels now available would hardly scale at tempera- 
tures as high as 800 to 900 deg. C., at which ordinary 
steels would all be rapidly reduced to oxide. The 
amount of these special steels required would not be 
large, since even at a pressure of 2,000 lb. per sq. in. 
only ordinary steel would be needed for the boiler. 
The special steels would be used in the superheater ; 
for the steam pipes, and for the blading and pos- 
sibly for part of the casing at the high-pressure end 
of the turbine. With a steam pressure of 1,500 Ib. 
per sq. in. and a temperature of 900 deg. F., effici- 
ences equal to that of the internal combustion engine 
could be reached. As for the gas turbine, he thought 
there was little likelihood of this becoming of indus- 
trial importance within the lifetime of the present 
generation. 





NOTES. 
Tue Frencu Navy. 


Tue Bill for laying down the 1925 portion of the 
second instalment of the French Naval Programme 
provides for the construction of one cruiser, three 
flotilla leaders, four destroyers, seven first-class 
submarines, two mine-laying submarines, one 
surface mine-layer and one aviation transport. ‘lhe 
cruiser will be of the Duquesne type: the flotilla 
leaders of the Jaguar, the submarines of the 
Vengeur, and the mine-laying submarines of the 
Pierre Chailley type. The discussions in the Par- 
liament and the reports of the committees brought 
to light some interesting figures about the rate of 
construction in the French yards. The French 
administrative unit of construction is termed a 
“‘man-day,” and the quickening-up of the work, in 
spite of a falling off of individual output, is si:own 
by the following figures: In 19:0 the Danton cost 


gurt was constructed at the rate of 41 man-days 
per ton. ‘lhe pre-war destroyer Mecanicien Prin- 
cipal Lestin cost 120 man-days per ton, and the 
Jaguar 90. 

OveER-CAPITALISATION. 


Earlier in the year we drew attention to a report 
that the British Engineers’ Association had pre- 
sented to the Government Committee on Industry 
and Trade, in the course of which it described the 
leading financial data of 31 representative firms 
in the engineering and allied industries, each with 
an average capital before the war of 1,250,0001. 
At the request of the Chairman of the Committee 
the figures were further examined to ascertain if 
they gave support to the view that capital had been 
watered and bonus shares improperly distributed 
in the industries that these firms represented. In 
view of some observations made at the recent 
Trades Union Congress on what was described as 


on this point, which was presented to the Committee 
tal of the same firms in 1923 was stated to 
have been about 24 times its pre-war figure, though 
as part of the new capital appeared to have been 
applied in paying off debentures, this is a slight over- 
statement of the funds employed in the aggregate 
half the companies in question had paid dividends 
or more ordinary dividends. The group which 


had paid dividends regularly included a still 
higher proportion of the companies which had 


involved, and the contemporary net yield of gilt-|* 


has been watered, or suggest that if it has been, |s 
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no more than proportionate to the increase in 
costs both of material, transport, and labour. The 
Association states with confidence that the engineer- 
ing industry is exceptionally free from watered 
capital, and that no grounds exist for attributing 
its present state to unsound financial policy. With 
this statement, those who are most familiar with 
the industry, will concur. 


THE Wortp’s SHIPBUILDING AND MARINE 
ENGINEERING. 

The shipbuilding returns of Lloyd's Register for 
the quarter ended September 30, just published, 
are unfortunately still more unfavourable than the 
statistics issued for the earlier quarters of the present 
year. In Great Britain and Ireland shipping to the 
amount of 1,009,155 tons was under construction 
at the end of September, this figure being more than 
84,000 tons below that recorded at the end of June, 
and about 459,000 tons less than the tonnage being 
built twelve months ago. It is noteworthy, fur- 
ther, that the tonnage on which work is now 
suspended amounts to 81,000, as compared with 
37,000 tons a year ago. The tonnage launched 
during the quarter, namely, 225,236, is 72,925 
tons below that recorded for the previous three 
months ; but the tonnage commenced was 260,551, 
compared with 189,805 tons during the second quar- 
ter of 1925. There are 257 vessels being built in 
this country at present. The decrease in the 
merchant tonnage under construction is not 
confined to the United Kingdom, however; the 
total world tonnage building—2,206,905—shows 
a decrease of 162,926 tons. Germany, Italy, France 
and Holland have respectively 306,626, 269,802, 
150,220, and 127,775 tons building, the correspond- 
ing numbers of ships being 73, 40, 36 and 44. The 
adoption of the internal combustion engine as a 
marine prime mover continues to increase ; 1,088,888 
tons of the shipping now under construction will be 


00. man-days’ work per ton; im 198) ‘the Frimea- so fitted, whilst 1,090,456 tons will be provided with 


steam propelling machinery. In the change Great 
Britain leads the way, no less than 55 per cent. of our 
tonnage building at the end of September Being des- 
tined to be equipped with oilengines. Marine engines 
under construction throughout the world number 
626, and have a total horse-power of 1,523,405. 
To this total the United Kingdom contributes 234 
units of 642,266 h.p., made up of 167 reciprocating 
steam engines of 282,361 h.p., 17 steam turbines of 
143,395 s.h.p., and 50 oil engines of 216,510 i.h.p. 
Germany follows with 73 units of 193,680 h.p., 
comprising 32 reciprocating steam engines of 
38,610 i.h.p., four steam turbines of 23,300 s.h.p., 
and 37 oil engines of 131,770 i.h.p. Italy has under 
construction 33 sets of propelling machinery, of 
144,480 h.p., made up of nine reciprocating steam 
engines of 13,230 i.h.p., three steam turbines of 
45,000 s.h.p., and 21 oil engines of 86,250 i.h.p. 
France and Denmark contribute respectively 24 


watered capital, the Association has now published | units of 127,900 h.p. and 30 units of 106,200 h.p. 
a memorandum by its director, Mr. D. A. Bremner, | The first-named country is constructing 18 recipro- 


cating steam engines of 49,000 i.h.p., two steam 


last July. It may be remembered that the capi- | turbines of 59,600 s.h.p., and four oil engines of 


19,300 i.h.p., so that her steam is greatly in excess 


of her oil machinery. Denmark, on the other hand, 


has only three reciprocating steam engines of 3,300 


i.h.p. building, and no steam turbines, but has no 
less than 27 sets of oil engines of 102,900 i.h.p. on 
businesses in 1923. The result of the further}hand. In conclusion, it should be pointed out that 


examination has been to show that rather more than | with regard to the shipping tonnages given these 
are gross figures and that no account has been 


regularly, and rather less than half had passed two | taken of vessels less than 100 gross tons cach. 





THE Puysicat SocreTty OF LONDON AND THE OPTICAL 


: é ‘ , . Socrery.—It is announced that the Sixteenth Annual 
increased their capital, and a higher proportion Exhibition of Electrical, Optical and Other Physical 
still—about two-thirds or more—of the companies Apparatus will be held from Tuesday to Thursday, 


which had issued bonus shares. The test of over-| January 5 to 7, 1926, at the Imperial College of Science 
capitalisation applied in the memorandum is the | "4 Technology, South Kensington, London, 8.W.7. On 
this occasion there will be, in addition to the usual 


ratio of profits to capital over a sufficiently Jong display by instrument makers, three new classes of 
period, account being taken of the extent of risk] exhibits, namely, (a) exhibits illustrating the results of 


ecent physical research and improvements in laboratory 


eye . practice, (b) selected examples of effective lecture. 
edged securities. On this test the figures do not experiments, and (c) repetitions of famous historical 
tend to support the suggestion that the capital experiments in physics. No charges will be made for 


pace or catalogue entries in these new classes. Offers 


ee : of exhibits, giving preliminary particulars, should be 
the watering is more likely to have occurred before addressed to the Secretary of the Physical Society at 


the war than after. As we pointed out in our dis-| tho Imperial College of Science, and should be received 








Ing to a close, Sir Charles Parsons referred to the 


cussion of the main report, the increase of capital is | not later than November 16. 
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SUGAR-BEET LIFTERS AT THE RAS. TRIALS, NEWARK. 








Fie. 1. 








CaBLE-OPERATED Beet LirtER; Msssrs. JoHN FowLEk AND Co. (LEEDS), LimmEpD, LEEDs. 


























Fia. 2. 


TRIALS OF SUGAR-BEET LIFTERS. 


It is generally appreciated that the Royal Agri- 
cultural Society of England, by the institution of 
competitive tests of agricultural implements and 
power plants, has done much to obtain improved 
designs and efficient operation. This work has now 
been extended by the holding of trials of sugar- 
beet lifters, in order not only that the farmers who 
have started to grow beet crops may obtain the 
best implements already available, but that the 
makers can find by actual tests against competitive 
products where their designs are lacking in those 
characteristics that make for rapid and reliable 
working. At the invitation of the Society, the 
people concerned with the sugar-beet industry 
assembled at Kelham, near Newark, on Tuesday, 
October 13, to witness the performance of exacting 
tests with the machines that have been put on the 
market by the British manufacturers. On this 
and the opposite page are illustrations of some of 
the machines which were used in these trials, 

As is the case with ordinary ploughing, cable 
hauled or horse-drawn machines may be used for 
beet lifting. The first type was represented by a 
powerful Fowler machine of a type which is exten- 
sively employed throughout the Continent of 
Europe on sugar-beet estates. As sugar beet is a 
late crop, which often has to be harvested under 
very unfavourable conditions, high speed of working 
is essential to success. The cable beet lifter meets 
the conditions admirably, for it seems to be the only 
practicable method of lifting the beets without 
damage to the crop. The use of tractors is not 
practicable, while with horses there is always the 
risk of damage to the roots from trampling by the 
horses. The cable beet lifter is used to loosen the 





PLovueH Tyre or Breer Lirrzer; 
Messrs. JAMES AND FrREDK. Howarp, Lrtp., BEpForRD. 








roots thoroughly so that they may be easily picked 
out by hand for topping and carting away. Although 
loosened in the soil the beets are still protected 
from early frosts, which is an important point, as 
it may be necessary to leive them after loosening 
for several weeks until the weather conditions are 
favourable to harvesting. The general arrange- 
ment of the Fowler cable beet lifter will be appre- 
ciated from Fig. 1. It is desizned to take either 
wing shares or fork tynes. When working with 
wing shares the implement carries five tynes, 
each capable of lifting and loosening two rows of 
beet. With the alternative arrangement each 
row of beet is lifted separately by a pair of fork 
tynes and eight rows may be dealt with at a time. 
In actual use, the wing shares work at greater depth 
than the forks and pass well below the roots, lift- 
ing them up and breaking up all the soil round them. 
The fork tynes are only drawn through the soil 
at a depth of 6 in. or 8 in. from the surface and 
grasp the roots on each side and thus lift them 
free. In light and medium soils, the fork tynes 
have the advantage that they do not loosen the soil 
so deeply, and thus it is easier for the carts to pass 
over when the beets are being collected. When the 
soil is heavy, there is a possibility that some of the 
roots may be broken by the tynes because the lower 
part may be held too firmly in the ground, and it is 
under these conditions that the wing shares are 
recommended to make sure that the whole of the 
crop is properly lifted. The cable beet lifter is made 
adjustable for rows planted at 20 in., 21 in., or 22 
in. apart, and the wheels, which are 5 ft. in diameter 
and 8 in. wide, and carry the implement easily over 
‘oft or wet ground, are adjustable to pass between 
the rows of beet at the different widths without 
damage to the roots. In the course of the demon- 








Fic. 3. Bow-Leaa@rp Tyre or Beet Lifter; 
Messrs. JAMES 4ND FREDK. Howarp, Limtrep, BEDFORD. 


stration with this cable beet lifter, evidence was 
afforded of the fact that when the wing shares 
are in use good subsoiling work is done in addition 
to lifting the crop, this work beneficially affecting 
the following harvests. 

Of the horse-drawn lifters, Messrs. James and 
Frederick Howard, Limited, of Bedford, entered 
two, one of the plough type, illustrated in Fig. 2, 
and another of the bow-legged form, which is seen 
in Fig. 3. There are distinctive features in the 
plough machine, as compared with other designs. 
It has a high beam which permits good clearance 
to the tops and the lifting breast has a shape suited 
to the loosening and raising of the beets without 
damage. At the front of the breast there is a 
renewable share point, which is made either of 
cast steel or malleable iron, whichever best suits 
the soil to be worked. Along the front of the 
plate body there is a renewable hardened-steel 
knife edge. The share and knife edge, being re- 
newable, can be replaced whenever necessary, and 
thus the constant source of expense due to the 
wearing of che body and breast of a lifter is largely 
avoided. A double-pronged stay is provided for 
attachment to the back of the lifting breast, when 
it is desired to lift the beet further out of the soil 
after loosening. The bow-legged type of lifter 1s 
well suited to work on light soil. The form it 
takes is shown in Fig. 3. It is claimed for this 
beet-lifter that the man can quickly swing the 
prongs to one side to lift a beet which has grown 
some inches out of line, and it was evident, in the 
light ground trials, that steering by one hand was 
possible. 

Messrs. Geo. Stephenson and Sons, Limited, of 
Trent Bridge Works, Newark, submitted for trial 
the plough type of implement shown in Fig. 4. 


[Ocr. 16, 1925. 
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Messrs. Gro. STEPHENSON AND SONs, 


In use, this machine raises the beet from 4 in. to 
5 in. only, and leaves it standing in the soil, so 
that it is still protected from frosts and drying 
winds, until it can be topped and harvested. In 
construction, this lifter has few and inexpensive 
parts. <A lifter which can also be used as a subsoiler 
was shown by Messrs. John Cooke and Sons (Lincoln) 
Limited, of Lindum Works, Lincoln, and is illus- 
trated in Fig. 5. In this machine the hales, or 
handles, are adjustable for height and the beam is 
built high in the throat to give ample clearance. 
The share is run quite close to the roots, but as 
it is made with a blunt edge, the roots are not 
damaged by it. A small breast, or shelf, runs under 
the roots which loosens them, so that they can 
be readily lifted by hand. To prevent choking when 
the tops are big, or there are many weeds growing, 
a skeith or cutter may be fitted. To convert this 
lifter into a subsoiler, the point or share is detached 
and a subsoiling point put in its place. The machine 
can also be used as a mole drainer by the removal 
of the point, slade and breast and their replace- 
ment by a mole attachment. Messrs. Townsend 
Bros., Limited, of Great Panton, Grantham, sub- 
mitted two machines to test, one of which was 
provided with a topping attachment. 

On the results of these tests at Kelham, the 
Royal Agricultural Society of England awarded a 
special prize to Messrs. John Fowler and Co. (Leeds), 
Limited, for their cable beet !ifter, and in the ordinary 
class, the machines of Messrs. John Cooke and 
Sons (Lincoln), Limited, Messrs. Geo. Stephenson 
and Sons, Limited, and the plough type of Messrs. 
James and Frederick Howard, Limited, were 
placed first, second and third, respectively. 

A demonstration was also given by Messrs. John 
Fowler and Co. (Leeds), Limited, of the moletile- 
drainage system which they have recently intro- 
duced to deal with the drainage of light and friable 
soils in a way comparable in results with their 
earlier mole -drainage scheme for heavy clay 
subsoils. 








LETTER TO THE EDITOR. 


SYDNEY HARBOUR BRIDGE. 
To THE Eprtor OF ENGINEERING. 

Sir,—In your issues of July 25 and August 1 of last 
year you dealt with the letting of the contract for the 
Sydney Harbour Bridge, and in particular commented 
on the Report on Tenders made by Dr. J. J. C. Brad- 
field, M.Inst.C.E., Chief Engineer of the Sydney 
Harbour Bridge, condemning the unit working stresses 
which Sir William Arrol and Co., Limited, in their ten- 
der had adopted for the special steel they proposed to 
use in the bridge. 

The report was published broadcast over the world 
and has undoubtedly done harm to Sir William Arrol 
and Co., Limited. The statements in it, and certain 
grounds alleged for depriving us of the contract, if there 

n any foundation for them, would have been 
most damaging to our own reputation and that of Mr. 
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E, Cruttwell, of Sir John Wolfe Barry and Partners, 
who assisted us in the preparation of our plans. The 
matter attracted the attention not only of engineering 
experts, but of the general public, and we have received 
many enquiries and requests for an explanation of the 
circumstances. There was in fact, no foundation for 
the criticism of our stresses. 

For reasons which will appear below, we have not 
hitherto made any public reply to the allegations 
made by Dr. Bradfield, but we think it desirable 
and only fair to ourselves and to Mr. Cruttwell that a 
definite statement of the facts should now be given. 
As the matter has already been discussed in your col- 
umns, and as from the first you appreciated that the 
criticism of our steel was baseless, we are addressing 
this statement to you. 

In the official specification issued to tenderers, con- 
siderable latitude was allowed to designers in the choice 
of the class and quality of steel they might use in 
their designs. The physical and chemical properties of 
ordinary carbon, nickel, and other alloy steels were 
given, with the maximum permissible unit stresses for 
each class of steel. For plates and shapes of structural 
nickel-steel it was specified that the material was to 
have an ultimate tensile strength of from 85,000 Ib. 
to 100,000 lb. per square inch, with a minimum yield- 
point of 50,000 Ib. per square inch and a percentage 
of elongation in a length of 8 in. of not less than that 
1,600,000 
ultimate * 

In considering the class of steel to adopt we selected 
the special steel which had been adopted by the 
Admiralty after exhaustive tests. It was equal in 
ultimate strength to that of the specified nickel-steel, 
and surpassed it in all its other qualities, without 
having any of its defects. It has a minimum-ultimate 
tensile strength of 38 tons per square inch (85,120 Ib.), 
with an elongation of not less than 17 per cent. in 
a length of 8 in. and has a limit of proportionality of 
17 tons per square inch (38,080 Jb.). -On account of the 
confusion in the interpretation of the terms in ordinary 
testing of “elastic limit,” ‘“‘ true limit,” ‘‘ apparent 
elastic limit ” and “ yield point,” the *‘ works” value 
of these items was not given, and a definitely ascertained 
figure, “‘ the limit of proportionality ” was substituted. 
The limit of proportionality is obtained from a carefully 
plotted curve constructed from the readings of a 
delicate extensometer, and the tests have to be con- 
ducted by skilled observers. In ordinary commercial 
testing the yield-point is indicated by the fall of the 
lever in testing machines of the lever type, or by the 
method specified by the British Engineering Standards 
Association. The yield-point is often confused with, 
and referred to as, the “ elastic limit,’ whereas the 
true elastic limit is just within the “limit of propor- 
tionality’ and is well under the yield-point. In the 
special steel the minimum yield-point is about 24-6 tons 
per square inch (55,104 lb.), as determined by the fall 
of the lever. 

If a certain unit stress is permissible for a material 
having a yield-point of 50,000 lb. per square inch, it is 
justifiable to adopt a higher unit stress on material 
having a minimum yield-point of 55,104 Ib. per square 
inch, and not a lower unit stress, as stated by Dr. 
Bradfield. In our design the same unit stresses were 
adopted for the higher quality of material as that 
specified for nickel steel, giving a greater margin of 
safety. It would appear from Dr. Bradfield’s report 
that he has interpreted the limit of proportionality as 
the yield-point and been led thereby to make the 
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statement which reflects so seriously on our consulting 
engineers and ourselves. 

Immediately we saw Dr. Bradfield’s printed report 
we got into touch with him by cable, and altogether 
eight cables have passed between us. After his arrival 
in London two letters passed, but without the 
effect of getting from Dr. Bradfield any explanation 
as to why he made such a serious condemnatory state- 
ment. From his last letter, dated September 19, 1924, 
we gather he intends giving us no information, and 
therefore we may be excused for asking you to give 
the matter publicity. 

The following are copies of the cables and letters 
referred to :— 

“To Bradfield, Sydbridge, Sydney. Your report 
Sydney Bridge tenders states the material we propose 
to use was too weak for working stresses permissible 
for nickel steel. Please cable how you arfived at this 
conclusion.—Tay, Glasgow.” July 8, 1924. 

“To Tay, Glasgow. From information submitted 
your tender and our discussion; will arrive London 
September 12.—Bradfield, Sydbridge.” July 11, 1924. 

“To Bradfield, Sydbridge, Sydney. Your cable 
received. We contradict statement in your report 
that the specification working stresses for nickel steel 
are too high for special steel proposed by us. Our 
steel gives equal or greater limit of proportionality, 
yield-point and ultimate. Thus we request you to 
correct your statement, as we must protect our con- 
sulting engineers, steel makers, and our own reputation, 
—Tay, Glasgow.” July 14, 1924. 

“To Tay, Glasgow. On information supplied with 
your tender have nothing to correct. — Bradfield, 
Sydbridge.” July 16, 1924. 

“To Sydbridge, Sydney. It appears your not 
knowing difference between limit of proportionality 
and yield point has led you to make damaging mis- 
statement in your report about quality of our special 
steel. Yield point of same is 55,000 lb. per square 
inch. Must again request you to immediately correct 
your misstatement.—Tay, Glasgow.” July 23, 1924. 

“To Tay, Glasgow. Sailing London July 30. Will 
discuss steel on arrival.—Bradfield.”” July 29, 1924. 

“To Sydbridge, Sydney. You apparently do not 
appreciate damage to our reputation your misstate- 
ment has done. It is now appearing in Public Press 
and we ask for an immediate withdrawal without 
waiting your arrival.—Tay.” July 29, 1924. 

“To Tay, Glasgow. Based on all information 
supplied by your firm to date my opinion has not 
changed. Bradfield, Melbourne.” August 4, 1924. 

“To Dr. J. J. C. Bradfield, of Sydney, c/o Messrs. 
Dorman, Long and Co., Limited, 4, Central Buildings, 
Westminster, London, 8.W. 1. 

Sydney Bridge. 

Dear Sir,—You told us you were due in London on 
September 12. We beg to refer you to the cables that 
passed between us about the misstatement you put 
in your Report regarding the unit stresses adopted 
by us for the steel we proposed for the Sydney Bridge. 
As we are going to take immediate steps to have the 
matter settled, we shall be glad to know if you have 
anything further to say to us. 

Awaiting you reply, we are, Yours truly, 

For Sir William Arrol and Co., Limited. 
(Signed) Joun Hunter.” 

“To Sir John Hunter, Sir Wm. Arrol and Co., 
Limited, 85, Preston-street, Bridgeton, Glasgow. 

Dear Sir, In reply to your letter of the 17th instant 
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re the working stresses adopted by your firm for the 
steel your firm proposed to use for the Sydney Harbour 
Bridge, I do not consider there is any mis-statement in 
my report, and I have nothing further to add. Yours 
truly (Signed) J. J. C. Bradfield, Chief Engineer, 
Sydney Harbour Bridge.”—Sydney Harbour Bridge 
Branch, 4, Central Buildings, Westminster, London, 
S.W.1. September 19, 1924. 

Your readers will attach importance to a communi- 
cation relating to this matter by Professor Warren, 
which was published in the journal he Common- 
wealth Engineer, of Sydney. Professor Warren is an 
engineer of vast experience and is professor and Dean 
of the Faculty of Engineering in Sydney University. 
His reputation is paramount on such matters, not only 
in Australia, but also beyond the confines of the 
Commonwealth. The table of tests, which appeared 
in Professor Warren’s letter, was reproduced in your 
issue of January 2 Jast, and we need not now re-quote 
it. We may, however, quote the final sentences of 
Professor Warren’s letter, which are as follows : 

“The assumption that ‘limit of proportionality ’ 
and ‘ yield point’ are the same has led Mr. Bradfield 
to make the unfortunate statement in his report that 
the working stresses adopted are. too great for the 
material proposed. In my opinion, the special steel 
proposed more than fulfils the requirements of the 
specification and the working stresses adopted were not 
too high.” 

The invitation to tender for the Sydney Harbour 
Bridge provided that the tenders were to be received by 
the Under Secretary for Public Works at Sydney not 
later than noon on the November 30, 1923. At a later 
stage the date for receiving tenders was extended from 
November 30, 1923, to January 16,1924. At that time 
Mr. Hutchinson, one of our Directors, had arrived in 
Sydney, and [ was on the sea, approaching Australia, 
when the information about the postponement of the 
tenders was communicated to me and to Mr. Cruttwell, 
who was also on his way out from England, and who had 
assisted us in the preparation of our plans. We consi- 
dered it a most unfair and unprecedented occurrence 
for the date for the receipt of tenders to be postponed 
in connection with a work of this magnitude. On my 
arrival in Sydney I made a very strong protest, both 
to Sir George Fuller, Premier of New South Wales, and 
to Mr. R. T. Ball, the Minister of Public Works and 
Railways, but without avail. We also cabled our 
protest from Glasgow. As our drawings had all been 
finished, and our tender practically completed, we had 
no opportunity to make any alteration even if we had 
felt inclined. 

It was generally thought that our closest competitors 
were the Canadian Bridge Company, but we did not 
fear their competition on account of tariff conditions 
being so strongly against them. We knew that the 
Cleveland Company of Darlington had considered the 
matter, and told us they had decided not to tender, 
and we also knew that the Cleveland Company had 
sold their drawings and designs and the use of their 
staff to Messrs. Dorman, Long and Co., and had cabled 
saying that Messrs. Dorman, Long would tender if 
the original date for receiving tenders could be extended. 
If the tenders and designs which were ready on 
November 30 had been dealt with at that date, the 
contract would in all probability have been let to 
us, as we were 1,000,000/. lower than the Canadian 
firm. 

After my arrival in Sydney Mr. Hutchinson and I saw 
a great deal of Dr. Bradfield, and he was pleased when 
we told him we could build either of the two types 
of bridge outlined by him quite successfully, but that 
we favoured the arch type. We convinced him that 
with the erection of the arch type, the great risk run 
with the lifting ot the centre span, which caused such 
a disaster in the Quebec Bridge cantilever design, 
would be obviated. As was natural in a scheme of 
such magnitude, for which the engineer only got out 
general drawings in addition to a specification and 
the other usual documents, and which entailed complete 
designs by the tendering firms, many points had arisen 
during the study of the subject which had occasioned 
reference to Dr. Bradfield by cable. These cables 
were replied to, so far as we could judge, properly 
by Dr. Bradfield, advising all firms who had signified 
their intention of tendering of his replies to any 
particular tenderer. 

But many points had to be left over for examination 
in Australia, and consequently personal interviews 
with Dr. Bradfield by all the competing firms followed 
as a natural course, and as we had such a long time 
to wait in Sydney I felt thet we might save time by 
showing our designs to Dr. Bradfield. Mr. Cruttwell 
explained everything about our designs, and on two 
occasions we read over to Dr. Bradfield our proposed 
letter to accompany our tender, and he approved of it, 
and expressed his gratitude that we were the only 
firm that had taken him into their confidence. Later 
he told us that there was no necessity for Mr. Cruttwell 
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with the designs and drawings which were shown to 
him. 

The following amongst many points were discussed 
at interviews with Dr. Bradfield in relation to our 
proposed tender :— 

1. The special steel proposed to be used in certain 
members of the bridge. 

2. The tonnage of steel to be fabricated in Australia. 

3. The question of submitting alternative designs. 

As regards 1, the whole matter was fully discussed 
on several occasions, and Dr. Bradfield had ample 
opportunity of making any points against the steel, 
but he never questioned it. He did not ask for any 
further information regarding it, either at the inter- 
views before the tenders were deposited, or during 
the period of his investigation of them. In fact, he 
says in his Report on Tenders, page 23, ‘* This steel 
appears to be quite satisfactory.” 

As regards 2, the questions put to Dr. Bradfield 
concerned the extent to which he would insist on 
material being fabricated outside Australia. Originally 
we had intended to fabricate much more in Australia 
than was ultimately shown as such in our tender, 
but Dr. Bradfield assured us that the heavier parts 
could not be fabricated in Australia in a manner 
which would be satisfactory to him, and it was directly 
due to his insistence on a greater tonnage being sent 
out to Australia fully fabricated that at the last 
moment we abandoned our previous intention of 
erecting large shops at Milson’s Point, and, as stated 
in our tender, made an arrangement with the Sydney 
Steel Company to fabricate, under our direction, as 
much of the steel work as Dr. Bradfield would approve. 
This decision, according to Dr. Bradfield’s Report 
on the Tender (page 45, paragraph 3), increased our 
tender in respect of customs duties to the extent of 
368,9281. 16s. 10d. 

As regards 3, we were instructed by Dr. Bradfield 
not to send in any alternative designs, although at 
much labour and cost we had prepared several. We 
had satisfied ourselves that the granite, which was a 
difficult question, could be obtained for the main piers 
and approaches. We discussed alternatives for these 
piers and gave him prices for concrete blocks and also 
for reinforced concrete, but he asked us to adhere 
to the original design. 

Dr. Bradfield assured us that if alternative designs 
for the approaches were considered we should have 
an opportunity to revise our tender. If, in spite of 
this request, we had substituted piers similar to those 
accepted under the successful tender, we could have 
reduced our tender by 250,000. 

After the tenders were lodged, Mr. Hutchinson and 
I were encouraged to stay in Sydney, and. we were 
there for six weeks more, although we pleaded to get 
a hint we could go home if the work were not coming 
to us. I had already booked passages home on four 
different ships, but cancelled them and eventually 
secured a passage with difficulty by the Ulysses. 
Even three days before the decision of the Cabinet was 
given I had been encouraged to stay on. 

Dr. Bradfield subsequently made a Report on all 
tenders received, and the Government accepted the 
tender recommended by Dr. Bradfield, which was 
that of Messrs. Dorman, Long and Co., amounting to 
4,217,7211. According to that tender, the fabrication 
of the bridge was to be done wholly in Australia, so 
that Messrs. Dorman, Long and Co.’s material would 
get in free from duty; and alternative designs for the 
approaches were accepted. We were given no oppor- 
tunity to revise our tender. 

Messrs. Dorman, Long and Co.’s figure was less than 
ours by 427,636]. This difference, however, is more 
than accounted for by the saving of 250,000/. on the 
approach work and by the duty on our fabricated 
steel work, for which we had to allow 368,928/. (Dr. 
Bradfield’s figures) in our tender, whereas Messrs. 
Dorman, Long and Co.’s material would go in free. 
On the same basis, the amount of our tender would 
not have exceeded that of Messrs. Dorman, Long and 
Co., and a different decision no doubt would have been 
arrived at. 

Dr. Bradfield’s report on the tenders received was 
in the printers’ hands when I left Sydney, and on 
my return to this country I found that it had been 
sent, presumably by the Government’s instructions, 
to all the leading engineers and engineering institutions 
of the world. 

That report, which is addressed to the Under- 
Secretary for Public Works, contains in two places 
(on pages 23 and 25) a statement to the effect that 
our working stresses were too great for the material 
proposed. Our designs were shown to Dr. Bradfield, 
and we gave him all information about them and dis- 
cussed the steel proposed. Dr. Bradfield expressed 
himself so thoroughly satisfied with everything we 
had shown him and explained to him, that he said 
there was no necessity for Mr. Cruttwell to remain 
longer in Sydney. 


utmost bona fides and scrupulous fairness on the part 
of those who have the responsibility for letting the 
contract, and this was more than usually necessary 
in the case of a contract of such size and difficulty, 
The date for the delivery of the tenders was postponed 
at the eleventh hour and the contract was, in fact, 
let on lines different from those on which we were 
requested to tender. Apart from those disadvantages, 
our tender would have been lower than that of the 
successful competitor. 

Having failed to get any reparation or even explana- 
tion from Dr. Bradfield or his Government, we took 
legal advice and commenced an action in our own name 
and that of Sir John Wolfe Barry and Partners, for 
libel against the Hon. R. T. Ball, the Minister for 
Public Works, and Mr. T. B. Cooper, the Under- 
Secretary for Public Works, and Dr. J. J. C. Bradfield, 
the chief engineer of the bridge. In view of this 
pending action, we were advised to refrain from making 
any public statement. Negotiations took place which 
we hoped would make it unnecessary for the action 
to come to trial, but they proved fruitless, and in the 
meanwhile a General Election occurred in New South 
Wales, which resulted in a change of Government. 
The defendants, Mr. Ball and Mr. Cooper, went out of 
office, and it was no longer possible to deal with them 
as being still in control of their department. The 
delay involved in bringing an action to trial in this 
country against defendants resident in Australia is 
obvious, and in the circumstances we have resolved tu 
state the facts without further delay. 

We are, Yours faithfully 

(for Str WILLIAM ARROL AND Co., Limite), 
JOHN HUNTER. 
Dalmarnock Ironworks, Bridgeton, Glasgow. 
October 7, 1925. 








EXTENSIONS TO FULHAM ELECTRIC 
POWER STATION. 


As has been the case with numerous municipal 
and private electricity supply undertakings, the 
Metropolitan Borough of Fulham found, some few 
years ago, that the generating plant at its power 
station in Townmead-road had become inadequate to 
supply the growing demands of the district. The need 
for extensions became pressing in 1923, and the 
scheme then prepared having been duly sanctioned 
by the Electricity Commissioners, a contract for the 
whole of the work required was let to Messrs. Vickers 
Limited, of Vickers House, Broadway, Westminster, 
S.W.1, early in 1924, The contract, it may be men- 
tioned, was placed with the British firm in spite of 
some attractive offers received from foreign com- 
petitors—a circumstance on which the Electricity 
Committee of the Fulham Council must certainly 
be congratulated. Another noteworthy feature of 
the contract to which reference should be made, is 
that it required an additional supply of current to be 
available for the winter of 1924-5, so that some of 
the new plant had to be constructed and put into 
commission within six months from the date of signing 
the contract. This condition was duly complied with 
by the contractors and constitutes, we are informed, 
a record for this country. The whole of the work 
has now been completed, and the extensions were 
formally opened by the Mayor of Fulham, Councillor 
E. H. Pritchard, B.A., J.P., on Tuesday last, the 13th 
inst., 

Townmead-road, in which the power station is 
situated, runs parallel with and close to the northern 
bank of the river between Wandsworth Bridge and 
Imperial-road, the site being not far distant from that 
of the Lots-road power station of the Underground 
Electric Railways. Ample space was, fortunately, 
available for the extensions, and the site being located 
close to the river, adequate supplies of circulating 
water were to hand, as well as excellent facilities for 
the transport of coal and ashes. Moreover, since the 
station is located practically in the centre of the supply 
area, its position could hardly be improved upon, and 
the decision to extend the existing buildings appears 
to have been fully justified. The new buildings, 
which are extensions of the previously-existing boiler- 
house and engine-room, are of red brick, with slate 
and glass roofs, the inside walls of the engine-room 
being faced with white and brown glazed bricks, and 
the transformer platform, basement floor and loading 
bay with red and blue tiles. A 50-ton Arrol overhead 
travelling crane with Metropolitan-Vickers’ electrical 
equipment, has been installed in the engine-room, and 
is shown in the illustration on the opposite page, 
which has been reproduced from a photograph of the 
interior of the engine-room extension. The buildings 
were erected under the direction of Mr. H. M. de 
Colville, instructed by Messrs. Vickers. me 

The new boiler-plant consists of three Vickers’ five- 
drum, bent-tube type boilers, each having about 
10,000 sq. ft. of heating surface, and giving a normal 
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TURBINE ROOM EXTENSION: 


evaporation of 40,000 lb. per hour at a pressure of 
275 lb. per square inch, feed being supplied at a tem- 
perature of 200 deg. Fahr. Each unit comprises a super- 
heater, designed to give the steam a temperature of 
700 deg. Fahr. at the turbine stop valves, an economiser, 
a forced-draught fan and an induced-draught fan 
working on the Prat system. The economisers are of 
Green’s Ringstay type, and each consists of 256 tubes. 
The stokers are of the Erith-Roe type, and the feed- 
pump equipment includes three Weir Roto pumps, 
each capable of delivering 6,000 gallons per hour. 
Both steam and feed are recorded by Kent measuring 
apparatus, while a complete equipment of Cambridge 
instruments has been installed for recording CO, and 
measuring temperatures. For handling the ashes from 
the new boilers, the existing Gibbons ash-conveying 
plant has been extended and a new ash elevator 
installed to replace the original ash breaker. Concrete 
coal bunkers of 184 tons capacity have also been pro- 
vided in the new boiler-house and, to facilitate the 
coal-handling arrangements generally, new bunkers, 
of rather smaller capacity, have been erected in the 
old boiler-house, the whole of the bunkers being 
supplied by a Mitchell belt conveyor. 

The two new turbo-generators installed were con- 
structed by the Metropolitan-Vickers Electrical Com- 
pany, Limited, each set being rated to develop 6,000 
kw. continuously at a power factoi of 0-8 when running 
at 3,000 r.p.m., the overload capacity being 25 per cent. 
for two hours. The generators produce three-phase, 
50-cycle current at 6,600 volts and the turbines, which 
are of the Rateau impulse type, with ten Rateau 
stages and two multiple-exhaust stages, are designed 
to work with steam at 250 Ib. per square inch super- 
heated to 700 deg. Fahr. All the diaphragm blades, 
it may be mentioned, are of stainless steel, as also are 
those of the rotor in the region of the dew point. With 
the designed vacuum of 28-80 in. at the turbine 
exhaust flanges, the thermal efficiency is 25-2 per cent. 
and the guaranteed consumption at full load is 10-22 lb. 
per kw.-hour. The turbines are equipped with heaters 
fitted integrally with the low-pressure casing, for 
heating the feed water by steam bled from the turbine 
at a stage just prior to the exhaust. These heat the 
condensate, after it has passed through the surface 











heaters of the ejectors, to about 150 deg. F. In con- 
nection with the lubrication of the turbines it may be 
mentioned that a tapping is taken from the pressure 
side of the system, the oil tapped off being passed 
through a diaphragm to Fox filters. Thence it passes 
to a tank in which it is allowed to settle for an hour, 
returning by gravity to the turbine oil tank. With 
this arrangement, the filtering starts automatically as 
soon as the turbine is started up and no additional 
running plant is required; the whole of the oil in use 
is filtered once every six hours. Water is automatic- 
ally removed from the turbine oil tank by means of a 
special drain depending for its action on the difference 
between the specific gravities of oil and water. The 
generators are cooled on the makers’ closed-circuit 
system, in which air is circulated through the windings 
and coolers by fans mounted directly on the rotor 
shaft. Alarm devices are fitted to give warning if 
the temperature of the air should rise above a pre- 
determined value and dampers are provided in the 
foundation block so that open: ventilation can be 
resorted to in an emergency. 

The completé condensing plant was designed and 
constructed at Messrs. Vickers’ Barrow works. Both 
condensers, which are of the Contraflo type, have 
8,500 sq. ft. of cooling surface and each is capable of 
maintaining a vacuum of 28-8 in., with the barometer 
at 30 in., when supplied with circulating water at a tem- 
perature of 60 deg. Fahr. The cooling surface is made 
up of solid-drawn brass tubes of Admiralty mixture, 
2 in. in external diameter and 18 S.W.G. in thickness, 
and, the circulating water, of which about 8,800 
gallons per minute are required for each condenser 
under normal working conditions, traverses the tubes 
twice. Mild-steel plates were used for the construction 
of the condenser shells. Each condenser is bolted 
directly on to the turbine exhaust flange and is sup- 
ported on springs placed below the condenser feet to 
provide the flexibility necessary to allow for expansion 
and contraction. The usual. atmospheric exhaust 
facilities are provided, the release to atmosphere 
being obtained through a Blakeborough exhaust-relief 
valve. 

Air is extracted from the condensers by Contraflo, two- 
stage steam ejectors of the Compact type, the ejectors 
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operating in series. The condensation of the steam and 
vapour discharged by the ejectors is effected by surface 
contact on brass tubes which are secured in yellow- 
metal tube plates by screwed ferrules with asbestos 
packing. The whole of the condensate from the main 
condenser, which is withdrawn by centrifugal extrac- 
tion pumps, is discharged through these tubes in two 
traverses, so that the heat in the steam used for the 
jets, as well as that in the vapour withdrawn from the 
condenser, is utilised for heating the feed. From the 
ejector heaters the feed is passed through the bleeder 
heater and thence to the hotwells in the boiler room. 
Circulating water for the main condensers is drawn 


from the Thames, an additional 21 in. Mather and. 


Platt centrifugal pump of the vertical-spindle type 
having been installed in an existing building to supply 
the requirements of the new plant. For the installa- 
tion of the circulating-water system it was necessary 
to demolish an existing pipe line, but this work was 
carried out without interfering with the operation of 
the generating plant. 

As previously mentioned, the output of the turbo- 
generators is three-phase current at 6,600 volts, and 
this is stepped down to 3,000 volts, two-phase, for 
connection in parallel with the existing supply, by 
means of Scott-connected transformers constructed 
by the Metropolitan-Vickers Company. Three pairs 
of single-phase, shell-type transformers, each pair 
having a capacity of 2,000 k.v.a., are installed. They 
are oil immersed and self-cooled, being mounted in 
tanks of boiler iron having external tubes for circulating 
the oil. Tappings at + 24 per cent. and 5 per cent. 
are provided on the low-tension windings to give 
voltage regulation, this enabling the generators to be 
run at a sufficiently high voltage to boost the supply to 
the adjoining boroughs of Hammersmith and Battersea 
without exceeding the required pressure on the two- 
phase, 3,000-volt system of Fulham. The 6,600-volt 
switchgear comprises five duplicate “bus bar, armour 
clad, compound-filled units constructed by the Metro- 
politan-Vickers Company and arranged for remote 
control. They are used in connection with the two 
generators and the three groups of Scott-connected 
transformers, and can be discerned at the end of the 





gallery on the left of the illustration. The indicating 
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instruments and control switches are mounted on black- 
enamelled slate panels forming a vertical type control 
board, part of which is also visible in the figure. 
Provision is made at the end of the ’bus-bar chamber 
for cables connecting the *bus-bars with the previously 
existing 6,600-volt truck-type switchgear on the same 
gallery. For controlling the low-tension side of the 
three Scott-connected transformers, a three-panel 
Metropolitan-Vickers truck-type, two-phase board 
has been installed. Merz-Price protective gear is 
fitted for the generators, and a special arrangement is 
made by which the protective relay trips, not only the 
main oil circuit breaker, but also an automatic circuit- 
breaker in the main field, so that in the event of 
an internal fault the possibility of damage is reduced to 
the minimum. The pillar in which this circuit breaker 
is mounted can be seen in the illustration close to the 
exciter. 

In conclusion, it may be of interest to mention that, 
of the original plant, two British Thomson-Houston 
turbo-generators of 3,000 kw. and 1,500 kw. capacity, 
and two Bellis reciprocating sets, of 1,000 kw. and 600 
kw. capacity, respectively, will be retained for use as a 
stand-by, steam being supplied to these sets from a 
battery of eight Stirling boilers working at a pressure 
of 180 lb. per sq. in. The combined capacity of the 
two new turbo-generators, which will carry the load 
under normal conditions, is practically double that of 
the four old sets, so that the plant should now suffice 
to meet all requirements for the immediate future. 
Mr. Arthur J. Fuller, M.I.E.E., is the consulting and 
electrical engineer to the Borough of Fulham. 





LABOUR NOTES. 


A Nationat Delegate Conference of the Miners 
Federation sat on Thursday and Friday last week for the 
purpose of considering the circumstances of the dis- 
agreement which has arisen over the intended effect 
of the July truce. The executive committee explained 
the position to the meeting and invited the delegates 
to accept the report and agree to take part in the 
Coal Commission. After a long discussion, the recom- 
mendation was, however, rejected, on a card vote, 
by 477,000 to 332,000. On the following day the 
executive committee submitted another resolution, 
which was in the following terms :-— 

‘This conference protests against the interpretation 
being given by the Government and the coal owners 
to the arrangement entered into with the Prime Minister 
on July 31. It still insists that in several instances 
reductions in wages are being imposed by the coal 
owners in contravention of the undertaking of the 
Prime Minister that no reductions in wages or extensions 
of hours were to be enforced during the period of the 
Government’s subvention. It further decides that the 
officials and committee render every service possible 
to the workmen who are compelled to resist any 
contravention by the employers of the arrangement 
made with the Prime Minister, and that the committee 
seek an interview with the Minister of Labour and 
press for a fullinquiry into the cases of workmen who are 
now out of employment and wrongfully deprived of 
their unemployment benefit. In the event of failure 
to receive satisfaction upon these matters from the 
Prime Minister the whole situation to be plaged before 
the General Council of the Trades Union Congress with 
a view to soliciting their assistance to enforce our 
interpretation. Subject to these further efforts by the 
committee, they authorise the executive to take part 
in the proceedings of the Royal Commission.’’ On a 
card vote, this resolution was carried by 574,000 to 
235,000. 





The National Joint Council for the Electricity 
Supply Industry is to-day, it is understood, to deal 
with a revival of the demand by the men employed 
in the London area for a wages advance of 10s. per 
week. When the claim was originally made over a 
year ago it was referred as part of a national claim to a 
special tribunal which decided against the national 
demand, but recommended the district joint councils 
individually to reconsider their existing rates of pay, 
** having regard to the prosperity of the industry in the 
area and to the special reductions which were effected 
in the area in 1922 or 1923 *’ In London, the employer's 
side of the joint council held that an advance was 
not warranted, and accordingly none was conceded. 
A ballot taken by the unions showed a large majority 
in favour of pressing the demand, but only a minority of 
the members took part in it. The reference of the 
matter to the National Joint Council is, of course, in 
order., That is, in fact, the procedure laid down by the 
special trisunal which suggested in its report that in the 


event of a district council being unable to agree on 
the wages to be paid, the matter should be submitted 
to the National Joint Council, and that, in the event of 
the National Council not being able to come to a 


tribunal with a view to its making specific recommen- 
dations to the National Joint Council. 





The A.E.U. Monthly Journal states that in Sep- 
tember the home branch membership of the organisa- 
tion decreased from 212,028 to 210,412, and the 
Colonial branch membership from 25,614 to 25,549. 
The number of members drawing donation benefit 
declined from 10,565 to 9,434, and the total number of 
unemployed members from 17,726 to 17,477. 





Negotiations are in progress between the Engineering 
and Allied Employers’ National Federation and the 
Amalgamated Engineering Union on a demand by the 
men’s representatives ‘for extra payment for work in 
the shop and on the ship on Diesel, semi-Diesel and 
other internal-combustion engines.” In the October 
issue of the organisation’s official report, Mr. Brownlie 
says that during the discussion it became apparent 
that the deliberations could be expedited, and a more 
satisfactory agreement arrived at, if representatives 
of the Council were given an opportunity of seeing for 
themselves actual engines both in the workshop and 
on board vessels. Accordingly, representatives of 
the Council visited the works of the North Eastern 
Marine Engineering Company, Messrs. Swan, Hunter 
and Wigham Richardson, Messrs. Sir W. G. Armstrong 
Whitworth and Co., Messrs. Wm. Doxford and Sons, 
Messrs. J. G. Kincaid and Co., and the Fairfield 
Shipbuilding and Engineering Company. The manage- 
ment of the various companies took great pains, 
Mr. Brownlie says, in providing ample facilities, and 
rendered every possible assistance so that members 
of the Council were able to see and fully understand 
the construction of the internal-combustion engine. 
“These visits have, undoubtedly,” he adds, ‘* been 
of the greatest value, and the Council appreciate the 
consideration extended by the respective companies, 
and for the opportunities afforded them to acquire 
first-hand knowledge of this type of engine.”’ 





The Washington Eight Hours’ Day Convention was 
one of the important questions discussed by last 
week’s Joint Conference in Amsterdam of repre- 
sentatives of the Internationai Federation of Trade 
Unions and the Labour Socialist International. A 
proposal by Mr. Bramley was adopted unanimously 
to inaugurate from November 15 to the middle of 
December, special propaganda for the ratification of 
the Washington Eight-Hours’ Day Convention. 





At the Brighton Conference of the National Union 
of Conservative and Unionist Associations the following 
resolution was passed unanimously:— ‘That this 
Conference, while appreciating as an ideal the Prime 
Minister’s appeal for peace in industry, once more 
demands the amendment of the Trade Union Act 
of 1913, realising that peace cannot be attained so 
long as the workers of this country have not got 
complete freedom of political thought.” 








Another ‘‘ object” of the National Minority Move- 
ment is to ‘“‘ unite the Co-operatives and the Trade 
Unions.” ‘‘The Co-operatives have been ignored 
in the past,” says the Worker, the Movement’s official 
organ. ‘‘They have been left to develop as mere 
dividend-hunting organisations. Now, we must change 
this. We must regard the Co-operatives as a vital 
factor in the workers’ struggle. It should be the 
commissariat of the workers. We put forward the 
proposition (a) That all trade union funds ought to be 
invested in the Co-operatives ; (b) that a representative 
of the Co-operatives should be on the General Council ; 
(c) that every co-operator should be a trade unionist, 
and every trade unionist a co-operator. In the fight 
that lies ahead the workers must have the Co-operatives 
at their back. The Co-operatives should be able to 
provide the requisite credits to enable the workers 
to carry on. Don’t ignore the Co-operatives. Build 
them up, but build them up for the fight. Get the 
Co-operatives at our back in the forthcoming war.” 





The Ministry of Labour states that on October 5, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,297,600—1,035,700 men, 39,200 boys, 192,000 
women, and 30,700 girls. On September 28, 1925, the 
number was 1,336,155—1,068,948 men, 40,358 boys, 
195,867 women, and 30,982 girlsk—and on October 6, 
1924, it was 1,215,575—917,847 men, 37,176 boys, 
227,621 women, and 32,931 girls. 





The tragically sudden death at Amsterdam on 
Saturday morning last of Mr. Fred Bramley, the general 
secretary of the Trades Union Congress, deprives the 
industrial side of the Labour movement of one of its 
most popular officers. An effective public speaker 
and a tactful negotiator of Labour affairs, he had the 
rarer gift—rarer in Trade Unionism, at any rate—of 





decision the issue should he referred hack to the 





exceptional organising ability, and if he had lived, there 


1g not the least doubt that the machinery of Trade 
Unionism, under his guidance, would have been vastly 
improved. As organising secretary of the National 
Amalgamated Furnishing Trades Association, he did 
much promising sectional work, and in national Labour 
affairs he greatly distinguished himself, first as assistant 
secretary to the old Parliamentary Committee, then 
as principal assistant to Mr. Bowerman, and finally as 
general secretary. His co-ordination of the activities 
of local Trades and Labour Councils and the General 
Council is assumed in some quarters to have been his 
masterpiece of organisation. It certainly was a fine 
piece of constructive work. In effect, however, the 
embodied idea has drawbacks, chief of which is a 
duplication—with, possibly, inconvenient results—of 
the authority on which the General Council acts. 
Members of local Trades and Labour Councils and 
delegates to Congress are elected, it is true, by the same 
people ; but the issues on which they are preferred may, 
conceivably, be totally different. Still, the arrange. 
ment is constructive, and so much, unfortunately, 
cannot always be said of trade union re-organisations. 





Some time ago the National Railway Advisory 
Committee suggested that the executive council of the 
Amalgamated Engineering Union should again approach 
the National Union of Railwaymen on the question of 
membership. The matter has since been discussed by 
the council, it is officially stated, with the Boilermakers, 
Foundry Workers, Plumbers, Electricians, Coppersmiths 
and Grinders and Glazers, and with the concurrence of 
these organisations the National Union of Railwaymen 
have been invited to a meeting which, it is hoped, will 
arrive at an agreement on the subject. ‘‘ Our members 
will appreciate,” the October Journal of the A.E.U. 
states, ‘‘ that in the past we have made efforts to reach 
agreement with the N.U.R., but without success. 
Past failures, however, should not deter or dishearten 
us from going forward again ; and, with a mutual desire 
for unity and goodwill on both sides, it should be 
possible to reach an agreement.” 





The joint committee of employers and trade unionists 
which is carrying out an investigation into the economic 
state of the British shipbuilding industry and the 
effects on it of foreign competition, met again on 
Wednesday, at Carlisle. The representatives of the 
trade unions communicated to the employers the text 
of the resolution passed by the conference of execu- 
tives at the meeting in London, on October 6. The 
resolution was as follows :—‘‘ We accept the interim 
report, dated August 25, 1925, as‘ being a correct 
record of what has taken place up to date at the 
inquiry, and we consider that the other part of the 
inquiry should be gone into at once and a complete 
report presented. Thereafter, the whole matter should 
be definitely decided.” 





An official statement circulated by the International 
Federation of Trade Unions states that during the 
recent metal workers’ strike in Belgium, the All-Russia 
Metal Workers’ Union, through the mediation of 
Jacquemotte, the Communist member of: Parliament, 
offered the Metal Workers’ Union 56,000 francs for 
the support of the strike. The Union declined the 
money, and have now issued a statement explaining 
their reasons for so doing. In their statement, the 
Union says :—‘‘ They are perpetually calling us traitors 
to the working class, and the tools of the capitalists, 
and yet they send us money. If they have no dignity 
or logic, at any rate we have enough to keep us from 
taking a cent from these people who are always calling 
themselves our bitterest enemies.” 





The Belgian Government is projecting a measure 
whose object is to approve the Washington Conven- 
tion, limiting work in industrial establishments to 
eight hours per day and 4§ hours per week. Copies of 
the Bill have been sent to members of Parliament, 
and in an accompanying memorandum it is stated 
that so far five countries have ratified the convention 
unconditionally, namely, Bulgaria, Greece, India, 
Rumania and Czecho-Slovakia. Austria and Italy 
have made their acceptance conditional, while France's 
ratification is dependent on that of Germany. The 
Belgian Government proposes unconditional accept- 
ance, though in its opinion the immediate consequence 
of ratification is from the economic point of view nil. 

The results of a detailed inquiry into the subject 
by the Central Industrial Committee are officially 
stated to be not at all encouraging. There is, the 
investigators say, ‘‘ nothing exceptional in the increased 
production of raw material. This situation is peculiar 
to certain divisions of a few metal factories, and the 
eight-hour law has nothing to do with it. As to the 
daily production per man, with few exceptions the 
total (under an eight-hours’ day) reveals a diminution 
generally exceeding that attributable to the reduction 
in the number of hours of work. The hourly produc- 








tion in the great majority of cases has diminished.” 
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PRACTICAL ENGINEERING IN 
ANCIENT ROME.* 
By Tuomas Asupsy, D.Litt., F.S.A. 


Tue subject of the present paper might better 
have been stated as ‘‘ Practical Engineering in Ancient 
Italy.” For it is not my intention, on the one hand, 
to confine myself to the city of Rome itself, or even 
to its immediate environs; ‘nor, on the other hand, 
shall I attempt to overstep the limits of time at my 
disposal nor the bounds of my own personal experience, 
and attempt to give you a general survey of the mani- 
festations of the Roman genius throughout the Roman 
world in its triumph over obstacles of a material 
nature. And, when I use the word genius, it is 
certainly more than a coincidence that the Italian 
terms for the engineering branch of the Italian Army— 
our Royal Engineers— or for the body of civil engineers 
are respectively “‘ genio militare’”’ and “ genio civile.” 
In fact, I remember many years ago how an eminent 
soldier and archeologist, General Borgatti, to whom 
we owe the restoration of the Mausoleum of Hadrian— 
Castel S. Angelo—to its pristine form, was billed to 
lecture on what he had accomplished, and Maggiore 
nel Genio—his then rank—was translated, for the 
benefit of the British tourist, as ‘‘ Genius Major,” 
instead of “‘ Major, R.E.”? But this is by the way. 

Nor have I time to dwell as much as I might wish 
upon the importance of all these wonderful works in 
the development of the Roman sway over the ancient 
world. Whatever be our views on Roman art—and, 
personally, I am one of its admirers—we shall not 
deny to the Romans achievements of supreme import- 
ance in the material sphere, for which both their 
contemporaries and posterity must be everlastingly 
grateful to them. 

What appealed most of all to those who saw Rome 
in her prime were the aqueducts, the roads, and the 
drainage system. 

In regard to the last, Rome is described as a city 
suspended above a network of navigable sewers; and 
Agrippa, when he was edile, in 33 B.c., is said to 
have traversed them in a boat and emerged at the 
Tiber. Pliny the younger, more than a century after, 
expressed his admiration of the way in which, after 
700 years, they offered a firm resistance to the rush 
of storm water which passed through them, to the 
fall of buildings above them, and to earthquakes ; 
and he calls them opus omnium dictu maximum. And 
nearly 400 years later, Cassiodorus, in the reign of 
Theodoric, wrote of Rome, “‘ What city can rival thy 
lofty buildings, when even thy lowest depths are 
beyond compare?” And, even so, the system was 
not as perfect as it might have been. 

Livy tells us that, as originally constructed, the 
drains ran under land which belonged to the. State, 
but that in the rebuilding of Rome, after its sack 
and destruction by the Gauls in 390 B.c., houses were 
built pell-mell, without the lines of the streets being 
properly drawn, so that the old drains passed under 
private buildings, and the city had all the appearances 
of hasty constructions. 

All this grew out of very small beginnings. The 
Palatine, the nucleus of the City of Rome upon the 
Seven Hills, had great natural advantages of position. 
It was an almost flat-topped hill, with two distinct 
summits and a slight depression between them, 
protected by lofty cliffs, far more formidable than 
they seem at present, and almost entirely surrounded 
by two marshy valleys traversed by winding streams. 
Its neighbourhood to the Tiber enabled it to command 
the crossing, which, no doubt, existed in some form 
long before the foundation of Rome, probably just 
below the island, where the Pons Sublicius stood later. 
This crossing was of great importance, for it was the 
only permanent one over the whole lower course of 
the river. 

Even in the palmiest days of Rome there were no 
bridges over the Tiber below the city, and those that 
are now there are all quite modern; while if we look 
upstream we find that above the city the only bridge 
for 40 miles was that by which the Via Flaminia 
Tecrossed the river into Umbria just below Otricoli 
and of that the last traces were obliterated by a flood 
Some twenty years ago, which led to a complete 
change of course of the river. The traffic between the 
two banks was probably carried on by ferries, as at 
present. 

Tradition ascribes the building of the Cloaca Maxima 
to a powerful race of foreign kings, the Tarquins, from 
the city of Tarquinii in Southern Etruria. _ A noticeable 
feature in Etruscan cities was the attention paid 
to drainage. Not only are rock-cut sewers a feature 
of Etruscan sites, but the system of tunnels for draining 
the territory to the north of Veii is one of the most 
remarkable in existence and well deserves study. The 
Tarquins are said to have ruled over Rome in the 
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sixth century B.c., and this chronological statement is 
supported in a remarkable way by the discovery of 
tombs, the latest of which are dated down into the 
sixth century B.c., proving that the valley of the 
Forum was used as a burial-place until that time. It 
is not certain whether this cemetery belonged to the 
Palatine or the Septimontium; but, in any case, 
burials must have ceased to take place here after the 
valley of the Forum was drained and had become the 
common market place of the Latin-Sabine settlements 
on the Palatine and the Quirinal. The valley of the 
Circus Maximum must have been drained at the same 
time, for tradition ascribes the beginnings of the circus 
and the assignment of definite places to the Senate 
and the knights (where they could erect wooden 
platforms 12 ft. high from which to view the games) 
to the Tarquins. It is, indeed, only reasonable to 
suppose that, after the separate communities had 
been knit into one, these two valleys no longer served 
as the defences of one hill only, but became sites of 
supreme importance for the development of the life 
of the whole; and the first wall which enclosed the 
enlarged city, Rome of the Seven Hills, is ascribed 
by tradition to Servius Tullius, the immediate 
predecessor of Tarquinius Priscus, and from its 
remains may with fair certainty be assigned to the 
sixth century B.c. We may suppose, if we will, 
that the Aventine was at first left out of the enciente, 
and the wall carried along the south side of the 
Palatine. This gives a far better defensive line, 
avoids the inclusion (which does not seem reasonable) 
of the place reserved for games and festivals within 
the area which had to be protected by a wall, and 
explains the non-inclusion of the Aventine within 
the pomerium until the time of Claudius. 

Of the Cloaca Maxima little or nothing remains that 
belongs to the original structure ; and indeed in the time 
of Plautus it was called canalis, and may have still 
been open at any rate for part of its course; for the 
whole this seems an almost impossibly insanitary 
supposition. 

We have, too, a number of branch drains which must 
have eventually led into it from the slopes of the Capitol 
—though conditions have been so altered that some 
of them now give into the open. I think they may be 
claimed as dating from the sixth or fifth century B.c., 
and as being thus by over a century the earliest Roman 
arches in existence. 

But in this connection I would like to remind you 
that here we are dealing with a soft volcanic stone— 
the kind of tufa known as cappellaccio. When Appius 
Claudius built the Via Appia in 312 B.c., and his engi- 
neers had to build an embankment wall to carry the 
road along a hillside, we may see that, where they had 
to deal with the hard local limestone, they did not waste 
labour either in making a curved arch for the culvert, 
contenting themselves with inclining the sides gradu- 
ally and then putting a lintel over, or in making the 
courses of the embankment wall horizontal. 

A century ago both these peculiarities were taken to 
betoken a high antiquity, and some of our own 
countrymen, more especially Gell and Dodwell, searched 
out all the remains of Cyclopean construction they could 
find in Central and Southern Italy, and carefully drew 
and noted them. But the same adaptation of means 
to ends may be seen in modern railway embankments 
in Switzerland, and, as Choisy rightly remarked, is 
rather a geological fact than anything else. 

The course of the Cloaca Maxima, as shown on the 
map, resembles, as Lanciani remarks, rather that of an 
Alpine torrent than of a carefully constructed drain ; 
and its origin, from the canalisation of a stream mean- 
dering at the bottom of a flat valley, as the Tiber does 
at present, is sufficiently clear : though some of its wind- 
ings are due to the erection of buildings under the 
Empire, e.g., the temple of Minerva in the Forum of 
Nerva. The mouth of the Cloaca, with its three con- 
centric arches of volcanic tufa, which may be assigned to 
100 8.c. or a little before, was much more picturesque 
before the construction of the modern embankment. 

It is now a mere dummy, as the Cloaca itself, which 
still performs its functions, has been conducted into 
the new main sewer (the Collettore, as it is called) 
which runs just inside the embankment. 

There is therefore no possibility of a repetition of the 
flooding of the Forum, as described by Horace— 


** Vidimus flavum Tiberim retortis 
Litore Etrusco violenter undis 
Ire deiectum monumenta regis 
Templaque vestae.”—(QOd. I. ii. 13.) 


and as I saw it myself in the winter of 1902, when for a 
fortnight it lay under a somewhat unsavoury mixture 
of river water and sewage. This did not happen 
even in the great flood of 1915, when the whole of the 
plain between the low hills near Ponte Galera—where 
the mouth of the Tiber was in days long ago—and 
the present mouth was flooded, and the old coastline, 
followed by the railway to Pisa, was once more lapped 
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by the waves. 


The Cloaca Maxima is a drain of considerable size, 
having an average measurement of 14 ft. high by 11 ft. 
wide—we are told that a haycart could be driven 
through it—while the other two principal sewers of 
ancient Rome are rather smaller. One of them started 
near the “nympheum ”’ of the gardens of Sallust, an 
interesting ruin which still exists in the centre of the 
modern Piazza Sallustio, ran in more or less a straight 
line down the Via S. Nicolo da Tolentino and the 
Via del Tritone to Monte Citorio; there it turned at 
right angles, and ran due south under the Pantheon 
to the Tiber. 

A little to the east of the Teatro Argentina it was 
joined by a branch from the western slopes of the 
Quirina], and either to the main stream or to its tribu- 
tary belonged the name Petronia Amnis, its source 
being the Cati Fons. The other is the Cloaca of the 
Circus Maximus, which we have already mentioned ; 
it drained the valley between the Esquiline and the 
Celian hills, and the marsh later occupied by Nero’s 
lake and then by the Colosseum, and found its way 
into the Tiber only about fifty yards below the Cloaca 
Maxima. 

Both these drains were built, like the Cloaca Maxima, 
of large rectangular blocks of stone, with a vaulted roof 
of the same material; and some of the minor drains 
were built in the same way, while others were covered 
with a flat block of stone, or with two slabs inclined to 
form a gable. This last shape, with the gable formed of 
large flat tiles, was that adopted in the brick-faced 
concrete sewers of imperial times, which vary in width 
from 2 ft. to 4 ft., and in height from 6 ft. to 9 ft. 

Notwithstanding their splendid construction, which 
still bids defiance to the lapse of time, Lanciani is 
undoubtedly right in maintaining that the Roman 
Cloace have been overpraised. The modern sanitary 
engineer cannot approve of their use for carrying off 
sewage and rain-water together. Such contrivances as 
traps and syphons being unknown, the openings for 
the reception of the latter served to let out the effluvia 
from the former. Still more dangerous was the direct 
admission of sewage into the Tiber, which must have 
been odoriferous in the extreme when the water was 
low; while in times of flood the drains were dammed 
back, as was the case even in 1902. 

No, Roman ideas of sanitation, though advanced 
for their day, were not always perfect; their latrines 
were only regularly flushed when it rained, and their 
invariable juxtaposition with the kitchen in Pompeian 
houses shocks our modern ideas of hygiene, though it 
might not have troubled our great-great-grandfathers 
so much as ourselves. Was there not a hot controversy 
in the sixteenth century as to whether the Tiber water 
was not better suited to the pontifical digestion than 
the Aqua Virgo, the modern Acqua di Trevi, perhaps the 
purest as it is certainly the most palatable drinking- 
water in the world; and did not Clement VII and Paul 
III, two of the splendour-loving Popes of the Renais- 
sance, take Tiber water with them on all their jour- 
neys (the former had it sent as far as Marseilles), 
which shows that they must have been proof against 
typhoid ? 

In the time of the Republic the drainage system was 
under the general control of the, censors, who let out 
contracts for the necessary constructions or repairs 
in this as in other classes of public works. They also 
had charge of the river banks and channel, and in 
54 B.c. they erected a series of boundary stones (cippi) 
along both banks to prevent encroachment by private 
persons. Under Augustus in 8 B.c., the consuls of 
the year erected another series of terminal stones, and 
Augustus himself a third in 7-6 B.c. 

Tiberius, after a great inundation of the Tiber in 
the second year of his reign (a.p. 15) instituted for the 
first time a special board of five curatores riparum et 
alvei Tiberis, who probably looked after the sewers 
as well; though until the time of Trajan the charge 
of the sewerage does not actually appear in the formal 
title of the curator—for from the time of Vespasian 
onwards only one is mentioned, who was either the 
president of the board or a single official who had taken 
its place. The last inscriptions we have belong to the 
time of Diocletian. In the series of cippi which we 
owe to Augustus himself in 7-6 B.c. we find upon each 
stone, for the first time, the distances to the next one 
given, from the front, the back, the right or the left, 
as the case may be. We thus see that the boundary 
followed a zigzag line along the bank. The cippt 
have been found along both banks from the Pons 
Mulvius (the modern Ponte Molle) of the Via Flaminia, 
two miles above the city, down to a point opposite 
S. Paolo; but recently two of those of the curatores 
of the time of Tiberius were found at Ostia, on the 
ancient right bank of the river, which has completely 
changed its course owing to the great flood of 1557, 
so that we must assume that their authority extended 
right down to the mouth of the river—how far up we 
cannot say. 

But besides the erection of boundary stones, a good 





deal was done in the way of actual regulation of the 
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river bank. There was no continuous embankment 
wall, as at present, but walls seem to have been built 
at the points where they were most needed. The 
modern engineers attempted to impose a uniform width 
of 100 m. on a river, the volume of which is liable 
to variations so great as that which the Tiber under- 
goes. This has led to the formation of sandbanks in 
places where the new bed, often double the width of 
the old, is too large for the ordinary state of the river ; 
while the attempt to force the river into a less tortuous 
course above the island, and the widening of the right 
branch of it from 48 to 75 m. led to the silting up 
of the left-hand branch, except in times of flood. As 
a result, the river was driven against the right-hand 
embankment, the foundations of which were not 
protected by aprons, and consequently a length of 
125 yards of the wall collapsed into the river in the 
flood of December, 1900. Measures have now been 
taken to diminish the amount of water passing through 
the right-hand channel and to keep the left-hand 
channel open, and have met with a certain measure of 
success. 

The Romans, at one point, at any rate, at the Pons 
Aelius built by the Emperor Hadrian (the modern 
Ponte S. Angelo), were wise enough to provide three 
different widths of channel for different seasons of the 
year, in correspondence with which the bridge was 
provided with extra flood arches. The bridge was 
brought to light in its entirety in 1892, and it was 
found that, as originally constructed, it had three 
arches for low water, corresponding with a channel 
664 m. wide. Two more slightly smaller arches were 
available when the river was moderately full, with 
a channel 974 m. wide. For great floods three smaller 
arches came into use, giving a total width of 135 m. 
to the stream. It was these three smaller arches and 
the bridge-heads characteristically sloping up on each 
side that were brought to light in 1892; and it is 
much to be regretted that it was impossible to preserve 
this remarkably perfect specimen of a Roman bridge. 

The same may be said of the Pons Aemilius, though 
as it stood it was largely a work of the Middle Ages 
and the Renaissance, having last been rebuilt after 
the flood of 1598, in which it lost three out of its six 
arches (no attempt was made to repair it); it might 
more fittingly have been restored instead of being 
reduced to a single arch left in midstream to tell the 
tale. 

Similarly, the Pons Cestius, which crosses the right- 
hand branch at the island, an ancient though much- 
restored structure of one large arch and two smaller 
flood arches, has been transformed into a modern 
bridge of three large arches in connection with the 
widening of the channel already mentioned. The 
Pons Fabricius, on the other hand, has been left 
untouched. It was built of solid stone in 62 B.c. by 
Lucius Fabricius, then curator viarum, and partly 
restored by the consuls of 21 B.c. (the inscription 
recording these repairs seem to relate only to the left- 
hand arch). With the exception of the brick fillings 
above the arches it is almost intact. It has two large 
arches with a flood arch in the pier between them, 
which would otherwise have been needlessly massive. 
There are also two small side arches, now concealed 
by the embankment walls. 

From the consideration of the bridges of the city of 
Rome we naturally pass to that of the roads; and 
here, as in the case of the drainage system, we find 
that the nucleus of that great network of roads which 
spread all over the Roman world dates almost from 
the beginning of her history. 

It may be well to study briefly some of the main 
engineering works upon a few of the most important 
of these roads. I have already spoken at Toronto of 
the course of the main lines of the roads that traverse 
Italy, and of their historical significance—how from 
small beginnings, contemporary with the first exten- 
sions of the sway of Rome over her immediate neigh- 
bours, these lines of communication were gradually 
extended as her power spread through Italy. The road 
was pushed into the heart of the conquered territory, 
where some strong fortress like Alba Fucens or Venusia 
(Horace’s birthplace) was established, and garrisoned 
by a Latin colony. The colonists at the same time 
cultivated the territory around the town, receiving 
allotments of it as their own, and were thus at once 
soldiers and farmers. From these beginnings grew 
the wonderful network of roads which extended beyond 
Italy over the whole Roman Empire, and form a most 
important part of the heritage which that great empire 
left to posterity. 

I must, naturally, avoid repeating the paper that 
I read last year; but I will call attention once more 
to some of the more interesting features upon two or 
three of the main roads. 

The Via Appia, the queen of roads, as Statius calls 
it, was built as far as Capua in 312 B.c., and later on 
prolonged to Venusia (291 B.c.), Tarentum, and Brun- 
dusium (244 B.c.). It runs in a practically straight 
line fron® Rome to the Alban Hills. There it finds its 





first serious obstacle in the small extinct volcanic 
crater below Aricia, where Horace spent the night 
hospitio modico, not in the high-lving town, but at the 
post station below; and on the steep ascent from this 
post station it has, on the lower side of it, a massive 
embankment wall, about 200 yards in length. This, 
there is little doubt, is the Pons Aricinus, of which 
Juvenal speaks as being infested by beggars—like 
many another steep hill. The road soon reaches its 
summit level at Genzano, and descends once more in 
a straight line along the south-eastern slopes of the 
Alban Hills, passing at one point of its course over a 
smaller embankment, almost unknown to archeolo- 
gists, and then, still perfectly straight, through the 
Pomptine Marshes. 

In Horace’s day there were 19 miles of canal, which 
were traversed by night, whether to gain time or 
because the road was out of repair is uncertain. A 
milestone of about. 250 B.c., found in the middle of 
this stretch, shows that the canal was not in use from 
the first. Horace’s description is too well known to 
be repeated here. Inany case, Nerva and Trajan 
repaired this stretch, called from its length the Decen- 
novium, and the ancient bridges on it are probably all 
their work. 

Thence we arrive at Terracina. Above the town is 
the mountain, crowned by a temple of Jupiter Anxur, 
behind which the old road ran, keeping high above the 
sea, and descending again several miles further on. 
Trajan is in all probability the author of the cutting 
at the foot of the isolated dolomitic mass of rock at the 
lowest extremity of the promontory, by which the 
road was enabled to pass round on the level. The 
height of the cutting is marked in splendid Roman 
numerals in swallow-tail tablets at frequent intervals. 

After the two roads have rejoined, there is a flat 
stretch for some miles, with a number of ancient 
culverts and bridges, still used by the modern road ; 
and then beyond Fondi the road enters the picturesque 
gorge of St. Andrea, where it is supported by massive 
embankment walls, well seen from the modern road, 
which has here abandoned the ancient line. 

On the descent, in the modern village of Itri, we 
see the ‘‘Cyclopean’’ wall to which I have already 
called attention, and shortly afterwards reach the Bay 
of Gaeta and Formiz, where Cicero had his villa. From 
this point onwards the road proceeded on the level, 
first along the coast as far as Sinuessa (Mondragone), 
and then across the Campanian plain as far as the 
Volturnus. Just before the fine bridge over this river, 
which lies in sight of the modern railway bridge, it 
joined up with the Via Latina Labicana (which the 
modern railway follows more or less) and crossed to 
Casilinum, the modern Capua. Shortly after the 
ancient Capua, the road enters the mountains once 
more, and, after passing through the famous defile of 
the Caudine Forks, we find three finely preserved 
ancient bridges, of which the modern road still makes 
use. They are probably assignable to the period of 
Trajan. 

We soon reach Beneventum, beyond which the course 
of the ancient Via Appia is so doubtful that there is 
no question of there being any remains of great interest. 
And we shall, therefore, do well to follow instead the 
Via Traiana, which Trajan built as an alternative route 
to Brindisi, following an older mule-track of which 
Strabo speaks. It must have been completed in 
109 B.c., and it reached the coast at Barium, the modern 
Bari, which we may remember, lay on Horace’s route— 
though he did not follow the Via Appia far beyond 
Beneventum, nor yet the later Via Traiana, but took a 
third route. 

The road passes through some difficult country 
with frequent ups and downs, and there are a number 
of bridges in concrete faced with fine brickwork, stone- 
work being used sparingly, and then only at the base 
of the piers. These bridges are all 24 Roman feet wide, 
which is above the usual standard width (14 ft.) of the 
Via Appia and other Roman high roads—though even 
they widened out somewhat at the bridges. From the 
summit, about 3,000 ft. above sea level, there is a long 
winding descent, the Buccola di Troia, to the city of 
Troia, the ancient Aecx, with its fine cathedral. Here 
we enter the ‘“‘regna arida Dauni’”’ and the Plain of 
Apulia. The road crossed two rivers, the Cervaro 
and the Carapelle, both of which have changed their 
course, and so left their bridges high and dry in the 
fields. They are, from the great width of the valleys 
and the character of the streams, which are wide and 
shallow—in fact, almost dry except in times of flood, 
when they carry a great quantity of water—structures 
of great length. The first is about 280 m. in length, 
about half of which is accounted for by the bridge 
proper, a structure with at least 14 arches, the principal 
one having a span of about 15m. The second is much 
longer, beginning with a causeway 200 m. or 300 m. 
long; then follows the bridge proper, some 200 m. 
long, with about 10 arches ; and then follows a causeway 
about 250 m. long, with supporting buttresses on each 
side. 








We have mentioned the Via Latina as joining the 
Via Appia at the bridge over the Volturnus. Its 
straightness of line shows that it, like the Via Appia, 
was constructed as a military highway (the earlier 
tracks which these two roads have obliterated may 
one day be found by air photography), and it may date 
from a slightly earlier period. It led in the first place 
to the depression between the inner and outer ring of 
the Alban volcano below Tusculum, and it passed 
through the rim of the larger crater by the Pass of 
Algidus, through a narrow cutting which is still clearly 
to be seen. After its descent from this pass it followed 
the valley of the Sacco, and there are no remarkable 
works of engineering along it until we come to a branch 
road between it and the Via Appia from Teanum to 
Minturne by way of Suessa, the modern Sessa Aurunca. 
Here we find a remarkable bridge, now known as the 
Ponte Ronaco, with more than twenty arches, which are 
in two tiers in the centre. The pavement on the top 
is still preserved. The construction is in brick-faced 
concrete. 

We may turn now to the Via Flaminia, the “ great 
north road ” of ancient Rome, built by Gaius Flaminius 
during his censorship in 220 B.c., to provide rapid means 
of communication between the capital and the citizen 
settlers with whom the newly conquered “ ager Gallicus ” 
in the Po Valley was to be peopled, and to keep in 
touch with Ariminium both as a defence against Gallic 
inroads and as a starting-point for future conquests. 
Its great importance is shown by the fact that even 
under the late Republic (65 B.c.) it had a special 
curator (whereas the upkeep of the roads was normally 
part of the censor’s duties, and the curatores of 
particular roads, of whom we have many inscrip- 
tions, seem to date only from Claudius). In 27 B.c. 
Augustus himself took charge of its restoration. It 
was from this time on evidently well kept up and 
much frequented. Vespasian built the tunnel in the 
Furlo Pass; Trajan and Hadrian, as well as other 
emperors, undertook other repairs; and as a result, 
we find that at about this time some travellers from 
Gades (Cadiz), in the south of Spain, to the baths of 
Vicarello (perhaps the ancient Aque Apollinares), on 
the north side of the Lake of Bracciano, preferred to 
come by land, and, further, preferred the Via Aemilia 
and the Via Flaminia to the difficult Riviera coast 
route and the unhealthy Tuscan shore, or to the 
Apennine crossing between Bologna and Florence. 
These travellers have left a record of their journey in 
the shape of four silver cups found at these baths, with 
the itinerary from Cadiz to Rome and the names and 
distances of the post-stations inscribed upon them. 

The Via Flaminia, unlike the two roads of which 
we have spoken, is not able to maintain its straightness 
of line for very long after leaving the Tiber valley. 
It comes into some heavy country among the hills 
on the right bank, and is in some places constrained 
to wind about very considerably, so as to follow the 
watershed between deep ravines. It was not possible 
as on the Via Cassia, which, though it runs only a few 
miles further west, traverses quite different (volcanic) 
country, to meet the difficulties by the use of deep 
cuttings—on the Cassia there is one as much as 60 ft. 
deep in the descent to the crater of Baccano. But 
the first really serious obstacle by which it is con- 
fronted is the valley of the river Treia, which is subject 
to violent floods, one of which, only four years ago, 
carried away the modern bridge just below Civita 
Castellana. The valley is about 1,300 yards wide, 
and the drop in level to the bottom is about 250 ft. on 
the south, while the ascent on the north is some 150 ft. 
The difficulties were considerable, but have been very 
well dealt with: and the causeways and bridge by 
which the Roman engineers took the road across the 
valley form a splendid monument of their skill. 

On the south side of the valley the road runs along 
the slope, being supported on the outer side by an 
embankment wall, the blocks of which have for the 
most part been removed. The road-bed is 0-90 m. 
thick, including the selce pavement blocks, and consists 
of large lumps of stone and earth. The width of the 
embankment is 8-20 m. and of the road itself 5-20 m. 
Shortly after the second turn the embankment 18 
traversed by a culvert. The river has changed its 
course since Roman times, and has therefore carried 
away the greater part of the bridge, which must 
have been of considerable size. All that remains on 
the left bank is a pier with part of one arch, which I 
should be inclined to consider as a medieval restora- 
tion. After crossing a modern road we come to the 
Muro del Peccato, an inclined causeway nearly 600 ft. 
in length, supported by walls of opus quadratum of 
tufa on each side. There are nineteen courses at the 
highest point, each 0-59 m. in height (thus giving a 
total height of 11-20 m.), composed of alternating 
headers (0-55 m. wide) and stretchers (1-90 m. wide). 

The courses are inclined in order to follow the 
upward slope, and the joints are not always vertical. 
A little mortar is used, but is not universal. The 
width at the top is 10-50 m., and the space between 
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the two walls is filled with pieces of tufa and earth. 
At one point there was an arched conduit through the 
embankment. 

At the upper end there is a sudden break, due no 
doubt to some convulsion of nature : the name of the 
embankment wall (Muro del Peccato, “the wall of 
sin”) probably refers to the fact that the builder was 
supposed to have sold his soul to the devil, or to some 
particular iniquity which was punished by the destruc- 
tion of the roadway. Where the causeway should 
have reached the rock, we see, at a higher level, the 
cutting of a narrower Etruscan road descending from 
the east, which was cut across when the Via Flaminia 
was constructed. 

The latter then turned west and ran along a ledge of 
tock, on the north side of which is a group of rock-cut 
tombs with arched niches for bodies, the largest of 
which has its roof supported by two pillars of natural 
rock. The road then bears north-west, and here a 
medieval castle was built on the brow of the cliff to 
guard the passage. To the north of it is a group of 
quarries, in one of which is a rock-cut dwelling in two 
storeys. 

Despite the fact that it is visible from the main line 
to Florence (if one knows where to look), I must 
confess that my knowledge of the Muro del Peccato 
was derived from Pasqui’s notes. 

After crossing the plateau to the north, the Via 
Flaminia descends to the valley of the Tiber, which is 
followed by the railway to Florence : and here we may 
see its parapets still preserved beside a modern road 
which has recently been constructed along its line. A 
few miles further on, below Otricoli, it crossed the 
Tiber, as we have already seen, and entered Umbria, 
traversing a hilly district as far as Narni, perched on a 
lofty cliff above the river. Ascending through the 
town, it reached the famous Bridge of Augustus, one 
of the wonders of Italy even in the sixth century 
after Christ, as Procopius tells us. Of the four arches 
by which it crossed the stream only one is now pre- 
served, 

Two smaller bridges a little to the north, remarkably 
well preserved but less known, may be compared with 
the three bridges of the Via Appia a little before 
pong Benevento. One of them, the Ponte Cardaro, 
ormed the subject of one of Richard Wilson’s pictures, 
once in the Orrock collection, now in America. 

Many other ancient bridges are preserved along the 
course of the road, but none can vie with what we have 
— and the only other important work of which 
- oo speak is the tunnel by which the passage of the 
: ad through the Furlo Pass is facilitated. The in- 
‘niption recording its construction by Vespasian may 
still be seen above the entrance. 

i such fine bridges were not confined to main 
th S$; to take only one example, the city of Asculum, 
© modern Ascoli Piceno, besides its town walls and 





one of its gates, preserves two remarkable and little- 
known Roman bridges, the Ponte Cecco and the 
Ponte Cappuccini, which served the needs of purely 
local traffic. Their preservation is extraordinarily 
good, and so is the solidity, and at the same time the 
grace of their construction. 


(To be continued.) 





263-IN. BACK-GEARED CRANK- 
SHAPING MACHINE. 

One of the few machine tools to be seen at the 
British Empire Exhibition at Wembley this year is a 
shaping machine constructed by The John Bertram 
and Sons Company, Limited, of Dundas, Ontario, and 
is on view in the Canadian Building. We have on 
previous occasions noticed products of this firm, 
one of the most notable machines constructed in 
recent years by them having been a 36-ft. vertical 
boring mill, which was described in ENGINEERING 
in 1924 (see vol. cxvii, page 509). 

The shaping machine, illustrated in Figs. 1 and 2, 
annexed, is a heavy-duty machine with a maximum 
stroke of 264in. The table, which has a top measuring 
24 in. i 15 in. and a depth of 20 in., has a vertical 
movement of 15 in. and an horizontal traverse of 30 in. 
The maximum distance from the table top to the ram 
is 15 in., and the upper part of the body is cut away 
so as to allow of keyway cutting operations on long 
pieces of work of a diameter up to 4in. The base is 
a strong casting ribbed on the under side and provided 
with a lip round the edge so as to form a trough. At 
the front it is finished with a vee, which supports the 
table brace. The body, of the box type, has square 
ways for the cross slide and ram. Both these are 
fitted with flat taper gibs. On the near side (Fig. 1) 
the body of the machine is provided with internal 
ribs. On the far side (Fig. 2) a large door is arranged, 
giving access to all internal parts. 

The drive of the machine is by belt to the single 
pulley, to be seen in Fig. 2. The driving shaft runs 
across the back of the machine to a gear-box contain- 
ing shifting gears and dog clutches. These give four- 
speed changes, which, in combination with direct or 
back gear inside the body, give eight-speed changes. 
The belt drive is thrown in by a Johnson friction 
clutch situated close to the pulley, and worked by the 
long handle seen projecting forward from the gear 
box in Fig. 1. The gear-box changes are operated by 
two small Jevers, one of which on the back of the 
box, is visible in Fig. 2. In this view may also be 
seen an upright lever near the belt pulley. This is 
used for throwing in or out of gear the back gear 
inside the main body. The bull gear is fitted with 
a solid adjustable strap, in which works the stroke- 
adjusting block. The rocker is attached directly to 











Fia. 2. 


the ram, it lower end sliding on a rocker block which 
is immersed in oil. This gives an easily-lubricated 
part at the upper end, while the jaws and block are 
kept thoroughly well oiled. The stroke is adjustable, 
while the machine is in motion, from the outside, 
by means of the square-ended spindle extending from 
a casting attached to the side of the body, and to be 
seen in Fig. 1. At the inner end of the spindle is 
a bevel in mesh with a second gear fixed to a screw, 
one end of which is carried in a bracket on the bull 
gear, while the other runs through a nut forming part 
of the rocker arm block. On turning the square- 
ended spindle the block is screwed away from or towards 
the centre of the bull gear. The spindle by which 
this adjustment is made from outside the machine 
is screwed for part of its length. Over this runs a 
nut connected with the arm of a small crank. The 
movement of the latter, as the spindle is revolved, 
is communicated to an outside pointer working over 
a graduated dial, so that the stroke may be set to any 
length desired. The table traverse is obtained in the 
usual way by means of a rocking pawl feed, the stroke 
of the pawl being adjustable, as the drive is from 
a slotted crank on which the driving pin may be set 
to give any desired feed. The traverse can also be 
operated by hand. The table is elevated and lowered 
by hand by the bottom shaft in the cross-slide ; the 
foot of the elevating screw is just visible in Fig. 1. 
No part of the machine projects into the floor. 

The ram has a bearing of 39 in. in the slides. The 
position of the ram is altered, and the ram set over 
a range of 7} in., by means of a screwed spindle running 
down it inside in a longitudinal direction, and fitted 
with a bevel just behind the tool box. A nut working 
on this spindle is held in a block, from which the rocker 
is suspended. The spindle is revolved by means of a 
second bevel at the inner end of a short spindle pro- 
jecting from the ram casting, and finished with a square 
end. This may be seen in both views, slanting up- 
wards, from a boss behind the tool-box. The usual 
clamping handle is provided on the top of the ram to 
lock the block and ram after setting. 

The head is made to swivel, and the usual clapper 
tool box is provided. The box is arranged with 
automatic variable feed, obtained by means of a rock- 
ing pawl and striker gear. The adjustable striker 
block may be seen, clamped to the side of the way, in 
Fig. 1. A short swinging arm on the ram comes 
in contact with this as the ram moves to andfro. A 
small crank inside the ram works with the short arm, 
and is coupled with the rocking pawl mechanism. The 
latter consists of a ratchet wheel on a short shaft, 
fitted with a bevel in mesh with a small bevel forming 
a nut on a vertical spindJe. As the bevel is revolved 
one way or the other by the striker and pawl gear, the 
vertical spindle is worked up or down in the ram. The 
tool-box is connected with the vertical spindle by 
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means of an L-shaped arm at the back, and therefore 
follows the movement up or down. 

The stroke-adjusting block is fitted flush with its 
support in the bull gear disc, and is only fin. from the 
rocker arm, thus reducing overhang to a minimum. 
All shafts are of high carbon steel, finished by grinding. 
Bushings are of high-grade bronze. Gears of 6-in. 
diameter and upwards are cut from semi-steel casting 
blanks. The pinions are of high carbon steel. All 
surfaces are furnished with guards and fitted with felt 
wipers. Micrometer collars are provided on the down 
feed and cross traverse screws. The vice has jaws 
164 in. long by 3$ in. deep; the greatest width of 
opening is 13} in. 

The firm of Messrs. John Bertram and Sons Company 
is associated with the Niles-Bement Pond Company, 
who represent them, with European offices at 25, 
Victoria-street, London, 8.W.1. 





SUPERVISORY CONTROLLED AUTO- 
MATIC SUBSTATION FOR WEL- 
LINGTON, N.Z. 


WIr#H a view to the saving of labour and the intro- 
duction of economies into the distribution of electrical 
energy, use is made in a number of modern power 
systems of automatic substations. The advantages of 
this practice are now fully appreciated, and many 
equipments are in progress of construction. It is, 
of course, possible to control the operation of these 
stations in many different ways. Usually, until now, 
it has generally been thought to be sufficient to instal 
equipment to give the initiatory starting impulse, 
and arrange that all the subsequent operations, includ- 
ing the control of the machines and the direct-current 
contactors, are entirely automatic. To take an 
example, there has been in use for eighteen months 
at Wellington, New Zealand, a substation, the starting 
up of which may be effected by remote control by 
the use of two pilot wires, or by means of a time 
switch, or by eritirely automatic gear affected solely 
by the load demand conditions. These three alterna- 
tive means of operation were decided on as there was 
some doubt at the time of the erection of this plant 
about the means which would best serve the local con- 
ditions. The equipment, constructed by the Metro- 
politan-Vickers Electrical Company, Limited, of 
Trafford Park, Manchester, has since its installation 
proved completely satisfactory. In the case of this 
substation, which is located in Newtown, Wellington, 
the sequence of starting operation is the same whatever 
means of giving the initiatory impulse is employed. 
It consists in the energising of the master contactor, 
which completes the control circuit from an auxiliary 
transformer. The brushes of the machine are then 
automatically raised, and the starting contactor and 
main oil circuit breaker are closed. Should the machine 
build up with the wrong polarity, a field contactor 
controlled by a polarised rotary acts to correct it in 
two or three seconds. When this is completed the 
starting contactor is then opened, and the running 
contactor is closed, putting the machine on to full 
voltage. When the brushes are lowered into position 
and the field is built up, connection to the direct- 
current busbars is effected through steps of limiting 
resistances, which are later cut out by shunting con- 
tactors, if excessive current is not passing. It should 
be stated that the reliability of operation of a sub- 
station in this way has been amply demonstrated in 
many cases, and, indeed, the superiority in this respect 
over manual operation was one of the principal factors 
in the determination to have automatic substations 
at Wellington. 

The experience already obtained has justified in 
every way the early decision to use automatic sub- 
stations, and the protection afforded in cases of faults 
on the system, failures of various types, hot bearings, 
&c., has proved entirely satisfactory. In one respect, 
however, it was realised that improvement was 
possible. This was in respect of the control. It 
was felt that for the attainment of perfection in the 
design of automatic substation equipment, especially 
in systems where there are several substations with 
numerous feeders, it would prove of great advan- 
tage to have full control of the individual machines 
and the feeders from a central control station at the 
power-house. To effect this by ordinary remote 
control apparatus would be very expensive owing to 
the enormous number of control wires that would be 
necessary. Solution has now been found for the 
difficulty through the collaboration of the engineers of 
the Metropolitan-Vickers Electrical Company, Limited, 
and those of the Automatic Telephone Manufacturing 
Company, Limited, of Liverpool. As a result of this 


working together, it has been possible to design 
equipment for another substation on the Wellington 
system, that at Thorndon, .whereby every operation 
may be controlled from the central station, and 


Fria. 1. 


SUBSTATION WITH SUPERVISORY CONTROL. 


CONSTRUCTED BY THE METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED. 





GENERAL VIEW oF SUBSTATION PLANT. 

















by the use of only three pilot wires to the substation. 
That the arrangement devised is thoroughly reliable 
and effective was demonstrated at the works of the 
Metropolitan-Vickers Electrical Company, Limited, 
at Trafford Park on Friday, October 9, to a party of 
engineers associated with the distribution of electrical 
energy in many different countries, as well as in Great 
Britain. 

The sub-station equipment, which consists of a 
750 kw. set and transformer, as installed in the works, 
is illustrated in Fig. 1 on this page, while the control 
desk, which was on a gallery, is shown in Fig. 2. 
The other illustrations, on page 495, show the super- 
visory control cabinet on the sub-station, Fig. 3, the 
low-tension alternating current panels with the con- 
tactors, instruments and relays, Fig. 4, and the high- 
speed direct current circuit breaker, Fig. 5. On the 
board of the control deck, Fig. 2, there is a central 





evidence afforded of the completion of each action 





row of keys for selecting and controlling the devices 








Fie. 2. Supervisory Controt DEsk. 


in the sub-station, with indicating lamps above and 
below to show when the gear is set for operation and 
when the intentions of the control are carried out. 
There are also on this desk rotary stepper switches and 
relays for the transmission and receipt of signals to 
and from the sub-station. All the relays, the switches 
and protective fuses are carried on an iron frame, 
protected by a metal cover and housed in the cabinet 
on the left-hand side of the desk behind a removable 
panel. 

Selective keys are provided on the desk for the 
purpose of starting up or shutting down the rotary 
converter, closing or opening the main direct current 
contactor and resistance shunting the high-speed 
circuit breaker, and closing or opening any of the out- 
going feeders. Red and green lamps indicate by their 
glowing whether the circuit in question is closed oF 
open. When it is required to start up the sub-station 
the operator will find the green lamp glowing, showing 
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AUTOMATIC SUBSTATION 


CONSTRUCTED BY THE METROPOLITAN-VICKERS 


WITH SUPERVISORY CONTROL. 


ELECTRICAL COMPANY, LIMITED, ENGINEERS, MANCHESTER. 
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Fic, 35 Supervisory Controu CABINET. 


that the main oil circuit breaker is in the open position. 
The first action is to push downwards the start-up 
key. This energises a relay which prevents any 
other operating signal being sent until the selector 
switch is again moved, and it also controls the ener- 
gising of a rotary stepper switch which has wipers 
which send out 25 impulses to the sub-station. When 
the stepper switch passes over a contact connected to 
the selective key in use the polarity of these im- 
pulses is reversed. At the sub-station a relay picks 
up the impulses and starts two rotary stepper switches, 
each of which has three wipers. When the reversed 
impulse is received one of these stepper switches stops, 
but the other continues, and a third is set into action. 
This continues until the 25 impulses have been received 
when they all come to a standstill, and one of the two 
which were started originally is left on its twenty-fifth 
eontact. One set of contacts on the second and third 
stepper switches at the sub-station end are connected 
together to enable the impulses they receive to be used 
to complete a circuit, and enable the sub-station battery 
to send a current along the pilot wires to operate a 
relay at the control end, and cause a white lamp beside 
the selective key, which has been moved, to glow, to 
show that the proper device has been selected. From 
the time of changing the position of the selective key 
to receiving the white lamp signal is about three 
seconds. At this stage an operating key is depressed 
and completes a circuit energizing a pilot relay which, 
through the medium of an interposed relay, energises 
the master contactor of the automatic equipment. 
After this the usual sequence of starting operations 
take place. When this is completed stepper switches 
are put into action to cause the red lamp on the desk 
for this operation to glow and the selective key 
may then be re-set. Whenever a signal is sent back 
to the control desk an alarm bell rings and continues to 
do 80 until stopped by the operator. Should the 
areuit breaker not close, for any reason, the impulses 
obtained from the sub-station equipment stepper 
switches cause the green lamp to glow to indicate that 
the circuit is still open. Repeat signals may be used 
to check, at any time, the position of the circuit 
breakers in the sub-station. Should a circuit breaker 
change its position while impulses are being sent out 

m the control desk, to select a device for operation, 
the sub-station signal is stored until the incoming 
impulses are completed when the latter are cancelled 




















Fie. 5. Hiau-Spzrep Direct-CurrEent 
CrrcuitT-BREAKER. 


out and the stored signals are sent through to the 
control office as usual. 

As part of the equipment of the Thorndon station a 
high-speed circuit breaker has been installed in con- 





tion, at Southampton on August 31, 1925. 





Fia. 4. Low-Trension ALTERNATING-CURRENT SwITCcH-BOARD. 


junction with the load limiting resistance. This breaker, 
illustrated in Fig. 5, is of a type which has already been 
tested out in use in railway service at 1,500 volts. It 
was also used in short circuit tests on the rotary con- 
verters facing the Thorndon substation plant in the 
works (see Fig. 1). For the purpose of these tests a 
special feeder was connected to the Barton station 
of the Manchester Corporation Electricity Department, 
and plant of 45,000 kw. capacity was available. The 
rotaries which give a direct current supply at 1,500 
volts were effectively protected during the series of 50 
short circuits to which they were subjected. The speed 
of operation of these breakers is approximately eight- 
thousands of a second. 








SAILING AND MOTOR CRAFT: THE 
SCIENTIFIC ASPECTS OF THEIR 
DESIGN.* 


By H. Western Hutcutnson, A.M.Inst.C.E., 
M.I.N.A. 


Tue problem of producing a successful racing yacht 
is very complex, owing to the fact that the conditions 
under which she has to sail are never constant, the 
state of the sea, the strength and direction of the wind, 
the viscosity of the water and many other factors, 
never being the same on two occasions. It is, therefore, 
impossible to produce, by scientific means or otherwise, 
anything but a successful compromise. Further to 
this, it has been found necessary to introduce rules 
called Rating Rules, which place many restrictions on 
the designer, precluding drastic experiments from being 
made. Without these rules it would be impossible 
to classify yachts so as to obtain fair racing. If the 
rules did not exist it would be equally impossible to 
say which was the fastest yacht of a given size as no 
criterion of size would exist. Again, on account of the 
difficulty of defining what constitutes the size of a 
yacht, it is impossible to state which is the fastest 
type size for size. 

The two chief factors which militate against the 
speed of a sailing yacht are skin friction and wave 
making. The magnitude of the skin friction depends 
on the amount of surface and the quality of the surface 





* Paper read before Section G of the British Associa- 
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in contact with the water, thus calling for a form which 
gives the greatest displacement with the least surface, 
together with the smoothest possible finish. At higher 
speeds, the wave-making resistance becomes much the 
most important factor. Fairness of form and a careful 
disposition of displacement are of the utmost import- 
ance. Fairness prevents eddies and the like, while 
experiments have clearly shown that the displacement 
should be so disposed that a curve of areas approxi- 
mates very nearly to a versed-sine curve. Even when 
these requirements have been carefully attended to, it 
may be taken for granted that wave making will 
become the most important factor in the resistance 
experienced by the boat as soon as the speed in knots 
reaches the neighbourhood of the square root in feet 
of the length on the water line. This at once indicates 
that length is the supreme factor for speed. 

The problem would be comparatively simple if 
what has just been stated covered the only character- 
istics to be considered. There are, however, many 
other questions which arise, such as stability, which 
is not given by the form that has the least wetted 
surface for its displacement, but what is more important 
still is the ability of the boat to sail well to windward, 
which is called ‘‘ weatherliness.”” A yacht, however 
fast when reaching or running, that fails to perform 
reasonably well when sailing to windward, will never 
be successful, the reason being that the time taken 
in races sailed close hauled generally exceeds that taken 
on all other points of sailing. To obtain weatherly 





tax penalty it is desirable to take in order to get the 
extra length in a heeled position. 

Other ‘safeguards are introduced, all having the 
same purpose, viz.,to produce a wholesome, seaworthy 
boat. The girth difference is one of these, which 
penalises a shallow-bodied boat having a deep keel. 
Perhaps, however, the greatest safeguard is the 
restriction as to the minimum displacement. The 
minimum displacement in cubic feet is obtained 
from the following formula :— 

Displacement in cubic feet equals 


(0-2 LWL + 0-5). 


The problem that faces the designer, therefore, is 
to proportion the terms L, G, d, S and F so as to 
produce the fastest possible boat. The magnitude of 
L varies with the length on the L.W.L. and the flatness 
and fullness of the sections. The magnitude of G 
varies with the breadth and depth; the magnitude 
of d with the shallowness of the midship body and 
hardness of bilge. After these qualities have been 
arrived at and the freeboard has been deducted, the 
amount of sail allowable can be ascertained and the 
designer must use his judgment whether it is too much 
or too little. He will also have to decide whether, fer 
the special purpose for which he is designing the boat, 
it should perform best in hard or light weather. 

For a hard-weather boat it is desirable to have 
greater initial stability than for the light-weather 
craft. This is obtained by giving harder bilges, 





At the earliest period of the investigation it was 
apparent that the ability to deal mathematically with 
curves was quite useless without the knowledge that 
every designer has from experience, the outstanding 
features as to shape required for a successful boat. 
As far as the investigation has been carried, it appears 
that curves of the y" = az family are the most suitable 
for cross sections. In passing, it is interesting to note 
that, if suitable coefficients be adopted, this class of 
curve may be used for vessels of such divergent charac. 
teristics as tramp steamers and racing yachts. For 
water lines, buttocks and diagonals the same family 
of curves have been found useful, although not so 
essential as in the case of cross-sections. The author 
cannot help feeling that there must be some scientific 
reason why curves of a parabolic nature appear to 
produce the best results. 

Whatever may be the general opinion of this method 
of design, it cannot be denied that fairness is the result. 
This fairness is the natural result of the process and 
is not obtained by any trial and error method. If any 
unfairness shows itself it can invariably be traced to 
arithmetical blunders. 

The design shown in Figs. 4, 5 and 6 illustrates what 
can be done. For preparing this design not a single 
line was put on paper with the exception of free-hand 
curves in a sectional notebook to check the arithmetic. 
A complete table of offsets was drawn up from the 
calculations and handed to a draughtsman to plot, 
with the result shown. Figs. 7, 8 and 9 show the 


Fig3. 








L.W.L. 








qualities, lateral resistance must be given so that the 
force of the wind does not push the craft sideways 
through the water. The amount of the lateral plane 
required to give the necessary resistance is of import- 
ance, as skin friction is added by increasing this— 
an example of the several compromises which have 
to be made. 

Another important quality is that the boat should 
be properly balanced, this balance not only applying 
to the positions of the centre of effort of the sails and 
the centre of lateral resistance of the hull, but also 
of the two ends of the boat itself, so that, when she 
is heeled, the balance which existed when on an even 
keel is not materially altered; thus it is fatal to 
construct a boat with a fine bow and a full stern, or 
vice versa. 

As all racing yachts are built to the rating rule, 
before considering details more closely, it would be 
well to examine the rating rule itself. The present 
rating rule is :— 

Rating in linear units, either feet or metres, 


L+iG+2d+ /S-F 
Tt 2°5 





Where— 
L = Length in linear units. 
G = Girth in linear units. 


d = Girth difference in linear units. 
S = Sail area in square units. 
F = Freeboard in linear units. 


It should be noted that all these are linear terms, 
and, therefore, the rating of yachts is a linear measure. 
The actual application of the rule is not quite so simple 
as the formula appears to be ; moreover, there are cer- 
tain limitations as to displacement, draught, height of 
sail plan, &c. The length is not measured on the 
water line, but at a small distance above it. Thelength 
L for the formula is to be taken as the length measured 
at a height 1-5 per cent. of the classed rating above the 
load water line (see Figs. 1 and 2), plus 14 times the 
difference between the girth covering board to covering 
board at the bow ending of this length and twice the 
vertical height of the side of the yacht at this station, 
plus one-third of the difference between the girth 
covering board to covering board at the stern ending 
of this length and twice the vertical height of the side 
of the yacht at this station (see Fig. 3). 

The reason for adopting this method of obtaining 
the length was to produce yachts of a seaworthy 
character. It should be noted that, by this means, 
flat, saucer-like sections at the ends of the boat are 
very heavily penalised. Before any penalty of this 
sort was introduced, the designer, in his desire to 
obtain the greatest possible sailing length—that is 
to say, the length on the water line when the boat 
was heeled—was tempted to make the ends of the 
boat as flat as possible, and even to-day it is a matter 
of grave thought how much of the bow and stern 








which cause the centre of buoyancy to move outwards 
more rapidly when the boat is heeled than would 
be the case with an easier bilge. The easier bilge gives 
a form with less wetted surface for the displacement. 
This is of importance in light airs when the skin 
friction is the greatest resistance. It happens, also, 
that the easy bilge section tends to reduce the bow 
and stern tax, and little d practically disappears, so 
that the term S can be increased, at great advantage, 
in light airs. 

As it is seldom that boats sail on an even keel, 
the shape of the water-line plane, when heeled, is of 
importance. Unfortunately it is only possible to plot 
this plane accurately on the assumption that the 
water is quite smooth. The shape generally produced 
consists of an area having rounded ends with a compara- 
tively flat side on the lee side, while the weather side 
shows a pronounced bulge. At first sight, it would 
appear that the ideal form of hull would be one that 
gave a symmetrical water-line plane at any angle 
of heel. In a well-designed boat this condition is 
much more approximately reached than the plotted 
curve shows. This is brought about by the fact that 
the forward motion of the hull through the water 
causes the formation of a bow and stern wave so 
that there is a hollow, especially on the weather side 
amidships, which reduces the hump referred to. 
Moreover, the general level of the water on the lee 
side is usually higher than on the weather side. 

The usual method of design can only be described 
as one of trial and error, greatly assisted by previous 
experience. Every designer doubtless adopts a 
different procedure. Probably in all cases, the approxi- 
mate length on the load-water line, and the shape of 
the midship section are first decided on. The former 
is settled largely by experience and determines the 
minimum displacement allowed; it therefore has a 
direct bearing on the shape of the midship section. 

After these points have been decided, the designer 
turns his attention to the shape of the buttocks, 
load-water line, diagonals, profile and deck plan in 
whatever order he may deem most expedient. When 
the design is completed, all the lines, including the 
cross sections, water lines, buttocks and diagonals, must 
be fair. Such a result, by this somewhat hit-and-miss 
method, cannot be achieved without a vast amount of 
small corrections known as ‘“‘ fairing ’’ the design. 

A few years ago it occurred to the author that it 
might be possible to simplify this process by making 
use of curves the equations of which were known. 
The examination of numbers of well-known designs 
of practically all types of boats impressed him with 
the belief that, in all cases, the lines were made up of 
curves approximating very closely to curves with 
known equations and, what is more, with curves 
the equations of which were such as could be easily 
dealt with. He has, in his spare time, followed up 
this investigation. 
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method adopted in this particular instance. It will 
be noticed that the longitudinal views are drawn to 
an exaggerated scale, the vertical scale being larger 
than the horizontal. Should any unfairness exist it 
will, therefore, become much more apparent. 

The details of the working were somewhat as follows : 
A suitablelength onthe L.W.L., beam and displacement 
were selected from experience, and it was considered 
that curves of the y* = ax form would give suitable 
sections for the body with the keel removed. The 
area of the midship section being known approximately 
from the required displacement, and the proportion of 
area between the body without keel and the keel itself 
having been selected, it was easy to determine, after 
first fixing the height of the apex above the water line, 
the value of the coefficient of x that would give the 
required area and therefore the depth of the body at 
this section below the water line. Equations to curves 
passing through this point and the ends of the water line 
were then found, the greatest depth being not necessarily 
located at the midship section. This curve is not 
shown on the diagram. The forward end was of the 
y? = ax form, while for the after end the equation was 
y5 — ax. Curves were then chosen for the loci of the 
apices of the curves forming the cross-sections 1n both 
horizontal and yertical planes. These points having 
been fixed, the equations to the body sections were 
easily obtained, the abscisse and ordinates at the 
appropriate points giving the half breadths for the 
water lines and the depths for the buttocks. 

The rest of the diagram may be taken as self- 
explanatory. There are, however, one or two points 
that are of interest. Firstly, it is quite unnecessary 
to base the design on the particular curves used 
in the example shown. The load-water line could 
be used in place of the loci of the apices of the 
curves forming the body sections. Diagonals or 
buttocks may be used; indeed variety is one of the 
charms of the method. Secondly, for sailing craft the 
character of the curves forming the body sections must 
be kept the same throughout the length of the boat to 
obtain the balance previously referred to, whereas 1n 4 
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motor boat, which is designed to run on an even keel, 
it is generally desirable to make the after-sections 
flatter the farther aft they are situated. If for the 
body sections of a motor-launch, curves of the y” = ax 
family are used, the value of m may be increased as 
the sections become farther aft. 

Figs. 10 to 16 illustrate further examples of designs 


Fig.4. SHEER PLAN 





. WATERLINE PLAN. 


hull is such that too great attention cannot be paid to 
the sails and rigging. A high sail plain is undoubtedly 
of advantage, not only on account of the wind being 
less affected by contact with the surface of the sea, but 
because a long leading edge tends to efficiency. To 
obtain these advantages, the Bermuda rig is being more 
and more adopted. The adjustment of the sail plan 








is much simpler than that of the sailing yacht. The 
hull is only designed for running on an even keel, and 
the driving power is always applied in the same 
direction. The speeds are such that wave making is 
the resistance that greatly predominates. As the 
speed is generally greatly in excess of the square root 
of the length on the water line, the stern wave 






Fig.6. BODY PLAN 
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made by the method described; in no case was a 
drawing board used until the whole of the offsets had 
been calculated. The method described allows a design 
to be made, if necessary, without even a drawing 
being made. In one instance the author laid down the 
lines of a 50-ft. motor launch entirely from the table of 
offsets obtained by calculation. 

The equality in the merits of the modern racing yacht 











to obtain the best 

results is a matter 

of great nicety and 

can only be learnt 

by experience of a 

practical nature. 

The rake of the 

mast, the taut- 

ness, or otherwise, 

of rigging often 

. prove matters of 

NRK vital importance. 

\\. Similarly, the dis- 

position of mov- 

able weights such 

as the crew, more especially in small boats, may win 
or lose a race. 

Finally, we have the personal element, about which 
it is only necessary to say that a really good helmsman 
backed by an efficient crew will win with a moderate 
boat practically every time against a really good boat 
steered by only a moderate helmsman. 





The problem of the design of motor launches 























assumes a form which tends to make the boat squat 
unless the after sections are made very flat and full to 
prevent this. 

The amount of power required to drive a boat at a 
certain speed depends on the length of the craft and 
the displacement. These factors remaining constant, 
it may be said that the power required varies roughly 
as the cube of the speed. Some years ago the late Major 
Linton Hope devised the following formula :— 


cxLxpx 4/M.S 
D 


where c = a constant (2-3, usually 2-25). L=length 
on water line in feet. M.S. = midship area in square 
feet. p.=B.H.P. D. = displacement in tons, V. = 
speed in knots. 

This formula, from a scientific point of view, is absurd, 
as the units on both sides of the equation are of very 
different form. It is, therefore, surprising to find how 
nearly the actual results found in practice correspond 
with this formula. In the modern speed boat, how- 
ever the displacement hull is a thing of the past, 
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THE DESIGN OF SAILING AND MOTOR CRAFT. 


Fig. 0. SHEER PLAN. 
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Fig.12. 
BODY PLAN 








. Fig Ml. . 
WATERLINE PLAN 
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hydroplanes, stepless and otherwise, sea sleds and the 
like having taken their place. 

The hydroplane is a type of craft in which the 
work done in producing waves is made use of to lift 
the hull bodily until it planes on the surface of the 
water. Ina true planing condition, the vessel is wholly 
supported by the impact of the water on its bottom, 
this proving sufficient to balance the weight of the ves- 
sel. To obtain this result, the bottom of the hull has 
to be of a special shape, the weights kept as light as 
possible and sufficient planing area provided. This is 
accomplished by V-shaped sections getting flatter and 
flatter from bow to stern, a hard chine being formed at 
the junction of the sides and bottom. The buttocks are 
kept as flat as possible. Experiments indicate that the 


displacement is about 3-8 to 4-5 at the 


~ resistance 
critical speed when the plane begins to lift. The 
inclination of the bottom should be about three to five 
degrees. The introduction of a step adds to the 
efficiency of the hull, result:ng in the after part of the 
boat running on a cushion of air. It is necessary that 
air should be admitted at tne step, either by breaking 
the chine line at the step and giving less width aft of 
this point or by air pipes. Mr. G. S. Baker gives 
formulz whereby the speed at which a hydroplane will 
plane can be approximately estimated. They are as 
follows :— 


D _ Jf +04 V? for stepless forms. 

A ~ (09 V? for forms with one step. 
Where D = displacement in pounds. 

A = area of lifting surface. 


V = velocity of planing in feet per second. 


ratio of 








These formule show how necessary it is to keep the 
displacement as light as possible. When planing takes 
place, the laws giving the relation between speed and 
power that are applicable to displacement boats no 
longer apply. The speed actually increases almost 
directly as the power instead of as the cube of the 
power. 

The sea sled is a craft so designed that, by means of a 
concave bottom, the dynamic force of the impact of 
the water is made use of to lift the boat. Air is also 
admitted at the bow and imprisoned so that the craft, 
when at speed, travels on a cushion of air and spume. 
In all boats of this class, details of design must be 
carefully studied to obtain the best results. For 
example, the sides should be so shaped that there is no 
tendency for the water to cling to them, thus preventing 
a body of dead water from being pulled along with 
the hull. As every possible form of resistance at the 
high speeds obtained is of considerable magnitude, the 
surface propeller has been introduced recently whereby 
the resistance due to dragging a tail shaft through the 
water at a considerable angle iseliminated. The centre 
of the propeller is placed at or a little above the water 
line, so that the shafting is entirely inside the hull. 
In other cases, aerial propellers have been made use of 
with quite satisfactory results. 

In the above it has only been possible to touch the 
fringe of a subject that is surrounded by interesting 
problems on all sides, 





VoLatTiLity OF PETROL IN THE UNITED StaTEes.—The 
results of the twelfth semi-annual motor petrol survey 
recently completed. by the United States Bureau of 
Mines, indicate that the average volatility of the spirit 
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now being marketed throughout the country falls well 
within the limits of the specifications of the Federal 
Government. There has always been some difference 
between winter and summer petrol, that sold during the 
winter being somewhat more volatile than that pur- 
chasable in summer. As might be expected, therefore, 
the petrol sold in the summer of 1925 shows a slight 
decrease in volatility as compared with the spirit 
marketed last winter. The average specific gravities of 
petrol from all cities, with the exception of Denver and 
San Francisco, were found to be heavier than the spirits 
sampled in the July, 1924, survey. Detailed results of 
the latest survey have been published in serial 2703, 
copies of which may be obtained from the Bureau of 
Mines, Department of Commerce, Washington, D.C., 
S.A. 





TRANSMISSION OF AIR WAVES THROUGH PipEs.—In 
aeronautical researches it is desired to measure pressures 
at considerable distances from the points of observation. 
For this purpose it has frequently been customary to 
use long pipes, and this method is liable to introduce 
errors. Reports and Memoranda No. 957, recently 
issued, deals with experimental work, by Messrs. L. F. G. 
Simmons and F. C. Johansen for measuring the correc- 
tions necessary for reducing the pressure and velocity 
measurements made in some full-scale work with dia- 
phragm gauges connected with Pitot tubes by long pipes. 
Reference is also made to some theoretical work by 
Rayleigh, and it is proposed, at a later date, to undertake 
a further analysis based on a modified theory. The 
experimental part of the investigation is divided into 
two parts. The first consists of measurements of 
pressure made with the usual type of diaphragm gauge, 
at the ends of pipes ranging up to 122 m. in length and to 
0:95 cm. in diameter, when a known pressure was 
suddenly applied at the near end, and when a simple 
harmonic variation of pressure was impressed at the 
near end. The second part deals with experiments 1n 
which more precise methods were applied to the measure- 
ments of pressure along open and closed pipes when a 
harmonic displacement was imposed at the near end. 
Measurements of displacement were obtained by observ- 
ing the motion of a soap film at the open end. The 
experiments were restricted to frequencies below 2-5 per 
second. The results indicate that the usual type of 
diaphragm gauge is unsuitable for the measurement 
fluctuating pressures, A reduction in pressure - 
displacement and an increased lag in phase res t 
(except where resonance occurs) from an increase In the 
saeae of the pipe, a decrease in the diameter of the rae 
and an increase in the speed of fluctuation. Marke 
divergence between observed and calculated results mow 
that existing formula relating to the transmission of une 
waves through pipes cannot be successfully em loye 
for correcting air pulsations of low frequency an finite 





amplitude. The report is obtainable from any of the 
branches of H.M. Stationery Office, price 1s. net. 
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ELECTRIC DRIVE FOR HAND PUMPS. 


Tuat the installation of an oil-engine-driven electric 
light plant has become the rule rather than the excep- 
tion in country houses which are isolated from any 
public supply, is made evident by the number of 
firms now manufacturing such plants and by the 
pages of any publication which makes a speciality 
of advertising sales of houses of that class. Such 
plants are normally installed mainly for lighting 
purposes, but in almost every case some small demand 
for power is likely to arise, such demand being fre- 
quently in connection with water pumping. In some 
cases while desiring to utilise the electrical installation 
in that way, the owner will be reluctant to face the 

















cost of anew pumping plant, and to meet such cases, 
a neat attachment for converting a hand-driven pump 
to an electrically-driven one at the minimum of expense 
has been worked out by Mr. Arthur W. Reeves, of 
3, Edmund-street, Birmingham. The attachment, the 
cost of which has been kept as low as possible, is 
illustrated by the photograph reproduced above. 

The main features of the arrangement will be clear 
from the illustration without description, but it may be 
said that the gear wheels are machine cut and that 
ball bearings are fitted throughout. An oil trough, 
which is not shown in our illustration, is fitted 
across the casing, into which the worm wheel 
continually dips. All moving parts are enclosed, a 
guard being fitted over the chain and a cover closing 
the front of the casing. This cover is fixed by two 
studs at the top and bottom. The arrangement shown 
in the figure is intended for cases in which the ordinary 
pump barrel has‘ been removed and the casing is 
bolted to the base flange of the stand pipe. The 
diameter of the base flange varies from 8 to 10 in. in 
diameter. A second type is made with the main 
casing much shorter, this being intended for bolting on 
to the top of the pump barrel itself. This type is re- 
quired in cases when there is a delivery nozzle on the 


The normal speed of the pump is about 70 strokes 
a minute, and the motor may be switched straight 
on to the line without any starting resistance. In 
an average case on a 50-volt circuit, the current is 
13 amperes, momentarily on starting, falling to 
5 amperes in normal running. The average speed for 
a hand pump is about 35 strokes a minute, and it has 
been suggested that 70 strokes a minute is too high. 
In practice, however, the higher speed has been found 
to be entirely satisfactory. The stroke is reduced to 
half of that which is used when the pump is operated 
by hand and inertia forces are found to be negligible, 
while the arrangement is very silent in operation. 
A considerable number of pumps converted in this 
way are in operation in country houses, breweries, 
mineral-water factories and elsewhere. 





DIFFERENTIAL FLOTATION. 


Tuat rapid progress has been made in the develop- 
ment of differential flotation in the United States 
within the last three years is emphasised in a recent 
report issued by the Bureau of Mines, Washington, 
D.C., upon “ The Present Status of Differential Flota- 
tion” (Investigation Reports, Bureau of Mines, Serial 
No. 2700). There are now several “all-flotation ”’ 
plants treating, in the same machines and with only 
slight changes, if any, in’ the kind and the quantity 
of chemicals used, complex lead-zinc-iron ores from 
widely-separated mines, differing a great deal in 
chemical composition and also in physical nature. 
The list of plants given, which treat either zinc-lead 
or copper-iron ores, does not claim to be complete, 
and reference is made to several other works, as 
well as to some in Mexico and British Columbia, in 
which flotation is practised. The report ascribes the 
progress more to empirical testing than to intelligent 
research ; but the judicious study of detail partakes of 
the nature of research, and most of the large works 
are provided with experimental laboratories. 

The type of flotation machine does not appear to be 
of particular importance so long as intense aeration 
with finely-disseminated bubbles and effective positive 
pulp circulation are secured. The adoption of finer 
grinding has, however, proved to be advantageous. 
In one case it was found that the bulk of the zinc and 
lead ore lost in the tailings, was in the 150 mesh 
sands, and that further grinding was advisable. The 
pulp concentration, about 25 or 30 per cent. of solids 
being most common, should be carefully controlled. 
This can be done by simple indicators. Temperature 
control is not attempted as a rule; in one mill, how- 
ever, it has been found necessary to keep the tempera- 
ture between 28 and 30 deg. C., though the required 
heating arrangements are expensive. The chemicals 
should be fed in at a constant rate. The arrange- 
ments for automatic control of the feed are generally 
adequate. There are two kinds of reagents. The 
“flotation controlling agents”’ are mostly inorganic 
compounds added to the ground ore-water pulp, to 
promote (or to decrease) the flotability of a particular 
mineral; the ‘flotation’? agents (oils) are organic 
compounds, which are employed to coat the mineral 
with a film in order to catch the bubbles and to 
lower the surface tension of the water, and thus to 
facilitate the formation of froth. The controlling 
agents are generally added first; lime is frequently 
dumped into the mill-feed bins; other chemicals are 
added to the fine-grinding ball mill: Heavy oils are 
also sometimes fed into the ball mill, but this is 
not considered good practice, and mixing in separate 
agitators is preferred. A certain “conditioning” 
period, of up to five minutes, though sometimes ex- 
tending to half an hour, is allowed for the action 
of the controlling agents; no conditioning period 
seems to be required in the case of sodium (or 
potassium) xanthate* which is added to the first cell 
of the flotation machine. Considerable improvement 
has been made in the art of re- treating the rougher 
froth, which carries chiefly one mineral, re- treating 
sometimes being carried out as many as three times. 
The lists of chemicals and of their mixtures used 
certainly suggest the need of further research. 
Although the report does not draw attention to this 
point, it is, of course, not easy to decide to which 
chemical a particular success or failure may have to be 
attributed, and it is not advisable to try changes when 
matters are proceeding satisfactorily. In the treatment 
of complex lead-zinc-iron ores, the selective flotation of 
galena is attained by means of the following chemicals 
(the figures in the brackets indicate the weight of 
chemical per ton of ore): soda ash (1 to 6 1b.) ; sodium 
cyanide (0-1 or 0-2 1b.), mostly used in conjunction 
with soda ash; dibasic phosphate, or lime (2 to 4 Ib.); 
dibasic sodium phosphate (1 to 4 1b.) ; sodium sulphite 





* Xanthate solution is known as viscose (@ raw 
material for preparing artificial silk). Cellulose is 
steeped in caustic soda of 13 per cent. or moré concen- 





pump barrel. 


tration, and mixed with carbon disulphide. 





(1 to 6 Ib.); sodium sulphide (0-1 to 1 Ib.) ; sodium 
xanthate (0-1 lb.). These salts are either used singly 
or more generally in combination, the most common 
combination being that of soda ash and cyanide. 
When the galena has been floated, copper sulphate 
is added to float the zinc. In the presence of iron 
pyrite, zinc sulphate is added before the galena 
treatment is started. The chemicals we have 
mentioned do not by any means exhaust the list. 
Sodium silicate or bichromate, thiocarbanilide, and 
sulphuric acid are among those to be added to the 
controlling agents. The chief flotation agents are 
pine oil, hard-wood tar, tar oils, X-cake (dimethyl- 
amine dissolved in xylidine), T-T mixtures (the 
thiocarbanilide mentioned dissolved in orthotoluodine, 
&c.), solvent naphtha, and reconstructed oils (pre- 
pared in one plant by slowly heating for eight hours 
to a pressure of 8 lb. per square inch a mixture of 1,050 
lb. of blast-furnace oil, 150 1b. of pine oil, and 60 Ib. 
of sulphur). 

This reconstructed:oil is used, for instance, in the 
differential flotation of copper-iron ores which has made 
considerable headway in the last two years. The 
reagents now in use are almost the same as those em- 
ployed in 1924, but the present proportions are different : 
reconstructed oil, 0-495 lb.; pine oil, 0-088 Ib. ; potas- 
sium xanthate, 0-175 lb. (formerly T-T mixture 
0-276); and lime, 4-29 lb., a total of 5-028 Ib. to 
the ton against 7-21b. formerly. The xanthate is added 
just ahead of the flotation machine and is believed to 
justify its high price by an increased recovery. Many 
detailed examples are given in the report. 





Braprorp ENGINEERING SocreTy.—A_ syllabusVof 
lectures for the session now commenced has been arranged 
by the Bradford Engineering Society, and will include, 
in particular, addresses dealing with power production 
and transmission, especially in relation to local industries. 
Mr. J. Cauthery, of Birmingham, will lecture on “ Latest 
Developments in Water-tube Boilers,’”” Mr. D. Wilson, 
of London, on ‘‘ Developments in Powdered-Fuel Firin 
for Steam Boilers,’’ and Mr. R. Gallaher on “‘ Mechanic 
Boiler-Flue Cleaning.’’ Mr. D. Adamson, of Newcastle, 
will discuss “‘ Modern Developments in the Utilisation 
of Exhaust Steam,” whilst Professor Charnock will 
lecture on ‘‘ The Steam Accumulator for Use in Power 
Plants ’? and Messrs. Chittenden and Burge, of London, 
will give a paper on ‘‘ The Use of Steam of Very High 
Pressure.” Mr. Harry Moss will give demonstrations 
showing the efficiency of the various methods of lighting 
during his lecture on “The Latest Developments in 
Electric Lighting for Industrial Purposes.’’ Mr. Frederick 
Grover, of Leeds, will describe the improvements he 
has made in wrapping machinery. Some useful advice 
will be given by Mr. A. B. Smith, of London, on ‘‘ The 
Application of Lubricating Oils to Machinery.” All 
society meetings are held at the Bradford Technical 
College, and Professor G. F. Charnock, of that College 
is the secretary. 





TunGsten StEELS —Prepared by Mr, J. A. Jones, of 
the Research Department, Woolwich, R.D. Report, 
No. 65, gives an account of experiments carried out 
with a view to ascertaining the “‘ Influence of Tungsten 
on the Properties of Medium-Carbon Steels Containin 
Nickel and Chromium.”’ The mechanical and physic 
properties of a series of steels containing nickel, chromium, 
and percentages of tungsten varying up to 2-4, were 
examined. - It was found that the addition of tungsten 
to a 0-3 per cent. carbon steel, raised the yield point, 
maximum stress, and elastic limit without causing any 
appreciable decrease of the elongation and impact values. 
Results were, however, not encouraging, as, even after 
adding 2 per cent. of tungsten, the improvement in 
pera Fd properties was not sufficiently great to 
justify the material being classed as a high yield-point 
alloy. The addition of tungsten to 3-5 per cent. nickel 
steels, containing 0-3 per cent. of carbon, produced 
similar effects; to bring this material within the class 
of high yield-point steels, however, about 1-5 cent. 
of tungsten was found to be necessary. Additions of 
more than 2 per cent. of tungsten brought about a 
reduction of the impact value. A steel containing 6 per 
cent. nickel, 0-3 per cent. carbon and 0-66 per cent. 
tungsten, oil hardened from 900 deg. C., and tempered 
at 550 deg. C., gave a yield point of 52 tons per square 
inch, and a maximum stress of 58 tons per square inch. 
A point of interest in this connection is that, increasing 
the tungsten content to 1-16 per cent., only — 
improved the mechanical properties of the material. 
The effect of additions of tungsten upon the physical 
properties of nickel-chrome steels was also studied. 
While an improvement was manifest, the evidence shows 
that a similar improvement could have been obtained 
by increasing the chromium content. None of the nickel- 
chrome-tungsten steels examined gave better results than 
might be obtained from a steel containing 0-30 to 0-35 
per cent. carbon, 2-25 to 2-5 per cent. nickel, and 1-0 to 
1-25 per cent. chromium. The report closes with the 
general conclusion that ‘“‘ while tungsten, in common 
with other alloying elements, exerts a beneficial effect 
on the properties of steels of the type used for construc- 
tional and similar engineering purposes, there is nothing 
so distinctive in its influence as to warrant any special! 
recommendation in its favour.” Copies of the report 
are obtainable from H.M. Stationery Office, Adastral 
House, Kingsway, W.C.2, and from the principal branches, 
the price of the pamphlet being 4s. net. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


236,017. The Orion Engineering Company, 
Limited, Leeds, and F. H. Skelsey, Birmingham. 
Internal-Combustion Engines. (4 Figs.) May 23, 
1924.—The invention relates to a truncated cylinder 
block for an internal-combustion engine of rectangular 
cross-section having two or more opposite walls tapering 
upwardly, the valve mechanism enclosed within a 
housing between one of the walls and the water jacket 
and the valve stems carried in bearings formed one above 
the other so as to permit the valve mechanism to be 
operable from the crank chamber and adjusted within or 
removed from the housing without disturbing the 
cylinder head. According to the invention, a housing is 
provided on the opposite side of the cylinder from that 














which carries the valve mechanism, inspection plates being 
provided for each of the housings. Around the cylinders 
2 there is cast a housing 3 which is cored so as to form 
two enveloping cham bers 4 and 15, of which 15 constitutes 
the water jacket for the cylinders. The chamber 4 is 
east so as to provide a bearing 5 for the valve stems, 
which bearing is arranged co-axial with the mouth 16 
of the inlet 17. The valve stems extend into the cham ber 
4 and engage at their lower end with tappets which 
extend through a hole 6 formed in the base of the cylinder 
block. The tapering faces of the cylinder casing are 
provided with openings 7 adapted to receive inspection 
plates which are removable to allow the valve mechanism 
to be removed or adjusted. (Accepted July 8, 1925.) 


235,962. R. J. Milbourne, Newport, and 8S. 
Cutler, Westminster, London. Gas Holders. 
(2 Figs.) March 27, 1924.—The invention relates to 
gas-holders in which the crown framing for supporting 
the top sheets is of the ‘ French” roof truss or the 
‘“ bow-string ’’ truss type. ais the main rafter provided 
with a bow-string truss comprising the struts 6 of different 
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lengths, internal or cross tie-rods 1 and the tension 
rod c. is the column supporting the outer end of the 
rafter a and e the centre column to which the inner end 
of the rafter is connected. f is the main tension rod 
which ties together the outer end of the rafter a and 
the centre column e, the rod being formed of two bars 
@ for a distance from its outer end to enable the trussing 
of the rafter a to pass between'them. (Sea!ed.) 


235,722. P. N. Everett, Bolton, D. D. Stockley, 
Bolton, and Hick, Hargreaves and Co., Limited, 
Bolton. Diesel Engines. (2 Figs.) June 26, 1924.— 
The invention relates to fuel-injection systems for 
internal-combustion engines of the Diesel type in which 
the fuel is injected into the cylinder at or near the ends 
of the compression stroke without the aid of compressed 
air, A valve is provided with a casing 1 having an inlet 2 
and outlet 3 for the fuel. A valve 4 is mounted within 
the casing and co-operates with a valve seat located at 
one end of a chamber 5 to which the fuel entrance 2 
is connected. The valve 4 is provided with a spring 6 
tending to hold the valve to its seat and has.a spindle 
which has a portion 4a of one diameter and a portion 4b 
of larger diameter, the shoulder 4c formed at the junction 


to act. The area of the shoulder 4c should be such that, 
taking into consideration the area of the valve 4 (which 
is also subjected to the pressure of the injection fuel), 
it so assists the pressure of the spring 6 as to leave 
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just sufficient resilient pressure to return the valve to 
its seat. The end of the valve spindle is adapted to ‘be 
operated by a rocker arm 7 for opening the valve at the 
appropriate predetermined intervals. (Sealed.) 


PRINTING AND ALLIED MACHINERY. 


235,614. A.W. Penrose and Co., Limited, London, 
and M. Owen, London. Printing Machines. (5 Figs.) 
February 20, 1924.—According to the invention, an 
improved method of pressing the doctor or scraping 
knife on to the printing surface of an intaglio printing 
eylinder is employed, which method consists in flexing 
the knife by a bending force directly applied along a 
substantially continuous line thereon between its 
operating edge and its clamped edge. The construction 
shown comprises the ordinary cross shaft 1 for a doctor 
2 held in initial position by a lever 3 and spring 4in 
co-operation with an adjustable screw 5 and fixed stop 








6. The spring 4 pulls the screw 5 on to the stop 6 and 
in such position the doctor is located with regard to the 
cylinder la so that as the latter rotates, a thin film of 
ink will be left. When actual printing occurs, a second 
apparatus is employed for flexing the knife so that the 
doctor will scrape the ink from the surface la. Such 
apparatus includes a cross shaft 7 supported in the 
frame 8 of the machine above the doctor, and on this 
shaft 7 is fixed a plate 9 which itself is provided with an 
adjustable and flexible member 10 (the presser member) 
which bears on the doctor 2; the plate 9 is fixed to the 
shaft 7 by screws. (Sealed.) 


PUMPS. 


235,035. J. Dunlop, Dennistoun, Glasgow. Air 
Compressors. (1 Fig.) July 31, 1924.—The invention 
relates to internal-combustion operated air compressors 
embodying two or more cylinders operating on the well- 
known two-port, two-stroke cycle. According to the 
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annular space 
the junction of the 





of the parte 4a and 4b providing a piston area upon 
which the fluid pressure in the chamber 5 is adapted 


compressed air from. the compression chamber or 
chambers of one or more of the cylinders for power 
purposes and a connection 13 for delivery of compressed 
air to the combustion chambers of all the cylinders from 
the compression chamber or chambers of the other 
cylinder or cylinders. By suitably proportioning the 
two diameters of each cylinder one-half of the total 
number of cylinders can be used for the delivery of com. 
pressed air, say for power transmission purposes, while 
the other half supplies compressed air to the combustion 
chambers of all the cylinders for scavenging purposes. 
(Sealed.) 


STEAM ENGINES, BOILERS, [&c. 


233,829. B. Stephenson, West Gorton, Man- 
chester, and Holden and Brooke, Limited, West 
Gorton, Manchester. Feedwater Heaters. (6 Figs.) 
March 20, 1924.—The invention relates to internal 
feedwater heaters placed in the steam space of a boiler 
with a pipe leading to the bottom of the boiler. Accord- 
ing to the invention, the apparatus is constructed with 
a central tube B of relatively large diameter through 
which the water ascends having a series of annular- 
flanged trays F around the exterior and a number of 
V-shaped apertures h at the top through which the 
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water issues, and an outer casing D divided into two 
parts longitudinally bolted together having a series of 
annular flanged trays G projecting internally, the casing 
D being bolted in position around the central tube B 
forming a chamber around it in which the two sets of 
trays F, G alternate. A number of steam inlet apertures 
d is formed in the casing D, which has a top cover C 
bolted to it. Apertures are formed in the top cover 
through which steam can enter and air and gases escape. 
The central tube B and casing D are carried by .a base 
A having an inlet port to the central tube and outlet 
port from the heating chamber around it. (Sealed.) 


235,009. R. A. Hopkinson, Huddersfield, R. L. 
Brown, Huddersfield, and J. Hopkinson and Co., 
Limited, Huddersfield. Water-Gauge Protectors 
and Illuminators. (3 Figs.) June 18, 1924.—The 
invention relates to water-gauge glass protectors and 
illuminators for use upon steam generators. In accord- 
ance with the invention, a semi-circular shield is pro- 
vided at the rear of the gauge glass, the vertical edges d 
of the shield projecting over or beneath the vertical 
edges of the usual front shield 6. The rear shield may be 
carried by two brackets e. f projecting therefrom, one at 














(235,009) 


the top and one at the bottom, the latter having holes 
therein which are passed over projecting pegs on a flange 
of the gauge-glass fitting, and the former having a hole 
therein through which a screwed stud enters another 
flange of the complete fitting. The rear shield has & 
vertical slot therein which comes behind the gauge glass 
invention, each cylinder 1 is formed of two diameters,| and a toughened glass or strong transparent screen 18 
the inner end of the portion 3 of larger diameter] secured to the shield over the slot. The electric oes Be 
forming the wall of the compression chamber and the | is carried behind the slot, pre erably in an open-fronies 
1l formed around the piston at] box or case m, which is clipped to the rear of the shie . 
rtions of different diameters. | or slid into position on the latter in vertical guiding slots. 





There being provided a connection 12 for delivery of | (Sealed.) 
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CONSTRUCTION METHODS ON A 
720,000-H.P. GENERATING STATION. 
By Frank W. Skinner, M.Am.Soc.C.E. 


(Continued from page 437.) 


Steam Shovel Exzavation—The general land 
excavation (exclusive of 30,000 yards tunnel 
excavation) on both sides of Avenue D amounted to 
about 30,000 cub. yards above ground-water 
elevation (approximately mean high-water level, 
7 ft. below the curb), and 50,000 yards of excavation 
below ground-water level, this somewhat exceeding 
the nominal net excavation, in order to give the 
contractor clearance below the cut-off level for the 
foundation piles. The spoil consisted of fill, earth, 
sand and a large quantity of debris from the remains 
of foundations of old buildings previously occupying 
the site, besides timber, boulders, riprap, stone 


excavated by a clamshell bucket, to a depth of | places three lines of steel sheet piles between the 


7 ft. below the bottom of the condensation water 
tunnel, or about 37 ft. below the curb. The bottom 
of the cofferdam was covered with 2 ft. of crushed 
stone, on which there was set up, concentric with 
the cofferdam, a 10 ft. by 10 ft. box made with 








vertical 3-in. planks 3 in. apart in the clear and 
covered on the outside with wire netting. The 
annular space between this box and the. steel 
sheeting was then filled with crushed stone up to 
the level of the tunnel invert, 28 ft. below the 
curb, and the steel sheeting was pulled by a 3-part 
tackle suspended from an A-frame and operated 
by a 3-part line from the derrick engine. This 
arrangement allowed the earth to settle around the 
10 ft. by 10 ft. box and the crushed stone, and the 
latter served as an open drain to promote free flow 
of ground-water into the sump. No difficulty 
was found in keeping the sump dry by the use 





excavation and the river. 

The thorough drainage of the area kept the ground 
so dry that the steam shovels operated rapidly and 
efficiently without any lost time for breakdowns, and 
with a record of 18,500 yd. in 22 consecutive 8-hour 
working days. The best record for both shovels 
was 5,745 yd. in one week. The best record for 
one shovel was 151 5-yd. truck loads in one day. 
Where the ground was soft, the shovels were sup- 
ported on 5 ft. by 12 ft. wooden flooring, taken 
up in the rear and re-laid in front by the dipper 
boom of the shovel. After the completion of the 
general excavation, the dipper booms were removed 
from the shovels, and were replaced by 40-ft. and 
50-ft. steel derrick booms, the shovels being used 
advantageously as locomotive cranes. 

After the steam shovel excavation had been com- 
pleted, two sheet pile cofferdams, about 30 ft. wide 











Fic. 4. ExcavatTep SITE AFTER DRIVING OF PILEs. 


filling and old foundations, the latter especially 
toward the west end of the lot. Some of these 
required cutting and blasting before removal. 
Excavation was carried on in a single lift to a 
depth of 9 ft. by 23-yard steam shovels mounted on 
traction wheels, and delivering to a fleet. of Mack 
5-yard automobile trucks, which transported the 
spoil a short distance to the dump scows and flat 
scows, on which it was towed to sea. Operations 
were executed with such promptness and efficiency 
that delays due to waiting for trucks were eliminated. 
The trucks entered and left the excavation over a 
Tamp made with framed trestle bents covered with 
Planks. A floor of 4-in. transverse planks was 
extended from the foot of the incline to the shovel, 
to facilitate the operation of the trucks. One of 
the steam shovels was installed on June 1, 1924, and 
the second on June 25, 1924, and on July I5 the 
excavation had been completed to a depth of 9 feet 
over the entire surface of the lot. At this elevation 
@ large amount of water seeped in from the river, 
and was thenceforth drained by surface ditches, at 
first terminating in several small sumps, served 
by portable diaphragm pumps. Later, these sumps 
Were all replaced by a single large and deep sump 
installed at the river end of the east lot so as to 
control as much as possible the ground water at 
its source, . 
A 13 ft. by 18 ft. cofferdam was made by driving 
steel sheet piles 35 ft. long. The interior was 





of two 8-in. Kingsford centrifugal pumps. Both of 
these were operated by 20 h.p. electric motors, 
adjusted to keep either one of the pumps in 
almost continual operation at reduced speed, 
while the other pump was maintained in reserve for 
emergencies. 

In the lot between Avenue D and the river, where 
the sump was located, open ditches led from various 
directions to the sump. A wooden flume was 
installed in the other lot on the opposite side of 
Avenue D, and carried under Avenue D in a 3 ft. 
by 6 ft. tunnel 60 ft. long, that was sheeted through 
the bank of undisturbed earth that supported 
Avenue D. This flume received the flow from the 
ditches maintained in the lot on the west side of 
Avenue D and carried it to the sump. The 
seepage of river water through the lot was 
considerably reduced by a line of steel sheet piles 
25 ft. long driven across the entire river end of the 
area, and later supplemented by a parallel row of 
similar piles about 14 ft. distant from the first 
row, connected to the latter by wire rope ties. 
The latter series made it possible to retain 
earth in the intervening space _ protected 
from the wash of the river at high tide, and 
maintained a natural cofferdam. There were 
besides two sections of similar parallel steel sheet- 
ing close to the inner row of piles, driven to 
form the cofferdams of the condensation water 
tunnels in the excavation, thus making in some 





and 100 ft. and 200 ft. long, were driven at the 
river end of the areas, and about 30,000 yd. of 
earth inside them was excavated to an additional 
depth of about 13 ft. Concrete floors 5 ft. thick 
were laid for the tunnel inverts, and on them there 
were built the vertical tunnel walls, bonded by 
steel dowels projecting into the floors and the roof 
slabs, which were formed by the lower layer of 
concrete in the foundation mass. 

The bank at the east end of the area, between the 
main excavation and the bulkhead, was retained by 
steel sheet piles, which, with those for the tunnel 
sheeting, amounting in all to 40,000 sq. ft., were 
driven by the contractor for the excavation work 
at the rate of about 700 sq. ft. in one 8-hour shift 
by each of two double-acting steam pile hammers. 

Steel sheet piles’ were also driven to retain the 
vertical sides of the excavation in various places, 
and a total of about 40,000 sq. ft. of steel sheet piles, 
25 ft., 35 ft., and 40 ft. in length, were driven by 
the contractor for the excavation work, who used 
for this purpose two steam hammers delivering 
225 and 140 blows per minute with an energy 
of 4,150 lb. and 7,727 lb. per blow. The best record 
was driving forty sheet pile units in one 8-hour 
shift withone hammer. The hammers were handled 
by the travelling derricks and by the locomotive 
crane. Steam for the hammers was supplied 
by the ‘boilers operating. the Lidgerwood hoisting 
engines for the derricks, and a supplementary steam 
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supply could be obtained in case of emergency from 
a boiler installed in 14th-street. About 3,000 
tons of 14 in., 35 lb., arch web Lackawana steel 
sheet piles were also used by another contractor for 
the sea wall, bulkhead and screen well cofferdams. 
Foundation Piles.—Most of the 18,000 untreated 
yellow pine foundation piles were driven 27 in. 
apart on centres, and were designed for working 
loads of 20 tons each. They were axe pointed and 
were required to have a diameter of 12 in. 2 ft. 
below the butt and not less than 6 in. at the tip. 
They were usually driven to penetrations of 15 ft. 
to 30 ft., with a maximum of 42 ft., and generally 
to a refusal of less than 2? in. for the last ten blows. 
The foundation piles were driven by seven heavy 
steam hammers, operated in 52-ft. to 46-ft. leads 
of three ordinary land pile drivers moving on skids 
and, rollers, and also by the use of four 32-ft. 
jeads suspended from derrick booms of four stiff-leg 
derricks on two travellers (Fig. 4), which ran from 
end to end of the lot on parallel 44-ft. gauge tracks. 
This arrangement was very convenient and efficient, 
saving much time in the movement and adjust- 
ment of the drivers and permitting rapid driving | 


Bearing Power in Tons 


(918! 


over all parts of a large area covered by the derrick 
booms, while piles located in less accessible posi- 
tions were driven in the usual manner by the 
smaller land machines which could be moved to 
any required position, without laying the broad 
gauge traveller track. The travellers spanning the 
deep tunnel trenches were especially convenient 
for driving foundation piles in the trench bottoms, 
where it would have been difficult to instal ordinary 
land drivers. 

The steam hammers were handled by seven 
Lidgerwood hcisting engines, and an additional 
engine of the same make operated the derrick boat 
that unloaded all of the piles from the barges on 
which they were delivered, and placed them on 
catamarans for temporary storage until it was con- 
venient to transfer them to automobile trucks. 
The latter transported them from 1,000 ft. to 
2,000 ft., and deposited them as near as convenient 
to the places where they were to be used, to which 
they were rolled, skidded or snaked by whip lines 
from the drivers. 

Arrangements made with the dealer required the 
supply of a certain number of piles per month, 
and when the work was delayed and these could not 
be promptly driven, it was necessary to store large 
quantities, sometimes as many as 5,000 to 7,000 
piles at once, on portions of a lot not yet excavated. 
This caused such heavy expense for re-handling 
that these piles probably involved a cost of 10 dols. 
each before driving. 

For this work five double-acting steam hammers 
were installed, weighing 6,450 lb. each and having 





1,250 lb. rams striking 140 16-in. blows per 
minute, with an energy of 7,727 ft.-lb. per blow. 
The best record of these hammers, for one 8-hour 
shift, was driving 77 piles to a penetration of 20 ft. 
to 30 ft. The average was 50 piles per hammer 
per shift, while the best day’s record was 250 piles 
for all five of these hammers. The pile-driving tra- 
vellers were 38 ft. wide and had lengths of 24 ft. and 
32 ft., and the leads suspended from their derrick 
booms were held and adjusted by four guy lines. 
Two men with a handsaw cut off the pile tops after 
driving, at the rate of about 40 in one 8-hour shift. 
All piles were thoroughly driven, some of them 











greatly in excess of the required refusal, and receiving 
as many as 40 blows for the last inch of penetration. 
Two of the land machines were equipped with 
No. 2 Vulcan steam hammers, and made records 
of about 67 piles each in one 8-hour shift, including 
time lost in moving and adjusting the pile drivers. 
The weight of the ram in the Vulcan hammer was 
3,000 lb., and the length of its stroke was 3 ft. 
The bearing capacity of the piles driven by it was 
2WH 
§+0-1 


computed by the formula P equals in 





twin-friction clutches permitted the boom to be 
raised or lowered under full load either in con. 
nection with or independent of any other crane 
operation, thus promoting economy and rapidity 
and avoiding frequent moving. This crane has been 
especially satisfactory, on account of being able to 
pick up loads in any position and carry them from 
place to place. There were also two wooden stiff- 
leg derricks with 60-ft. booms and Lidgerwood 
hoisting engines. The masts were fitted with extra 
large bull wheels. There were also two portable 
boring machines, each with an independent electric 
motor and a full outfit of electric drills and bits. 

The driving was effected by an average force of 
about 55 men. The contractor for the excavation 
and piles maintained several small shops and offices 
on the job, but most of the repair and replacement 
work was done at a yard, from which deliveries were 
made, if necessary, twice daily by motor trucks. 
There was a portable Chicago pneumatic gasoline 
motor compressor supplying air to drive drills for 
work on large stones that required blasting before 
removal. 

Unloading, Storing and Handling Cement.—More 
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which W is the weight of the hammer, H is the 
fall of the hammer, § is penetration in inches under 
the last single blow and P is safe load on pile. 

In order to consider the effect of penetration 
during the last ten blows, this formula was used for 
computing a table of values of penetrations of 
3 to 6 inches, which showed at a glance what the 
safe load is when the penetration was not too rapid, 
but still exceeded the usual amount of one or two 
inches. These loads vary from 29 tons for a 
3-in. penetration to 14-7 tons for 6-in. penetration. 

As the energy per blow of the double-acting 
hammers varied with the steam pressure, which was 
not always constant, a chart (Fig. 5) was prepared to 
show the relation between different bearing powers 
and the penetrations for the hammer working under 
different steam pressures. The chart was pre- 
pared by computations made from the familiar 

= . 2WH.. 
Wellington formula, modified to P = sao1 2 
which W is the weight of ram, plus area of piston 
head multiplied by mean cylinder pressure, reduced 
to tons (the cylinder pressure being assumed at 
20 lb. less than gauge pressure). H is the length of 
stroke in feet, and S the penetration in inches 
per blow for the last two blows. P is the safe 
bearing capacity in tons, assuming a factor of safety 
of 6. 

Besides the equipment already enumerated, there 
was installed by the general contractor a 75-h.p. 
gasoline motor crane, with a capacity of 19,000 lb. 
to 4,000 Ib. at radii of 12 ft. to 40 ft. For this 
machine a self-locking bronze worm driven by 








than 900,000 bags of Atlas cement were received 
in 8,000 to 10,000-bag loads on scows moored at the 
east end of the slip at the foot of 14th-street. The 
bags were unloaded on to a conveyor 100 ft. long, 
parallel with the end of the slip and the storage 
house. At one end the conveyor automatically 
delivered to a second conveyor 50 ft. long at right 
angles to the first, the junction being illustrated in 
Fig. 6. 

"The second conveyor in turn, automatically 
delivered to one end of the charging conveyor 125 ft. 
long. This terminated above the cement platform, 
dumping into chutes from which the bags were 
removed by two men and emptied into the Butler 
proportioning batchers, capable of being filled and 
discharged into the mixers in 3 seconds. 

The cement conveyors were operated at speeds of 
73 ft., 87 ft. and 97 ft. per minute, respectively, 
and were all of theslat type. These speeds were just 
sufficient to supply both mixers running continu- 
ously at the rate of one 6-bag batch per minute. 
if the bags were spaced 8 ft. apart on the belt. If 
only one mixer was running, the bags were spaced 
16 ft. apart. This system permitted the bags to be 
delivered directly from the scow to the mixer, OF 
to storage, or to both simultaneously. The storage 
house, 120 ft. long and 40 ft. wide, had a capacity 
of about 25,000 bags, which, when piled close to the 
conveyor, could be handled as fast as the scow was 
unloaded, or as the mixer required, by two men. 
When they were piled farther from it, four men were 
required. 

As fast as the cement bags were emptied n the 
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charging platform, they were delivered through 
chutes to two Insley bag-shaking machines, each 
driven by a 1-h.p. electric motor. Bags, sus- 


pended in concrete pits under these machines, 
received the cement salvaged, which amounted to 
about 1 per cent. of the total cement handled, thus 
effecting a profitable economy. The empty bags 
were bundled in a baling machine. 

Aggregate Storage and Handling.—All sand, gravel 
and combined aggregate were delivered on 450-yard 





two-thirds the area of the ground under the bin. 
On the walls and bottom of the bin, there were four 
lines of 2-in. steam pipe, perforated every 2 ft. with 
extremely small holes made by drilling partly 
through with a very fine bit and then punching the 
remainder of the distance with a needle point. A 
similar provision was made for the charging hopper 
over the concrete mixers. The two bins together 
were equipped with about 4,500 lineal ft. of perfo- 
rated pipe, which, with the 600 ft. of branches, were 
connected with the 100-h.p. 
boiler, provided to furnish 











Fic. 7. 


to 650-yard barges, which were moored to the 300-ft. 
north side of the slip. The barges were accurately 
trimmed when loaded, and the quantity of aggregate 
was determined by measuring and computing the 
volume. 

Adjacent and parallel to the side of the slip was the 
aggregate storage bin, 220 ft. long, shown in Fig 3. 
This was spanned by two steel gantry travellers, each 
30 ft. long, and operated on a 44-ft. gauge track 
260 ft. long, which extended beyond one end of the 
bin to command also a miscellaneous storage yard 
there. The gantries were equipped with four stiff-leg 
derricks, having two 65-ft. steel booms of 10 tons 
capacity, and two 73-ft. 10-ton wooden booms, all 
operated by 75-h.p. three-drum hoisting engines 
with separate slewing gear. Both gantries unloaded 
sand, gravel, reinforcement steel and other ma- 
terials from scows, barges and boats, moored in the 
slips. The reinforcement steel, some of it being 1} in. 
square bars 60 ft. long, was handled in bundles, and 
was stored on the north side of the aggregate bin. 

One or two derricks of either gantry could be 
operated on one or two scows ; they were equipped 
with 1-yard Blaw-Knox clamshell buckets, and each 
derrick could unload one scow in one eight-hour shift. 
The bin had a capacity of about 3,000 cub. yards, 
and was divided into three sections for sand, gravel, 
and combined aggregate. 

The aggregate bin, 17 ft. deep and 36 ft. wide at 
the top inside, had a lining of horizontal 2-in.-square 
edge planks, the lower portion being covered with 
No. 20 galvanised sheet steel and spiked to 3 in. by 
12 in. beams, 24 in. apart in the long sides, which were 
inclined nearly 45 deg. to the horizontal and were 
seated on 6 in. by 8 in. transverse sills 2 ft. apart. 
The latter, in turn, were supported on continuous 


Buoxet Conveyors DELIVERING TO MixER Bin. 





grillaves of longitudinal planks which covered about 


steam and prevent freezing 
of the aggregate. 

Instead of being braced by 
horizontals through tie-rods, 
the inclined sides of the bin 





concrete floor slab 10 ft. wide. A continuous 
working platform over the tunnel permitted one 
attendant to operate the levers of thirty 16 in. 
by 20 in. radial gates staggered 7 ft. apart. 
The gates distributed the sand and gravel on a con- 
veyor belt 30 in. wide and 250 ft. long, which was 
dished about 6 in. and operated at a speed of 240 ft. 
per minute. This delivered to either or both of the 
two vertical bucket elevators 50 ft. high, running at 
97 ft. per minute to deliver 120 cub. yards each per 
hour to the mixer bin. These are shown in Fig. 7. 

These bucket conveyors were enclosed so that 
all material that might chance to be spilled from 
the buckets dropped to the bottom of the special 
steel boot, where it was automatically reclaimed by 
the buckets. These elevators were installed on an 
independent braced timber frame and discharged 








Fig.9. MIXER PLANT. || 7! | 
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were supported by exterior inclined struts, framed 
into the side pieces and into the sills. The bottoms 
of the side walls were about 94 ft. apart, where they 
intersected interior walls inclined in the opposite 
direction to make a covered passageway over the 
centre longitudinal conveyor tunnel. They formed 
with the inclined outer sides a W-shape cross-section 
that concentrated the load on both sides of the 
sheeted tunnel. The latter was 5 ft. deep, and had a 








Fic. 8. Swivet Cuutes ror Bucket ConvrEyors. 


through swivel chutes, shown in Fig. 8, which 
permitted sand and gravel to be delivered directly 
into the bin, or to a 30-in. horizontal conveyor belt 
25 ft. long which, at the opposite end, discharged 
over a movable apron delivering to either of two 
sections of the mixer bin. 

All the conveyors, elevators, &c., of the aggregate 
and concrete handling plant were operated by stan- 
dard 5 to 10 and 15-h.p. electric motors, of which 
there were twenty-five installed, allowing an extra 
one of each size to be available in case of emergency, 
all of them being interchangeable. There were also 
about ten other electric motors of 1 to 25-h.p. 

The 14-ft. by 38-ft. mixer bin, shown in the 
diagram, Fig. 9, was 18 ft. deep, inside, and had 
a clear height of about 15 ft. ebove the ground. 
Its vertical side walls were made with 2-in. 
horizontal planks and 4-in. by 6-in. verticals 2 ft. 
apart, which were braced by four tiers of through 
rods. It was provided with three horizontal lines of 
perforated live steam pipe on the side walls and a 
gridiron on the bottom to warm the aggregate 
during the cold weather. The four tiers of hori- 
zontal ties, had each two 1 -in. horizontal 
and five 1}-in. transverse screw rods, engaging 
pairs of horizontal yoke planks on the outside. 
The horizontal bottom of the bin, about 17 ft. 
above the surface of the ground, was supported on 
one 12-in. by 12-in. timber girder and two steel 
girders, each composed of a pair of 20-in. 81-lb. 
steel joists, all carried on 12-in. by 12-in. vertical 
posts. The bin was divided by two transverse parti- 
tions into a centre compartment for sand and two 
end compartments for gravel, any or all of which, 
of course, might be filled with combined aggregate, 
if required. Two openings, 18 in. square in the 
bottom of the sand bin and one in the bottom of 
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each gravel bin, were commanded by steel gates and 
delivered to Butler batchers over the charging 
hoppers of the mixers, The mixer bin, bucket 
elevator and hoistiny; towers, had a heavy con- 
tinuous reinforced concrete footing in the bottom 
of a pit about 7 ft. in greatest depth and with 
maximum dimensions of 6 ft. by 28} ft. including 
the bucket elevator extension. 


(To be continued.) 





German AtR Contest Resvutt.—The first prize 
offered in connection with the recently held Saxony 
Rundflug or circuit flight has been secured by Herr 
Student, who piloted an L.69 Albatrosmonoplane. This 
machine is fitted with a 120-h.p. ‘ Bristol ’’ Lucifer 
air-cooled engine made by the Bristol Aeroplane Com- 
pany, Limited, of Filton House, Bristol. 























THE MOTOR EXHIBITION AT 
OLYMPIA. 


(Concluded from page 477.) 


One of the oldest firms in the industry—Messrs. 
Riley (Coventry), Limited, of Foleshill, Coventry— 
have for several years specialised in cars of moderate 
power and high quality. They manufacture two 
models, having engines with ratings of 10-8 and 
11-9 h.p. respectively, the smaller engine being 
employed exclusively for their sports model, which 
is capable of a road speed of over 70 m.p.h. An 
excellent road performance is, however, a leading 
feature of all the firm’s products, and the larger 
engine is capable of giving a road speed of over 
60 m.p.h., even when fitted to a car with a saloon 
body. We illustrate the larger engine and chassis in 
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detail in Figs. 25 to 32, above, and on page 505. 
Perhaps the most striking feature of the engine, in 
view of the performance to which we have referred. 
is that it is fitted with side-by-side valves. We 
have previously suggested that when due atten- 
tion is given to design, the performance of a side- 
by-side valve engine need be little inferior to 
that of an overhead valve model of the same 
dimensions. This view certainly receives support 
in the present instance, as can be gathered from 
the brake-horse power curve of the Riley engine 
shown in Fig. 32. Given a satisfactory performance, 
the side-by-side valve arrangement offers undoubted 
advantages in the smaller capacity engines, as !t 1s 
essentially a more simple design, and tends to 
work silently over a much longer period than 
the overhead valve type. 
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make direct contact with the cams, and the valve 
guides do not project appreciably into the exhaust 
passages, The usual detachable aluminium cover 
is provided for the valve chamber. This cover is 
an oiltight fit, and the chamber is fed with oil 
mist from the crankcase, in order to secure adequate 
lubrication for the valve stems. The tappets are 
adjustable, as shown in Fig. 30. A point that is 
not brought out in the drawings is that the tappets 
are of square section, as it is necessary to prevent 
their rotation, on account of the shape of the 
face making contact with the cams. The camshaft 
is driven by a silent chain, the wheels for which 
may be seen at the forward end in Fig. 29. The 
camshaft is { in, in diameter, and is-carried in three 
bearings, lined with white metal. 

A Zenith carburettor is bolted to the offside of 
the cylinder block. The induction passages through 
the cylinder block are given a slight fall towards 
the carburettor end, to avoid the possibility of 
condensed fuel accumulating at any point in the 
system. The lubrication of the engine is effected 
by means of a gear pump in the sump. The 
pump is shown in Figs. 23 and 30, and is 
driven from the camshaft by worm and worm 
wheel, as shown in the latter figure. The oil 
enters the pump through the filter shown in 
the base of the sump in Fig. 30, and is delivered 
into the inclined passage on the left. From this 
passage, it is delivered to the main bearings, to 
the camshaft bearings, and to the timing chain. 
From the same passage, oil is delivered to the 
troughs, into which the big-ends dip, and from which 
the pistons and small-ends are lubricated by splash 
in the usual way. The plug, which retains the 
filter in position, is provided with a recess and 
wings, by means of which it can be eased off 
with the jack-handle, and screwed out with the 
fingers. The silent-chain drive for the camshaft 
is triangular, and serves to drive the dynamo 
and magneto shaft, which also carries the fan- 
belt pulley on its forward end. The magneto is in 
line with the dynamo. The silent-chain is ten- 
sioned by rotating the body of the dynamo, which 
has an eccentrically-mounted armature shaft. As 
this action tends to throw the armature shaft 
slightly out of alignment with the magneto shaft, a 
universal coupling is fitted between the two 
machines. The arrangement of the drive, and 
method of mounting the dynamo, is shown in 
Fig. 31. 

Turning now to the remainder of the chassis, the 
frame stands out as being of particular interest. 
From Fig. 25 it will be noticed that the side members 
are stiffened, both laterally and vertically, by the 
introduction of two additional web pieces of con- 
siderable width, forming a sub-frame, which inci- 
dentally serves to carry the gear box. 

Six cross-members are incorporated in the frame, 
two of which are extended on each side to carry the 
running boards. The general result is a frame of 
unusual strength and rigidity. The spring hangers 
and similar fittings are drop forgings. The clutch 
is of the cone type with a woven-fabric facing, and 
works in oil. The complete clutch mechanism is 
enclosed in a dust and oil-tight cover, bolted direct 
to the steel flywheel. The cone of the clutch can 
be withdrawn for re-lining without disturbing the 
clutch spring. The clutch withdrawal mechanism 
is provided with a ball thrust bearing, and ar 
adjustable clutch stop is fitted. As shown in Fig. 25, 
the gear box is mounted separatel¥ trom the engine, 
the connecting shaft being provided with fabric- 
disc universal joints. The box gives four forward 
speeds, alternative sets of ratios being available, the 
higher set being 5, 7-8, 12-1 and 19-4 tol. The 
reverse ratio with this set is 24-6 to 1. The gear 
wheels are of nickel-chrome steel, and are burnished 
both before and after hardening. It may be men- 
tioned that each wheel is tested, tooth by tooth, 
for accuracy before assembling, and that the box is 
afterwards run-in on the bench, and especially 
tested forsilence. Adequate attention is thus given 
to a point in which many new cars arestill defective. 
A speedometer drive, through a pair of spiral gears, 
is provided in the box. 

The cardan shaft is of the open type, with 
flexible disc universal joints at each end, centred 


axle and rear wheel brakes in Figs. 26 to 28. The 
housing is of the banjo type, and consists of a single 
steel casting, forming the arms and centre, with a 
front and back cover plate, the former serving to 
house the bevel pinion shaft for the final trans- 
mission. The shafts are of nickel chrome steel. 





on hardened steel balls. We illustrate the rear 


The general arrangement of the differential assembly 








12-H.P. MOTOR CAR CHASSIS. 


CONSTRUCTED BY THE VULCAN MOTOR AND ENGINEERING COMPANY (1906), LIMITED. 


Fie. 33. Rear View or CHassis. 
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Fig. 34. OverRHEAD VALVE ENGINE. 


can be seen in Fig. 27, and does not call for special 
mention. Disc wheels are shown on the axle drawing, 
but artillery wheels are being standardised on the 
1926 model. Oil is prevented from leaking from 
the axle on to the brake drums by means of return 
threads on the shafts, one of which can be seen in 
Fig. 26. The final drive is by means of a spiral bevel 
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16/55-H.P. 6-CYLINDER MOTOR-CAR ENGINE UNIT. 


CONSTRUCTED BY THE DAIMLER COMPANY, LIMITED, COVENTRY. 

















Fra. 35. Orr-Sipz View. 

















Fia. 36. Near-Sipe VIEw. 

















Fig. 37. View or CRANKCASE FROM BELOW. 


Pinion and crown wheel. The bevel pinion may be| running. The arrangement of the rear wheel brakes, 
adjusted for mesh by removing the loose cover,|shown in Fig. 28, is somewhat novel. It will be 
shown in Fig. 27, and rotating the thrust-bearing | observed that there are four shoes in the drum, 
housing. The whole axle is a particularly rigid| opposite pairs being operated by the hand and foot 
job, and is claimed to be quite noiseless when! levers, respectively. Referring to Fig. 26, it will be 





seen that the outer brake lever is keyed directly on 
to the lower of the two camshafts, which carries a 
sleeve. The inner brake lever is mounted on one 
end of this sleeve, while the other end carries a short 
lever which is coupled up to the upper camshaft, 
as shown in Fig. 28. _ The brake drums are 12 in. 
in diameter, and are heavy ribbed castings, machined 
all over. 

The front axle is of the usual I-section, and is of 
ample strength to take the braking stresses set up 
by the operation of the front-wheel brakes. The 
latter are fitted with two shoes, which are separated 
by a cam actuated by a shaft, mounted parallel 
with the front axle, and provided with sliding and 
universal joints. The normal steering gear is of 
the worm and wheel type, with a complete wheel, 
and provision is made for taking up backlash. 
When balloon tyres are fitted, however, this gear 
is replaced by one of the Marles type, giving a 
very light action. The springs are of the semi- 
elliptic form on both axles, and the shackles are 
provided with phosphor- bronze self - lubricating 
bushes. The latter are employed at a number of 
other points throughout the chassis, the remaining 
bearings being lubricated by grease-gun. 

The Vulcan Motor and Engineering Company 
(1906), Limited, of Crossens, Southport, to whose 
commercial vehicles we have referred from time to 
time in our pages, exhibited a new chassis with a 
12-h.p., four-cylinder, overhead-valve engine. We 
illustrate the chassis and engine in Figs, 33 and 34, 
and may say, before entering into a detailed 
description, that the car is subsidiary to the firm’s 
12-h.p. model with side-by-side valves. Both cars 
are of substantial construction and are designed for 
long service. The engine of the overhead-valve 
model is of 69 mm. bore by 120 mm. stroke, giving a 
cubic capacity of 1,795 ¢c.c. The cylinders form a 
monobloc casting, with detachable head. The 
combustion chambers are machined. The valves 
are of nickel steel, and are operated by push rods 
from the camshaft in the crank-case. The crank- 
shaft is a high-tensile steel stamping, heat-treated 
and ground, and is mounted in three bearings, the 
pins and journals being 1 in. in diameter. The 
connecting rods are of steel, of the usual I-section, 
the big-end bearings being of the die-cast white- 
metal type in bronze shells. The oil pump is of the 
gear type, and supplies oil under pressure to the main 
and big-end bearings, and also on to the timing 
wheels and magneto drive. The cylinder walls, 
small ends, and camshaft bearings are lubricated by 
splash. A supply of oil under pressure is taken from 
the main system, by a vertical pipe, and through 
the shafts on which the valve rockers move; thence 
through cross holes to the bearing surfaces of the 
rockers. The engine is cooled on the thermo-syphon 
system. 

As will be seen from both illustrations, the engine 
and gear-box are in one unit. The clutch is of the 
inverted-cone type, lined with die-shaped leather. 
The gear-box provides four forward speeds, having 
ratios of 4-8, 7-9, 11-6 and 19-2 to 1. The reverse 
ratio is 24-7 to 1. The constant mesh and third- 
speed gears are ground to ensure silent running. 
From the gear-box, the drive is taken through a 
fabric-dise universal joint to the propeller shaft, 
which, as shown in Fig. 33, is enclosed in a torque 
tube. The final transmission is by overhead worm, 
and the rear axle, seen in the same figure is of 
interest as showing the successful application of a 
type, frequently seen on commercial vehicles, to 
touring-car practice. The axle casing is a one- 
piece, high-tensile steel drop forging, with a top 
cover forming the housing for the worm. The axle 
is of the semi-floating variety, and the hubs are 
mounted on double-row bull bearings. Spur wheels 
are employed for the differential. The car is fitted 
with front-wheel brakes, operated by universally 
jointed shafts, and, as shown in Fig. 33, the front 
springs are semi-elliptic, while those at the rear are 
of the cantilever type. The track is 3 ft. 10 in., 
the wheelbase 9 ft. 24 in., and the gruund clearance 
is 9} in. 

Probably there are few engineers who are not 
familiar with the general construction of the sleeve- 
valve engine, which has been a feature of the cars 
manufactured by the Daimler Co., Limited, of 
Coventry, for a number of years. It will therefore 
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be a matter of wide general interest that this firm 
are introducing a new range of engines, which, while 
retaining the sleeve valve, differ from the previous 
Daimler models in several important particulars. 
The new range of cars embraces models fitted with 
engines having ratings of 16/55, 20/70, 25/85 and 
35/120 h.p. These cars are not intended to super- 
sede the older range, but form a subsidiary class, 
which are characterised by appreciably higher engine 
speeds. As an example, it may be mentioned that 
the engine, which we illustrate in Figs. 35 to 37, 
is the smallest of the new series, and develops 
its maximum power at about 4,000 r.p.m. Such a 
high rate of revolution has only been reached com- 
paratively recently in engines fitted with poppet 
valves ; and it has previously been regarded as one 
of the disadvantages of the sleeve valve principle 
that it involved a slow-running engine. The high 
speeds of the new Daimler engines are rendered 
practicable by the employment of a steel sleeve, 
enabling reciprocating weight to be cut down con- 
siderably, while at the same time rendering an in- 
creased sleeve travel feasible. As will be seen from 
the illustrations, the engine has six cylinders, and 
the practice is retained of forming these in two blocks 
of three. The bore and stroke are 65 and 94 mm. 
respectively, giving a capacity of 1,876 c.c. The 
cylinder heads are detachable. Unit construction is 
adopted for the engine and gear box, and the general 
construction of the crank-case and gear casing 
follow the usual practice. The position of the mag- 
neto, dynamo and starter are shown in Fig. 36, 
from which it will be seen that a continuous plat- 
form, supporting the first two of these units, is carried 
across from the front to the rear bearer arm, on the 
near side of the engine. The units are coupled 
together, and are driven by a silent chain, enclosed 
in an extension of the crank-case at the rear end. 
The water pump is situated at the front end of the 
engine, and is driven by an extension of the mag- 
neto shaft. Universal couplings are fitted on the 
shafts between the various units. The engine is 
fitted with dual ignition, the coil being clearly 
visible in Fig. 36, behind the fan. As will be clear 
from Fig. 35, the induction manifold is a separate 
casting, bolted to the cylinder block on the off-side 
of the engine. The carburettor is water-jacketed. 
The crankshaft is shown in Fig. 37, which is a view 
looking upwards into the crank-case, with the sump 
removed. As will be seen from this figure, the 
crankshaft has seven bearings. It is fitted with a 
Lanchester vibration damper at the forward end. 
The pistons are of aluminium alloy, with split 
skirts, pressed against the sleeve by means of two 
internal coil springs. The inner surface of the outer 
sleeve is lined with white metal, and circumferential 
grooves are cut on both sleeves at intervals to assist 
in the distribution of the lubricating oil. The 
bearings throughout the engine are pressure lubri- 
cated, with the exception of the piston and sleeves, 
which are splash lubricated. 

A three-speed gear box is fitted, with central 
change, and the clutch is of the double-plate type 
with corkinsertions. The arrangement of the chassis 
does not call for special comment, as it follows the 
usual Daimler practice. The rear axle incorporates 
a worm-driven final transmission, the worm being 
underslung. The car is fitted with four-wheel 
brakes. The brake drums are enclosed in the 
dished hubs of the wire wheels, giving a very neat 
appearance, and a single point adjustment is pro- 
vided under the bonnet, by which the four brakes 
can be re-set simultaneously, 

In concluding our review of the exhibition, 
which closed on Saturday last, reference may 
be made to one or two points of general in- 
terest. Very marked advances have been made 
in the last year or two in arranging for the 
convenient lubrication of the various bearings 
throughout the chassis. The complete system of oil 
lubrication operated from one central point, grease- 
gun lubrication, and the extensive use of self- 
lubricating journals, all have their advocates ; the 
system adopted depends mainly on the cost of the 
car. With the less expensive systems, it should be 
possible to lubricate every point without lifting 
the floor boards or getting under the car. This 
appears to be regarded by the majority of the makers 
as an impossible ideal, but as it has actually been 











accomplished in some few instances, such a view 
cannot be indefinitely maintained. While on the 
subject of lubrication, reference may be made to the 
oil-filling arrangements for the engine. We have 
repeatedly expressed the view that the oil filler 
should terminate well up on the engine, and should 
be of sufficient capacity to take at least a pint of oil 
above the filter. It hardly seems necessary to 
point out the advantages of such a provision, 
which offers no difficulties whatever in its accom- 
plishment. The capacity above the filters in many 
cases at the present time can only be regarded as 
absurdly inadequate, with the result that the 
strainer is removed before the oil is poured in, as a 
matter of course. Such a practice is hardly con- 
ducive to long engine life. The question of the 
position of the filler comes under the heading of 
accessibility, about which so much has been written 
recently that little would be gained by further 





discussion at the moment. -A word may, however, 








PENINSULAR AND ORIENTAL LINER “RAWALPINDI.” 


MESSRS.. HARLAND AND WOLFF, LIMITED, BELFAST. 





Fie. 23. Frrst-Cirass Pantry. 


be said about the position of the magneto, which 
on the whole is distinctly less accessible than it was 
a yearortwoago. Asa final point, we may say that 
a careful review of the exhibition leads to the con- 
clusion that British products compare very favour- 
ably with those of Continental origin, both as regards 
finish and value ; and that, as compared with the 
products of American firms, they appear generally 
to be a better job from an engineering standpoint, 
while the value for money is quite comparable in 
the majority of cases. 





THE PENINSULAR AND ORIENTAL 
LINER ‘ RAWALPINDI.”’ 

(Concluded from page 469.) f 

As will be seen from Fig. 4, on Plate XXIX, 

which accompanied our issue of last week, the 

public sitting rooms of the second ‘saloon are 

situated in the after part of the bridge deck. 
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PENINSULAR AND ORIENTAL LINER “RAWALPINDI.” 


MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 





Fria. 24. Srconp-Ciass 2-BrertH CaBIN. 


A particular feature of the P. and O. Company’s 
service is the attention given to the second class, 
and this is shown in the accommodation provided 
in these rooms. The lines on which they are 
designed are similar to those of the first saloon, 
illustrations of which were given last week, and in 
Figs. 26 to 28, on page 514, we show the entrance 
to the second saloon, with the companion connecting 
it to the promenade deck, the smoking room, and 
the music room. As shown in Fig. 4, the music room 
is continuous with the lounge, which includes the 
writing and reading rooms, the whole extending from 
either side of the companion. The walls of these 
rooms are panelled and finished in a delicate pink 
shade, relieved with ivory-coloured mouldings. The 
flooring is of a parquetry pattern, worked out in 
Ruboleum tiles, and the furniture is in mahogany. 
The illumination ed appearance of this group of 
rooms is completed by a skylight over the centre, 
as indicated in Fig. 3, Plate XXIX. The smoking 
room is a handsome saloon extending without 
interruption between the fore and aft passages on 
the port and starboard sides of the bridge deck. 
These, like the boat and promenade decks, are 
floored with 5-in. teak planks, those used on the 
bridge deck being 3 in. thick, as against 2} in. on 
the other two decks. This room, which also has a 
skylight in the centre, is designed in the Jacobean 
style and panelled and framed in fumed oak. The 
furniture is of oak, upholstered in brown hide, and 
the floor is of brick-pattern rubber tiling. 

The arrangement of the shelter, upper, main, and 
lower decks is shown in Figs. 18 to 21, Plate XX XI. 
The shelter deck has first-class staterooms for 35 
passengers in one- and two-bed cabins, and second- 
class staterooms in two- and three-bed cabins for 
114 passengers, but its passenger accommodation is 
devoted mainly to the first and second dining 
saloons, with the galleys and other offices that serve 
them. A view of the first-class dining saloon was 
given last week in Fig. 12, Plate XXVIII, and the 
second class is shown in Fig. 25, on page 514. The 














first class, which can seat 312 passengers, is 
panelled in a simple early Georgian style, and 
finished in an olive-green shade with antique gilt 
enrichment, the plainness of the panels being relieved 
by a shell and acanthus leaf design. The columns 
that appear to carry the girders and divide the 
saloon into colonnades are made in seagliola marble, 
adding considerably to the richness of the design. 
The furniture is of English walnut, and the floor is 
covered with Ruboleum tiling, worked out in a 
parquet pattern. The second-class dining saloon 
can seat 268 passengers. It is decorated in Adams 
style, the panelling being finished in a grey-blue 
shade with grey moulding, pilasters and frieze, 
relieved with ornaments in white, and the ceiling is 
finished in broken white. The furniture is in 
mahogany, and the flooring, like that of the first- 
class saloon, is made of parquetry Ruboleum tiles. 
The two dining saloons have a common galley 
athwartship, which is a remarkably compact 
installation when account is taken of the consider- 
able quantities of food that have to be served. A 
view of a part of it is given in Fig. 22, on page 508. 
The main range is of the island type and oil fired, 
and in addition to hot closets and steam ovens, there 
is a large electric grill, and conveniences such as 
mechanical potato peelers and arrangements in the 
form of racks and closets for economising space. A 
feature of the first-class service is the pantry, of 
which a view is given in Fig. 23. It is on the star- 
board side, and is fitted with a 50-gallon hot-water 
boiler, a hot press, a coffee machine, and a variety 
of hot-water apparatus and other conveniences for 
service. The ventilation in this department has 
received special attention. The galley has a skylight 
at top, and a hood over the range delivers into 
conduits through which heat and smells are led up 
the funnel. All dressers, &c., are kept 7 in. clear of 
cement and also away from the ship’s side, and the 
backs and undersides of the ranges and ovens are 
well insulated. On the starboard side there is also 


shops, and on the port side a range of pantries, 
butcher’s shop, and stores. Among the various 
conveniences for the service of the commissariat 
may be mentioned those of the baker’s shop. In 
this an Adair’s patent dough-mixer is provided, with 
electrical drive, kneading trough, proving oven, 
sink, dresser with marble slab on top, locker under 
slab with brine pipes, &c. The bread locker has a 
capacity of 1,500 Ib. of bread. In addition to the 
usual galleys for the accommodation of the European 
crew, there are special galleys on the port side of the 
shelter deck for the service of the Mahomedan and 
of the Hindu crew in accordance with their respective 
religious customs. The quarters for the stewards 
on this deck are provided foreward, and quarters for 
the native engine-room crews and Lascar seamen aft. 

The remainder of the first-saloon cabin accommo- 
dation—10 one-bed, 37 two-bed and 6 three-bed 
cabins—are placed on the upper deck, as ‘are the 
other 174 second-class passengers, distributed among 
32 two-berth, 26 three-berth and 8 four-berth 
cabins. The style in which the second-class cabins 
are fitted may be gathered from Fig. 24, on this 
page, which shows a two-berth cabin. On this deck 
a large part of the stores are arranged. Rooms for 
bulk stores are provided on port and starboard 
sides, and in addition a range of rooms for special 
purposes. Thus on the starboard side there is a 
range of rooms for fish, fruit and vegetables, ice- 
cream store, ice-making, ice store, and air cooler, 
with a handing room running fore and aft alongside 
them. On the port side there are two meat rooms, 
and poultry, thawing, and issuing rooms. There is 
also a considerable space in the neighbourhood of 
the boiler casings, devoted to drying rooms. On 
this and all the other passenger decks there are, of 
course, ample systems of baths, lavatories, and 
sanitary appliances, as well as a ventilation system, 
of which we hope to give particulars in a subse- 
quent issue. 

The fore part of the main deck is devoted mainly 

to the baggage rooms and similar purposes, including 
the Bombay, Australian, Egyptian and China mails 
and the parcels post, general cargo and lock-up 
space, of which last there is also considerable 
provision aft. It is on the forward part of this deck 
that the gear is provided for the heavy derrick 
working into No. 2 hatch, as mentioned in the 
previous article, as well as the steering gear, which is, 
of course, aft. Fig. 20, Plate XX XI, which gives 
a plan of this deck, indicates the positions of the 
water-tight bulkheads, and the positions of the 
oil-fuel bunkers to the port and starboard sides of 
the boiler rooms. The plating of the oil-fuel bunkers 
is carried to the underside of the upper deck, while 
the settling partitions stop 3 ft. below it. The 
position of the oil-fuel expansion tanks will be seen 
in the forward span of this deck. The engineers’ 
workshop is on the starboard side of the engine- 
room, adjoining the electricians’ stores, and the 
engineers’ stores on the port side. Aft of the engine- 
room on the starboard side is the evaporator of the 
refrigerating plant, and immediately adjoining it a 
portion of the ship’s starboard side is insulated to 
form the outer wall of an insulated cargo store. 
As will be seen from the plan of the lower deck 
given on Fig. 21, Plate XXXI, the refrigerating 
plant is on this deck, immediately below where the 
evaporator projects into the main deck. Particulars 
of this plant we hope to give later, as well as of 
the electrical plant, which is on the port side of the 
lower deck. This plan shows also the arrangement: 
of the oil-fuel bunkers and fresh-water tanks, 
and the further space provided for cargo. 





LauncH oF Port or Lonpon Tuc.—Recently the 
screw tug Sun XV, which is being built to the order of 
Mr. W. H. J. Alexander, of London, by Earle’s Ship- 
building and Engineering Company, Limited, was 
successfully launched at Hull. The vessel has a length 
of 100 ft., a breadth of 25 ft. 6 in., and a depth of 
12 ft. 8 in., and will be equipped with triple-expansion 
engines having cylinders of 154 in., 24 in., and 40 in. 
diameter and 27 in. stroke and capable of developing 
750 indicated horse-power. Steam will be supplied by a 
boiler 14 ft. in length and 11 ft. 6 in. in diameter, working 
at a pressure of 180 1b. per square inch. The ship, which 
is being constructed to meet the requirements of Lloyd’s 
highest class and the Board of Trade regulations for 
passenger vessels, will be fitted with large salvage pumps 
and fire-extinguishing apparatus, supplied by Messrs. 





a bakery, cold store, pastry-cook and ice-cream 


Merryweather, of London. 
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A SINGLE-LEVER EXTENSOMETER. 


In the course of research work on the setting and 
other properties of cements, carried out under the 
Building Research Board of the Department of 
Scientific and Industrial Research, it became necessary 
to measure accurately the movements of test pieces 
of cements and mortars on setting, on immersion in 
water and under other forms of treatment. For this 
purpose some form of apparatus was required that 
would fulfil the following conditions: (1) to measure 
from -00005 in. to -05 in.; (2) to be capable of being 
left with the specimen in the apparatus for periods 
up to six weeks and longer, the specimen being under 
water and safe against small vibrations in the labora- 
tory; (3) to be capable of being made cheaply and 
simply in quantity so that long duration tests could 
be carried on with several specimens at the same time ; 
(4) to be compact, so that a number could be installed 
under laboratory conditions of temperature, &c., and 
yet not interfere with other work. 

An optical arrangement at first employed (consisting 
of a rocking arm with a mirror giving readings through 


Fig.1. 
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a telescope) was not found to satisfy all the required 
conditions. The type of apparatus eventually evolved, 
after some experimenting, is shown in Fig. 1. 

The whole device depends upon the use of a new 
type of “yocking piece’? which we may call the 
‘*‘ staggered knife-edge rocking piece.”” This rocking 
piece is built up as shown in the figures. It consists 
of three knife-edge plates attached to a backing plate 
shaped as shown; the two outer plates have their 
edges pointing downwards and the centre knife edge 
points upwards. The three edges are in the same 
horizontal plane but (as shown in sectional side 
elevation, Fig. 2) the lower and centre plate is spaced 
a short distance away laterally by means of a spacing 
plate. The centre edge is thus not in the same line as 
the outer edges but parallel to them in plan. A light 
pointer is carried out on one side of the rocking plate. 

The specimen of cement, mortar, stone or other 
material under test, which may be of any solid shape 
having two approximately parallel faces, is placed on 
the bed-plate of the apparatus. A channel piece with 
knife edges supports the rocking piece on the specimen, 
contact being made on the outer knife edges of the 
rocking piece which cross at right angles. The weight 
of the pointer causes overbalancing on that side. 
A third fixed knife edge projects downwards from the 
cross-bar carried by the vertical screws and is adjusted 
into contact with the centre knife edge of the rocking 
piece so that the pointer is lifted into a horizontal 
position. 
pointer (reading on a scale at its outer extremity) is 
stationary until the specimen changes in length. 
Small movements of the specimen vertically will raise 
or lower the outer knife edges of the rocking piece and 
raise or depress the pointer. We have thus simply 
a single lever pivoted about the centre knife edge with 
a short arm equal to the distance of lateral ‘‘ stagger "’ 
between the knife edges of the rocking piece, and a long 


arm equal to the length of the pointer. The former 

may be reduced to any required amount such as 

0-03 in., and the length of the pointer is made, say, 

24 in.; this gives a magnification of any move- 

ment of the test specimen of 800 to 1 and reads 
1 : : oe 1. ° 

500 x60 1 = 9,000 I Per 5 in reading on the scale. 

Independent calibration may be effected by means 
of a dial or other gauge measuring the vertical move- 
ment of the centre of the cross-bar against scale divisions 
when slight movements are made with the adjusting 
nuts on the long vertical screws. 

It will be seen that a very high magnification could 
be obtained by the usual “‘ beam of light ’’ methods by 
attaching a mirror to the rocking piece. 

Tests under water may be carried out by simply 
immersing the whole apparatus in water up to the level 
of the top of the specimen. 

Apparatus of this type has been used successfully 
for the work already indicated and has also been 
adapted for measuring strains of materials under load. 
Other rocking pieces have been employed using a 
stagger vertically instead of horizontally, and in one 
apparatus the knife edges were replaced by steel points. 

We are indebted for the above information to 
Mr. F. L. Barrow, to whom the development of this 
extensometer is due. 





EXTENSIONS AT STOKE-ON-TRENT 
ELECTRICITY WORKS. 


THE extensions recently made at the electricity 
works of the City of Stoke-on-Trent were formally put 
to service on Thursday, October 15. Until now the 
central power station had a capacity of 9,000 kw., 
there being two turbo-alternators of 1,500 kw. each 
and two of 3,000 kw. The new machine is a 6,000-kw. 
set made by the Metropolitan-Vickers Electrical 
Company, Limited, of Trafford Park, Manchester. To 
obtain the required length for the accommodation of 
this unit it has been erected with its longitudinal axis 
in line with that of the turbine-house, and not across 
the station, as had been the practice with the earlier 
sets. The turbine is of the impulse type designed 
to work with steam at a pressure of 250 Ib. per square 
inch and superheated to a temperature of 650 deg. F. 
It is a two-cylinder machine, and steam is bled from 
the low-pressure cylinder for feed-water heating. 

The alternator was designed for a continuous output 
of 7,500 kv.a. at 0-8 power factor. It gives a three- 
phase supply at 6,600 volts. Protection is afforded 
by the Merz-Price balanced-current system and by an 
automatic field switch erected behind the switchgear- 
control panel. There is a closed-circuit ventilation 
system and a motor-driven damper gear. Underneath 
the turbine is erected a standard Metropolitan-Vickers 
surface condenser with a cooling surface of 8,250 sq. ft. 
It was designed to maintain a vacuum of 28} in. at 
full load, when the barometer stands at 30 in. Air 
extraction is effected by the use of either of the two- 
stage air-ejectors, which have intercoolers. Two 
rotary extraction pumps are provided for the conden- 
sate, and these were designed to deliver 104,000 Ib. 
per hour against a head of 60 ft. One of these pumps 
is driven directly from a 14-h.p. squirrel-cage induction 
motor, while the other is gear-driven from one of the 
circulating-water sets. Cooling water is taken from 
the canal beside the power station, and is circulated by 
two centrifugal pumps which each deliver 288,000 
gallons per hour against a head of 44 ft. Of these, the 
first is an electrically driven vertical pump of 110 h.p., 
made by Boving Engineering Works, Limited, of 
Stoke-on-Trent, and the other is a horizontal unit of 
120 h.p. driven by a turbine of the Rateau type 
made by the Metropolitan- Vickers Electrical Company, 
Limited. 

The steam supply for the new turbine is obtained 
from four Stirling boilers which have chain-grate 
stokers, and the draught is created by induced and 
forced-draught fans. Each boiler can give a normal 
output of 30,000 Ib. of steam per hour at a pressure of 
260 lb. per square inch, and a temperature of 660 deg. F. 
from feed water at 100 deg. F. The efficiency of the 
boilers is 84 per cent. on normal duty, and the final 
temperature of the gases passing to the chimney is 
guaranteed not to exceed 400 deg. F. Each boiler has 
two Underfeed travelling-grate stokers with a total effec- 
tive grate area of 176 sq.ft. ‘The induced-draught fans 





The cross-bar may now be clamped and the | 








were supplied by Messrs. Davidson and Co., Limited. 
Other features of the boiler installation are Diamond 
soot-blowers, made by Messrs. Babcock and Wilcox, 
Limited, Kent’s steam-flow meters, and Cambridge 
CO, recorders, while the temperatures of the feed- 
water inlet and outlet and flue gas outlet are measured 
by means of Cambridge distance thermometers, Two of 
the boilers have Crosby automatic-feed regulators, 
and the others have those of the Copes type. Weir 
turbitte-driven centrifugal pumps are used for boiler 


with 150,000 Ib. of water per hour against a pressuro of 
275 lb. per square inch, and the other with 100,000 jb. 

The coal used is tipped into bunkers at the street 
level, and cross-conveyers underneath these outside 
bunkers deliver the coal into a gravity bucket con- 
veyor and elevator, which delivers it into the over. 
head bunkers. Ashes fall into the hoppers below the 
boilers and are discharged into trailer wagons drawn 
by an electric-battery type of tractor. The switchgear, 
controlling the alternator and the cables linking up 
the new set with the existing *busbars, was supplied by 
the Metropolitan-Vickers Electric Company, Limited ; 
and an ironclad low-tension distribution switch- 
board was provided by Messrs. A. Reyrolle and Co., 
Limited, who also constructed the high-tension switch- 
gear for the Hanley works. For the control of a 
single-phase, low-tension supply, the switchboard 
was made by Messrs. Berry’s Electric, Limited. 





SOME AERONAUTICAL PROBLEMS. 


In our report of Mr. Southwell’s British Association 
discourse entitled ‘‘Some Aeronautical Problems”? we 
reproduced (Fig. 4, page 472, of last week’s issue) one 
diagram illustrating turbulence in the stream lines in 
the wake of a long aerofoil. We were not then able to 
give another illustration of turbulence on an aerofoil 
which was also exhibited by Mr. Southwell, but now 
reproduce this slide below. The slide due to Messrs. 
A. Fage and L. F. G. Simmons, of the National 


AN INVESTIGATION OF THE FLOW OF AIR IN THE 
WAKE OF AN AEROFOIL OF FINITE SPAN. 
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Physical Laboratory, shows the flow in a transverse 
plane two chords behind an aerofoil having a span 
equal to six times the chord. The shaded portion of 
the diagram indicates the region of turbulence, and this 
is seen to extend along the aerofoil and to be localised 
chiefly at the tip. The full lines y indicate the lines 
of flow at the section which would be seen by an 
observer moving with the general stream. Outside the 
turbulent region the air acts as if it were a frictionless 
fluid, and for this reason contour lines of velocity 
potential ¢, shown dotted, could be drawn. 





DREDGER ‘‘ PRESIDENTE OspPINA”’: ADDENDA.— 
With reference to the illustrated description of the 
dredger Presidente Ospina, constructed and engined by 
Messrs. James Pollock, Sons and Co., Limited, of 
3, Lloyds-avenue, London, E.C.3, which appeared in our 
issue of September 11 last, on page 325, we are requested 
by the builders to state that the grab crane fitted on the 
ship was supplied by Messrs. Priestman Bros., Limited, 
of 28, Victoria-street, London, S.W.1. This grab crane 
is of the fixed and separate-boiler class, and is fitted 
with a double-chain grab of the plate type, the jib 
having a radius of 24 ft. The grab is suitable for 
working down to 16 ft. below water level, and has a 
capacity of about 50 cub. ft., with a hoisting speed 
of 150 ft. per minute when loaded. 





THe Late Mr. R. F. Hatirwet.—It is with deep 
regret that we announce the death of Mr. Reginald 
Francis Halliwell, of the British Thomson-Houston 
Company, Limited, which occurred at Rugby on 
October 10. The deceased gentleman was born in 
1871, and received his education at Brighton College. 
He then served an apprenticeship at the Brighton 
Locomotive Works, at the conclusion of which he took 
up duties as an engineer in the Mercantile Marine. Later 
Mr. Halliwell was associated in turn with Messrs. Willans 
and Robinson, Limited, of Rugby, Tubes, Limited, of 
Birmingham, and Messrs. John I. Thornycroft and Co., 
Limited, joining the British Thomson-Houston Company, 
Limited, in August, 1903. Here his abilities were soon 
recognised, and he was appointed principal steam-turbine 
designer and chief assistant to Mr. F. Samuelson, @ 
position he held at the time of his death. Mr. Halliwell 
was a member of the Institution of Mechanical Engineers, 





feeding. There are three sets, two of which can deal 


and a Past-President of the Rugby Engineering Society. 
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FLEXIBLE DRIVE FOR DRILL CHUCKS 
AND TAP HOLDERS. 


Tue drilling and tapping of small holes requires con- 
siderable care if breakage of drills and taps is to be 
avoided. This applies even to work in the sensitive 
drilling machine, and with hand tapping the difficulties 
are increased, this latter operation being frequently 
very wasteful of taps. For a long time it has been 
recognised that only by having a. clutch associated 
with.the chuck or tap holder, which will slip when 
excessive loads or unusual conditions are encountered by 
the tool, can any reduction in the continual breakage 
of small tools be effected. That the problem is not 
insoluble was recently demonstrated to us by Mr. H. 
J. Garrard, of Abbey House, 2, Victoria-street, London, 
S.W. 1, who has placed on the British market devices 
for the purpose, bearing the trade name Flexo. 
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Fig. 3. 











spring box, located on balls above the driving sleeve. 
As there are three sets of springs and these are stepped 
it is possible for the setting to be made so that one, 
two or three of them are in action, and thus the con- 
ditions suited to the operation of small or large drills 
may be obtained. On the left-hand side of Fig. 1, 
within the casing, there is to be seen a vertical rod, 
which can be moved round to bring the required 
number of springs under the studs. Scales are engraved 
on the top of the appliance and an index mark on the 
cover, so that the setting for any size of drill may be 
made immediately. When excessive pressure comes 
on, the springs are lifted, the spring box released from 
contact with the balls on the driving sleeve, and no 
drive is transmitted. In actual use, the clutch 
appears to be very sensitive, and it has the great 
advantage that the drill can be made to work at its 
— possible output without the fear that it will 
reak. 

For larger sized drills, say, ¥ in. to 43 in. diameter, 
the construction shown in Fig. 2 is used. In this case 
the drive is taken through three pivoted pawls carrying 
dogs, which may engage or disengage with the driving 
sleeve. Against the backs of these pawls three sets 
of laminated springs press, the springs having their 
ends fixed to a carrier inside a housing contained in the 
cover. By releasing the adjusting scréw, shown at 
the top of the illustration, the spring carrier and springs 
may be moved round to obtain new points of applica- 
tion on the backs of the pawls and consequent 
changes in the moment about the pivots. In this 
simple way a gradual adjustment of the pressure 
between the dogs and the driving spindle is obtained. 
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The accompanying illustrations, Figs. 1 to 4, show the 
construction of two types of drill chucks and of a 
self-releasing tap and die holder of this type. 

In all the Flexo devices, use is made of a spring 
clutch to transmit the drive to the tool, and this clutch 
18 so arranged that it slips when excessive loads, due to 
any cause, are encountered. An example of a drill 
chuck embodying the protective device, for use with 
drills up to , in. in diameter, is shown in Fig. 1. It 
acts automatically to prevent breakage by releasing 
the clutch when the torsional stress is excessive or 
when the endwise thrust is too great. The driving 
sleeve, which carries on its end the ordinary drill holder, 
rotates on a central pin secured to the body of the 
chuck. The rotation of this sleeve is effected through 
two sets of horizontal laminated springs, the lower 
set being provided to deal with heavy torsional 
actions and the top set with axial thrusts. From the 
lower springs, the motion is conveyed through the 
medium of balls pressing against a thrust washer, 
and it will be seen that a ball race is provided above 
this for the driving sleeve. From the top of the appliance 
three studs extend downwards and are situated above 





the axial thrust springs, which have. their centres on a 
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A graduated scale affords the means of rapid setting 
for any size of drill to ensure that stalling will take 
place before breakage results. To prevent breakage 
due to excessive end thrust a cone is inserted below the 
pawls so that the dogs are lifted out of engagement 
when the pressure on the drill is too great. 

A similar arrangement to that just described is 
used in the stock shown in Figs. 3 and 4, but, in this 
case, it is only necessary to safeguard the tool against 
excessive torsion. The tap or die holders may be 
inserted into either side of the stock, and thus both 
right- and left-handed threads may be cut. In this 
case the spring-carrying ring is provided with a rack, 
into the teeth of which those of a pinion engage. To 
effect an adjustment of the spring action, to suit a 
different size of work, all that is necessary is to release 
a clamping pin holding the spindle of the pinion and 
then turn the pinion by means of the screw head with 
which its spindle is provided. 





Ontario Gotp Outrput.—The gold mines of Ontario, 
Canada, produced gold to the value of 19,966,279 dols. 
during the first eight months of 1925—a record output. 


THE ENGINEERING EQUIPMENT OF 
A LARGE HOSPITAL. . 


A lecture delivered by Mr. A. H. Barker, 
M.Inst.C.E., B.Sc., B.A., at University of London, 
University College, Gower-street, on the evening of 
October 7 last, gave an account of the engineering 
equipment of a large hospital. 

The lecturer stated that it was only rarely that a 
large hospital had been erected all at one time, or from 
a single co-ordinated design. Such institutions generally 
had had their beginning in a small way and grew from 
these small beginnings in the course of years into 
huge dimensions by the successive additions of wings 
and departments, from time to time, as the de- 
mand for accommodation increased. This circum- 
stance, together with the inherent complications 
inevitable in all such cases, often had a very pre- 
judicial effect on the central engineering plant. Such 
an equipment could not*generally be extended with the 
same ease as the buildings, unless it had been specially 
designed with a view to extension. The special fea- 
tures which rendered the engineering equipment of a 
hospital peculiar and distinguished it, to some extent, 
from equipments of other kinds, were of two orders. 
The first class was common, to a greater or lesser extent, 
to all plants, but had exceptional importance in the 
case of a hospital. Such features were the necessity 
for (1) absolute reliability in all circumstances, (2) 
easy and straightforward management, (3) durability 
of the materials and plant used, (4) ready accessibility 
for repairs or alterations without disturbing the patients 
or the working of the institution. The features of the se- 
cond class were peculiar to a hospital and had to do with 
the technical and medical aspect of the work carried 
on. The most important of these was the necessity, 
all over the entire plant, for perfect cleanliness and the 
suppression of vermin. 

Another feature peculiar to a modern hospital equip- 
ment was the large amount of scientific plant of various 
kinds which was called for by modern advances in the 
treatment of disease. Much of the equipment was 
electrical and, in some respects, the advance of civilisa- 
tion was measured by the progress made in the use of 
electrical appliances. All the features, above referred 
to, made a properly equipped hospital plant more 
elaborate and expensive than would be necessary for 
an ordinary plant. This circumstance was doubly 
unfortunate, both because the need was great and 
because hospitals were notoriously poor. There was, 
therefore, a strong tendency to economise in the initial 
outlay; this stinting in first cost was, however, rarely 
a seal eicineaae in the long run. 

In an ordinary commercial or institutional plant, such 
as, for instance, a factory, workhouse, school, or asylum, 
there was not the same paramount necessity for con- 
tinuous and uninterrupted working as in a hospital. 
Nothing more than a temporary inconvenience or 
discomfort was commonly involved in a complete 
breakdown of any of the services. In a hospital, 
however, the lives of a number of patients might be 
dependent on it. It was thus evident that a properly 
equipped hospital should not be dependent for its 
satisfactory working on any one contingency. If a 
breakdown of any service occurred, there should always 
be an alternative in first-rate order. For every service 
for which a pump was required, two pumps must be 
provided, together with the necessary valves to enable 
either of these to be brought into use. One was prefer- 
ably driven by steam and the other by electricity, so 
that the breakdown of one source of power would not 
bring the work to a standstill. If one set of electric 
mains were out of service, there should always be a 
second power supply to fall back upon. There should 
also be two heaters or boilers for every service. This 
complicated the design and made it very expensive. 

In order that internal repairs and alterations might 
be carried out in the easiest way, it was very desirable 
that no attempt should be made to conceal pipes in 
order to make a good appearance. Moreover, an 
exposed pipe could be easily cleaned, while pipe-work 
enclosed in casing was apt to become a breeding-place 
for vermin and germs. 

The position of the boiler-house was a matter of 
great importance. For fuel economy, it was advisable 
that it should be situated as near the centre of the 
buildings as possible. The cost of maintaining a long 
hot pipe—especially a steam pipe—was very great. 
Hospital pipes were usually kept hot day and night 
throughout the year. Even with the best possible 
covering, the cost of the heat so lost was heavy ; 
it was therefore most extravagant to use inefficient 
coverings, It was a fact that the difference in cost 
between a good covering and a cheap one was returned 
in about 18 months by the saving in fuel. The 
common procedure in hospital power-house practice 
was that, for simplicity, all heat should be generated 
in the first place as steam. This was the almost uni- 
versal practice in this country. In America and in 
Germany, however, there were installations in which 
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no high-pressure steam was generated at all. There 
«was no reason why economy should not be effected 
by the use of water heaters instead of steam boilers 
for the supply of most of the heat. Hospitals, almost 
invariably, required a supply of steam, distributed all 
over the building, for sterilising, for kitchen and for 
other purposes. This need could, however, generally 
be supplied by a boiler of a much smaller size than the 
large units commonly found. 

If steam were to be generated at all, not less than three 
large {unite of a, very reliable character, of which one 
was always out of service, should be used. The old- 
fashioned Lancashire boiler could not be improved 
upon for hospital use, on account of its steadiness 
in working. The load on a hospital power-house was 
generally very steady. There were very few occasions 
where a sudden demand for steam was made, except 
where the lighting current was generated by steam. 
In the hospital power-house there should always be 
a control room, provided with instruments from 


which observations and records could be kept enabling | 


the apparatus to be worked with the greatest economy. 
The cost of fuel was a very large item in hospital 
finances, and in the great majority of hospital plants, 
it might be possible to reduce it by 20 per cent. if 
sufficient care were devoted to it. 

The total amount of electrical power used in a 
hospital was, in most cases, considerable and continuous. 
Where the electrical power was solely supplied by the 
private plant of the hospital, day and night operation 
was involved as well as the necessary duplication of 
plant to avoid breakdown. It was generally an 
advantage to arrange with the central electrical supply 
authorities for the public supply to be switched on in 
an emergency. In those cases in which the electrical 
power supply was generated in a private plant it was 
necessary, for economy, that it should bé of a type 
operated by steam, from which the exfiaust could be 
used for a variety of purposes, such as the heating of 
the hot-water supply and warming of the building. 

The circulation of low-pressure hot water was re- 
garded as the only proper means of heating hospital 
wards. It was not possible, however, to instal it ade- 
quately and substantially in any building in such a way 
as to leave no corners and no crevices where dust could 
accumulate. The best which could be done was to 
keep, as far as possible, all supply pipes out of the 
wards by transferring them to utility rooms, ante- 
rooms, and the like, which were only used by the staff. 
Similar considerations governed the disposition of the 
hot-water supply pipes. In addition to these, there 
was the important consideration that, 4s these pipes 
were always hot, all of them from end to end of the 
system and all hot tanks should, on the grounds of 
economy, be coated with the most efficient type of 
non-conducting composition. This should be of such 
a character that it could not, in any circumstances, 
accumulate vermin, or disintegrate into dust. Asbestos 
and slag wool were both good, although the latter 
was difficult, and almost impossible, to fix in a neat and 
satisfactory manner. Sectional cork composition was 
the best of all, and was free from any serious defect. 

Another important portion of the equipment with 
which the engineer had to do was the sterilising plant. 
Articles to be sterilised were always immersed in 
boiling water or steam; in some cases they were 
subsequently dried by producing, in the chamber in 
which they were placed, a vacuum while maintaining 
a high temperature. The vacuum was generated by 
a steam ejector, which generally called for the supply 
of steam at pressures averaging 50 lb. This necessitated 
an extensive system of steam pipes, which were not 
only expensive to instal, but also costly to maintain 
under pressure, since they caused a great loss of heat. 
The refrigerating plant was of considerable importance 
in a modern hospital. It should always be operated 
by carbon dioxide instead of ammonia, on account of 
the serious results which might ensue from a leakage of 
the latter. Ammonia was commonly used in America 
for cheapness and efficiency, but was confined strictly 
to an insulated chamber. There were some new kinds 
of media recently brought into use whereby greatly 
improved efficiencies could be secured together with 
considerable simplification of plant. If cold chambers 
were scattered about, it was advisable to have separate 
rao for each of them instead of circulating cold 

rine from one to the other, on account of the great 
absorption of heat whick took place. 

The engineering equipment of a large modern hospital 
had been shown to be very extensive and complicated, 
and the design of it is rendered all the more difficult 
by the shortage of funds, 





Isostacy AND GEOLOGICAL StRucTURE: ERRATUM.— 
We regret that in connection with Dr. Evans’ letter, 
reproduced on page 448 of our issue of October 9, the 
original was unfortunately misread. The words “ res- 
tored by the sinking of the folds almost as far as they are 
found,”’ should have concluded, in lieu, with the words, 
“almost as fast as they are formed.” 





THE OPTICAL SOCIETY. 


Ar a meeting of the Optical Society, held at the 
Imperial College on Thursday, October 15, 1925, the 
following papers were presented and discussed: “On 
Brewster's Bands,” by Professor C. V. Raman, F.R.S., 
and Sushil Krishna Datta, M.Sc. The paper considered 
the explanation of Brewster’s bands and other allied 
phenomena from the new and very suggestive stand- 
point proposed by Schuster (Phil. Mag., Oct., 1924). 
When monochromatic light is reflected by or trans- 
mitted through two parallel plates in succession, we 
have a superposition of the Haidinger ring systems, 
due to the two plates, in the sense that the observed 
intensity in any given direction is the product of the 
intensities due to either plate separately. MIllustrations 
showing the effect of such superposition in various 
cases were reproduced in the paper, differential and 
summational fringe systems of various orders being 
observable. When non-homogeneous light is used, 
the Haidinger rings disappear and along with them also 
the superposition pattern, leaving only a uniform 
illumination in the field, except in the special case of 
the differential system of the first order for two plates 
of equal thickness. A simple geometrical explanation 
is thus forthcoming why Brewster’s bands can be ob- 
served even in non-homogeneous light, with thick plates 
in this case. 

“Some New Instruments for Recording Rapidly- 
Varying Phenomena,” by W. G. Collins, of the Cambridge 
Instrument Company. In these instruments a fine 
stylus, terminating in a highly polished spherical 
surface of small radius, rests on a travelling strip of 
transparent celluloid. A record of the movement of 
the part of the instrument to which the stylus is fixed 
is obtained by the permanent deformation of the surface 
of the celluloid by the stylus. As this deformation is 
produced by very slight pressure and no material is 
removed from the celluloid, the energy required to 
produce the record is very small. The depth of the 
trace is of the order of two to three microns and of 
proportional width. Thus only a comparatively small 
amount of celluloid film is required, and the record is 
immediately available for examination by optical 
methods. The device has been employed in several 
instruments, which have been designed and constructed 
for such purposes as measuring the vibrations in a 
travelling motor-car or railway coach, determining the 
amplitude and characteristics of the vibrations set up 
in roads by the passage of various types of vehicles, 
recording rapid changes of stresses in materials or 
structures subject to varying loads, such as railway 
bridges, and for recording high-frequency variations in 
gas pressures, asin the cylinders of high-speed internal- 
combustion engines. 
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InstiITuTION oF Navat ArcHITEcTs.—It is announced 
that the Council of the Institution of Naval Architects 
have awarded the Armstrong Scholarship in naval 
architecture, value 1501. per annum, to . J. F.C. 
Conn, of Messrs. A. Hall and Co., Aberdeen. The 
Parsons Scholarship in marine engineering, of similar 
value, has been won by Mr. B. Barhack, of Messrs. 
William Denny and Brothers, Dumbarton, and the 
Earl of Durham prize by Mr. A. J. Jackman, of His 
Majesty’s Dockyard, Devonport. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—A more hopeful note is being sounded 
in some of those sections of the steel and engineering 
trades that have fared worst during the recent period 
of depression. This new optimism is reflected in an 
all-round advance during the past week in the shares 
of representative manufacturing concerns. The reason 
for it is not too clear, and the majority of producers 
intend to await definite signs of development before 
committing themselves to forward expenditure. The 
Locarno Pact is welcomed as heralding the possibility 
of improved business with several Continental markets 
which, pre-war, were substantial buyers of machinery 
and steel products made in this district. More inquiries 
are reported to be circulating for various classes of raw 
and semi-finished materials than was the case a fort- 
night ago. Iron and steel prices are lower than at any 
period within the past twelve months, and, if the current 
movement is sustained, are unlikely to recede further. 
Official quotations, as latest revised, are as follow: Hard 
basic steel billets, 81. 12s. 6d.; soft basic steel billets, 
7l. 58s.; West Coast: hematites, 4/. 5s.; East Coast 
hematites, 3/. 15s. ; Lincolnshire and Derbyshire No. 3 
foundry iron, each 3l, 7s. 6d.; Lincolnshire forge iron, 
31. 5s. ; Derbyshire forge iron, 3/. 2s. 6d. ; bars, 12/. 10s. ; 
sheets, 15/.—in each case, per ton delivered at local 
works. Basic steel production has considerable leeway 
to make good before a profitable level can be reached. 
Rather more business is passing in acid steel. There is 
also an improved tendency in certain classes of crucible 
steel, which has sustained a severe setback owing to 
the paucity of foreign bookings. There is still no sign 
of movement in private wagon building. Shipbuilding 
requirements of marine castings and forgings furnish 
only a moderate amount of work, but the general engineer- 
ing industry is making considerable demands on forges 
and foundries. Good business is passing in machine tools. 
Orders for mechanics’ and other small tools are subject 
to keen competition from manufacturers in the Midlands. 
There is considerable price-cutting also in shovels and 
spades. New processes introduced by a Sheffield firm 
for the manufacture of weldless forged steel buffers have 
proved satisfactory. Orders are in hand in good quan- 
tities for India and South America. 


South Yorkshire Coal Trade.—The more optimistic 
tone which characterises the iron and steel trades is 
also reflected in the coal market. So far, however, there 
has been no appreciable improvement in business. House- 
coal is making a very slow recovery. The weakness of 
the export market is the chief deterrent to an improved 
position at the collieries. Steam hards, washed qualities, 
and slacks are all quoted an average of 3d. to 9d. lower 
than a week ago in the hope of stimulating foreign sales. 
Cobbles and nuts are in ample supply for home require- 
ments. Quotations :—Best branch hand-picked, 31s, to 
34s.; Barnsley best Silkstone, 28s. to 30s. ; Derbyshire 
best brights, 24s. to 26s. 6d.; Derbyshire best house, 
23s. to 25s.; Derbyshire best large nuts, 17s. to 20s. ; 
Derbyshire best small nuts, 12s. 6d. to 14s. ; Yorkshire 
hards, 17s, 6d. to 21s. 6d. ; Derbyshire hards, 17s. 6d. to 
21s. 6d.; rough slacks, 9s. 6d. to 12s. 6d, ; nutty slacks, 
6s. 6d. to 8s.; smalls, 3s. 6d. to 5s. 6d. 





LatHE-Toot DyNAMOMETER.—An order for a lathe-tool 
dynamometer of the type originally designed by the late 
Dr. J. T. Nicolson, and described in our issue dated 
February 19, 1909, has been placed by Messrs. Arcos, 
Limited, of Soviet House, London, E.C.2, with Messrs. 
Joseph Adamson and Co., of Hyde, Cheshire. This 
dynamometer is similar to one previously supplied to 
Moscow, and will serve to measure the vertical and 
horizontal forces acting upon a lathe tool when actually 
at work cutting metals. An attachment is, also pro- 
vided for measuring drilling thrust. Dynamometers 
of this type, in varying sizes, have been sent to India, 
Japan, Italy, and the United States, thus testifying to 
the useful work done by Dr. Nicolson. 





THE Lave Dr. H. Bunte.—Dr. Hans Bunte, whose 
death occurred on August 17, was Professor of Chemical 
Technology and Fuel at the Technical High School of 
Karlsruhe, and one of the founders, and for forty-two 
years editor, of the Gas-und Wasserfach. He was one 
of the moving spirits of the Verein deutscher Gas-und 
Wasserfachminner and had a very important share in the 
development of modern gas-making. Born at Wunsiedel 
in the Fichtelgebirge on Christmas Day, 1848, a son of a 
solicitor, Hans Bunte went to the Stuttgart Polytechnic 
undecided whether to become an engineer or a chemist, 
but the fame of the Heidelberg chemists drew him there 
and into chemical studies. Later, following his teacher 
Erlenmeyer to Miinchen, he met N. H. Schilling, 
director of gas works. The two founded, in 1872, the Gas 
Journal, which later changed its title to that given above. 
In 1887, he accepted an appointment at Karlsruhe as 
Professor of Chemical Technology. His chief interests 
were gas, coking, retorts, by-product recovery and heat 
efficiency. This work brought him into contact with 
Linde, Bach and Bauschinger, as well as with the gas 
experts of Germany and other countries. He had a 
reputation as an expert in plant trials. His first exper!- 
ments on a water-gas generator, made in the English 
gas works of Frankfurt, led to his taking out the only 
patent connected with his name. The long-projected 
Institute of Gas and Water Technologists, was opened 
in 1907 at Karlsruhe. Bunte was practically its director 
until 1918, when his son, Dr. Karl Bunte, became his 
successor. Happy in his family life, Bunte, in spite of 
his manifold duties, took an active interest in municipal 
and state affairs; he represented his college in the 
Upper Chamber of Baden. 








































































































yet 
hon 
ove 
fror 


and 
the 
one 
iror 
pig 
658 
E 
abl 
on 

tha 


tha 
is 1 
furt 
den 
Not 
and 
mo! 


sup 
in 
rub 


ave 
to . 


in ¢ 
but 
whi 
stes 
Cor 
pac 
bill 
bill 
pla’ 
rive 
sect 
111. 
gau 


wee 
in t 
pla 
bla 
gal 


iror 














ENGINEERING. 





513 








Oct. 23, 1925.] 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Cleveland pig-iron prices 
are steady, and business is slowly expanding, but as 
yet transactions are still mostly confined to sales for 
home consumption, demand for despatch to customers 
overseas being still on a very limited scale. Supplies 
from abroad for this district are not so readily obtainable 
as they have been, and hope is entertained that local 
and other home needs will shortly more than absorb 
the present output, and necessitate the re-kindling of 
one or two idle furnaces. More orders for special quality 
iron for America are also looked for. No. 1 Cleveland 
pig is 69s. 6d.; No. 3 g.m.b., 66s. 6d.; No. 4 foundry, 
65s. 6d.; and No. 4 forge, 65s. 


Hematite—A marked change for the better is notice- 
able in the East Coast hematite branch. Sales, both 
on home and foreign account, are on a better scale 
than for some considerable time past, and production 
is being increased by the blowing in of two furnaces 
that have been inoperative for twelve months. There 
is reason to believe that output will have to be still 
further increased to meet the now steadily growing 
demand. Under such conditions values are very stiff. 
Nothing below 74s. 6d. is named for Nos. 1, 2 and 3, 
and some sellers are inclined to hold out for rather 
more, whilst No. 1 is fully 75s. 


Foreign Ore.—Nothing new of moment is ascertainable 
as regards foreign ore. Consumers have still heavy 
supplies to accept against old contracts, and are not 
in the market to buy. Quotations are based on best 
rubio at 20s. c.i.f. Tees. 


Blast-Furnace Coke-—Durham blast-furnace coke is in 
improving request, and is stiffening in price. Good 
average qualities are now 18s. 6d. to 19s. delivered 
to local users. 


Manufactured Iron and Steel.—There is more doing 
in one or two manufactured iron and steel departments, 
but the total volume of trade passing is still far from 
what could be desired. Quotations, however, are much 
steadier, and prospects are a little more encouraging. 
Common iron bars are lll. 5s.; iron rivets, 12l. 15s. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 77.; steel billets (medium), 8/.; steel 
billets (hard), 82. 17s. 6d.; steel ship, bridge and tank 
plates, 7/. 15s.; steel angles, 7/. 5s. to 7/. 10s.; steel 
rivets, 127. 10s. ; steel joists, 71. 5s. to 71. 10s.; heavy 
sections of steel rails, 8/.; black sheets (24-in. gauge), 
lll. 5s.; and galvanised corrugated sheets (24-in. 
gauge), 167. 10s. 





NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—Though business has been more 
active, prices have not been influenced, in view of the 
fact that there are considerable stocks, in addition to 
which the carrying capacity of the shipping in the docks 
is not sufficient to cope with outputs promptly, despite 
many pits being closed down permanently, while those 
working are still compelled to resort to temporary stop- 
pages. In fact, prices on the whole are irregular and, 
on balance, lower. Monmouthshires especially are in 
abundant supply, with Black Vein large about 20s. 6d. 
and Eastern Valleys from 19s. 6d. Admiralty large 
coals rule from 22s. to 24s., but dry large is steady at 
21s. to 248., influenced by a demand for anthracites from 
the United States. Steam smalls are plentiful and range 
from 8s. 6d. to 10s. 6d., according to quality. In the 
past week, shipments of coal as cargo foreign from South 
Wales totalled 378,850 tons, compared with 390,670 tons 
in the previous week and 477,680 tons in the correspond- 
ing period of a year ago. Of last week’s total, 113,640 
tons went to France, 42,900 tons to Italy, 29,790 tons to 
Argentina, and 26,000 tons to Spain. In September, 
shipments of coal, coke and patent fuel reached 1,885,265 
tons, which was 251,763 tons greater than in August, when 
the volume of trade was the smallest for the year. The 
September exports for the second month in succession 
were, in fact, below the 2,000,000 tons mark, which figure 
was exceeded in previous months of the year. Coal 
shipments totalled 1,797,698 tons, an increase of 263,605 
tons, and those of coke were increased by 412 tons, but 
patent fuel exports were lowered by 12,254 tons. The 
returns for the South Wales ports for August and Sep- 
tember were as follow :— 








August. September. 
Tons. Tons. 
Coal— 
Foreign cargo 1,263,971 1,435,934 
Foreign bunkers 195,969 246,204 
Coastwise cargo... 74,153 115,560 
Totals 1,534,093 1,797,698 
Patent fuel (foreign) 91,543 79,289 
Coke ote ee 7,866 8,278 
Grand totals 1,633,502 1,885,265 


Iron and Steel.—Exports of iron and steel goods last 
week totalled 21,591 tons, compared with 17,494 tons 
in the previous week. Shipments of tinplates and terne- 
plates amounted to 10,410 tons, against 8,664 tons; 
blackplates and sheets 3,850 tons, against 1,790 tons ; 
galvanised sheets, 5,050 tons, against 3,366 tons; other 
iron and steel goods 2,266 tons, against 3,675 tons. 














NOTICES OF MEETINGS. 


THe PuysicaL Socrety or Lonpon.—To-night, at 
5 p.m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, 8.W.7. ‘‘ The Influ- 
ence of Strain on the Thomson Effect’’ by Mr. H. E. 
Smith, B.Sc. ‘The Measurement of Temperature by 
Thermocouples in Unequally Heated Enclosures,” by 
Mr. W. Mandell, B.Sc. ‘‘On the Flashing of Certain 
Types of Argon-Nitrogen Discharge Tubes,” by Mr. W. 
Clarkson, M.Sc. 


Tue InstiTuTION oF MECHANICAL ENGINEERS.—To- 
night, at 6 p.m., at Storey’s-gate, S.W.1. Presidential 
Address, by Sir Vincent L. Raven, K-B.E. Followed by 
kinematograph film of the Railway Centenary Proces- 
sion between Stockton and Darlington. Friday, October 
30, at 7 p.m., Informal Meeting. Discussion on “ Recent 
Locomotive Progress at Home and Abroad.” Introduced 
by Mr. Loughnan Pendred. 


Tue Junior InstiTuTION oF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette. 
‘“The Construction and Laying of Reinforced Concrete 
Pipes,” by Mr. H. 8S. Bower. Friday, October 30, at 
7.30 p.m., Kinematograph Lecture, showing the Con- 
struction and Assembly of 50,000 kw. Turbo-Alternator 
Plant for Chicago, at the Works of Messrs. C. A. Parsons 
and Co., Ltd. 


Tue Institution oF MUNICIPAL AND COUNTY 
ENGINEERS: SovutTH-Eastern District. — Saturday, 
October 24, at 10.30 a.m., at the Municipal Offices, 
Sutton. Address by Sir Henry P. Maybury, K.C.M.G. 
Discussion on “The Work of a Municipal Engineer,” 
by Mr. W. Hedley Grieves. 


THe InstiITuTION oF MUNICIPAL AND CoUNTY 
ENGINEERS: SovuTH-WESTERN  District.—Saturday, 
October 24, at 11 a.m., at the Police Court, Bridgwater, 
‘*Municipal Works, Bridgwater,’’ by Mr. F. Parr. 


Tue InstitTuTION oF MUNICIPAL AND COUNTY 
ENGINEERS: NortH-Eastern District. — Saturday, 
October 24, at 2.30 p.m., at Berwick-on-Tweed. Inspec- 
tion of new Berwick Bridge. 


THE NortH oF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, October 24, at 
2.30 p.m., in the Lecture Theatre of the Institute, New- 
castle-upon-Tyne. Inaugural Address by the President, 
Mr. A. M. Hedley. ‘‘A Few Notes on the ‘Safety- 
First ’ Movement,” by Mr. Paul 8S. Lea. ‘‘ The Scientific 
Control of Coal-Washing by the Combined Application 
of Ash Characteristic Curves and X-Ray Examination,” 
by Mr. William McLaren, M.A., B.Sc. Mr. C. Norman 
Kemp, B.Sc., and Mr. J. Leslie Thomson, B.Sc. “* Rescue 
Work in Mines,” by Mr. H. T. Foster. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS.— 
Monday, October 26, at 7 p.m., at Savoy-place, Victoria 
Embankment, W.C.2. Informal Meeting. Discussion 
on ‘‘ How Can the Cost of Distribution be Cheapened ?” 
Opened by Mr. R. A. Chattock. 


THe Rattway Cxius.—Monday, October 26, at 
7.30 p.m., at 65, Belgrave-road, 8.W.1 Railway Cen- 
tenary Lecture, No. 1. ‘‘ The Planning of Railways,” 
by Mr. Cecil J. Allen. 


THE InstTITUTION OF AERONAUTICAL ENGINEERS.— 
Tuesday, October 27, at 6.30 p.m., at the Junior Institu- 
tion of Engineers, 39, Victoria-street, S.W.1. The 
lecture by Mr. Karl Gligorin on the “ Rotorplane ”’ is 
postponed. In place of this Dr. A. P. Thurston will 
give an account of the recent International Aircraft 
Navigstion Congress in Brussels. 


Tue AssocrIaTION OF Drop ForGERS AND STAMPERS. 
——Tuesday, October 27, at 7.30 p.m., at the Chamber of 
Commerce, New-street, Birmingham. Lecture, “‘ Remarks 
on Drop Forging Equipment,” by Mr. Bernard Brett. 


Tue Nort East Coast InstItuTION oF ENGINEERS 
AND SHIPBUILDERS: MIDDLESBROUGH BRANCH.—Tues- 
day, October 27, at 7.30 p.m., at the Cleveland Scientific 
and Technical Institution, Corporation-road, Middles- 
brough. “‘ Railways,’ by Mr. T. W. Ridley. 


Tue INSTITUTION OF CIvIL ENGINEERS : YORKSHIRE 
AssociaTion.—Wednesday, October 28, at 7.30 p.m., 
at the Royal Victoria Hotel, Sheffield. Presidential 
Address, by Col. H. Rhodes, M.Inst.C.E. 


THE RoyaLt AERONAUTICAL Society. — Thursday, 
October 29, at 5.30 p.m., at 7, Albemarle-street, W.1. 
Lecture, ‘Aircraft Transport Economy,” by Mr. 
W. L. Cowley. 


THe InstitoTion or Civit EnoIneERS.—Thursday, 
October 29, at 6 p.m., at Great George-street, S.W.1. 
Extra Meeting. Joint meeting with the following 
bodies :—The Institution of Mechanical Engineers, 
the Institution of Electrical Engineers, the Institution 
of Naval Architects, the Institute of Marine Engineers, 
the North East Coast Institution of Engineers and Ship- 
builders, the Institution of Engineers and Shipbuilders 
in Scotland, &c., which are co-operating in the work of 
the Special Committee on Tabulating the Results of 
Heat-Engine Trials. The following subject, introduced 
by Mr. G. J. Wells, will be submitted for discussion :— 
‘*Standard Codes for Tabulating the Results of Trials 
of Gas Engines and Gas Producers.” 


Tue InstiruTIoN oF LocomoTIVE ENGINEERS.— 
Thursday, October 29, at 7 p.m., at the Engineers’ 
Club, Coventry-street, W.1. Address by the President, 
Mr. R. W. Reid. 


Tue IwnstiTuTION oF AUTOMOBILE ENGINEERS.— 
Friday, October 30, at 2.15 p.m., in the Old Grill Room, 
Olympia, W. ‘“‘The Process of Cellulose Finishing 
for Motor Vehicles,” by Mr. W. Fletcher Starkey. 





THe InstiruteE OF MARINE ENGINEERS.—Friday, 
October 30, at 6.30 p.m. Annual Dinner at the Hotel 
Cecil, Strand, W.C.2. 

Tue Institution oF LocomotivE ENGINEERS 
(London): MANCHESTER CENTRE.—Friday, October 30, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. ‘‘ Fractures of Locomotive Parts,” by 
Mr. J. H. Haigh. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—No improvement of any kind 
has taken place in the Scottish steel trade during the 
past week, and makers are still finding it difficult to keep 
plant running. The demand from the shipyards is of the 
smallest proportions, and the prospect of any increase 
from that quarter is not very promising at present. 
In strestanal material there is a fair amount doing, but 
it varies very much some weeks. The general inquiry 
is not encouraging, as the bulk is small. In the black 
sheet trade, producers continue to be well employed, 
and full time is being maintained. For galvanised 
sorts the bookings will cover most of the output for the 
remainder of tho year, and prices are firmer. The 
market quotations overall are none too steady, as 
producers are quite prepared to shade prices in the hope 
of securing business. The current quotations are as 
follows :—Boiler plates, 11/. 10s. per ton; ship plates, 
8l. per ton; sections, 7/. 10s. per ton; and sheets, 
}; to fin., 97. 10s. per ton, all delivered Glasgow stations, 


Malleable Iron Trade.—Movement in the malleable 
iron trade of the West of Scotland is still confined within 
narrow limits. The recent reduction in price did not 
strengthen the position to any extent, and the business 
which it brought forth was mainly some which had been 
held back in anticipation of a fall. The total amount 
booked since the cut in price is said not to amount to 
much tonnage. The works are far from being fully 
employed, and specifications are badly required. The 
current price of ‘Crown’ bars is 11l. 5s. per ton, 
delivered Glasgow stations. 


Scottish Pig-Iron Trade.—There is a very poor demand 
for Scottish pig-iron at the moment either on home or 
foreign atcount. In the latter connection a few more 
lots have been inquired for, but the total tonnage is not 
heavy, while on the other hand the local consumers are so 
badly off for work that they are taking in very poor 
deliveries. Prices continue to sag, and in most business 
fixed up the figure is generally a matter of arrangement 
between buyer and seller. The market quotations are 
as follows :—Hematite, 4l. per ton, delivered at the 
steel works ; foundry iron, No. 1, 4/1, 1s. 6d. to 41. 4s. per 
ton, and No. 3, 3/. 19s. to 41. 1s. 6d. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pete from Glasgow Harbour for the week ending 
ast Saturday, October 17, amounted to 413 tons. Of 
that total 338 tons went overseas and 75 tons went 
coastwise. For the corresponding week of last year the 
figures were 593 tons overseas and 166 tons coastwise, 
making a total shipment of 759 tons, 


Clyde Shipbuilding.—The Southern Railway Company 
have placed an order with Messrs. D, and W. Henderson 
(Limited), Meadowside Shipyard, Glasgow, for two 
steamers similar in size and type to those constructed 
recently for the same owners by this firm. The Diesel- 
engined passenger and cargo vessel which Messrs. 
Harland and Wolff are to build for the Western Austra- 
lian Government will be constructed at the firm’s yard 
in Govan. The engines will be constructed at the firm’s 
Diesel Engine Works in Lancefield Street, Glasgow. 





“cc 


TriaL Trip or Mororsuip ‘‘ MataBar.’’—The single 
screw motorship ‘‘ Malabar,’’ constructed by Messrs. 
Barclay, Curle and Co., Limited, for Messrs. Burns, 
Philp and Co., Limited, of Sydney, and intended for 
service between Australia, New Guinea, and the islands 
of the Pacific, recently completed satisfactory trials, 
when a mean sea speed of 14 knots was attained. Some 
particulars regarding this vessel are contained in a 
notice which appears on page 151 in our issue of 
July 31 of this year. 





TELEPHONE DEVELOPMENTS IN EUROPE AND THE UNITED 
Starms.—During the past year the number of telephones in 
service in Great Britain has increased by 10 per cent. to 
1,264,024. This represents a telephone/population ratio 
of 1 to 34. Germany showed an increase of 6 per cent. 
in the same period, and that country has now in use 
2,385,177 telephones, or 1 to every 28 inhabitants. 
Sweden has now in use 418,303 telephones, or 1 to 14, 
whilst Denmark hag 303,754, or 1to 10. Belgium added 
22,139 telephones during the period under review, an 
increase of 18 per cent. The total increase for Europe 
over the year is expected to amount to 460,000. America, 
it may be mentioned for purpose of comparison, has 
now 16,159,550 telephones installed, or 1 to every 6 
inhabitants. In this connection the Telephone Develop- 
ment Association has drawn the attention of British 
taxicab proprietors to the fact that the Yellow Cab 
Company, of Newark, New Jersey, has established a 
private telephone exchange in which some 20 girls 
are employed in answering free calls for cabs and trade 
inquiries. The company has also had kiosks erected 
in various parts of the city from which persons can order 
a taxicab without payment of a call fee. Telephone 
wires from all the ph stations of the company terminate 
on a private switchboard, which when operated in 
conjunction with the public system provides a very 








complete arrangement for dealing with cab hire service. 
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THE PRICE OF DEMARCATION. 

THE interim report of the Federation of Engineer- 
ing and Shipbuilding Trades to the executives of 
the Trade Unions concerned, published last week, 
gives an account of the joint inquiry by the 
Shipbuilding Employers’ Federation and the ship- 
yard trade unions into foreign competition and 
conditions in the shipbuilding industry. Perhaps 
the most satisfactory circumstance disclosed by 
the report is the fact that such an inquiry should 
have been held spontaneously. All the interests 
represented on the Committee were faced with 
a common calamity, and can be congratulated at 
least on having taken what should be the usual 
first step under such circumstances. It is to be 
hoped that the subsequent proceedings of the Com- 
mittee may give cause for further congratulation, 
and be the starting-point not only of an amelioration 
of the present deplorable conditions in the ship- 
building trade, but also of the successful introduc- 
tion into industrial life of a method of negotiation 
that is rare, if not altogether new. So far, however, 
as concerns any measure of relief to the situation 
in the trade, no ground for congratulation has yet 
appeared. The history of the Committee up till 
now may be summed up shortly. For the last 
seven months a fully representative body of the 
best-informed men in every section of the trade, 
have been contemplating the most disastrous situa- 
tion in which it has ever been placed. So far 
the only new measure of relief on which they have 
been able to agree, is the naive suggestion that the 
Minister of Labour should invite the foreign com- 
petitors of the industry not to work so hard. 

Doubtless this is not the sole result of the Com- 
mittee’s inquiries and deliberations. It is scarcely 
possible that the two great parties to the industry 
can have been in conference for so long without 
having learned much more than they knew before 
of each other’s point of view, and it may be hoped 
that this mutual knowledge may hereafter be valu- 
able. No one, moreover, who is at all familiar with 
the inner workings of trade-union life will under- 
estimate the difficulties with which a committee 
of this sort must have had to deal in the endeavour 





It may be well to recall the circumstances in 
which the committee met. For the last five years 
an average of about one-third of the men of the 
shipbuilding trade have been unemployed. Early 
in March last it was announced that Messrs. Furness, 
Withy and Co. had placed an order in Germany for 
five large motor ships, and the Shipbuilding Em 
ployers’ Federation arranged a conference with the 
several shipyard trade unions, at which all these 
unions were represented, in regard to this incident 
and to foreign competition generally. At this con- 
ference the employers proposed that a Joint Com- 
mittee should be set up to investigate the conditions 
of the industry in respect of foreign competition, 
to see to the carrying out of specific agreements, 
made when the 47-hour week was conceded, under 


9| which procedure and machinery should be set up 


for avoiding disputes, and to work out an index for 
regulating wages with knowledge on both sides and 
in accordance with the ability of the industry to 
pay. After an adjournment, the trade union 
representatives decided to refer the employers’ 
statement to their respective executives, who, on 
April 24, resolved unanimously (except for one 
dissentient) to agree to a joint committee to inquire 
into the state of the industry, but, for the time 
being, not to consider measures for avoiding dis- 
putes or regulating future fluctuations of wages. 

Of the eight trade unions, outside those included 
in the Federation of Engineering and Shipbuilding 
Trades, who had attended the original conference, 
six were represented directly on the Joint Com- 
mittee ; whether the Electrical Trades Union and 
the Amalgamated Engineering Union, who were 
not represented directly, placed their interests in 
the hands of other members of the Committee or 
stood apart from it altogether, is not stated. Ata 
meeting early in May the Committee ascertained 
that the lowest British tender for the Furness- 
Withy ships was just on 40 per cent. higher than 
the German price accepted, although the British esti- 
mate had made no allowance whateverfor any return 
at all upon capital, nor even for indirect charges 
such as rates and taxes, management, administra- 
tion, directors’ fees, &c. The employers pointed 
out, however, that the difference was higher than 
the general run of the margin between British and 
foreign tenders, and stated that for much of the new 
work and the greater portion of the ship-repairing 
work, which at present goes to the Continent, British 
shipbuilders would be able to compete, if they 
could effect minor readjustments in handling, 
have greater elasticity in the organisation of 
work, and avail themselves of interchangeability 
of labour, with the loyal and full observance of the 
conditions on which the 47-hour week had been 
agreed. It was also found on enquiry that hourly 
wages on the Tyne were from 36 per cent. to 79 
per cent. higher than those at Hamburg, and 
weekly wages for a 47-hour week from 18 per cent. 
to 56 per cent. higher than the Hamburg wages 
for a 54-hour week. In Holland, though wages 
were higher than at Hamburg, they were still 
substantially lower than on the Tyne. In both 
countries overtime is worked according to the 
needs of the management, and is paid at a much 
lower rate than in this country. In both Germany 
and Holland, piecework is generally practiced, and 
the average earnings do not exceed 20 per cent. 
over the time rate. 

By the end of July the Committee had learned 
further that on contracts taken by the members of 
the Employers’ Federation during the previous three 
years, the margin over the cost of labour and material 
had been so small as to cover only the increase in 
local rates, and had left no margin at all either 
for interest on capital and cost of administration, 
or even for depreciation of plant and machinery 
and other capital upkeep. At that date only 28 
per cent. of the berths were occupied, and even the 


ee 








516 


ENGINEERING. 


{Ocr. 23, 1925. 








cost of their maintenance was not covered. Between 
30 and 40 per cent. of men in the trade were unem- 
ployed, and the tonnage laid down during the 
previous two and a-half years was only half what 
it had been in the two and a-half years before the 
war. This tonnage, moreover, amounted to only 
45 per cent. of the tonnage laid down in the world, 
a great decrease from the pre-war proportion of 
the United Kingdom, which is accentuated by the 
universal reduction in naval building. A month 
later it was ascertained that more than half the 
members of the Employers’ Federation had turned 
their last frames, and that in default of new orders 
the condition of the industry, bad as it had been 
and then was, would be still worse next winter. An 
agreed interim report embodying these facts was 
presented under date August 25, and on October 6 
the executives of shipyard trade unions resolved 
in effect that nothing should be done until enquiry 
had been made into the costs outside the control of 
the industry, and a complete report had been pre- 
sented, 

Two days after this report had been published, 
the general secretary of the Boilermakers’ Society, 
which is stated to be opposed to any relaxation of 
the demarcation restrictions, addressed an appeal 
to the Prime Minister for a subvention to the ship- 
building industry from the Unemployment Insur- 
ance Fund. He states that some 100,000 men in the 
shipbuilding trades, unemployed for the last five 
years, have drawn 26,000,000. from that fund, 
and urges in effect that the money would be better 
spent on a subsidy that would find them work than 
on the allowance that enables them to remain idle. 
We need not here state the objections to such 
a subsidy, even if it had been shown to be 
the only alternative to continued unemployment, 
nor discuss whether in such case these objections 
would be insuperable. The fact brought out by 
the report is that employment can be had without 
any subsidy. The scandal of the artificial inflation 
of costs, not by increase of wages, but by de- 
marcation of trades, has been notorious in ship- 
building. The joint report, coupled with the 
letter from the secretary of the Boilermakers’ 
Society, enables its order of magnitude to be realised 
for the first time on figures in which the repre- 
sentatives of the trade unions themselves concur. 

Notwithstanding the much higher wages paid in 
this country, the shipbuilding employers, according 
to the joint report, would be able to secure much 
of the new work and most of the repairs that are 
now going to the Continent and keeping the British 
industry unemployed, if certain restrictions, con- 
sisting mainly of demarcation regulations, were 
removed. The unemployment benefit which has 
been and is being paid, like the subsidy which is 
now asked for, is not a subvention of the industry. 
It is a subvention of the demarcation restrictions, 
which have forced a large percentage of the men 
engaged in the industry into idleness. The country 
is, in fact, paying 5,000,0007. a year in doles, and 
allowing a large part of its shipbuilding industry 
to pass into the hands of Continental competitors, 
in order to maintain restrictions on labour that 
reduce its output without increasing its earnings. 
The Joint Commirtee’s business is to abolish this 
serious obstacle to the salvation of the industry 
and the true interests of all who are engaged in it. 





JOINTLESS FLOORS. 


UNTIL recent years the technology of building 
materials did not receive the systematic attention 
which the subject deserves. Much has been done by 
rule of thumb, on which scientific assistance would 
probably have been of value if it had been methodi- 
cally sought. Among the institutions set up by 
the Department of Scientific and Industrial Research 
has been the Building Research Board ; this has 
already published a number of special reports, 
and has now issued what is said to be the first of 
a series of bulletins, intended to convey the results 
of its work in terms that will not assume specialised 
technical knowledge on the part of the reader.* 





* Department of Scientific and Industrial Research. 
Building Research Bulletin No. 1: Jointless (Magnesium 
ae gag Floors. By P. W. Barnett, A.R.LB.A., 
and B. Bakewell, M.A. H.M. Stationery Office. 1s. net. 


The Board’s work consists of investigations, carried 
out at the Building Research Station and elsewhere, 
bearing on the scientific problems of the building 
industry. If the first bulletin is a fair sample of 
those to follow, they will certainly be a valuable 
addition to the somewhat scanty literature on the 
subject. 

The present pamphlet consists of two parts. In 
the first, the existing information on magnesium 
oxychloride cements in general is summarised; and 
in the second, work done at the Building Research 
Station, which has resulted in the elaboration of a 
cement with no corrosive action on iron, is dealt 
with. Both parts are of considerable practical 
interest. 

Magnesium oxychloride cement, made by mixing 
caustic magnesia with an aqueous solution of magne- 
sium chloride, has long been known as the strongest 
cement used in any quantity for building purposes. 
As with many other cements, the mechanism of 
setting is imperfectly understood, but it has been 
found in practice that this cement has such binding 
power as to allow of its being used with the con- 
siderable addition of various fillers, thus rendering 
possible the production of a variety of useful floor- 
ing materials. The fillers which work well with it 
are, indeed, so various that the product may be 
made either to simulate marble or in some ways to 
resemble wood. The mixture sets very rapidly, and 
though it has the disadvantage of not attaining 
its full strength when prepared in cold or damp 
weather, it will, in other circumstances, harden 
satisfactorily in a few days. Floors made of it 
will not stand soaking in water, but can be washed 
regularly, and, in addition to other advantages, are 
strong and elastic enough to be carried safely over 
a springy wood under-floor. As at present made, 
the material corrodes iron, a disadvantage which 
appears now to have been got over. 

For practical purposes the more interesting part 
of the report is perhaps that which describes the 
new non-corrosive oxychloride flooring which has 
been developed, and the way in which it was 
obtained. This flooring, it may be mentioned, has 
been patented on behalf of the Research Depart- 
ment, and non-exclusive licences for manufacturing 
it are obtainable. In addition to being for all 
practical purposes non-corrosive of iron and other 
metal work, it shows less expansion on setting 
than ordinary oxychloride cement, and stands the 
effect of water better. 

In studying the corrosive effects of ordinary 
magnesium oxychloride, two methods were used. 
On the one hand, squares of galvanised netting 
from which the zinc had been removed were 
embedded in pats of the cement, with the edges of 
the wire protruding. Rapid corrosion set in 
wherever the iron wire left the surface, and some- 
times the internal corrosion was nearly as active. 
Another method, not reproducing actual conditions 
of use, but particularly valuable for comparative 
purposes, was to squeeze out a little of the cement 
mixed with iron filings, so as to form a thin layer 
between a microscope slide and a cover glass. The 
cement was then ailowed to set, and the condition 
of the iron particles examined under a microscope 
day by day. Corrosion was found to have set in 
definitely by the third day, and the particles of 
iron were completely destroyed in a fortnight. 

It appeared, from this work, that the chlorine 
in the cement combined with the iron, and 
it was considered that, if the magnesium chloride 
were replaced by the chloride of some metal 
that had at least as strong an affinity for chlorine 
as iron has, corrosion might be stopped. In 
particular, a subchloride of a metal which forms 
also a higher chloride was thought desirable, as 
being not only unlikely to give up chlorine to 
iron, but also able itself to combine with any free 
chlorine available. As the cheapest of any such 
compounds, ferrous chloride was first tried. It was 
found that when a solution of ferrous chloride was 
added to the magnesia, a sufficient quantity could 
not be introduced, Accordingly it was mixed 
directly with the magnesia, and water then added. 
In the earlier experiments a brown cement was 
obtained, which was only half as strong as the 
cement made with magnesium chloride, readily 





corroding iron filings. As the amount of ferrous 


chloride was gradually increased, it was noticed 
in the microscope slide that patches of blue 
occurred, in which the iron remained perfectly 
bright. The first of such slides was made 
more than two years ago, and the iron filings 
are still quite uncorroded. Following the indica- 
tion of these blue patches, the amount of ferrous 
chloride was still further increased, until the whole 
slide remained blue except for a thin margin. The 
blue ferrous compound, which constituted the 
bulk of the deposit on the slide was found to be 
perfectly stable after it had hardened, and had no 
corrosive effect on iron. 

A series of experiments was next made to deter- 
mine the most favourable proportion of ferrous 
chloride, the magnesia and water being kept as far 
as possible constant. These showed that the best 
results were obtained with 28-5 parts of ferrous 
chloride (corresponding with 44-5 parts of the 
crystalline salt), to 100 parts of magnesia. It was 
noted that with this proportion of slightly coarse 
magnesia a sudden change occurred to dark blue and 
a sudden change in specific gravity. Briquettes of 
neat cement made of fine magnesia were of a lighter 
blue and less strength than those made with coarse 
magnesia, and the sudden change of colour and 
specific gravity did not occur. The differences, how- 
ever, were not apparent when fillers were used, and 
it is suggested accordingly that the weakness may 
have been due to the extremely rapid chemical 
action, which was slowed down by the presence of 
an inert filler. Though this distinction is drawn 
between fine and coarse magnesia, it is merely 
relative, as even the coarse left only 29 per cent. 
residue on a 180-mesh sieve, and over 50 per cent. 
was finer than a 280-mesh. At the same time, no 
coarser magnesia is recommended, having regard 
to the undue expansion that might occur. 

Further experiment showed that the use of too 
much water in the mixture had a weakening 
effect on the cement. With more than a certain 
proportion there was a tendency to break down 
the blue non-corrosive compound and _ facilitate 
the formation of the brown corrosive one. 
It is accordingly recommended that, even with 
absorbent fillers, the amount of water should never 
exceed 70 per cent. of the weight of magnesia, or, 
including the water of crystallisation of the ferrous 
chloride, 86 per cent. Lime also has a weakening 
effect, and it is recommended that not more than 
2 per cent. free lime should be allowed. In the 
choice of fillers, the use of sawdust has been found 
to be undesirable, because of the large amount of 
water which it absorbs. The effect of this excess of 
water is to weaken the cement and cause the brown 
corrosive compound to appear. This difficulty is 
got over by the use of granulated cork, and in 
suitable quantities, sand, asbestos, or any other 
inert non-absorbent filler. 

Proportions are given in the bulletin for the most 
suitable mixture. The cost of materials appears at 
most not to be greater than that of the present 
cement ; and though the most desirable mixes are not 
quite so easy to work, and therefore call for a some- 
what larger allowance of labour than do ordinary 
oxychloride cements, it is thought that the cost of 
non-corrosive floorings will not compare unfavour- 
ably with that of the ordinary type. Their chief 
disadvantage seems indeed to be that the surface 
takes on a stable brown colour, so that fillers 
cannot be used with the same decorative effect. 








PHOTOCHEMICAL REACTIONS IN 
LIQUIDS AND GASES. 


THE study of radiations may be said to be the 
dominating scientific interest at the present time. 
Recent discoveries in this field have done more than 
reveal new phenomena hitherto hardly dreamt of, 
It is now generally recognised that light energy 1 
vastly more powerful than the other forms of energy 
at our experimental command, and that it plays an 
important part also in what used to be considered 
chemical reaction. But the photochemical mechan- 
ism remains obscure. Qualitative research helped 
little to elucidate this problem until Einstem 
enunciated, in 1912, his “photochemical equiva 
lence law,” according to which one quantum of light 





is absorbed per molecule of the reacting substance, 
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which then undergoes photochemical change. 
The law was confirmed by some experimenters 
and rejected by others. It looked, indeed, as if 
a quantum could sometimes affect a great many 
more molecules than it ought to, for instance, 
in the long-studied combination of gaseous chlorine 
and hydrogen to hydrochloric acid. These gases 
do not combine in the dark, but their mixture 
explodes when exposed to light. Whether or not 
the presence of traces of impurities, notably water 
vapour, is essential to this reaction, is still an 
open question. It was evident that the primary 
light reaction should be distinguished from the 
secondary chemical reactions, but it proved almost 
impossible to separate the two effects in experi- 
ments. It had also long been understood that 
a distinction should be made between irreversible 
spontaneous exothermic reactions, in which light 
has the trigger effect, and reversible endothermic 
reactions, 

The many and varied recent investigations of 
these photochemical effects have been interpreted 
in so many different ways that the Faraday 
Society arranged for a two days’ discussion on 
“Photochemical Reactions in Liquids and Gases,” 
which was held on October Ist and 2nd in Oxford. 
The meeting, over which Professor F, G. Donnan 
presided, was large, and the keenest interest was 
taken in the proceedings, We gave a list of 
the 28 papers presented to the meeting on page 
387 of our issue of September 25. The contributors 
came from England, India, the United States, 
Denmark, France, Germany, the Netherlands, 
Switzerland and other countries. Most of the 
papers being of commendable brevity and only 
read in abstract, time was found for useful dis- 
cussions. The chief speakers—Professors A. J. 
Allmand (London), who introduced the discussion ; 
M. Bodenstein, J. Franck, F. A. Lindemann 
(Oxford), R. Luther, L. S. Ornstein (Utrecht). and 
E. Weigert—offered many valuable suggestions, 
but were in full agreement, perhaps, only as to the 
main point, that the Einstein law has proved a 
most useful working hypothesis. 

Einstein approached the problem in two ways. 
He first suggested that the decomposition of a 
compound xy by a light quantum e = hy, repre- 
senting the mean absorption energy per molecule 
decomposed, took place according to zy + ¢« = 
«+ y. Later he started from a generalised Bohr 
model, which, by absorbing or emitting a light 
quantum, would pass into a higher or lower Bohr 
state, such that the energy difference Em—En = 
hv; the absorbing particle might be a molecule, 
atom or electron, This would be the primary 
effect. By collisions with other particles, com- 
pounds, frequently unstable in the first instance, 
would then be formed in a secondary reaction. 
The energy conferred by light absorption corre- 
sponding to temperatures of thousands of degrees, 
the primary effect would be practically independent 
of temperature. Yet the energy might merely 
be transformed into thermal motion. The collisions 
would lead to a loosening of electrons, or to complete 
dissociation and breaking of bonds ; those effects 
would be influenced by temperature. Most photo- 
chemists now probably believe in the importance 
of the collisions, and some, like Franck, consider 
that the primary effect is only an “activation ” 
of the molecule or atom. That not all the molecules 
exposed to light would be activated, that the 
transparency of the substance (which limits the 
penetration and absorption) and the concentration 
(which limits the free path and the interval between 
collisions) are important factors, is generally ad- 
mitted. But whether the energy “threshold ” 
for a reaction can be determined experimentally, 
and the réle of the acceptors, which transfer the 
energy, and the real meaning of the appearance 
absorption bands, generally ascribed to the actual 
formation of compounds, in such tests, are contro- 
versial questions, and Professor J. Rice (Liverpool) 
saw little hope for the photochemical hypothesis, 
even with the help of the correspondence principle. 

We should like briefly to mention the one 
novel demonstration given at the meeting. Dr. H. 

utsky (Berlin) showed some very striking 
examples of chemi-luminiscence. In one of them 
Some silicon (a yellow solid Si, O,H,) was stirred 


into hydrochloric acid; on the addition of a 
few crystals of potassium permanganate the mixture 
shone with a brilliant light for half a minute or so. 
Kautsky considers chemiluminiscence as the reversal 
of a photochemical reaction. 





NOTES. 


THe UNIverSITY oF LEEDs. 


THE University of Leeds, which was established 
by Royal Charter in 1904, had its beginnings in 
the amalgamation, in 1884, of the Leeds School 
of Medicine, founded in 1831, and of the Yorkshire 
College of Science, established in 1874. The period 
of twenty-one years which has elapsed since its 
establishment has been one of continued progress. 
There are now nearly 1,500 full-time students in 
attendance ; this number being more than double 
the 1913-14 figure; during the same decade, the 
teaching staff has increased from 178 to 268. The 
University comprises four faculties—Arts, Science, 
Technology, and Medicine—and these are again 
subdivided into 42 departments of study. The 
growth of the Institution has been so rapid that 
the accommodation available has become quite 
insufficient for its needs, and, in addition, much of 
the existing accommodation is either of a temporary 
nature or is otherwise unsuitable. The University 
authorities are desirous of raising the sum of half-a- 
million sterling for the purpose of erecting new 
buildings and, in consequence, have launched an 
appeal to all those interested in the future welfare 
of the great Yorkshire College. The appeal is on 
behalf of the University, as a whole, but special 
attention has been drawn to the fact that the build- 
ing and equipment of the Department of Engineer- 
ing do not compare favourably with those of 
other English institutions of similar type. That the 
City of Leeds is an important centre of the engineer- 
ing industry need hardly be emphasised, and it is 
to be hoped that the appeal will meet with the 
response which it undoubtedly deserves, An excel- 
lent start has already been made, 


Tue FuTuRE OF THE BritisH [Ron TRADE. 


In the course of an address which Mr. H. J. 
Skelton delivered at a quarterly meeting of the 
London Iron and Steel Exchange on Tuesday 
last, he examined the causes of the depression 
in the British iron and steel trades, and referred to 
the probable state of the industry in the future. 
The invention of the Thomas process of steel 
production, by means of which steel could be 
made cheaply from phosphoric iron ores was the 
start of the weakening of the British industrial 
position. Till 1880 only those countries which had 
large and cheap supplies of iron ore with a low 
phosphorus content could hope to succeed as 
steel producers. Large imports of iron ore had now 
become necessary to enable us to keep our iron 
and steel works going. In the year 1913 the 
monthly returns showed an average importation 
of 675,000 tons; in 1924 a fall to 500,000 tons 
was found; and in the first quarter of 1925 the 
figure had reached 450,000 tons. This reduction 
coincided with an increase in the importation 
of billets, blooms, slabs, sheet-bars, tinplate-bars 
and iron rods. For the year 1913 the average 
monthly importation of these products was 79,500 
tons. It was now 104,000 tons. By this change 
we had lost much employment in the collieries, 
in the iron and steel making plants, rolling mills, 
and in the works where the many operations were 
auxiliary to the production of steel and the by- 
products obtained in the industry. We no longer 
had cheap coal, and the charges for transport 
by rail of the raw materials and finished iron and 
steel products were excessive. There were cases 
in England where the charge for carriage of iron- 
stone exceeded the value of the ironstone loaded 
into trucks at the mine. From 25 per cent. to 
50 per cent. of the cost of iron was paid in railway 
charges alone. How was it possible then, he 
asked, to compete in export markets against 
foreign producers, who could put their steel free 
on board ship with a much smaller proportion of 
non-productive charges? In the future no steel- 
works were likely to be established in this country 





in any area where dependence must be placed on 
a railway company for the carrying of raw materials 
and the finished productions. Specially reduced 
rates on rail and in the docks for mineral traffic 
and for iron and steel products destined for export 
weie essential to continued employment in the 
steel and iron works of this country. 


Tue InstrruTION OF PropucTION ENGINEERS. 


In these days, when for the purpose of obtaining 
economical production, new steels, new methods of 
working, and new machine tools are frequently 
introduced, there is a growing need for continuous 
study of every factor that may contribute to 
improved output. This work is. the concern of the 
production engineer, but it is so extensive that 
nothing like the desirable rapidity of change in 
dealing with the manufacture of any specific article 
would be possible but for the pooling of experiences. 
Tt was for this reason that the Institution of Produc- 
tion Engineers was founded, and the president, Mr. 
R. H. Hutchinson reviewed the development of its 
work in the course of his presidential address, which 
he delivered at a meeting on Saturday last, 
in the Engineers Club, London. For efficiency 
in production the main features they had to study, 
he said, were man-hour output, working condi- 
tions, wages, stores and workshop organisation, 
motion study, the fatigue factor, and supervision. 
It was essential to the recovery of the trade of the 
country that those concerned with the design of 
works equipment should know the conditions under 
which their products were to be operated. Fre- 
quently tools were offered to the engineering public 
having features which could easily be eliminated 
by slight modification of the design, but which 
restricted the capacity of the tool or made difficult 
the adjustment and replacement of the wearing 
parts. Under the conditions existing in the engi- 
neering and other technical industries to-day it was 
imposing hardships on our own people and pre- 
venting the recovery of prosperity to import goods 
which could be made at home, At the conclusion 
of the general meeting of the Institution the second 
annual dinner was held under the chairmanship of 
Mr. Hutchinson, 





SCIENTIFIC EXHIBITS AT THE 
BRITISH EMPIRE EXHIBITION. 
(Continued from page 424.) 

Fies. 19 to 23, on pages 518 and 519, 
show some of the early phenomena of arcs and 
cathode rays in hermetically sealed tubes, which 
are also included in Mr. Edwards’ exhibit. In 
de la Rive’s apparatus (Fig. 19) a luminous arc 
is shown, which, when the electro-magnet in the 
centre of the bulb is energised, rotates round it. 
In Fig. 20 an aluminium cross is shown in 
the path of the cathode stream, casting a sharp 
shadow on the opposite end of the bulb ; and when 
this cross, which is hinged, is shaken into a hori- 
zontal position, the fatigue induced in the glass 
by phosphorescing is demonstrated by the area 
of the end of the bulb, which was previously 
shaded by the cross, phosphorescing much 
more brightly than the rest of it. In the tube 
shown on Fig. 21 a vane running on a glass track 
is set in motion when the current is turned on, 
an effect that seems to be due directly or indirectly 
to bombardment by the electron stream, The 
direction of motion is reversed when the cathode 
and anode are interchanged. In the tubes shown 
in Figs. 22 and 23 a pencil of cathode rays grazes 
a vertical screen covered with zinc sulphide and 
produces a phosphorescent track, which in Fig. 23 
is shown deflected upwards by the approach of a 
magnet, and would have been deflected downwards 
if the other pole had been presented. 

In the exhibits relating to X-rays, one of con- 
siderable practical importance is shown by Dr. 
G. W. C. Kaye on behalf of the National Physical 
Laboratory. It illustrates the transparency of 
materials to X-rays to an extent that varies with 
the density and thickness of the material, and 
consists in interposing screens of various elements 
between a source of X-rays and a screen that 
they render fluorescent. The density of shadows 





thrown on the screen is seen to vary with the 
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material. The series of elements shown in the 
demonstration is supplemented by a number of 
X-ray photographs showing the varying trans- 
parency of other substances. 

«Sir William Bragg contributes an exhibit illus- 
trating the application of X-rays to the analysis 
of crystal structure, which he has done so much 
to develop. The exhibit includes the Bragg ionisa- 
tion spectrometer, made by Messrs. W. G. Pye and 
Co., in which the intensity of the rays reflected 
at a crystal face is measured with the help of an 
ionisation chamber, which, like the crystal] itself, 
can be rotated about the axis of the instrument. 
Another instrument for the same purpose is the 
Miiller spectrograph. made by Messrs, Adam 
Hilger, in which the X-rays, after reflection by the 
crystals, fall on a photographic plate. In this 
way a permanent record is obtained of all possible 
reflections from the planes of the crystal, and the 
positions and intensities of the reflected beam 
supplied by these methods of measurement deter- 
mine the relative positions of the atoms in the 
crystal. 

Two exhibits demonstrate the effects of ultra- 
violet light. Dr. Kaye, for the National Physical 
Laboratory, passes the light from a quartz mercury- 
vapour lamp through a sheet of Wood’s glass, which 
removes the visible radiation, and allows the 
ultra-violet rays to fall on a variety of fluorescent 
materials. Sir Herbert Jackson focuses ultra- 
violet radiations on phosphorescent screens by 
means of a quartz lens, and shows also the dif- 
ferent focal length at which visible radiations are 
concentrated. 

A considerable number of exhibits relate to 





Fig. 20. 


visible rays. In this group an instructive appa- 
ratus is shown by Professor L. R. Wilberforce 
for studying wave motion in general. The 
waves are produced on the surface of water in 
a shallow trough by dippers of various forms, 
operated by an electrically-maintained tuning fork. 
A converging beam of light is sent through the 
glass bottom of the trough, and, passing through 
a convex lens and reflectéd by a mirror, forms an 
image of the wave surface on a screen. By 
means of a slotted disc driven by an ingenious 
sensitive coupling, a controllable intermittent 
illumination is given, which causes the waves to 
be shown with a motion sufficiently slow to enable 
their details to be studied. Interference phenomena 
are shown by means of double dippers, and the 
formation of shadows, reflection, the production 
of stationary waves, and the passage of waves 
through apertures greater or smaller than the 
wave-length are demonstrated by movable parti- 
tions. These are only examples of a number of 
other phenomena that can be illustrated in this 
apparatus. An exhibit that extends beyond the 
visible spectrum is shown by Mr. J. Guild for 
the National Physical Laboratory. It consists of 
a continuous spectrum of a beam refracted by a 
prism of calcite and projected on a screen. By means 
of this an impressive demonstration is given of 
a number of properties of the visible spectrum. 
The existence of radiation beyond the violet end 
of the visible spectrum is shown by fluorescence, 








and beyond the red end by heating effect on a 
Moll thermopile and galvanometer made by the 
Cambridge Instrument Company. 

Several exhibits deal with photo-electric cells. 
One of the most interesting of them is shown for 
the National Physical Laboratory by Mr. T. H. 
Harrison, and illustrates the varying sensitivity 
of different photo-electric cells to colour. A method 
of colour matching by means of such cells has, in 
fact, been developed in the Research Laboratories 
of the General Electric Company, and the National 
Physical Laboratory is now working on its applica- 
tion to the accurate standardisation of electric 
lamps, which requires that the light of the lamps 
compared shall have the same colour distribution. 
The cells consist of films of sodium, potassium, or 
rubidium, deposited on a silver lining within the 
cell, which has a window left unsilvered. The 
cells are evacuated, and when energised by a battery, 
say of fifty or a hundred dry cells, and exposed 
to illumination, give out a current, which, for a 
filament of a given temperature and consequently 
colour distribution, varies according to the nature 
of the cell. Thus, in the exhibit, two photo-electric 
cells of sodium and rubidium, respectively, when 
exposed to light from the same lamp, give out 
different currents, and being connected in series, 
these currents are brought to a balance against 
each other. When a fresh lamp is put in, its 
temperature will probably be slightly different 
from that of the previous lamp, and the balance 
between the two cells will consequently be upset, 
by reason of their different sensitivity to light at 
different temperatures. By readjusting the voltage 
on the lamp filament until the balance is restored, 


lamps can be matched for colour to within 1 deg. K. 
of their equivalent temperature, and within 
0-1 per cent. of voltage. Fig. 24 shows typical 
curves of sensitivity for sodium and rubidium cells. 

Other exhibits deal with the development of 
spectra. Professor F. Horton and Dr. Ann C. 
Davies show an apparatus in which the spectra of 
gases are excited by what appears to be the impact of 
electrons. Dr. W. E. Curtis exhibits a discharge tube 
containing nitrogen at low pressure, the gas being 
made to glow by the current from an induction coil, 
which may or may not be reinforced by connecting 
a condenser in circuit. The purpose of the exhibit 
is to throw light on the origin of spectra, and in 
particular to illustrate the manner in which they 
are at present explained. The nitrogen tube, for 
example, when operated without the condenser, 
gives a glow of reddish colour, which in the spectro- 
scope is found to consist of a number of regularly- 
spaced bands in the red, yellow, and green, and 
some much further apart in the blue, these bands 
being themselves actually composed of numerous 
lines very close together. With the condenser, on 
the other hand, the discharge is bluish in colour 
and has a different appearance, which in the spectro- 
scope is shown to be associated with the disappear- 
ance of the bands and their replacement by lines 
with no obvious regularity of arrangement. Dr, 
Curtis observes that, although the last few years 
have seen great advances in our knowledge of the 
emission process to which the appearance of spectrum 








lines is due, it is as yet far from complete. What is 
known seems to suggest that the emission of a 
spectrum line is the result of an abrupt change in 
the atom or the molecule. With the atom, this 
change is supposed to consist in the transference 
of an electron from one orbit to another. With the 
molecule, on the other hand, not only the electrons 
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Fie. 19. 





Fia. 21. 


are affected, but also the speed of rotation of the 
molecule and the magnitude of the vibrations of 
the atomic nuclei from which it is built up. Thus 
in the molecule there are many more lines, arranged 
in a different manner and giving a more complex 
spectrum than in the atom, so that, broadly, line 
spectra are attributed to atoms, and band spectra 
to molecules. On these hypotheses, the phenomena 
of the nitrogen tube are explained by supposing 
that the uncondensed discharge leaves the atoms 
associated in pairs or molecules, and thus gives rise 
to a band spectrum, while with the condensed dis- 
charge the molecules are presumed to be broken up 
into their component atoms, which give line spectra. 
Professor A. Fowler shows a band spectrum produced 
by calcium fluoride in an arc formed between com- 
mercial “flame carbons,” which are charged with 
this compound, this band spectrum being associated 
with line spectra arising from the partial dissociation 
of the calcium fluoride in the arc and the consequent 
liberation of atoms of calcium. Line spectra of iron 
are also shown in the spectrum of an are struck 
between two rods of iron, and of helium and neon 
in the spectrum of the electric discharge through 
tubes containing these gases at low pressures. The 
whole solar spectrum is likewise exhibited. 

An instrument of considerable interest and 
importance, shown by Mr. F. Twyman, is the 
Michelson interferometer, constructed on the pril- 
ciple of the apparatus by which Michelson measured 
the wave-length of the cadmium radiation, and 
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arranged to demonstrate the system of interference 
rings seen with a neon lamp. It isshown that, when 
one ring is replaced by another of the same colour, 
a light movable mirror on the instrument has 
traversed a distance of about 0-00001 of an inch. 
The use of this instrument is perhaps the most 
direct means by which immediate measurements 
of small lengths can be made to the highest degree 
of accuracy. Mr. William Gamble shows examples 
of photographs obtained by Professor Lippman’s 
interference process of colour photography. A 
curious exhibit by Professor A. O. Rankine shows 
how in the centre of the shadow of a truly spherical 
object—here, a ball from a ball-bearing—a luminous 
spot is seen, the explanation of which is that the 
light waves which curl round the sphere reach the 
centre of the shadow by equal paths and thus rein- 
force each other, while all other waves, which arrive 
at the shadow by unequal paths, interfere with 
each other, and produce practical extinction of light. 
As a fact, of course, the source of light is not a true 
point, and the. bright spot becomes, therefore, an 
image in the shape of the source. Another exhibit 
by Professor Rankine shows Newton’s rings under 
monochromatic (sodium) light. An allied exhibit 
shown for the National Physical Laboratory by 
Mr. J. S. Clark, includes a variety of diffraction 
gratings ruled at the Laboratory on the ruling 
engine constructed by the late Lord Blythswood, 
the blanks being supplied by Messrs. Adam Hilger, 
Limited. In one of these, a grating of 28,800 lines 
to the inch is ruled on a concave speculum-metal 
Plate of 1-5 metres radius of curvature. 


(To be continued.) 








TeNDER.—The Administracion Nacional del Puerto 
de Montevideo invites tenders, to be received not later 
than January 2, 1926, for the supply and delivery of 
Machine tools and equipment required for the mechanical 
and carpenters’ workshops of the naval yard at Monte- 
Video, whilst the State Electricity Supply Works at this 
7 invite tenders, to be presented ace Lote than January 
flere” for the supply and delivery of 44,500 metallic- 

‘ment and carbon-filament lamps. 
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Screw Propellers and Estimation of Power for Propulsion 
of Ships, also Airship Propellers. Vol. I. Text. 
Vol. II. Atlas. By Rear-Apmrira W. Dyson, U.S.N. 
Third Edition rewritten. London and New York, 
U.S.A. The Simmons-Boardman Publishing Company. 
[Price 31. 7s. 6d.] 

In order to arrive at suitable screw propellers forms, 
broadly speaking, three methods of attack of 
the problems involved are open to the designer. 
The design may be based on the results of a 
similar ship form having propellers working 
under conditions similar to the design require- 
ments; it may be based on model data, either 
by an application of published experimental 
research, or of model experiments undertaken to 
investigate the particular problem; while the third 
course open involves a study and analysis of 
full-sized trial results, and the careful application 
of such an analysis to the specific requirements of 
the design. It is along this last line of attack 
Admiral Dyson has approached the problem of 
propeller design, and in the third edition of his 
work, ‘Screw Propellers,” recently published he 
presents the results of his twenty-four years’ study 
of the subject. In this third edition the subject 
has been completely reconsidered ; this was found 
necessary because the new material gathered since 
the earlier editions were published has resulted in 
their having to be largely re-written. Correctly 
speaking, therefore, the present edition cancels the 
previous publications and constitutes a new book 
on the subject. When considering the problem of 
propeller design in the manner Admiral Dyson has 
done, the many influences affecting the propeller, 
the hull, and the screw and hull in combination 
are encountered at the very outset 

The general character of the hull lines, not only 
at the stern, but over a considerable length of the 
after body, if not over the entire length of the ship, 
is found to affect the flow and working conditions 
of the screw. The location of the propeller, its 
proximity to the hull, its diameter in relation to 
the draught, and the position of the shaft axis in 
relation to the water line, all influence the items, 
known technically as the “‘ wake ” and the “ thrust 
deduction,” and these in turn influence the 
propulsive coefficient. Then, again, the blade 
thickness, smoothness, and outline have an effect 
on the propeller efficiency, while some of the blade 
features—rake, for example—will influence the 
efficiency more when the propeller is. associated 
with some hulls than with others. 

The hull features have also to be considered. 
Frequently in design and experimental work the 
resistance dealt with is the effective resistance of 
the “‘ naked ” hull ; to this estimate of the resistance 
an allowance has to be added for appendages, and 
for twin-screw vessels, where it is usual to fit large 
bossings encasing the propeller shafts, these 
particular appendages will not only influence the 
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hull resistance, but modify the general flow of 
water to the propeller and influence its efficiency. 

To allow for all or some of these influences, ship 
forms have been subdivided in Admiral Dyscn’s 
work into three groups and curves drawn out 
enable the hull type of any particular form to 
be settled. Other curves take into account the tip 
clearance and immersion effects of the propeller. 

From the diagrams, using the particular dimensions 
and coefficients of any design, basic coefficients are 
obtained that enable the basic speed and power to 
be obtained. To arrive at the actual powers 
relations are given connecting the basic powers 
with the actual in terms of the two speeds. After 
outlining the use of the various coefficients employed 
with these basic charts a considerable portion of 
the book is devoted to an analysis of trial results 
employing the various factors from the diagrams, 
and comparing the estimated powers and revolutions 
with those obtained upon trials. 

In a number of instances the model results, as 
well as the trial results, were available and the esti- 
mated effective horse-powers obtained by the 
method have been compared with those derived from 
model experiments. The agreement in most cases 
is good, especially is this so when the many factors 
likely to influence trial results are considered— 
tide, wind, depth of water, the time out of dock, 
the motion of the ship, pitching, rolling and heav- 
ing, the accuracy of the measuring instruments, 
and the other items all difficult to estimate and 
allow for. 

To cite a particular example, the case of a fast 
destroyer may be taken; estimates/by the Dyson 
method together with the trial results and the tank 
results of a self-propelled model are as follows :— 














Shaft Horse-power. Revolutions per Minute. 
Speed 
of ship ee | Genk 
in an P an 
Dyson ; | Ships Dyson . Ships 
knots. Experi- Experi- 
Method. ments. | Trial. | Method. ment. Trial. 
| | 
12 | 700 770 830 137-4 139 135 
18 | 2,610 2,600 2,620 210-1 210 204 
24 | 7,528 7,400 7,400 290-5 291 294 
30 | 18,268 | 15,800 | 17,650 381-7 372 373 
35 27,777 | 23,200 | 27,700 449-2 426 456 




















The agreement, it will be observed, is quite close, 
and the application of the curves to analyse the 
different trial problems set out in the text certainly 
goes a long way to produce confidence in the 
method. 

The application of the method for design is well 
dealt with, all classes of problem being discussed ; 
particular attention has been devoted to the 
problem of cavitation. This important phase of 
the screw propeller problem, it will be recalled, was 
first explored by Barnaby as the outcome of the 
bad performance on trials of the Admiralty 
destroyer Daring. 

An experimental investigation of the problem is 





very difficult, because conditions of similarity 
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cannot readily be reproduced and the average 
model screw propeller employed in tank experi- 
ments will not cavitate. Admiral Taylor succeeded 
in producing and observing cavitations, with a 
model screw, by using blades of abnormal section ; 
cavitating conditions have also been reproduced 
by artifically reducing the pressure. Dyson’s study 
of the problem and the examples of cavitation 
given are therefore interesting. Other matters, 
for example, the towing problems met with in 
connection with tug boats ; the peculiar propeller 
conditions in shallow draught tunnel steamers ; 
the backing powers and conditions of a screw 
when the vessel is going astern—these and other 
matters, seldom met with in text books, are 
here discussed. A chapter of the book is 
devoted to strength considerations and another 
chapter deals with the problems of air screw design. 
The Dyson method has not been taken up to any 
very large extent in this country. Quite apart, how- 
ever, from introducing a method of design and 
analysis the book contains a wealth of valuable 
data and information. 

The work can claim to be the only serious attempt 
to co-ordinate ship data into curves suitable for 
design purposes. While largely empirical, it gives 
results consistently near the actual, and whether for 
design, for analysis, or for check estimate purposes, 
it should prove useful to the designer. A large 
number of ships of widely different “‘form” in 
combination with a variety of screw propellers, have 
now been built and run; yet there are constantly 
fresh problems needing solution, and although the 
author in his preface sounds a final farewell note 
to the subject it is to be hoped the many “ un- 
explored ”’ regions will still engage his attention, 
and that he will continue to make useful contribu- 
tions to the subject. 


Vorlesungen uber Wasserkraftmaschinen. By Dr. R. 


CAMERER. 2nd Edition, revised by Dr. BERNHARD 
EstererR. Leipzig: Engelmann. [Price 28.00 gold 
marks. ] 


Tue first edition of this work was published 
immediately before the war, and appears to have 
had no appreciable circulation in this country, 
so that the present edition, prepared since the 
author’s death by his former assistant, may be 
regarded as the first to have reached such English 
readers as are not specialists in its subject. Among 
some of those who are, however, Dr. Rudolf 
Camerer’s name and even his lectures are already 
familiar and enjoy a considerable reputation, 
which is confirmed by a perusal of the present 
volume. 

Apart, indeed, from its excellent exposition, the 
book is an admirable example of an educational 
work in which theory and practice are shown in a 
correct perspective. Dr. Camerer was professor of 
machine construction at the Technical College 
(Hochschule) of Munich, but earlier in his career he 
was chief designer of a German firm of turbine 
builders; and though he addressed his lectures 
primarily to students, and both chose and arranged 
the subject matter with a special eye to their needs, 
he seems to have kept constantly in mind the 
practical purposes that his teaching was ultimately 
to serve, and is keen to point out the limitations 
no less than the scope of the theories with which his 
lectures are concerned. Throughout its com- 
prehensive and detailed information the work 
presents constantly a broadminded and enlightening 
conception of the difference between the exact or 
laboratory sciences, on which the imtroductory 
training of a student in a technical school is based, 
and the engineering sciences. In the exact or 
laboratory sciences the phenomena and quantities 
to be studied are given imperatively and exactly. 
In the engineering sciences, on the other hand, 
many quantities are given only approximately, 
some have to be chosen arbitrarily, and some 
cannot be given at all with any certainty. 

Not the least important part of an engineer’s 
education, nor the least truly scientific part of it, 
is that by which he learns how best to use this new 
freedom to choose quantities instead of accepting 
them ready made at the dictation of theory. He 
has to learn to distinguish what is more important 
from what is less important, to select for himself 


many of the questions to which answers are needed, 
to frame his questions so that as far as possible 
they can be answered, and in the compromises 
that have constantly to be made to become expert 
in getting, so to speak, the best of the physical or 
sometimes even of the economical bargain. Elegance 
of mathematical expression, as the author is never 
tired of insisting, is of less consequence than the 
closeness with which the conditions it assumes 
correspond to the results of practice; and when a 
student has learned the theory of his subject accord- 
ing to the best available information, he has still 
to acquire the faculty ‘of sound and accurate 
technical judgment, by which he can apply his 
theoretical knowledge to the difficulties in principle 
and design that he will meet in practice, Based as 
the whole of the present work is on this view of 
engineering education, it is not surprising to find 
that 1t never loses sight of the final test of practice 
to which its information must be subjected. Much, 
therefore, of its material, including both tabular and 
graphic data, methods of treatment—some of them 
original with the author, and since adopted in the 
general practice of turbine designing—and the 
copious examples drawn from machines already 
constructed and working, will unquestionably be of 
service to practising engineers. 

The scheme of exposition presents the subject in 
seven sections, of which the earlier are of more 
general scope than the later, but contain the 
material required for the more detailed treatment 
given in the following sections. The first section is 
introductory, outlining the scope and limitations of 
technical study in an impressive statement, which 
may be applied to more subjects than the study of 
turbines, and describing shortly the chief physical 
and chemical properties of water that affect the 
design and use of hydraulic machinery. The second 
section, occupying about a fourth of the book, 
deals with the general laws of hydraulics as derived 
from considerations of energy, methods and instru- 
ments of measurement, the principal experimental 
results on the flow of water both from practice 
and on models, and the investigation of the forces 
exerted by flowing water on the vessels or channels 
that contain it. 

In a third section a summary and closely illu- 
strated description is given of the many types of 
water-power machines, with an outline of the 
history of their development. The fourth section 
develops the general theory of turbines on the 
assumption of constant losses through friction, 
thus avoiding for the time being the complications 
that arise in practice through the variation of 
frictional losses and the special circumstances of 
individual water channels. These are dealt with in 
the fifth section, where a detailed theory is elaborated 
of radial inward-flow turbines of the Francis type, 
based on examples drawn from actual practice. 
Closely related to this is the sixth section, which 
discusses in detail the design and installation of new 
turbines of the same type, taking account of the 
variations in circumstances that occur in actual 
running and of the allowances to be made for them. 
These two sections between them occupy over a 
third of the text, and provide a detailed account of 
what is the most highly developed and important 
type of turbines. The last section deals shortly 
but in detail with the design and calculations for 
Pelton wheels. Throughout the work, references 
are given freely to original papers and other sources 
of further information on aspects and methods of 
which the author has given only a restricted account. 
Much detailed information is given, in tables and 
otherwise, of actual results obtained in practice and 
by experiment, with the reminder from time to time 
that such coefficients as are thus provided must be 
treated not as natural constants but as merely 
empirical figures, to be used provisionally and 
tentatively. A still more valuable feature of the 
book is provided in 42 folding plates bound in 
with it, on which appear a large variety of details 
drawn from modern German, Swiss and Italian 
practice. This important collection is additional to 
646 illustrations in the 515 large quarto pages of the 
body of the work. Asa whole the work attains the 
exacting standard that the author lays down for 
the treatment of engineering science, and clothes its 


practical application. The book has an excellent 
table of contents, a less satisfactory index, and a 
greater number of trifling misprints than might have 
been expected. In spite of its relatively low price it 
is well got up on opaque art paper and strongly 
bound. 


é 





A Course of Metallurgy for Engineers. By Professor 
F, C. THompson, D.Met. London: Messrs. H. F. G. 
Witherby. [Price 25s. net.] 

THE exacting requirements of modern engineering 
in reference to metals and alloys renders some 
knowledge of metallurgy more and more necessary 
for engineers. Hence, there is a large field of use- 
fulness for a good book on the subject. The author, 
by practical training and teaching experience, is 
well qualified to deal with metallurgy for engineers 
and has included in his outlines the composition, 
structure and heat-treatment of steels, together 
with hot and cold working and case hardening. 
The composition, properties and structure of cast 
iron are then dealt with, while under the non-ferrous 
section, brass, bronze, aluminium alloys and bearing 
metals are included. Special attention is given to 
the microstructure of metals and alloys, and speak- 
ing generally, the illustrations given are well pre- 
pared and suitable for the purpose. The mechanical 
properties of metals and alloys at various tempera- 
tures are also dealt with. It will thus be seen that 
the treatment is comprehensive, though the book is 
not inconveniently large. It extends to 240 pages, 
and includes 95 illustrations. The English is not 
unfrequently a little lacking in style and precision, 
and the index might with advantage have been 
extended. The addition of references to the text 
would, in many cases, have been an improvement, 
as the bibliography given at the end of the volume 
is scarcely adequate. A few of the figures such 
as numbers 22 and 61 are poor, though a number 
of the illustrations are very satisfactory, both in 
subject and execution. There are a few misprints, 
as, for example, “ grass ” for “ Mass,”’ on page 226, 
but the chief adverse criticism relates to the price 
of the book, which is likely to limit the circulation 
among the class of students for which it is intended. 
Apart from such minor criticisms, the book is one 
which can be strongly recommended for the use 
of engineering students. It contains matter which 
has been well selected, and which should be in the 
possession of all who are using metals in connection 
with the engineering industry. The author is to be 
congratulated on the results of his labours, which 
have involved a combination of an intimate know- 
ledge of metallurgy with balanced judgment in 
selection and arrangement of material. 








Prersonat.—Mr. W. A. Benger, A.M.I.E.E., has now 
relinquished his position with Messrs. F. and A. Parkinson 
of Guiseley, Leeds, in order to commence business on 
his own account as an electrical engineer, at 102, Albion- 
street, Leeds.—The Vickers Spearing Boiler Company, of 
20, Kingsway, London, W.C.2, of which Messrs. Vickers, 
Limited, are the sole proprietors, will in future be known 
as the Vickers Boiler Company, Limited. Mr. Douglas 
Vickers will be chairman, and Sir Vincent Caillard and 
Commander C. W. Craven, R.N., directors. Mr. W. F. 
Sadler and Mr. J.\K. Bock will be joint managing directors, 
and Mr. G. T. Williamson, general manager.—The Igranic 
Electric Co., Limited, of 147, Queen Victoria -street, 
London, have recently opened a branch office at British 
Dominions House, Tramways Centre, Bristol. 





THE CAMERASCOPE.—The value of the stereoscope as & 
means of obtaining a true impression of the appearance 
of any object has been long realised, but little, if any, 
use has been made of this in dealing with industrial 
products until recently, when Camerascopes, Limited, of 
Walter House, 52, Bedford-street, Strand, London, W .C.2, 
introduced a small folding pocket stereoscope for the 
purpose. The outlook of the people responsible for this 
innovation is that, as a true impression cannot 

obtained from an ordinary photograph, they propose that 
traders may be supplied with stereoscopic photographs or 
similar half-tone reproductions and use the Camerascope 
to give their clients an accurate knowledge of the appear- 
ance of the goods they are interested in. When the 
difficulties of trading in, say, electric-light fittings are 
appreciated, and the stock of them that can actually be 
kept in a show-room must be small, it will be seen that 
the Camerascope may serve in a very useful way to 
satisfy the customer of the appearance of other goods 
than those actually in stock. This is but one example; 
many might be cited, and we hear that some large 
industrial concerns have already decided to make use of 











ample statement of theory in the language of 


the Camerascope for such purposes. 
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THE CIERVA FLYING MACHINE. 
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THE CIERVA FLYING MACHINE. 


Ir is perhaps rather remarkable that the whole of 
the progress made in flying with machines of the 
heavier-than-air type has resulted from a development 
of the first practical flying machine, produced by the 
Wright brothers in 1903, a modern aeroplane differing 
but little in its essentials from the earliest machine to 
fly successfully. Many attempts have, of course, been 
made to produce a practical flying machine of the 
helicopter type employing airscrews rotating in the 
horizontal plane to give a direct lift, and although such 
machines have risen from the ground, we believe that 
even their inventors would hardly claim that the 
problem of the helicopter has been solved. Some of 
the desirable characteristics of the helicopter have, 
however, been obtained in a machine which, although 
it depends for its support upon an airscrew rotating 
in the horizontal plane, cannot be classed as an orthodox 
helicopter, since it is unable to rise vertically from the 
ground and hover stationary in the air. It can, however, 
in addition to flying, climbing and gliding like an 
ordinary aeroplane, fly at very low speeds and descend 
almost vertically under complete control. The 
low-speed characteristic would appear to be useful 
for observation and other military purposes, while 
the ability to descend steeply would enable the machine 
to land without difficulty in a comparatively confined 
space, such as might be available in the centre of a 
large city or on the deck of an aircraft carrier at sea. 

The machine to which we are referring is the invention 
of Senor Don Juan de la Cierva, who brought it to 
this country on the invitation of the Air Ministry. 
A number of demonstration flights were carried out 
with complete success over Laffan’s Plain, Farnborough, 
on Monday last in the presence of the Secretary of 
State for Air and other officials, the machine being 
piloted on this occasion by the well-known test pilot 
Capt. F. T. Courtney. [Illustrations of the machine on 
the ground and in the air, reproduced from photographs 
taken by the Topical Press Agency during the course 
of the demonstration, are given in Figs. 1 and 2 
on this page, and from these its general appearance 
can be seen. It Consists, as shown, of an ordinary 
Avro fuselage with a 110 h.p. Le Rhone engine, driving 
a tractor airscrew in the normal position. The rudder, 
tail plane and elevator are of the usual Avro design, 
but the wings are replaced by a large four-bladed 
airscrew, mounted on ball bearings on an almost 
vertical shaft, so that it is free to rotate in a horizontal 
plane. The blades of this airscrew are of symmetrical 
section (Géttingen 429) and are in external appear- 
ance similar to that of an ordinary aeroplane wing of 
exceptionally high aspect ratio, viz., about 11 to 1. 
They are, however, only lightly braced so that they are 
fairly flexible in the vertical plane and are, moreover, 
hinged at the hub to avoid the transmission of gyros- 
copic forces to the vertical shaft, and for another reason 
which will be referred to later. 

It should be made quite clear that this lifting air- 
Screw is not directly driven by the engine in any way. 























| When taking off from the ground, the engine driving 
the tractor screw is started up and the lifting screw is 
set in rotation by hand. At the demonstration on 
Monday last, this was done by men pulling on a rope 
wound round a frame carried by the blades, but obvi- 
ously some more convenient method would be em- 
ployed in a machine intended for practical service. 
As the machine is moved forward over the ground by the 
action of the tractor screw, the speed of rotation of the 
lifting screw increases owing to the difference in the 
drags on the blades having their leading and trailing 
edges, respectively, foremost, until a speed of about 140 
r.p.m. is reached, the estimated speed of the machine 
over the ground being about 30 miles per hour. 
The pilot can then raise the machine from the ground 
by means of the elevator. Climbing is effected by the 
combined action of the lifting and tractor screws, and 
the machine can be controlled in the vertical plane 
by the elevator and steered by the rudder similarly 
to an ordinary aeroplane. 

Owing to its rotation in the horizontal plane, the 
relative velocity of the air and the blades of the air- 
screw is different on each side of the screw, the lift, 
of course, being greater on the blade which is advanc- 
ing into the wind than on that which is moving in the 
opposite direction. The effect, however, is consider- 
ably diminished by the method of connecting the 
blades to the hub above referred to. The hinges at the 
roots of the blades permit them to flap up and down as 
they rotate, and the effect of this is to decrease the 
effective angle of incidence of the advancing blade and 
increase that of the receding blade. The high centrifugal 
forces on the blades also have the effect of bringing the 
resultant nearer the vertical, and by setting the shaft, 
previously referred to as vertical, at a slight angle in 
the opposite direction, the resultant lift is brought 
almost exactly into the vertical plane. Any dis- 
crepancy in this respect which would give the 
machine a tendency to turn about the longitudinal 
axis of the fuselage can be controlled by the pilot 
by means of ailerons, mounted on outriggers braced 
to the longerons, one of the ailerons being turned up and 
the other down in flight to keep the machine on an 
even keel. We were informed, however, that the 
ailerons, which are clearly visible in both our illus- 
trations, are actually used only to balance the torque 
of the engine driving the tractor screw. The speed 
of rotation of the lifting screw, it may be remarked, 
appears to depend approximately on the weight 
supported rather than on the air speed of the machine, 
but doubtless its behaviour can be fully explained by 
the blade-elementtheory, although this is more difficult 
to apply than usual on account of the flapping move- 
ment of the blades. 

During the course of the demonstration flights, the 
machine rose several times to a height of about 300 ft., 
making either normal gliding descents or descending 
very steeply, with the engine cut off in both cases. 
In the steep descents, the velocity in the line of flight 
was kept down to about 10 or 12 miles per hour by 





the action of the lifting screw, which, of course, con- 





tinued to rotate, so that the landing carriage fitted with 
oleo shock absorbers was in no way damaged ; the run 
along the ground, in the case of the steep descents, 
varied from about 1 to 10 yards. The maximum air 
speed of the machine, which weighed 2,000 lb., including 
the pilot, is about 68 miles per hour and its minimum 
speed 30 miles per hour, although when descending 
with the engine cut off its velocity in the line of flight 
is only 10 or 12 miles per hour, as previously stated. 
We understand that on other occasions the machine has 
reached a height of 1,150 ft. This is certainly a note- 
worthy performance for a machine of so unconven- 
tional a design, especially as it must still be regarded 
as being in the experimental stage. In any case it is 
a considerable advance upon the performance of any 
helicopter with which we are acquainted, and the 
further development of the type will be watched with 
interest. 





THE LATE PROFESSOR H. MAXWELL- 
LEFROY. 


Tue death of Mr. Maxwell-Lefroy, Professor of 
Entomology at the Imperial College of Science and 
Technology, on October 14, involves a great loss to the, 
science of entomology and to national economy, and 
touches the engineering profession closely, for he 
showed the engineer in many a problem what he 
really had to guard against and how it might be done. 

Harold Maxwell-Lefroy, born at Itchel Manor, 
Crondall, was the son of a Hampshire country gentle- 
man. He was educated at Marlborough College and 
Cambridge, where he took up entomology as his 
special subject. He graduated with first - class 
honours in the science tripos, 1898, became, in 1899, 
Imperial Entomologist for the West Indies, and 
proceeded in 1903 in the same capacity to India. 
He was silk-specialist in India, 1915-16, and 
was attached in 1916 to the Mesopotamia Field 
Force, where he began 4 successful crusade against 
flies. Recalled to London, he was sent out to Aus- 
tralia to prevent the destruction of vast stores of 
grain by beetles. An original laboratory worker, he 
recognised from the first the necessity of thoroughly 
studying the habits of insects in their own surroundings 
in order to fight them by poisons, by parasites, by 
destroying their food, &e. We have drawn attention 
to his remarkable work at Westminster Hall, where 
the problem was to preserve the apparently doomed 
roof timber, and his fight against food insect pests 
and disease carriers, and to the dangers of the dispersal 
of insect pests through the medium of traffic, including 
the involuntary transport of flies, &c., into uninfected 
districts by flying machines, and, for further details, 
would refer our readers to our issues of June 26, 1914, 
page 867 ; March 7 and 14, 1919, pages 298 and 348 ; 
and April 23, 1920, page 552. Experimenting alone 
in his laboratory without a gas mask, he was appa- 
rently overcome by some poison gas and succumbed 
after four days of unconsciousness. 
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LABOUR NOTES. 

Tue interim report of the joint committee of repre- 
sentative employers and trade unionists, which is 
investigating conditions prejudicially affecting the 
British shipbuilding and ship-repairing industries, is an 
interesting document that deserves to be widely read 
and closely studied—especially by shipyard workers. 
The representatives of the men have, of course, deferred 
taking the opinion of the rank and file on it until the 
whole inquiry has been completed. The two industries 
are, therefore, left to struggle through the winter under 
conditions which are, according to the report, far too 
heavy for it. But the further outlook will undoubtedly 
be greatly improved if due consideration is now given 
to the agreed facts. There is, on this record, no doubt 
about the actual situation. The depressed state of the 
British shipbuilding and ship-repairing industries is 
largely due to the fact that the Dutch and German 
firms against which they have to compete for contracts 
work longer hours, pay lower wages, and enjoy better 
conditions. On the hours question the report states 
that the committee agreed to direct the attention of 
the Minister of Labour to the following :— 

‘**(a) In Germany, although nominally the hours of 
the regular working week are under Government order 
eight hours per day, yet in many cases by agreement 
between employers and workers the regular hours of 
work in shipyards are 54 hours per week, overtime rates 
being payable only for work done beyond these hours. 

**(b) In Holland, although by statute the hours of 
regular working week are 48, yet by licence of the 
Government authority hours in shipyards have been 
increased to 54 hours per week. 

**(e) In France the hours of the regular working week 
are by law 48 ‘ effective’ hours. 

“We have no intention to increase the hours of the 
regular working week in British shipyards, but, in 
view of the foregoing conditions, we agreed to ask 
the Minister whether there are any steps he can take 
to further the observance of the shorter working week 
in the shipyards of other countries, making special 
reference to the importance of uniformity in interpreta- 
tion and administration. An international competitive 
race in hours of work would seriously jeopardise the 
general standard of working life. 

“It was an express provision of the agreement of 
November 19, 1918, under which the 47 hours’ week 
was adopted in our industry, that all possible steps 
would be taken to ensure that in the critical state 
through which the industry had to pass the greatest 
possible output would be secured and maintained, and 
we agree to reaffirm the principles set out in the memo- 
randum of the joint committee of September 25, 1919, 
relating to the starting and stopping time of work.” 





In appendices to the report, particulars are given 
of the wages paid in this country and in Germany and 
Holland. For a typical skilled man, the British time 
rate is 55s. 6d. per week, while the German skilled 
worker’s rate is equivalent to from 35s. 8d. to 37s. 10d. 
per week, and the Dutch skilled worker’s rate to 
44s. 6d. per week. In the case of semi-skilled men, 
the rate is 41s. 6d. in Britain, 32s. 11d. to 35s. 1d. in 
Germany, and 38s. 9d. in Holland, while the rates for 
unskilled men are 38s. 6d. in Britain, 28s. 1d. to 30s. 3d. 
in Germany, and 33s. in Holland. The actual differ- 
ence as a percentage is much greater as the German 
works seven hours longer for his week’s money than 
the British worker. 





In order to improve the conditions under which the 
British shipbuilding and ship-repairing industries are 
carried on, the employers propose, amongst other 
things, that there shall be freedom for one class of 
workman to complete the work when it is within their 
competence to do it, that work which is not an essential 
and distinctive part of the work of any one class may 
be performed by anyone who is competent to do it, 
and that, where there is a definite shortage of any 
class of craftsmen, craftsmen of another class com- 
petent to do the work may be employed, and if 
the rates of the two crafts are different the higher rate 
will be paid. The Joint Committee, moreover “ recog- 
nise that in the interests of the proper organisation 
and evolution of the industry the use of labour-aiding 
machinery is to be encoureged.”’ ‘We believe also,” 
they continue, “ that in the present state of trade and 
world competition it is the duty of all parties to secure 
for the industry as a whole all such savings in cost as 
can be obtained from the fullest use of machinery and 
methods conducive to economic output.” 

On the general question of foreign competition, the 
report states that during the proceedings of the Joint 
Committee the employers’ representatives pointed out 
that the margin of difference between the British and 
German prices in the case of the Furness-Withy con- 
tracts was quite abnormal, and did not represent accu- 
rately the general run of the margin between British 





and foreign tenders. The shipbuilders’ representatives 
explained that in many contracts for new work, parti- 
cularly for the bigger ships, which gave the greatest 
amount of employment, and in the majority of con- 
tracts for repair work—in which Continental com- 
tition, particularly of the Rotterdam firms, was most 
eenly felt—the margin of difference was not so great. 
In these cases, by minor readjustment in handling, and 
greater elasticity in the organisation of work by inter- 
changeability, and by the loyal and full observance of 
the conditions of the 47 hours’ week, much of the 
new work and the greater portion of the ship-repairing 
work which at present goes to the Continent, could be 
retained for British workmen and British shipbuilders. 
This would also, the shipbuilders hoped, encourage 
shipowners to place work at the reduced prices which 
would thus be secured without interfering with the 
wages or increasing the working hours of the shipyard 
workmen. 





According to the Ministry of Labour Gazette, employ- 
ment showed little change, on the whole, during 
September. Among the 11,500,000 workpeople in- 
sured against unemployment under the Unemployment 
Insurance Acts in Great Britain and Northern Ireland, 
the percentage unemployed on September 21, 1925, 
was 12-4, as compared with 12-5 on August 24, 1925, 
and with 10-8 for September 22, 1924. Among the 
members of those trade unions from which returns 
were received, the percentage unemployed was 11:4 
at the end of September, 1925, compared with 11:4 
at the end of August, 1925, and with 8-6 at the end of 
September, 1924. As compared with a month ago, 
employment at the end of September showed an 
improvement in the wool textile, cotton, pottery, tin- 
plate, and iron-mining industries, but a further slight 
decline in the pig-iron industry. The increase in 
unemployment as compared with a year ago was due 
mainly to the depression in the coal-mining industry. 





The number of workpeople affected by the changes 
in rates of wages reported to the Ministry of Labour 
in September, was smaller than in any month during 
the past ten years. In the industries for which 
statistics are regularly compiled by the Department, 
the changes in rates of wages reported resulted in 
an aggregate increase of about. 2,800/.' in the weekly 
full-time wages of 47,000 workpeople, and in an 
aggregate reduction of 2,400/. in the weekly wages 
of 27,000 workpeople. The principal groups of work- 
people whose wages were increased were nearly 
30,000 coal miners in West Yorkshire and the Radstock 
districts, 4,000 iron puddlers and millmen in the North 
of England, and about 7,000 workpeople employed 
in the non-trading services of local authorities in the 
West Midlands. In the coal mining industry the 
wages of over 20,000 of the lower-paid-men in West 
Yorkshire were raised by amounts. varying from 
3d. to nearly 5d. per shift, while in Radstock area the 
percentage addition to basis rates was increased by 
an amount equivalent to nearly 14 per cent. on current 
rates. Iron puddlers and millmen in the North of 
England received an increase of over 1} per cent. on 
current rates. Employees of local authorities in the 
West Midlands had their wages increased by amounts 
varying from 10d. to 1s. 3d. per week. The principal 
reductions affected over 5,000 iron-ore miners in 
Cumberland and Furness, whose wages were reduced 
by amounts varying from 3d. to ld. per shift in Cum- 
berland, and from 3d. to 34d. in Furness; and over 
6,000 iron puddlers and millmen (including sheet 
millmen) in the West of Scotland, who sustained 
decreases equivalent to about 14 per cent. on current 
rates. There were also reductions in the wages of 
blastfurnace workers in Cumberland, and in those of 
asbestos workers. 





During the nine completed months of . 1925, the 
changes reported to the Ministry of Labour, in the 
industries for which statistics. are compiled, have 
resulted in net reductions amounting to over 152,0001. 
in the weekly full-time wages of nearly 970,000 work- 
people and in net increases of 76,000/.:in those of over 
830,000 workpeople. In addition,: the wages of 
200,000 workpeople have been changed: at . various 
dates during the period, but now stand at the same 
level as at the beginning of the year. In ‘the corre- 
sponding period of 1924 there were net increases of 
nearly 560,000/. in the weekly full-time wages of over 
2,660,000 workpeople, and net reductions of over 
72,0001. in those of 635,000 workpeople. 





The number of trade disputes involving stoppage 
of work reported to the Ministry of Labour as beginning 
in September was 36. In addition 33 disputes, which 
began before September, were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in September (including work- 
peoplé; thrown out of work at the establishments 
where the’ disputes occurred, but not themselves 





parties to the disputes) was over 40,000, as compared 
with about 220,000 in the previous month, and the 
estimated aggregate duration of all disputes in 
September was between 400,000 and 500,000 working 
days, as compared with from 2,800,000 to 2,900,000 
days in August, when a dispute was in progress 
involving about 165,000 workpeople in the wool 
textile industry. 





In the latest Monthly Trade Report of the United 
Patternmakers’ Association, Mr. Findlay, the general 
secretary, states that there has been a slight improve- 
ment in the organisation’s unemployment figures. 
‘““'We have gone down,” he says, “to 917, and we 
hope the improvement will be maintained, and obviate 
the necessity for further anxiety in regard to our 
finances. Our quarterly reports are now coming in, 
and by the next E.C. meeting, after we have had 
them analysed, E.C. will be in a position to go into 
the question of ways and means.” It is intimated 
that Mr. A. E. Wardale has been re-elected general 
president of the Association by 1626 votes to 1,317 
votes cast for Mr. H. Taylor. 





At the end of September, 23,854 members of the 
Boilermakers’ Society were ‘signing the — books,” 
which is just the same number as at the end of August. 
In August 3,883 members were drawing superannua- 
tion benefit; at the end of September the number 
was 3,958. Commenting upon the increase of super- 
annuated members, Mr. Hill states that it is due to 
members coming on the fund “at the minimum age 
owing to the growing feeling that trade may never, in 
their life-time, absorb all our members.” 





Mr. Hill, the general secretary of the Boilermakers’ 
Society, has addressed a letter to the Prime Minister 
suggesting a grant to the shipbuilding industry from 
the Unemployment Insurance Fund. The average 
output of ships for the last five years has amounted, 
he ‘says, to 1,200,000 tons. If we could increase that 
output to 1,800,000 tons, employment would be found, 
he reckons, for all the men in the industry. “I am 
suggesting,’ he proceeds, “that you apply a portion 
of the money which will be paid to idle men in the 
industry to the subsidising of additional work necessary 
to find employment for all. A grant of 50s. per 
ton on each ton of shipping constructed beyond the 
present average output of each yard up to the maximum 
of 50 per cent. increase, would require 1,500,000/. 
per annum. The grant would be proportionate to 
the tonnage constructed in each shipyard over the 
present average output, and subject to the condition 
that additional men employed also reached the pro- 
portional percentage increase over the present average 
number of men employed. Thus, for an expenditure 
of 1,500,000/. from State unemployment funds, we 
would save an expenditure of 5,400,000/.—a net saving 
of 3,700,0001. per annum.” 





At a meeting in London on October 14, the National 
Wages and Conditions Council for the Building Industry 
decided to stabilise wages for nine months in order to 
give time for a thorough examination of the situation. 
The following agreed official statement was made at 
the close of the proceedings :—‘ This Council has 
agreed to co-operate and use every effort in order to 
complete its further negotiations in regard to the 
possibility of obtaining ratification of the revised 
constitution, or, alternatively, to provide a scheme 
embodying regional or area agreements, but subject 
to national control, by February 1, provided that 
existing standard wages are stabilised until August 1, 
1926. Upon completion of the negotiations, and the 
ratification of the conclusions resulting therefrom, the 
regions to be authorised to proceed to get the requisite 
new regional machinery set up, and begin to deal with 
working conditions under such new agreements. Should 
ratification not have been completed by February | 
a day-to-day agreement to continue pending ratifica- 
tion. Meanwhile no alteration in grading will be 
made until February 1, 1926. 





The Central Wages Board considered on October 14 
the ‘‘all grades’? programme of the National Union 
of Railwaymen and the Railway Clerks Association, 
and also the claim of the railway companies for certain 
flat-rate reductions of wages. The parties failed to agree, 
and the issues, therefore, automatically became subjects 
for the consideration of the National Wages Board. 





The Ministry of Labour states that on October 12, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,258,800, namely, 1,008,500 men, 36,900 boys, 
183,800 women, and 29,600 girls. On October 5, 1925, 
the number was 1,297,628, or 1,035,752 men, 39,167 
boys, 192,031 women, and 30,678 girls. On October 
13 it was 1,210,201, or 915,274 men, 36,942 boys, 
225,300 women, and 32,685 girls. 
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THE EFFECT OF TEMPERATURE ON 
THE BEHAVIOUR OF IRON AND 
STEEL IN THE NOTCHED - BAR 
IMPACT TEST.* 

By Dr. R. H. Greaves and Mr. J. A. JoNEs. 
Communication from the Research Department. 
Woolwich. 

Amon the objects which the authors had in view in 
carrying out this study of the effect of temperature on 
the behaviour of iron and steel in the notched-bar 
impact test, were the determination of the influence 
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Fic. 1.—Notched-bar impact figure of Swedish bar iron at 
(921.4) different temperatures. 


(C., 0-040 %; S., 0-003 % ; P., 0-039 %.) 
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Fia. 4.—Notched-bar pet Sees of mild steel at different 
(seun.) temperatures. of treatment. 
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TEMPERATURE °C 
Fie. 7.—Notched-bar im figure of 0-93 per cent. carbon 
(92.6) steel at different temperatures. 


(S., 0-020 % ; P., 0-025 %. 


of changes of atmospheric temperature on the test, 
the investigation of the embrittling action of cold, 
and the elucidation, if possible, of some features of the 
** blue-brittleness ”’ of iron and steel, and of the ‘‘ temper 
brittleness ’’ of alloy steels. These objects have entailed 
some work in other directions—for example, in investi- 
gating the influence of the form of the test-piece on 
the indications of the test, and in comparing the 
— of impact and slow-bending tests on notched 
ars. 

In this work a large variety of material has been tested, 
and it will render the results more accessible if those 
of standard impact tests are first given under the heading 
of the respective materials, and features of more general 
interest discussed later. 

Method of Testing and Materials used.—The tests 





* Paper read before the Iron and Steel Institute, 
Birmingham, Thursday, September 10, 1925. Abridged. 











were made in the 30-kg.-m. Charpy machine. The 
B.E.S.A. standard form of test-piece, having the dimen- 
sions 10 x 10 x 60 mm., with a 45 deg. V-notch, 
root radius 0-25 mm. and 2 mm. deep, was used 
throughout. The width of gap was 40 mm., and the 
striking velocity 5-3 m. per second. 

Comparative tests with other forms of test-piece 
were also made. The specimens were placed in a 
bath or furnace at the required temperature, and were 
kept at the temperature for half an hour before breaking. 
They were then removed to the anvil of the machine 
and broken immediately. The time occupied in break- 
ing, measured from the moment of removal from the 
constant temperature bath or furnace, was not more 
than five seconds, and the change of temperature which 
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Fia. 2.—Notched-bar impact figure of Armco iron at different 
(92u.8,) temperatures. 
(A.—C , 0-070 % ; S., 0-046 %; P., 0-017 %.) 
(B.—C., 0-030 % ; S., 0-002 % ; P., 0-013 %.) 


Miid | Stee! 8 c. 
1 | Water 


IMPACT FIGURE Hom 





-200° o 200° 400° 600 800 1000* 
TEMPERATURE °C ‘ 
Frio. 6.—Notched-bar impact figure of mild steel at different 
(92u.€) temperatures. Effect of treatment. 


(S., 0-101 % ; P., 0-073 %.) 
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Fia. 8.—Notch-bar im figure of 0-45 cent. carbon steel 
(92u.H.) at different Smapentans 


(S., 0-034 % ; P., 0-057 %.) 


occurred in this time at the notch in the centre of the 
specimen was usually very small. 
The required temperatures were attained as follows : 


— 80 deg. C. 


oxide. 
— 80 deg. to — 20 deg. C. Ether and solid carbon dioxide. 
— 20 deg. to 0 deg. C. Ice and Salt. 
Odeg.C. .. os .. Melting ice. 
Atmospheric to 100 deg. C. Water. ° 
120 deg. to 250 deg.C. .. Oil-bath. 
250 deg. to 650 deg. C. .. Salt-bath of fused nitrates. 
650 deg. to 1,000 deg. C. Electric muffle furnace. 


The possibility that chemical action of the fused 
nitrates would reduce the impact figures was considered. 
The effect was carefully examined by a series of com- 
parative tests on mild steel at 650 deg. C. after heating 
for half an hour (a) in a salt-bath, or (6) in an electric 
muffle. The results of tests were identical. In a series 
of tests carried out in another connection, oil-hardened 
and fully tempered carbon and nickel steel gave no 


Ether and excess of solid carbon 








change in impact figure after immersion in the salt 
_ of fused nitrates at 350 deg. C. for forty-eight 
ays. 

The Materials used were the following : 

Swedish Bar Iron.—Test-pieces were cut longitu- 
dinally from the plates as rolled (Fig. 1). Brinell 
hardness, 83. 

Armco Iron.—Two samples (rectangular bar, 2! in, 
by } in.) were examined, both in the condition as rolled, 
Test-pieces were cut tranversely (Fig. 2). Brinell 
hardness: Sample A, 85; Sample B, 86. 

Armco iron was used for determining the effect of 
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Fic. 3.—Notched-bar impact figure of mild steel at 
(92u.c) different temperatures. 


(S., 0-034 %; P., 0-041 %.) 
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Fic. 6.—Notched-bar impact figure of mild steel at different 
temperatures. Effect of cold-work. 
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Fic. 9.—Notched-bar impact figure of high sulphur and 
._ phosphorus carbon steel at different temperatures. 
(920.1) 


variations in the notch (Figs. 23 and 24) and in the rate 
of straining (Fig. 20). 

Mild Steel_—Three specimens were examined :— 

Sample A.—1}-in. round bar as rolled; test-pieces 
longitudinal (Fig. 3), Brinell hardness, 128. 

This steel was used for determining the effect of 
different rates of straining (Fig. 21). 

Sample B.—}j-in. plate; test-pieces transverse ; 
tested as rolled (Brinell hardness, 113), and also after 
the following treatments : 

(1) Heated at 900 deg. C. for one hour and quenched 
in water. Brinell hardness, 146. 

(2) Annealed at 900 deg. C. and slowly cooled. 
Brinell hardness, 108. 

(3) Overheated. Heated at 1,250 deg. C. for one 
hour and slowly cooled. Brinell hardness, 108. 

(4) Cementite globularised. Normalised ste! re- 
heated to 710 deg. C. and very slowly cooled. Brinell 
hardness, 111. 
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The results are shown in Figs.4 and 5. The sulphur 
and phosphorus contents of this steel were somewhat 
high. 

Sample C.—3-in. plate; test-pieces transverse ; 
tested as rolled (Fig. 6), Brinell hardness, 112. After 
cold rolling to § in., Brinell hardness, 160. After cold 
rolling to $in., Brinell hardness, 184. 

Carbon Steel: Sample A.—Carbon, 0-39 per cent. ; 
test-pieces were cut transversely from the forging 
after the steel had received the following treatments 
(Fig. 7) :-— 

(1) Normalised. Heated at 900 deg. C. for one hour 
and cooled in air. Brinell hardness, 171. 

(2) Oil hardened from 900 deg. C., tempered for two 
hours at 650 deg. C. and cooledin air. Brinell hardness, 
194. 

Sample B.—Carbon, 0-45 per cent.; test-pieces were 
cut transversely from a forged billet, after the steel had 
received the following treatments (Fig. 8) :— 

(1) Normalised. Heated to 880 deg. C. and cooled 
in air. Brinell hardness, 170. 

(2) Oil hardened from 870 deg. C.; tempered at 
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Fia. 10.—Notehed-bar impact figure of nickel steel at different 
(92u.K.,) temperatures. 
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Fia. 13.—Notched-bar impact figure of stainless steel at 
(921.N.) different temperatures. 


650 deg. C. for one hour, and cooled in air. Brinell 
hardness, 203. 

: This steel was used for slow bending tests on notched 

ars. 

Sample C.—Carbon, 0-52 per cent.; contained high 
sulphur and phosphorus. Test-pieces were cut trans- 
versely from a forged billet after the steel had received 
treatments identical with those given to sample B 
rae Brinell hardness, 184 and 216 respectively 

‘ig. 9). 

Nickel Steel (carbon 0-35 per cent., nickel 3-77 per 
cent.).—Test-pieces cut transversely (Fig. 10) from a 
forging after the steel had been :— 

(1) Annealed at 900 deg. C. and cooled in the 
furnace. Brinell hardnes:, 190. 

(2) Oil hardened from 900 deg. C.; tempered at 
620 deg. C. for two hours and cooled in air. Brinell 
hardness, 219. 

. This steel was used for slow bending tests on notched 
ars. 

Nickel-Chromium Steel: Sample A (carbon 0-23 per 
cent., nickel 3-72 per cent., chromium 0-92 per cent.).— 
Test-pieces cut transversely (Fig. 11) from a forging 
after the steel had been :— 

(1) Annealed at 900 deg. C. and cooled in the 
furnace. Brinell hardness, 261. 

_(2) Oil hardened from 900 deg. C.; tempered at 
650 deg. C. for two hours and cooled: (a) In water. 
Brinell hardness, 243. (6) Slowly at 0-3 deg. C. per 
minute. Brinell hardness, 240. 

This steel was used for slow bending tests on notched 

ars. 

Sample B (carbon 0-38 per cent., nickel 1-93 per 
cent., chromium 0-62 per cent.).—Test-pieces were cut 
transversely (Fig. 11) from a forging which had been 
oil hardened from 880 deg. C., tempered at 660 deg. C. 
for two hours and cooled in air. Brinell hardness, 222. 

This steel was used for determining the effect of 
different forms of noteh ‘Fig. 25). 





Nickel-Chromium-Molybdenum Steel (carbon 0-28, 





nickel 2-45, chromium 0-65, molybdenum 0-43 per 
cent.).—Test-pieces were cut transversely (Fig. 12) 
from a forging which had been oil-hardened from 
900 deg. C., tempered at 670 deg. C. for 2 hours, and 
cooled in air. Brinell hardness, 242. 

Chromium-Vanadium Steel (carbon 0-40, chromium 
1-22, vanadium 0-22 per cent.).—Test-pieces were 
cut longitudinally (Fig. 12) from a rolled bar after 
the steel had been oil-hardened from 900 deg. C., 
tempered for two hours at 670 deg. C. and cooled in 
water. Brinell hardness, 238. 

Stainless Steel (carbon 0-43 per cent., chromium 
12-37 per cent.).—Test-pieces were cut longitudinally 
(Fig. 13)¢rom rolled bar which had been : 

(1) Very slowly cooled from 900 deg. C. Brinell 
hardness, 180. : 

(2) Oil-hardened from 920 deg. C., tempered at 
700 deg. C. for two hours. Brinell hardness, 222. 
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Fic. 11.—Notched-bar impact figure of nickel-chromium steels 
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ENERGY ABSORBED IN BENDING THROUGH 40 DEGREES 
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Fro. 16.—Energy absorbed in slow bending tests on notched bars. 
(921.0) 


General Form of the Impact Figure-Temperature 
Curves.—All the curves show some amount of simi- 
larity, and can be divided into three principal regions— 
the region up to and including the first maximum, the 
vicinity of the minimum, and that of the second 
maximum. It may be noted that the temperatures 
of the minimum and second maximum are subject to 
less variation than those of the first maximum. In 
the tests with the standard test-piece, the temperature 
at which the minimum impact figure is reached varies 
between 500 deg. C. for Armco iron and 650 deg. C. 
for some heat-treated alloys. 

Slow Bending Tests on Notched Bars.—-The quantity 
directly measured in the impact test is work done 
in breaking or bending the test-piece. In general, the 
main factor affecting the energy absorbed is the defor- 
mation undergone, and in a given type of material. 
the effect of variation of maximum tensile strength 
is of secondary importance, except in so far as it is 
accompanied by a change in the capacity of the 
material to undergo deformation. 

The Humfrey method of obtaining autographic 
diagrams of the bending of notched bars provides a 
valuable means of distinguishing between the factors 
involved, and being carried out slowly, it provides a 
connecting link in the correlation of notched-bar 
impact tests and static tensile, compression and 
torsion tests.* The Humfrey method was therefore 
adapted for work at raised temperatures. 

The test-piece, fitted into adapters of stainless steel 
(oil-hardened and tempered at 450 deg. C.) was heated 
in an electrically heated muffle furnace 5} in. by 2 in. 
section, with rounded sides. The muffle was closed 
at one end, and through this end a hole was drilled to 
admit the adapter which was clamped in a vice outside 
the furnace. The test-piece made an easy sliding fit 
into a square hole slotted out of the end of the adapter, 
which was also provided with a hole drilled obliquely 








* See ENGINEERING, vol. cviii, page 153. 


in which a thermocoupie junction was placed in 
contact with the test-piece. To the other end of the 
test-piece was fitted an extension bar (of the same 
stainless steel) which just projected from the mouth of 
the muffle. The mouth of the muffle was closed with 
loose asbestos wool and an asbestos plug. The required 
temperature having been obtained and held constant 
for 20 to 30 minutes, the usual bending arm of the 
Humfrey machine was fitted to the extension piece, 
the asbestos door removed, leaving the loose asbestos 
wool to prevent air draughts, and the test carried out 
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Fia. 12.—Notched-bar impact figures of nickel-chromium- 
molybdenum and chromium-vanadium steels at different 
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in the usual way. It was found that the temperature 
remained very steady during the test, and could be kept 
fairly constant, even if, for special reasons, the tests 
were carried out very slowly. The maximum angle of 
bend which could be produced with the arrangement 
used was 40 deg., and many test-pieces showed an 
appreciable resistance to further bending at this 
angle. The bending moment at 40 deg. is therefore 
recorded, it being clear that the figures given for 
energy absorbed fal] below those for a complete break 
by the greatest amount when the residual bending 
moment is greatest. Results of slow bending tests on 
notched bars are shown in Figs. 15 and 16. 

The Behaviour of Temper-Brittle Steel at Raised 
Temperatures.—It was pointed out by Monypenny 
that the notched-bar impact figure of temper-brittle 
nickel-chromium steel showed a considerable increase 
at raised temperatures, and, at temperatures above 
about 350 deg. C., its behaviour was identical with that 
of the same steel in the condition giving a high notched- 
bar impact figure at atmospheric temperatures. This 
has been confirmed (Fig. 11). Slow Siaiine tests in 
the Humfrey machine also show that the two varieties 
of the same steel, which have been cooled at different 
rates from the tempering temperature, and differ only 
in their notched-bar impact figures, lose this latter 
distinction at a temperature below 200 deg. C., and 
at higher temperatures behave in an identical way in 
the slow-bending test on notched bars. They still, 
however, preserve their identity: for notched-bar 
test-pieces, after being heated to 330 deg. C. and cooled 
slowly to 40 deg. or 65 deg. C., still show their 
characteristic difference of behaviour in the slow 
bending test. 

The Effect of Rate of Straining, and Comparison 
with Static Tests.—The importance of rate of straining 
in all tests carried out at high temperatures is universally 
recognised. It is unnecessary here to attempt to 
summarise the large amount of work which has been 
done on the tensile testing of iron and steel at high 
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temperatures, particularly in view of the recent publi- 
cation of a valuable résumé of the subject with a 
bibliography, by French and Tucker.* It should be 
noted, however, that static tensile tests may be carried 
out in the two types of machine : 
1. Those exerting a sustained load, and permitting 
creep to continue at a constant load. 
2. Those exerting a uniformly (or intermittently) 
increasing strain in which creep is checked 
by the accompanying fall of stress. 


The results of such tests carried out at high tem- 
peratures are notidentical. A few tests which illustrate 


TONS PER Sq.INCH 


~100° o° 400° 200° 300° 400° $oc* 
TEMPERATURE °C 








rate of straining is sufficiently slow to permit it. Hence, 
steel will show its maximum tensile strength at a lower 
temperature when slowly strained than when rapidly 
straineds 

Armco iron, in slow tests carried out in the straining 
apparatus described above, shows a maximum tensile 
strength at about 180 deg. C.; in tests carried out in 
ten minutes, the maximum is raised to 350 deg. C. 
(Fig. 20). To effect this rise in tests under sustained 
load would require more rapid straining.* Lea has 
carried out a complete series of tests on Armco iron 
at normal rates of loading, obtaining a maximum at 
220 deg. C. In mild steel the maximum occurred at 
200 deg. C. or 400 deg. C. according to the 
speed of testing (Fig. 21). With much more 
rapid straining, as in impact tests, the maxima 
should occur at still higher temperatures. 
K6rber and Simonsen have found that in im- 
pact tensile tests mild steel shows a minimum 
energy absorption at 400 deg. C. to 500 deg. C. 
and 1-0 per cent. carbon steel at 500 deg. C. 
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Armco|\lron A. 
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and 33 per cent. in thickness by cold-work, reached 
progressively lower minima at 500 deg. and 450 deg. C., 
respectively. This is entirely in accordance with the 
suggestion that the minimum, common to all steels, 
is due to strain-hardening of the steel proceeding as 
rapidly as deformation occurs. Steel which is con- 
siderably strain-hardened throughout, reaches the con- 
dition in which maximum strain-hardening precedes 
fracture at a lower temperature than a normalised steel. 
The impact figure then remains unaffected until the 
rise (due to recrystallisation occurring as deformation 
proceeds) sets in, when the most severely cold-worked 
steel shows the steepest rise to a maximum, though the 
initial condition of the steel makes little difference at 
temperatures above 600 deg. C. 

Effect of the Form of the Test-Piece.—In addition to 
the results obtained with the B.E.S.A. test-piece, 
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FiG. 20.—Tensile tests on Armco iron A, carried out at different 
rates and at different temperatures in special straining apparatus.  ,, 
Duration of test, @ 10 minutes or less, + usually over two hours. 
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Fia. 21.—Tensile tests on mild steel carried out at different 
rates and at diferent temperatures in special straining 
apparatus. Duration of test, @ 10 minutes or less; 
+ usually over two hours. 























Fie. 22. — Test-pieces: (1) Unnotched ; 
(2) radius, 200 mm. ; (3) radius, 10 mm. 
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the importance of the “‘ time factor,” or rate of straining 
have been made in a special straining apparatus. 
This is shown in Figs. 29 and 30. The test-piece 
was linked up in series with a test-piece of heat-treated 
alloy steel of high elastic limit, serving as a weigh- 
bar, to which was fitted a Ewing extensometer. Strain 
was applied by screw gearing, and could be read by 
means of graduations on the rotating toothed wheel. 
The resulting stress was measured by the elastic 
extension of the weigh-bar. The test-piece could be 
surrounded by a jacket or furnace and brought to any 
required constant temperature before the test. In 
order to attain a steady state the temperature was held 
constant for about half an hour before the test, which 
was made by applying equal increments of strain to the 
system at fixed intervals and measuring the elastic 
extension of the weigh-bar. In this way tests were 
made ranging in duratien from a few minutes to 
several hours. 

In general, with very slow deformation a given strain 
gives rise to a smaller stress than with rapid deformation 
unless the conditions are such as to allow appreciable 
strain-hardening to occur with each increment of strain, 
in which case the stress induced is greater. 

The stress induced by a given strain will be at a 
maximum at the temperature at which restoration of 
elasticity proceeds at such a rate as to provide con- 
tinuously the necessary increased resistance to further 
straining. As the temperature rises the rate becomes 
more rapid and softening sets in after a shorter interval. 
With softening comes the possibility of creep if the 





* Proceedings of the American Society for Testing 
Materials (2), vol. xxiv, page 56. 
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FG. 23.—Impact figures of Armo iron tested at different 
temperatures. Effect of form of test-piece: (1) unnotched ; 
(2) radius, 200 mm. ; (3) radius, 10 mm.; (4) radius, 4mm. ; 
(5) Mesnager: (6) B.E.S.A.; (7) small Charpy. 


The Form of the Impact Figure-Temperature Curve 
in Relation to Blue-Brittleness.—As regards brittleness 
at raised temperatures, statements are sometimes made 
to the effect that the low ductility of steels in the blue- 
heat range is not accompanied by brittleness, as the 
energy absorbed in the notched-bar impact test does 
not show low values in this range of temperature. 
Such statements ignore the importance of the time 
factor in deformation. The “blue heat” properties 
of iron and steel, as noted in the previous section, are 
not limited to a fixed range of temperature, but occur 
over a range the position of which depends on the 
speed and mode of deformation. 

The Effect of Cold-Work on the Form of the Impact 
Figure-Temperature Curve.—The impact figure of iron 
and steel at atmospheric temperature is reduced by cold- 
work, and still further reduced by a low-temperature 
heat-treatment following cold-work.f The most pro- 
nounced effect is found in dead-mild steel. The effect of 
cold-work on the impact figure of a mild steel at different 
temperatures is shown in Fig. 6. The displacement 
of the steeply sloping portion of the curve towards a 
higher temperature, and the fall in the maximum figure 
attained, are clearly shown, but another feature of 
importance is the fact that the worked steel falls to 
its minimum impact figure at a lower temperature 
the more severely it is cold-worked. 

In Fig. 6 it will be seen that, while the normalised 
mild steel reached a minimum impact figure at 550 
deg. C., the same steel when reduced 16 per cent. 














* ENGINEERING, mperyt is 829. ala ; 
t See Proceedings of the'Institution of Civil Engineers, 
1921, Vol. ccxi, pages 120, 203 and 210. 


Armco |\lron B 





Wnnotched 





pe 
V 


a 
A 


\ 








IMPACT FIGURE KGM. 


Sane. 





eel 





4 
| B.ES.Al notch 


(Ae 


° 
-200° o° 200° 400° 600° 800° 1000° 
TEMPERATURE °C. 


























Fig. 24.—Impact figure of Armco iron, tested at different 
temperatures. Effect of notch. 
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Fig. 25.—Notched-bar impact figures of nickel-chromium 
steel tested at different temperatures. Effect of form of 
test-piece : (1) Mesnager ; (2) B.E.S.A.; (3) smail Charpy. 


comparative tests were made on both samples of 
Armco iron and on nickel-chromium steel (sample B) 
with test-pieces of other forms (see Fig. 22), viz. :— 


The small Charpy test-piece 10 x 10mm., notch # mm. radius, 
5 mm. deep. : 
10 x 10mm., notch 1 mm. radius, 
2 mm. deep. 

10 x 10mm., notch 4 mm. radius, 

Test-pieces with “ notches * 100 10 a notch 10 mm. 
of great radius* radins. 2 ae deep. 

10 x 10 mm., notch 200 mm. 
radius, 2 mm. deep. 

10 x 8mm. 


* Arnico iron only. 


The Mesnager test-piece 


Unnotched bars* 


The results are given in Figs. 23 to 25. It will be 
seen that for a wide variation in the notch the curve 
retains the same general form; but that the change of 
radius from 10 mm. to 200 mm., and, finally, to the 
form of the unnotched bar, gives rise to effects of a 
different order. 

The results given by the 10 mm. by 10 mm. test-piece 
with the ‘“200-mm. notch,” the form of which | is 
shown in Fig. 22, are of interest in that they give 
higher results than 10 mm. by 8 mm. unnotched bars 
over a considerable range of temperature, and that 
they effect a compromise between the behaviour of 
notched and unnotched bars by showing the minimum 
characteristic of each. ‘ 

This fyrther emphasises the fact that the essential 
thing about a notched-bar test is the form of the 
notch. } 

Recent work shows that important differences in 
the form of the impact figure temperature curve at 
atmospheric and slightly raised temperatures, due to 
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STRAINING MACHINE FOR TENSILE 





Fig. 29. ARRANGEMENT OF TEST-PIECE 


displacement of the temperature of the first maximum, | 
may also be introduced by changes in the width of the | 


test-piece, other dimensions remaining unchanged. 

It must be recognised that changes in the form of 
the test-piece may displace the curves with reference 
to the axis of temperature, raising or lowering the 
temperatures of maxima and minima, and thereby 
modifying the indications of the test at any given 
temperature. This effect is to be expected as a 
natural results of the different rates of increase of 
stress characteristic of test-pieces of different forms. 

For practical purposes the test remains an empirical 
one, designed to measure the capacity of a material 
for plastic deformation without rupture under the 
most severe conditions of localisation of stress. 





RESULTS OF THE COKE ComPETITION.—Awards have 
now been allocated in connection with the recently-held 
Coke Competition, which had for its object the stimu- 
lation of the study of problems arising in the production, 
preparation, handling, selling, and utilisation of coke. 
Contributions, submitted under three sections, were of 
a high standard. The first prize of 200/., under 
Section I, was secured by the Research Section of the 
Woodall-Duckham Companies, of 52, Grosvenor-gardens, 
London, S.W.1, whilst the second prize, value 100/., 
was obtained by Mr. Michael Barash, of 35, Central-road, 
West Didsbury, Manchester. Fourth prizes each of 251. 
were won by Mr. Herbert John Toogood, The Poplars, 
Elland, Yorks, and Dr. W. B. Davidson, Workworth 
House, Tynemouth, North Shields. A fifth prize of 15/. 
Was given to Mr. Norman J. Ivison, of 24, Beaconsfield- 
street, Newcastle-upon-Tyne, whilst three award of 
10/. each have been made. Under Section II the first 
prize, value 1001, was awarded to Mr. Falconer M. 
Birks, of 5, Beckton-gardens, Beckton, London, E.6, 
the second prize, value 501., to Mr. Rupert. Kennedy 
Stockwell, of Magnet House, Kingsway, London, W.C.2, 
and the third prize, value 25l., to Mr. S. E. Whitehead, 
of Portsea Island Gas Light Company. Five prizes, 
each value 10/., have also been awarded. In the third 
section the first prize, of 100/., was awarded to Mr. 
T. H. Arms, “ Trouville,” Solihull-lane, Robin Hood, 
Birmingham ; the second prize, of 50/., to Mr. E. W. L. 
Nicol, Peak View, Canonbie-road, Honor Oak, London, 
8.E.23; and the third prize, of 30/., to Mr. F. W. Smelts, 
of Vancouver, B.C. Thirteen 101. prizes have also been 
allocated. The three sections under which papers were 
grouped were coke production, coke preparation, 
handling, &c., and coke selling and utilisation. 
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PRACTICAL ENGINEERING IN 
ANCIENT ROME.* 
By Tuomas Asusy, D.Litt., F.S.A. 
(Continued from page 493.) 

THE aqueducts of ancient Rome are among its most 
celebrated monuments ; but, conspicuous as are their 
remains within the city and in its immediate neigh- 
bourhood, less is known of them at a greater distance 
than might have been expected. I have myself been 
engaged in the study of them for over twenty-five 
years, and hope shortly, to be able to complete the work 
with which I have been occupied for so long. 

For the present purpose I shall confine my attention 
almost entirely to the four aqueducts which drew their 
supplies from the upper valley of the Anio, the Anio 
Vetus (272-269 B.c.), Marcia (144-140 B.o.), Claudia, 
and Anio Novus (both built by Caligula and Claudius, 
A.D. 38-52)—two of them, as their name implies, taking 
their water from the river itself; while the other two 














made use of excellent and very abundant springs 
which are for the most part conveyed to Rome by the 
modern Acqua Marcia, though a few of them still 
gush forth freely in pools which have a beautiful bluish 
tint (one of the springs was, indeed, known to the 
Romans as Caeruleus). These springs, indeed, as has 
been ascertained by the engineers of the modern 
aqueduct, come from holes in the roof of the original 
Roman headings. They rise under the rocks at the 
edge of the floor of the Anio valley, only a little way 
above the river-level, and come probably from huge 
reservoirs in the interior of the massif of Monte 
Autore, being supplied by percolation from a great 
basin about 1,500 metres above sea-level, which is 
snow-clad for the greater part of the year. As the 
Roman headings lie some seven or eight metres below 
the present level of the valley, which has been much 
raised by floods, it seems useless to try to identify 
the individual springs of which the Romans made use. 

We have seen that the Anio Vetus goes back to the 
early part of the third century B.c., and the Marcia 
to the middle of the second century B.c., but compara- 
tively little of the original construction of either is 
left to us. Both were restored by Augustus—rivos 
aquarum omnium refecit, says the inscription on the 
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arch by which the Marcia, Tepula, and Iulia crossed 
the Via Tiburtina (later part of .the Porta Tiburtina 
and now the Porta S. Lorenzo); to him belong all the 
cippt of the aqueducts which were in existence in his 
day, and no one found it necessary to renew them ; 
and he brought into use new springs for the Aqua 
Marcia which doubled its volume. . 

It is curious that the next restoration works of which 
we have epigraphic evidence, which were carried out by 
Vespasian in a.D. 71, belong, not to the two older 
aqueducts, but to the Aqua Claudia, which had at that 
date been interrupted for nine years, so that Claudius’ 
original work had lasted for ten years only ; and even 
this was not enough, for Titus had to restore it again 
ten years later, in a.D. 81, and speaks of it in what would 
appear exaggerated language as having collapsed 
owing to its age (a solo vetustate dilape) along the whole 
of its course. By this time, however, the Aqua Marcia 
had already fallen into disrepair, and was patched up 
in a.D. 79 by Titus. We have no direct evidence 
(except from the study of the remains themselves, 
which shows that a good deal of work was done by the 
emperors of the second century, especially Hadrian) 
of other restorations until we come to the time of 
Caracalla, who restored the Aqua Marcia in 212-213, 
and still further increased its volume by adding a new 
spring* ; but we shall see that they were very extensive, 
and that they continued even after this date. 

It is more difficult to know how to explain their 
necessity. The possible reasons are three. Claudius 
may quite well have been cheated by his freedmen ; 
secondly, it was certainly risky to place two or three 
channels upon arches that were only built to carry one ; 
and thirdly, the channels seem frequently to have been 
flooded by the Anio, if we are to judge by the foul 
deposit which is frequently found in the channels of 
the Aqua Marcia and the Aqua Claudia, instead of the 
crystalline deposit which is proper to them. 

It will be convenient to follow the course of all the 
four aqueducts together, observing their principal 
remains as they occur. Before doing so I should 
mention two things by which my task has been greatly 
facilitated. One was the careful scientific levelling of 
all the remains of these four aqueducts that could be 





found, which was carried out in 1915 by the late 





* Presidential Address delivered before Section H of 
the British Association, Southampton, August 28, 1925. 





*The history of all these repairs is derived from the 
inscriptions on the Porta S. Lorenzo and Porta Maggiore. 
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Professor Vincenzo Reina and his assistants, Ingegneri 
Corbellini and Ducci. This, among other advantages, 
rendered it far easier to assign the ruins correctly 
(where the course of two or more aqueducts was almost 
identical) than it had hitherto been. The second 
was the visit which I paid to the remains of the aque- 
ducts in the spring of the present year in company with 
Dr. Esther van Deman (whose researches on the chrono- 
logy of the various types of construction employed 
in the aqueducts and their frequent restorations are of 
the greatest importance and have been drawn upon in 
what follows), and Mr. G. R. Swain, Photographer of 
the Near Kast Expedition of the University of Michigan, 
to whom I am indebted for a most valuable series of 
fine photographs. Nor can any student of the Roman 
aqueducts forget Professor Lanciani’s pioneer work in 
1880: and my own researches were begun under his 
guidance. 

The Anio Novus originally drew its water from the 
river four miles above the springs of the Aqua Claudia, 
at the forty-second mile of the Via Sublacensis; but 
as the water was apt to become turbid, Trajan carried 
out a project of Nerva, according to which the three 
lakes used by Nero for the adornment of his villa above 
Subiaco were used as filtering tanks. This increased its 
length considerably, the new intake being some six 
or seven miles further up. Considerable remains of the 
dam still exist on the way up to the far-famed mona- 
steries; but the centre of it collapsed in a flood in 
1305—as the story goes, partly owing to the malice or 
imprudence of some of the monks who began to tamper 
with it. Otherwise there are no remains of any 
particular interest until we reach the gorge of S. 
Cosimato, some fifteen miles further down. It lies 
a couple of miles above Vicovaro, where the road from 
the valley of the Digentia and Horace’s Sabine farm 
joins the main road down the Anio valley, the ancient 
Via Valeria, 

Here the Anio Novus is on the left bank of the Anio 
and the Aqua Marcia and Aqua Claudia are on the 
right bank, as they have been all the way from their 
respective beginnings. At the beginning of the gorge 
the Claudia is vertically above the Marcia, and there is 
a shaft by which water could be run from it into the 
lower channel in case of need. 

All through the gorge the two channels may be 
followed one above the other, cut in the rock, which is 
here somewhat rotten, so that it has more than once 
been necessary to make a new channel further in and 
abandon the outer one. 

The gorge has, alas, lost much of its picturesque 
character owing to the construction of a large reservoir 
for the channel which supplies the electric power works 
at Castel Madama, some three miles farther down. 
At the lower end of it the Aqua Claudia divides into two 
branches, the slits for the sluices being still clearly visible 
at the point of junction. The original line kept along 
the left bank until it reached Vicovaro, where it crossed 
the Anio by a bridge which was repaired by Hadrian, 


-and is still in use as a road-bridge ; but at a later period 


probably that of Hadrian also, a branch was con- 
structed. The channel first descended by a slope of 
1 in 4-6, or 217-4 per 1,000, and then crossed the Anio 
by a bridge, of which scanty remains are preserved. The 
Marcia crossed the river a little farther down, by a 
bridge of which hardly anything remains, and that little 
belongs tc the Imperial period. 

The intake of the Anio Vetus was situated, not above 
or in the gorge of S. Cosimato, as was hitherto believed, 
but 35-50 m. above the bridge at Vicovaro, where we 
saw and levelled in 1915 the crown of the concrete arch 
of the channel. In 1925 nothing was to be seen ; but 
there are remains of the channel, built in volcanic tufa, 
and helonging quite possibly to the original construction, 
on both barks of a small tributary on the left of the 
Anio not very far down. 

From Vicovaro onwards, then, all the four aqueducts 
remain on the left bank of the Anio. The deep valleys 
of some of its tributary streams create considerable 
difficulties for the aqueducts, and great bridges were 
required to cross them. Such is the aqueduct, nearly 
200 m. long, by which the Aqua Claudia crosses the 
valley of the Fosso Maiuro. 

It was originally built partly in concrete faced with 
opus reticulatum and partly in ashlar masonry, resting 
on concrete foundations. The whole of the central 
portion of the bridge was strengthened at a later 
period. The brick facing of the reinforcing walls is 
fine work of the period of Septimius Severus. It is 
split by the roots of trees in several places, and, like 
other remains of the aqueducts, requires attention if it 
is not to collapse. The Anio Novus ran rather higher 
b and avoided the difficulties into which the Aqua 
Claudia rather unnecessarily came, so that its channel 
is almost entirely underground, while the Marcia has a 
smaller bridge, of the time of Hadrian, lower down. 
Another example, also belonging to the Aqua Claudia, is 
the bridge over the next lateral valley, the Fosso della 
Noce ; the greater part of it is of homogeneous con- 


therefore a restoration, The central portion has 
collapsed, while on the farther bank are traces of con- 
structions and reinforcements of earlier periods. 

Two miles farther down, the Aqua Claudia and the 
Anio Novus leave the river valley, and reappear in a 
small valley leading southward to the Valle d’Empiglione 
which is traversed by the road from Tivoli to Ciciliano 
and Genazzano. In this valley we find only one channel 
(where we should expect to find two), of rough concrete, 
belonging to the original construction, and measuring 
1-20 m. wide and 2-60 m. or 2-70 m. in height— 
characteristic dimensions of the channel of the Anio 
Novus when running alone. It runs along the side of 
the valley, so that only one external wall is exposed, 
and this has later facing. The same difficulty presents 
itself when we reach the main Valle d’Empiglione, for 
whereas previous observers have supposed that the two 
aqueducts which are here visible can be assigned 
respectively to the Aqua Claudia and the Anio Novus, 
the line going south belonging to the construction of the 
tunnel under the Mons Aeflanus by Paquedius Festus 
in A.D. 88, mentioned in an inscription, careful investi- 
gation shows that they branch off from one another at 
the north edge of the valley, and that the south branch 
falls slightly more rapidly than the other. 

The south branch is undoubtedly still attributable to 
Paquedius Festus, and the western to the main aque- 
duct; but the problem of the existence of one specus 
only (which confronts us again at Ponte degli Arci, 
though not after we have passed Tivoli) remains at 
present msoluble. 

The level of the bottom of the specus, at the beginning 
of the existing arches going southward (the northern 
extremity of the aqueduct near the road has dis- 
appeared), is 248-57, and at the end of the bridge it has 
fallen to 248-17, or 40 cm. in 349 m., which represents 
a fall of 1 in 872-5, or 1-15 per 1,000. On the western 
branch the levels are 249-91 at the beginning of the 
bridge and 249-83 at the end, or 8 cm. in 156 m., 
i.e., 1 in 1,950, or 0-51 per 1,000. Both ox these falls 
are below the average fall in the long stretch of arches 
between Capannelle (where the aqueducts emerge from 
their long underground course) and Rome, which varies 
from 3-22 to 0-96 per 1,000. The general average is 
2 per 1,000, but there is much variation. 

The brickwork of the western branch, which is 
singularly well preserved, and shows no traces either 
of any earlier construction (except for a few loose opus 
reticulatum cubes of the original period) or of later 
restoration, is of the type which must be attributed to 
a period considerably later than Septimius Severus. 

The bridge across the main valley, on the other hand, 
has a considerable amount of the original opus quadratum 
preserved, concrete faced with opus reticulatum with 
stone quoins being used at the south end, as it probably 
was at the north. The whole of the central part is 
encased in reinforcements of concrete in which three 
different periods may be traced. At the extreme south 
end nothing is visible but post-Severan brickwork. 

In the next valley to the south is the only instance 
known to me of the existence of an alternative channel 
on an aqueduct bridge. Both specus appear to have 
been maintained to the last and there is no sign of 
either having been put out of use. 

The original structure was the straight (western) 
channel, in ashlar masonry of volcanic tufa, quarried on 
the spot, with the bridge heads in concrete faced with 
opus reticulatum, which was perhaps the material of 
the channel. The whole structure was then encased in 
concrete, and the channel also restored. The brickwork 
is good. 

The alternative specus, on the other hand, is faced 
with greatly inferior brickwork, of a later period 

The channels are of the usual width, 1-14 m. and 
1-17 m., respectively, but of exceptional height, the 
main specus being 2-94 m. high, and the branch no 
less than 3-34 m. at the point of departure. There is 
no trace of deposit now in either channel, and it may be 
that the alternative channel was provided in order to 
allow of cleaning before the beginning of the long tunnel 
in which it would naturally have been exceptionally 
difficult. The tunnel must be about 2} km. long, and 
the fall is 5-90 m. to the tank where the branch rejoins 
the main aqueduct, or 1 in 381, or 2-62 per 1,000. 

We must now return to the main line, which has a 
fine bridge, the so-called Ponte degli Arci, over a tribu- 
tary of the Anio. The original bridge was a massive 
structure in opus qguadratum, most of which has dis- 
appeared, though the impressions of the blocks are 
visible on the pier of the great brick arch on the south- 
west bank, and some of the masonry itself in the base of 
the last pier on the north-east bank. The brickwork 
with which the concrete of the greater part of the bridge 


the aqueducts emerge on the hillside above Tivoli we 
find the four specus distinct from one another once 
more. 

There is a very interesting point where from a reser- 
voir of the Anio Novus a branch channel runs off, 





struction, attributable to Septimius Severus, and is 


falling sharply (about 1 in 10), and supplying when 


is faced is, once more, Severan in character. When | pea 








required, by means of vertical shafts, the channels of 
the three lower aqueducts. 

After passing the point of junction of the tunnel built 
by Paquedius Festus, the next feature of interest is the 
fine bridge known as the Ponte S. Antonio, which served 
to carry the Anio Novus across a deep and narrow valley. 
We may note here a right-angled turn, which often 
occurs, to break the speed of the water immediately 
before reaching the bridge. The channel is surprisingly 
narrow being only 80 centimetres wide and about 3-12 
metres high. The bridge was originally a massive 
structure in ashlar masonry of volcanic tufa, and the 
fine central arch, 32-30 metres in height and 10-40 in 
span, is still visible on the west side. The width was 
originally only 2-60 metres and the total length is 
about 120 metres. The channel was probably in 
concrete faced with opus reticulatum, at any rate at the 
ends of the bridge, where it is still visible. The whole 
structure was enclosed, in post-Severan times, with 
brick-faced concrete, with smaller arched openings. 
In the centre there were four of these, one above the 
other, flanked by huge buttresses. Reinforcements of 
concrete faced with pieces of aqueduct deposit from the 
channel were added still later. 


(To be continued.) 





PEAT TREATMENT. 


WHEN commenting upon the proceedings of Section B 
of the British Association, on pages 407 to 409, of our 
issue of October 2, we held over reference to a paper on 
“Recent Progress in the Peat Problem,” read by 
Dr. F. Mollwo Perkin, F.I.C., of London. We are now 
ab'e to give an abstract of that paper, together with 
some further information on Dr. Perkin’s peat process. 

Classifying peat, Dr. Perkin distinguished between 
moss peats and grass peat, the former differing much in 
properties and ash and nitrogen contents, according to 
the nature of the plants and ground. As dug, peat con- 
tained from 80 to 90 per cent. of water. The peat 
was cut, air dried and used as domestic fuel, or partly 
dried and put into producers for power production and 
ammonia recovery ; or it was macerated or treated in 
some other way to destroy the cellular structure, 
compressed and dried down to 20 per cent. moisture, 
further to be carbonised and treated for by-products. 
Non-macerated briquetted peat had a low calorific 
value; it was bulky and dusty, and crumbly when 
quite dry. The pulping broke down the cell walls, 
facilitated the drying and left the blocks covered with 
a hard surface skin; such blocks would subsequently 
swell in a moist atmosphere, but the surface pores 
would close and prevent the moisture from pene- 
trating into the interior. The maceration was some- 
times carried out under addition of water. The Low 
Temperature Carbonisation Company, of Dumfries- 
shire, discharged the pcrridgy pulp into wagons and 
into moulds lying on the ground; the moulds were 
turned over wken dry on the top. This briquetted 
peat, which was also made in Sweden, burnt with little 
smoke in fireplaces of the ‘“‘ well’ type, but the soft, 
dusty ash blew about easily. 

To place the partly-dried briquettes on an endless 
belt in tunnels, through which hot air was streaming, 
was not generally advisable, because the dry surface 
layer of peat was a poor heat conductor and apt to 
crack when the moisture forced its way out. Spreading 
the peat in thin layers, on the other hand, gave a 
material which could not be briquetted without a 
binder. Bleaching-powder had been added to the 
macerated peat as a binding agent; but the addition 
increased the ash contents, and wag otherwise objection- 
able. The mixing of the peat with fine slack coal was 
more promising. In this case the peat was dried to 
60 per cent. moisture, and then mixed with slack in 
pug mills. In the A. Frank process the peat, as taken 
from the bog, was placed in autoclaves turning on 
trunnions, and was treated with superheated steam ; 
after an hour or less, the steam pressure was released ; 
the cells then burst, and by compression the water 
contents could afterwards be reduced to 25 per cent. 
The temperature was not pushed up sufficiently to 
cause carbonisation. In tke “ wet carbonising”’ pro- 
cess of M. Ekenberg, who first proposed to heat the 
peat under pressure to break up the cells, charring 
was not avoided. The peat was mixed with water, 
so that the sludge passed easily through the system : 
but all the water added had, of course, to be evaporated 
again. In the Buckle process only a little water was 
added, and the pulp was forced at a pressure of 10 atmes- 
pheres through a tube system heated to 100 deg. C.. 
the pressure being so regulated that the water in the 
+ was not converted into steam. The pulp was 
then, at 80 deg. C., passed directly into insulated tubes, 
containing an inner insulated electrode, for electrolytic 
treatment at 200 volts by means of direct currents 
which were reversed at intervals to clear the anode of 
accumulating peat; alternating currents did not 
appear to give good results in this electric osmosis. The 
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pulp was afterwards pumped into filter presses, and 
then briquetted and dried. A small Buckle plant was 
said to have worked well in Norfolk. The object of 
the inventors was to feed the peat directly from the 
filter presses at 40 per cent. moisture into gas producers. 
Dr. Perkin gave particulars of results obtained by the 
Power Gas Corporation with English, German and 
Italian peats, the particulars covered moisture and 
nitrogen content of the fuel, quantity of gas produced, 
heat value of gas, and ammonium sulphate recovered. 
He further mentioned analyses of his own of various 
peats and commented upon an interesting point. De- 
termining the calorific values of various coals, anthra- 
cite, Derby brights, briquettes and peats, he found that 
when burned in stoves, grates or braziers, the curves of 
calorific values were by no means in accord, and that 
peat, although of lowest calorific value in laboratory 
tests, came up close to anthracite and, in fact, sur- 
passed it when burnt in a brazier. 

Coming to his own process Dr. Perkin said that wor- 
king on his own lines he had found that a combination 
of macerating the peat, extruding as much water as 
possible, with heating it in an autoclave under regulated 
pressure and then suddenly discharging it through 
a sluice valve, followed by filtering and briquetting, 
yielded a peat ready for transport, of only 20 per cent. 
of water, and that the whole treatment would be 
completed within 8 or 10 hours. The peat was taken 
from the bog to a macerating machine and passed 
through pairs of cogged rolls and smooth rolls into a 
horizontal screw conveyor in which it was forced 
towards the tapering end, so that about 25 per cent. 
of the moisture was squeezed out, and discharged 
through a sluice valve into a vertical autoclave of 
500 cub. ft. capacity. When this autoclave was filled, 
the top valve was closed, and steam at 140 deg. C. and 
d atmospheres was turned on, and the agitators were set 
working so that the pulp was uniformly heated. When 
the correct temperature was reached, the bottom valve 
was opened and the pulp blown into a vertical hopper 
underneath the autoclave ; the excess of steam and the 
latent heat escaped from the top of this hopper through 
4 pipe into the jacket of the inclined conveyor presently 
to be mentioned. The sudden expansion taking place 
in the hopper, which was at atmosphere pressure, made 
any cells burst which had not been opened in the disinte- 
grator, and made the pulp fit for dehydration by vacuum 
filtration or compression, Another horizontal screw 
conveyor took the pulp from the hopper to the filters 
and delivered it into the inclined bucket-conveyor 
mentioned and into the briquetting press, the recipro- 
cating ram of which worked under a pressure of 4 tons 
Per square inch. The water squeezed out of the peat 
in the macerator was not returned to the pulp; the 
subsequent treatment reduced the moisture to about 20 
Percent. The whole machinery was driven by electric 
Power generated by burning peat in a producer. 
To ensure continuous operation two autoclaves were 
wed alternately. 

Dr. Perkin mentioned that he considered: moss peat 

t and that he did not utilise the upper 3 ft. of a 
peat bog. The briquettes which he showed looked a 





bear transport ; the briquettes which had been made in 


an experimental] plant had the density of coal. A plant 
of the type described to supply 750 tons of briquettes, 
ready for use, per week of 6 days, would have a height of 
52 ft., with macerator, autoclaves and hoppers arranged 
at different levels. 





FOWLER’S MOLE-TILE DRAINAGE 
SYSTEM. 


At the Royal Agricultural Society trials of sugar 
beet lifters which we dealt with on page 486 of our 
last issue, a demonstration was made by Messrs. John 
Fowler and Co. (Leeds), Limited, of Leeds, of their 
mole-tile drainer. Many years ago the firm intro- 
duced a system of mole drainage which proved of 
great value in reducing the costs of drainage in heavy- 
clay subsoils. Unfortunately, this was quite unsuit- 
able for light, friable soils, as the holes made by it 
were soon silted up and closed. Recently, however, 
the expedient of introducing tile drains into the holes 
made by the mole-drainer has been resorted to, and 
suitable gear for their insertion and overcoming the 
difficulties of getting them into position has been 
devised, and successful work has been the result. 

The accompanying illustration shows the mole 
drainer machine by means of which the holes are made 
for the insertion of the tiles. This consists of a steel 
frame chassis mounted on two trailing wheels of large 
diameter and two smaller steering wheels in front, 
provided with suitable gear for keeping the equipment 
to any desired line. The illustration shows the 
drainer machine as set for transport to the field of 
operations. When it reaches the area to be drained 
the lower part of the structure is dropped until it is 
just clear of the ground, and the blade, and the torpedo- 
shaped hole-former, which is at its end, are placed in 
a pit which has previously beendug. Connectionis then 
made to the cable haulage. As the machine is drawn 
through the ground, a narrow slit is left in the soil and 
at its foot, some 18 in. to 30 in. down, a continuous hole 
of 4 in. diameter is formed. Working on this system the 
only digging that is required is for the provision of the 
pits, or ‘‘ lead holes” in each drain line for the insertion 
of a ram to put the tiles in place, at intervals of 60 to 








Superior fuel, laminated rather than grainy, well able to 


100 yards, and smaller holes between these pits through 
which a special tile nose used in the insertion of the 
line of pipes can be drawn out. 

The essential difference between the old mole- 
drainage system of Messrs. John Fowler and Co. 
(Leeds), Limited, and the new mole-tile method is 
in the insertion of the tile drains. Once the holes 
are correctly cut, this insertion of the tiles is a simple 
process for the performance of which any ordinary 
labour available on a farm is suitable. Another 
advantage possessed by the system is that the tiles 
when laid will lie on hard, unbroken subsoil, and 
there is no fear of unevenness through the settling 
of the pipes, as is often the case with badly-laid 
drains. 

For the purpose of putting the tiles in place a 








hand-lever controlled pawl is used to force forward a 
ram, the extension of which forms a ratchet enclosed 
in a box, which is dropped into the “‘lead-holes.” As 
a cover for the first tile a conical end is used, and 
when this is in place the ram is brought against the 
back of this tile, and by manual operation of the lever 
it is driven into the hole formerly prepared for its 
reception. Once the operation has been started the 
next tile is brought between the back of the first one, 
and the ram, and the operations are continued until 
the complete line of drains is in place. The system 
can be used for main drains when a larger mole is used 
on the mole-drainer, to provide suitable accommoda- 
tion for the wider pipes, and these main drains are 
cut across the side drains in the line where the eyes 
have been dug. The joining up of the side and main 
drains is then performed by hand before the eyes are 
filled in. By this process the total cost of drainage 
is reduced by 50 per cent., on a most conservative 
estimate, and it is therefore to be appreciated that 
by the introduction of mole-tile drainage that Messrs. 
John Fowler and Co. have made a most valuable 
contribution to the solution of one of the pressing 
needs of British agriculture. 





THE MANUFACTURE AND USES OF STELLITE.—According 
to a paper read by W. H. Losee before the Ottawa branch 
of the Society of Chemical Industry, stellite was first 
prepared by Elwood Haynes, of Kokomo, Indiana, when 
experimenting with hard alloys. He first reduced nickel 
and chromium oxides by aluminium. Stellite, alloys of 
cobalt, chromium, and tungsten can be made in gas- 
fired furnaces, but is actually made in Canada in electric 
furnaces, cylindrical but tapering towards the bottom, 
34 ft. in diameter and height, and provided with a top 
and a bottom electrode of Acheson graphite. The 
bottom electrode is stationary and water-cooled; the 
top electrode is suspended from an insulated arm and 
raised or lowered by a screw and bevel gearing. The 
furnace can be tilted ; it is charged through an opening 
at the back and discharged through a spout. The shell 
of }-in. steel plate is lined with firebrick, about 2 in. 
from the onal; the bricks are dipped in a slurry of 
hytempite (a cement) and fixed with very little binding 
material. The space between the shell and bricks is 
tamped with kieselguhr, and a further lining of dead- 
burnt magnesite and tar is then applied to the inside 
of the bricks. When the bottom has been built up 
flush to the top of the lower electrode, a former-crucible 
is put in the cylinder to serve as temporary mould for 
the lining. When the current is turned on, the mixed 
metals melt at once, and there is little loss by oxidation 
(of the chromium) and volatilisation (of the cobalt). At 
1,500 or 1,600 deg. the furnace is tilted and the charge 
poured into graphite crucibles lined thinly with alundum 
and fireclay applied as a wash. The castings are ground 
with the aid of special grinding wheels of the Norton 
Company. Stellite is mainly used for cutting tools, and 
small pieces of stellite are welded on to steel shanks 
for this purpose. Stellite works best when red-hot ; 
it cannot be tempered or machined in any way except by 
grinding, and is brittle. It has proved very useful for 
scraping the scale off hot billets before rolling. Another 
use—not mentioned in the paper—is for making standard 
weights, as we have pointed out in our comments on the 
work of the National Physical Laboratory. 
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‘* ENGINEERING ’’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 


illustrated. 
Where inventions are communicated from abroad, the Names, &c., 


of the com: 8 are given in ilalics. 
<4 ions may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2., at 


the uniform  sayee of 1s. 

The date of advertisement of the acceptance of a Complete 
Species ©, S San ae geen ae Se ead. wane 
Patent has been sealed, when os ee. 

Any person may, at any time within two months from the date of 
Glos eolico as ths Peteah Olen of opestion aa the promt ef ¢ 

ve notice 0; ion of a 
Patent on any of the grounds callie ta the Acts, 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


236,696. C.B. Redrup, Lawnswood, Leeds. In- 
ternal-Combustion Engines. (7 Figs.) May 9, 1924.— 
The invention consists in an internai-com bustion engine of 
the axial type. The engine has a number of cylinders a, 
arranged to form a casing surrounding a crankshaft 6, 
disposed so as to be parallel to the direction of movement 
of the pistons c within the cylinders. The crankshaft is 
carried in bearings d at the ends of the casing and having 
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a crank pin e, the axis of which is inclined to the axis of 
the shaft. Mounted upon the crank pin is a boss f 
having end bearings g and a central thrust bearing h. 
Upon the boss a series of arms? is mounted. The arms 
are equal in number to the number of cylinders and are so 
arranged that while they arefree to move circumferentially 
in relation to the boss they are rigidly held in the longi- 
tudinal direction thereof. (Sealed.) 


HYDRAULIC MACHINERY. 


236,712. Cockburns, Limited, Cardonald, near 
Glasgow, and D. Macnicoll, Cardonald, near 
Glasgow. Gate Valves. (4 Figs.) June 10, 1924.— 


The invention relates to gate valves of the type incor- 
porating a trip catch operable from a distance to permit 
the automatic closure of the valve. The invention 
consists in a gate-val ve device incorporating a device tend- 
ing to close the valve, as well as an arrangement operative 
in the open position of the valve to counteract the closing 
device and connections operable from a distance for neu- 
tralising the second-mentioned arrangement and for clos- 
ing the valve mechanically in the event of failure of the 
first-mentioned closing gear, The valve proper | is carried 
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by a spindle 2 capable of being rotated in a nut 3 by 
means of a hand wheel 4, the spindle 2 sliding axially 
through boss of the hand wheel 4 but angularly immov- 
able relatively thereto. Projecting laterally from the 
nut 3 are pins 5, 6, of which one pin, 5, enters a 
cam slot 7 in a lever 8 weighted at one end and 
formed between its ends with a slot 9 engaged by a 
stationary horizontal fulcrum pin 10. ‘To the pins 5, 6 
are connected helical springs i. 12, which are also con- 
nected to fixed points of the valve casing 13. The 
eprings pull on the nut 3 and therewith the valve spindle 
2 and valve 1 in the direction necessary to effect the 
closing of-the valve. From the weighted end: of the 


15. The handle is movable in relation to a stationary 
indicator'16. | At the end opposite the weighted end the 
lever 7 is formed with an open-ended slot 17 concentric 
with the fulcrum pin 10. The slot 17 is adapted to be 
entered ‘by a locking pin 18, which locks the lever 8 
against movement until tripped by operation of the handle 
15. Movement of the handle 15 from the Fig. 1 position 
in the direction of the arrow forces the lever 8 to rock 
against the action of the weight, thereby permitting 
closure of the valve 1 under the influence of the springs 
11,12. In the event that the springs 11, 12 fail to effect 
closure of the valve, continued movement of the handle 15 
and, consequently, of the lever 8 causes the upper end of 
the slot 7 to engage the pin 5, which is forced downwards 
carrying with it the valve 1 into the closed position. The 
valve 1 may be opened or closed at will by rotation of the 
hand wheel 4. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


234,914. 8S. E. Alley, Westminster, London, and 


A. C. Hutt, Shrewsbury. Oil-fired Furnaces. 
(1 Fig.) March 8, 1924.—The invention relates to 


oil-fired furnaces for steam boilers. The boiler shell 
consists of an outer shell 10 and an inner shell 11 
with flanged joints at the upper and lower ends of 
these members. The annulus between the shells 
10, 11 is intended to receive the water, while the interior 
of the member 11 constitutes the outer walk*of the 
combustion chamber 12. The lower end of the 
boiler is closed by means of a pan 16 with a fire- 
brick lining 17 which extends upwards at 18 past the 
lower end of the member 11. The pan 16 and lining 17 
are formed with a central aperture 19, which is controlled 











by a fire-brick-lined valve 20, the setting of which can 
be adjusted: by a lever 21 and link 22. The aperture 19 
constitutes an air intake and supplementary air intakes 
are indicated at 23 through the fire-brick lining. Reach- 
ing centrally into.the upper end of the tubular air 
intake 14 is the end of an oil burner 25, directed 
downwards. The burner 25 is supplied with steam for 
atomising the fuel, by a superheater 26 coiled around the 
tubular air intake 14 and situated in a hot part of the 
furnace. The flames and combustion gases issuing 
from the lower end of the tubular air intake 14, strike 
against the firebrick bottom, become admixed with 
further air and are deflected upwards through the 
tubes 13 and superheaters 26, 27 to the up-take 15. 
(Sealed.) 


235,632. S. E. Alley, Westminster, London, and 
K. W. Willans, Milton. Portable Engines. (4 Figs.) 
March 18, 1924.—The invention relates to portable 
engines. According to the invention, the vehicle frame 
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of a portable engine is supported from.two road-wheel 
axles 11,.15, of which one, 11, only ispivoted about a 
vertical axis for steering purposes. The vehicle frame 
supports a horizontal. steam engine 13 whose cylinders 


being adjacent to the axle 11. The vehicle frame also 
supports a vertical boiler 21, which is mounted adjacent 
to the axle 15, and has the lower part of its combustion 
chamber 25 formed as a unit separable by vertical or 
horizontal orother movement from the boiler. (Sealed.) 


234,917. A. W. Bennis, Bolton. Chain Grates. 
(4 Figs.) March 11, 1924.—The invention relates to 
sealing devices for chain grates to prevent an undesirable 
leakage of air upwards into the furnaces or leakage of 
products of combustion downwards at the sides of the 
grate adjacent to the furnace walls. According to the 
invention, spring-controlled levers, adapted to press a 
sealing bar elastically against the sides of links of the 
grate, extend substantially the same depth as the frame 
members of the grate and are provided with virtual pivots 
or pivots at theirlowerend. The side links 1 of a chain 
grate are sealed by means of sealing bars 2 arranged 
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along the grate and having sealing surfaces 3, 4 bearing 
against the side walls of the link by means of the pressure 
of spring levers 5, mounted by means of fixing screws 6 
acting as pivots on the base of the frame member 7. 
The sealing bars 2 may have flanges 10 upon them to 
receive a roller type of seal such as 11, such rollers being 
used in sections from the front to the rear of the grate. 
To retard the flow of air upwards into the furnace or 
the flow of the gases downwards from the furnace, the 
sealing bars 2 may have a lip 13 projecting below the 
supporting sill plate 14, so that the space between such 
lip and the under side of the sill plate may become wholly 
or partially filled with ash. (Sealed.) 


235,952. The English Electric Company, Limited, 
London, and B. B. Silk, Lond Combustion of 
Pulverised Fuel. (6 Figs.) March 25, 1924.—The in- 
vention deals with the combustion of fuel.’ The object of 
the invention is to provide improved means for reducing 
the temperature of combustion products by the addition 
of inert gases either before or after combustion. Accord- 
ing to the invention, inert gases are supplied to a 
combustion chamber, the walls of which are double and 
so arranged that the inert gases are caused to circulate 
therein to protect and cool the walls. The combusticn 


Fig.2 





Fig. 





chamber 1 has hollow double walls 8. A proportion ot 
the flue gases is led-through these walls to the combustion 
chamber through a number of apertures 9 in the inner 
walls. The apertures are covered by hinged dampers 10, 
which can be moved into different positions so as to 
admit more or less of the cool flue gases to the combus- 
tion chamber.. The proportion of the flue gases which is 
admitted to the spaces 8 is directly controlled by main 
dampers 11 in the passages 13, and indirectly by other 
main dampers 12, situated in the passages 14 between 
the fans 6 and the main flue 7. (Sealed.) 





Unirep Stares Output oF SAND AND GRAVEL IS 


1924.—The output of sand and gravel from plants 1” ‘ 
United. States during the year 1924 amountec 
156,527,967 short. tons, valued at 97,241,641 dols.. fi f 
figures show increases of 12 per cent. in quantity ®' 
7 per cent. in value compared with the correspon:'\" 








lever 8 is led a flexible connection 14 to a weighted handle 





are directed towards the axle 15, the engine crankshaft 





figures for 1923. 
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THE PREDHUMEAU STEREOTOPO- 
METER. 


Ir it were possible to obtain an exact model of 
a tract of country, a map could be produced from 
measurements of this model just as well and with 
much the same accuracy as by am ordinary survey. 
The greater convenience and ease with which 
precision can be secured in laboratory conditions 
does, in fact, go far to compensate for the reduction 
in the scale of the measurements. Stereoscopic 
photographs yield what may perhaps be described 
as “ virtual’? models of any object, and several 
engineers of different nationalities have based on 
this fact methods of surveying by stereophoto- 
graphy. These are particularly useful in hilly 


on the camera by means of which its tilt during 
any exposure can be recorded and later on repro- 
duced. 

In using the instrument two stations A and B 
are selected, and the camera is erected at one 
and a target at the other. The telescope being 
aligned on this, an exposure is made. The position 
of the camera and target are then interchanged, 
and the second view taken. The distance between 
the two stations is determined stadiometrically, the 
telescope being mounted so as to be capable of a 
small motion in azimuth between two fixed stops. 
Readings of the horizontal staff represented in 
Fig. 9 are taken with the telescope in these limiting 
positions and from these the distance can be 
deduced with great precision. A transparency 
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regions and open country, but are less well adapted 
to wooded areas and the like unless the photo- 
graphs are taken from aircraft. The special system 
of surveying by stereoscopic photography which 
we are about to describe is due to M. J. Predhumeau, 
Ingénieur des Ponts et Chaussées, who has had 
the assistance of the French Minister of Public 
Works in perfecting his ideas. The main novelty 
in his methods lies in the instrument used for 
measuring, or perhaps it would be better to say 
for mapping, the “virtual model” provided by 
the stereoscopic photographs. It will, however, 
be convenient to deal, in the first place, with the 
‘apparatus used for taking the photographs. This 
Consists of a stereoscopic camera, which is mounted 
over the telescope of a theodolite as indicated in 
Fig. 1. The plateholder takes a single plate, but 
& partition in the camera confines the field covered 
by each lens to one-half of the plate. Stops and 
Springs are provided for locating this plate in its 
holder with very great precision. When arranged 
48 in Fig. 1 the plane of the plate is parallel with 
the axis of the telescope. Longitudinal and cross 
levels fitted with micrometer gear are provided 





stereoscopic view as if it were suspended over the 
landscape, and by adjusting its position it can be 
brought into apparent contact with any selected 
point on the surface of the “‘model.” In place 
of a model balloon, M. Predhumeau uses a mark 
drawn in black on the luminous screen at which 
the lenses of the camera are pointed. Having 
brought the foot of this mark in contact with the 
ground, it may, whilst keeping its height unchanged, 
be moved in such a way that it always appears 
to be in contact with the surface of the ‘“‘ model,” 
and it will thus trace out on this a contour line. 
By means of a pantograph the motion of the screen 
(on which the mark is painted) is followed by a 
pencil travelling over a sheet of paper on which, 
therefore, the contour in question is accurately 























printed from the stereoscopic negative thus obtained 
would, if examined in a non-magnifying stereo- 
scope, show a “‘solid ’’ model of the tract of country 
photographed to a scale which is represented by 
the ratio of the distance between the camera lenses 
to the distance between the stations A and B. In 
practice the stereoscope used has a high magnifying 
power, and this increases greatly the apparent size 
of the ‘‘ model.” 

M. Predhumeau has devised a very simple plan 
of measuring his “model.” To explain this, let 
us suppose that the transparency, referred to above, 
is placed in the camera in substitution for the 
plate. Let it be lighted through the camera lenses, 
and let these be directed at a uniformly lighted 
surface. The stereoscope is now placed behind 
the camera and focussed on the transparency, the 
back shutter of the holder being removed to make 
this possible. In these conditions the observer at 
the stereoscope sees, as already explained, a 
‘model ” of the original landscape. Then, between 
the camera lenses and the uniformly lighted screen 
at which they are directed, let us now place a 





small model of a balloon. This will be seen in the 


Fie. 2. 


reproduced. By altering the height of the mark 
a new contour at a different level can be traced, 
and repetitions of this procedure give a complete 
set which shows accurately the structure of the 
country surveyed. 

The camera, it should be stated, is provided with 
fixed-focus lenses set to infinity. As a consequence 
the image of the moving mark, which is within at 
most a few decimetres of the lenses, tends to be fuzzy, 
although it appears in its proper position, To 
correct for this, M. Predhumeau mounts in front of 
each lens a small auxiliary lens. This reduces the 
fuzziness, but can give perfect correction for but 
one distance between the camera and the moving 
mark, The residual lack of definition is then 
eliminated by stopping down the lenses. Behind 
the transparency over each of the twin views a 
plano-convex lens, or condenser, is mounted to 
direct the luminous rays into the stereoscope. 

The general principles forming the basis of M. Pred- 
humeau’s method have been explained above ; we 
may now deal with some of the details of the design 
of the instruments. The camera is of very rigid 
construction. Itis provided with means for locating 
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it accurately on the theodolite and also on the 
mapping machine, to which it is transferred in the 
second stage of the operations. As will be seen from 
Fig. 1, the camera is supported and located on the 
three-point system. In all, 12 of these supporting 
points are provided, which give six alternative 
positions for the camera, In two of these positions 


with greater distances the “virtual model” will 
show insufficient relief. 

A view of the plotting machine is reproduced in 
Fig. 2. The eye-pieces of the stereoscope can be 
seen at the extreme left. The camera, with the 
two plano-convex lenses mounted over the trans- 
parency, is shown at the same level a little farther 
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the plate is parallel with the axis of the telescope. | 
These two alternatives are required because when 
the camera is moved from station A to station B 
the telescope has to be reversed in order to sight 
A from B, and as the camera’s lenses must point 
in the same direction as before, its position must 
also be reversed. The other alternative positions 
give views making an angle of 29 deg. 14 min. with 
the base line between the two stations. By taking 
three views at each station a wide field, subtend- 
ing 96 deg., can be covered, as indicated in Fig. 4. 
The nearest points that appear on the plate are 
distant from it about 4} times the length of the 
base, whilst it is generally undesirable to include 
points more distant than 15 times the base, since 





in contact with the transparency, are also clearly 
shown in this view. 

To the right of Fig. 2 and on the same leve! as 
the camera is to be seen the illuminated screen on 
which is painted the mark used in tracing out to 
the contours. This screen slides on a vertical guide 
and can be accurately adjusted in height by the 
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to the right. It is mounted on a cradle which 
is fixed on the vertical rods shown. Another view 
of this cradle is reproduced in Fig. 3. It is fitted 
with adjustments by means of which the camera 
can be given the same tilt as it had when the original 
pair of photographs was taken. The two plano- 
convex lenses, which, as above stated, are mounted 


8. 


vertical screw shown. By appropriate gear the 
actual height at which any contour is traced is 
recorded on the vertical drum, which is visible 
near the middle of the figure. The vertical guide 
on which the screen slides can in its turn be traversed 
horizontally along the frame on which it is mounted. 
This frame pivots about the main vertical of the 
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instrument, and can be swung to and fro by suitable 
gear. This adjustment is effected by the foot of 
the operator in the same way as a potters wheel is 
driven. All these traverses are controlled by a 
single operator, and each is fitted with a fine adjust- 
ment. The pantograph employed to transfer to 
paper the contours traced on the “model,” is 
shown on the right. Its pivot is provided on the 
clamp by which itis secured to the table, and the 
“long arm” of the pantograph is coupled up to the 
foot of the vertical guide on which the moving mark 
is mounted. The pantograph pencil therefore follows 
the movement of this foot as it is traversed along 
the swinging frame, or is carried by the latter to 
right or left. 

In Fig. 6 is reproduced an original photograph, 
while in Fig. 5 are shown parts of it as seen in 
the stereoscope. The magnification attained can be 
realised by comparing these with the white circles 
in Fig. 6. The stereoscope consists of a twin 
microscope, constructed much on the lines of the 
well-known prism binoculars, but the distance 
between the object glasses and that between the eye- 
pieces are independently adjustable. The stereo- 
scope moves automatically so that the microscopes 
are always accurately centred on the images of the 
mark. An example of the work of the machine is 
reproduced in Fig. 7, which represents the contours 
offa very inaccessible piece of country. 

The complete field equipment is represented in 
Fig. 8. It has a total weight of about 60 lb., and 
the field staff consists of one observer and two 
assistants. In trials made on behalf of the French 
Government, the committee in charge reported 
that the accuracy attained was more than sufficient 
for all current surveying operations. Sets have 
accordingly been ordered for the General Govern- 
ment of Indo-China and for the Service Géographique 
de |’Armée. 

We are indebted to M. J. de Severy, 62, Rue 
Truffault, Paris (17e), for the foregoing particulars 
of M. Predhumeau’s apparatus. 





LITERATURE. 


The Conversion of Coal into Oils. By Dr. Franz Fiscuer, 
Director of the Kaiser Wilhelm Institut fiir Kohlen- 
forschung, Miilheim-Ruhr. Authorised English Trans- 
lation. Edited by Dr. R. Lessing. London; Ernest 
Benn, Limited. [Price 36s. net.] 

THE scientific treatment of coal, it is now 
understood, should begin underground. But the 
great problem is still how best to burn the coal. 
Although we continue as @ rule to burn raw coal, 
it is row well recognised that coal is both a fuel 
and a raw material, and a raw material no longer 
of interest to the chemist only, but also to the 
engineer who needs liquid fuels for his internal- 
combustion engines as substitutes for, or additions 
to, petroleum. Whether or not our natural stores 
of coal and petroleum will hold out for a few more 
decades or centuries, we ought to husband our 
resources, and the problem of the most economical 
utilisation of coal, in the most advantageous way 
for all the varied interests concerned, is being 
eagerly studied in many ccuntries. 

Critically examining the problem in the light of 
recent experience and researches, to which his 
Institute has made valuable systematic contribu- 
tions, Professor Fischer finds the most promising 
solution in the conversion of coal into oil, preceded 
by some low-temperature carbonisation system, 
yielding “‘ primary tar” and “semi-coke.”” He does 
not deal with high-temperature carbonisation and 
gas-making, except for the sake of comparison. He 
discusses both the partial conversion by cautious 
destructive distillation and the production and 
Wworking-up of primary tar, and total conversion 
by direct hydrogenation of coal, as well as syn- 
thetic processes, f.e., synthetic conversion based 
upon coke gasification. We have thus indicated 
the headings of the three main divisions of the book. 
The “ Extraction of Oil from Coal by Solvents,” and 
. Hydrocarbons from Carbides,” are briefly reviewed 
in the first and fifth divisions. Efficient extraction 
appears to be out of the question. Metallic carbides 
can either be decomposed by water and will then 
Yield acetylene, or they must be decomposed by acids 





wken they yield methane and other hydrocarbons. 
In both cases the yield of liquid oil, even from 
acetylene, is either too poor, or the preparation and 
regeneration of the carbides involve too great 
expense for the methods tobe used in the industrial 
manufacture of liquid fuelc—at any rate, so long 
as we do not know how to utilise methane for this 
purpose. 

In the second main division, Dr. Fischer discusses 
the results of low-temperature carbonisation in 
laboratory apparatus of his own Institute, especially 
designed to avoid overheating of the material and 
vapours, and in commercial furnaces. The materials 
he deals with cover the various brown coals or 
lignites of Germany, and also peat. He also considers 
tke products, their yields, properties, and working- 
up, conversion and utilisation—always from the 
point of view that the primary tar is a raw 
material. Toexemplify the manner of Dr. Fischer’s 
researches we will refer to his study of the phenols 
in tars, covering primary, as well as high-tem- 
perature, tars. The phenols may make up 50 per 
cent. of gas-flame coal tars; they corrode metals 
and may bave to be removed or converted into 
other prcducts. The most valuable phenol, carbolic 
acid, is only present in negligible proportions ; 
cresols and higher homologues predominate. In the 
laboratory, these can be removed by caustic soda. 
From natural oils their removal by means of hot 
water is technically feasible, but the tar cresols are 
only soluble in superheated water at 200 deg. C., 
and as they expand more than the water Dr. 
Fischer found that they rise to the top of the 
aqueous layer and cannot be separated except in 
special autoclaves before cooling. The phenols can 
be converted into more useful motor fuels by 
being heated with hydrogen at 700 deg.; that, 
however, requires tubes of special cast iron lined 
with tin, to avoid the formation of soot by tke 
catalytic action of the iron on the vapours. The 
hydrogen required can be extracted from producer 
gas by passing this gas and superheated steam in 
opposite directions through welded steel drums 
packed with Raschig or Lessing rings. 

The various new and old processes of Bergivs 
and others for the hydrogenation of oil are experi- 
mentally discussed by the author in similarly 
thorough manner, with special references to the 
action of water, steam, hydrogen, carbon monoxide 
and sodium carbonate at high temperatures and 
pressures. Dr. Fischer considers that none of 
these processes is so far very promising for the 
production of liquid fuels, particularly of low- 
boiling point oils. 

The synthetic processes which, in Dr. Fischer’s 
opinion, offer the best promise for the future, aim 
at the total conversion of coal or brown coal by 
low-temperature carbonisation, with recovery of the 
primary tar and by-products, and the gasification 
of the semi-coke, with the aid of carbon monoxide 
and steam and of catalysts, into mixtures of oxy- 
genated compounds suitable as motor frels. For 
these compounds, consisting of alcohols, aldehydes, 
ketones, etc., he proposes the groupname “‘synthol.” 
Water-soluble ‘ prosynthol ” is first formed in this 
synthesis; by further heating in an autoclave in 
the absence of carbon monoxide synthol can be 
dehydrated and converted into the more petro- 
leum-like “‘synthin,” consisting of olefines and 
naphthenes practically free of oxygen. The synthol 
process is carried out at 410 deg. C. and 150 atmos- 
pheres in iron tubes, tinned or sulphided internally, 
in the latter case prepared by pessing sulphuretted 
hydrogen diluted with nitrogen through the hot 
tube. The agent used for the gasification is water 
gas rich in hydrogen, or a mixture of producer gas and 
steam. Energy is chiefly required for starting the 
reaction, which afterwards proceeds spontaneously. 
The process is synthetic because the compounds 
are built up from CO, CO,, water and hydrogen, and 
not broken down from chain compounds as in 
cracking. The catalyst must contain both a metal 
and a base ; neither is effective alone ; iron turnings 
impregnated with alkali carbonates answer well. 
Tron is found here, as in some other reactions, to be 
preferable to nickel. 

What makes the book, which undoubtedly ranks 
with the best of its kind, so valuable for the prac- 





tical man as well as for the investigator, is that Dr. 


Fischer approaches his problems as a technical man, 
and always bears in mind that mixtures of pure 
gases may behave very differently from the industrial 
gases which commonly have to be dealt with. 

A few words may be said in conclusion about the 
translation. Some paragraphs might very profit- 
tably have been rewritten rather than translated. 
But Dr. Lessing, himself an expert on fuel chemistry, 
decided after consultation with Dr. Fischer to pres- 
erve the personal note and to follow the original 
text without alterations, excisions or additions, as 
closely as was compatible with English phrasing. 
He has, however, added an appendix on recent 
developments of low-temperature carbonisation in 
England, and, in this, has included the Lessing 
process for the separation of oils and pitch from 
tar, as worked at the Greenwich Fuel Research 
station. The volume is unusually well furnished 
with literature references, and the translator has 
taken commendable care to verify these, adding 
references to English publications and giving the 
English equivalents of German patents. 





Health and Environment. By Lzonarp Hut, M.B., 
F.R.S., and Araytt CAMPBELL, M.D., D.Sc. London: 
Edward Arnold and Co, 1925. [Price 12s. 6d. net.] 

AT a time when attention is being directed by the 
public Press and other means to the problems 
connected with national health and the under- 
mining dangers of tuberculosis, it is well that some 
of the potent causes which operate against the 
improvement of national health and efficiency should 
be authoritatively stated and intelligently con- 
sidered. The researches and reputation of Dr. 
Leonard Hill will ensure his conclusions and 
recommendations being treated with respect. He 
has long led an active campaign against the enerva- 
ting effects arising from indulgence in the warm and 
stagnant atmospheres too often found in our rooms, 
an evil not unconnected with the modern plan of 
house-warming and ventilation. In this work he 
collects many of the results of his experience, and, 
aiming at prevention rather tham cure, he urges a 
more robust life and teaches how an individual, 
by studying his surroundings and conditions, may 
keep himself “‘ a hardy, fit and efficient unit, such 
as he became in the late war by hard training, 
with open-air life and proper food.” 

Some may urge that the success of the method, 
imposed by necessity, depended on the extermina- 
tion of the weak and ailing, and will ask for more 
sympathy with those who, inheriting debilitated 
constitutions from past ignorance or folly, are 
unable to compete in the more strenuous life here 
recommended. They may ask: Were the super- 
men and heroes who returned from the war the 
results of the survival of the fittest ; and suggest 
that the vast percentage of improvement in health 
and strength shown by the survivors is the conse- 
quence of the failure of their weaker brethren to 
sustain the severe discipline. A scheme of national 
health has to embrace all sorts and conditions of men, 
to preserve the weak as well as to make the strong 
stronger. 

This objection, however camouflaged, contains a 
plea for greater self-indulgence and evidences a want 
of resolution and self-control, The answer must 
be found in the book itself, which advocates no 
violent or extreme measures: the authors, while 
admitting the necessity of medical treatment in 
special cases and indicating the directions in which 
such medical.skill may be most beneficial, are more 
concerned to point out the prevalence of injurious 
habits and to substitute more rational or more 
scientific practices. If the arguments are con- 
vincing, the individual will adopt the suggestions 
so far as practical, or his resolution may serve. 
Dr. Leonard Hill is well known as the apestle 
who pleads the value of the stimulating qualities 
of cool moving air and local radiant heat, urging 
that by promoting ‘“‘ warm feet and a cool head” 
the conditions for human comfort and efficiency are 
best fulfilled. To many such a proposal is anathema 
as it suggests “‘ draughts” with consequent colds, and 
an adverse judgment may be passed without hearing 
the evidence. The authors labour to prove that 
“colds” are the result of infection, and that 
draughts in themselves cannot play a universal, if 





any, part in the contraction of a “cold,” as the 
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word is commonly used. ‘“ Bad ventilation is 
undoubtedly the common cause of cold” is the 
unqualified assertion of the authors, and they are 
doing useful work in trying to persuade the public 
to adopt more perfect methods of ventilation, 
with the view of diminishing the risk of infection. 

They are fighting a hard battle against bias and 
prejudice, and must expect opposition, which they 
probably would welcome as preferable to indifference 
and apathy. For the energetic crusade on which 
they have embarked is not limited merely to effective 
arrangements for ventilation and heating. They 
survey the whole effect of environment on health 
and efficiency, contending, with Huntingdon, that 
health is the most potent cause of national pros- 
perity, and that health depends upon conditions 
in a great measure under our own control. We 
suspect that the undivided weight of medical autho- 
rity is not, however, always on the side of the 
authors. The collection and sifting of material 
evidence show that some deductions accepted in 
the past have been premature and unwarranted, 
and it may be that the most positive of our advisers 
will find their judgment suspected by their contem- 
poraries and rejected by their successors. “3 

We have been taught that the presence of a 
comparatively minute quantity of carbon dioxide 
in the atmosphere was the cause of many of the 
ills from which we suffer. Sewer gas has been held 
up not only as offensive to the smell, but injurious 
to the health, but now we are told that sewer gas is 
innocuous and that much money has been wasted 
in trying to secure a perfection of drainage which 
is not necessary, and to fulfil by-laws which are 
founded on erroneous ideas, absurdly rigorous in 
regard to tests of drainage demanded. Again, 
what should be the measure of temperature and 
humidity in deciding the relation of these factors to 
comfort and health? Some whose opinion we 
should treat with the highest respect urge that the 
wet-bulb temperature, or the amount of moisture 
in the air, should be the guide, while others incline 
to the view that wet-bulb temperatures alone are 
misleading, and that the proper criterion is to be 
found in the temperature of the dew-point or the 
temperature at which the air becomes super- 
saturated. Evidently greater uniformity is needed 
to secure general confidence. 

Dr. Hill, feeling the necessity of correct measure- 
ment to be of importance, designed his Kata- 
thermometer to measure the cooling and evapora- 
tive powers of the air, and also, knowing the 
temperature, to enable an estimate to be made of 
the velocity of the movement of air in buildings. 
The second part of this work is devoted to the 
construction of this instrument, method of use, and 
its deductions. The apparatus has been referred 
to several times in our columns. The final chapter 
on metabolism, in which are exhibited some of 
the conclusions derived from the Katathermometer 
readings, indicates that there are still problems 
awaiting discussion and solution. 


Chemin de Fer Blectriques. By A. BACHELLERY. (Paris: 

J.B. Balliére et Fils.) Pp. vii + 446. [Price 65 francs. ] 
M. ANDRE BacHE.uery is the chief traction engineer 
on the Chemins de Fer du Midi. It was on this 
railway that the single-phase system had its birth 
in France. When in 1920 it was officially decided 
to adopt the direct-current system for the French 
railways, the Midi company set about converting 
its existing installations, and within two years the 
first 1,500-volt direct-current line in France was 
working. Thus the author has had a unique 
experience of the two important systems which 
are ever in active competition where main-line 
electrification is under consideration. The book 
is written from the point of view of the railway 
engineer, and, as is to be expected, the experience 
gained on the French railways is drawn upon. In 
the first chapter a map is given showing the 
ambitious scheme upon which France has started. 
Then follows a discussion on the several systems, 
written in a very attractive manner. It may be, 
of course, that enthusiasts of one school may not 
find the arguments to their liking; but a purely 


decision on the system to be adopted in any 
particular country. 
The generation of electric energy for railways is 
another subject on which experts differ. However 
much emphasis may be placed on the advantage of 
feeding the railways from a general network, the 
fact remains that generating stations for traction 
loads only are still being built. Nevertheless, the 
author gives a very fair account of this thorny 
question. The ground covered, however, is too 
extensive in places for the space at his disposal. 
For instance, in the account of mercury rectifier 
sub-stations it would interest the reader to have 
the author’s account of the rectifiers installed on 
the Pau-Montréjeau line. There is a useful chapter 
on the various modes of current collection from 
third rail and from trolley wire, both methods 
being officially adopted in France for collecting 
direct current at 1,500 volts. 
The chapter on traction motors is well arranged 
to meet the needs of a railway engineer—to whom 
the connections and other details may well be 
somewhat puzzling unless he has already mastered 
the first principles. Not only is an outline given 
of the performance of the several types of motors, 
but rheostatic and regenerative braking are also 
dealt with. In the formula connecting speed, 
power and tractive effort, the author might well 
have added the simple relation: tractive effort 
in kilogrammes = 270 x output in horse-power +> 
speed in kilometres per hour. The control equip- 
ment and other accessories are then dealt with in 
fair detail by means of examples from practice. 
A long section on locomotives includes a chapter 
on transmission drives in which the various arrange- 
ments peculiar to electric locomotives are dealt with. 
This leads to a discussion of the widely different 
types of locomotives—geared, gearless, side-rod, &c. 
—which are met with; while space is also found 
for special cases such as rack-railway, battery and 
thermal-electric locomotives. jf 

The concluding chapters deal with the working 
and the design of electric locomotives. The 
important questions of power consumption, service, 
braking, upkeep, shunting, costs and the manifold 
details connected with a projected scheme are here 
discussed. Here again the only adverse comment 
we might make is the brief treatment accorded 
to certain subjects. At the same time, regarded 
as a whole, the book is a valuable treatise on 
main-line electrification, and it is written in a 
manner that will appeal to engineers desirous of 
obtaining a general and authoritative survey of 
the technical side of railway electrification. 





Autoclaves and High-Pressure Work. By Haroxtp 
Goopwin. The Theory and Practice of Combustion. 
By E. Lister and C. Harman Harris. Agitating, 
Stirring, and Kneading Machinery. By Harrianp 
Seymour. Mechanical Mixing Machinery. By L. 
CARPENTER. Acid-Resisting Metals. By SypNEyY 
J. Tuneay. Distillati Principl Distillation in 
Practice. (2 vols.) ByC.Exuiotr. The Dust Hazard 
in Industry. By W. E. Grsss. The Chemical 
Engineering Library. Second Series. London : 
Ernest Benn, Limited. [Price 6s. net each volume. } 

WHILE readily acknowledging that most of these 

new publications of the Chemical Engineering 

Library are useful in giving collective information 

on operations and appliances, briefly referred to 

in many books on chemical engineering, we remain 
doubtful, as we were when noticing a first series 

of these small volumes in our issue of June 19, 

about the class of readers to which the authors 

wish to appeal. Mr. Goodwin’s monograph on 

Autoclaves is certainly welcome, but he might well 

have restricted himself less to laboratory apparatus 

and to autoclaves for organic reactions, and have 
said something, for instance, on the special auto- 
claves for fuel research. His indexis also very short. 

His three last chapters on the high-pressure works 

autoclave, the working of large-scale autoclaves, and 

on routine running of large-scale plant, are some- 
what sketchy, and too many of his 166 pages are 
bare of text, as is also the case in several others of 
these volumes. But his little. book is a useful 
addition to the scanty literature on the subject. We 
are not sure that we can say the same with respect 








objective treatment of this subject is scarcely to 
be expected any more than a purely objective 


to ‘“‘The Theory and Practice of Combustion.” 
What is given in these 150 pages can be found in 


most general engineering text-books and treatises 
on combustion and fuel indispensable to any 
student of engineering. The book is better than 
it might appear to be, and contains more than the 
short index suggests, but we doubt the utility of 
half-way books of this kind. ¢ 

The volumes on agitating and mixing machinery, 
one of these being by Mr. Hartland Seymour, 
who had already contributed a volume on “ Grind- 
ding and Crushing” to this series, will serve 
their purpose, though the reader might expect 
to receive a little more information. Why Mr. 
Tungay is so anxious to avoid technicalities 
so far as possible in his volume on “ Acid. 
Resisting Materials,” we do not know. He 
deals with silicon-iron, lead and regulus metal, 
aluminium, stainless steels, monel metal, cast-iron 
and steel, nickel and chromium alloys, and copper 
and copper alloys in this rather inconsistent 
sequence ; the subject is wide, of course, and worth 
a fuller treatment. Mr. C. Elliott separates his 
discussion of the problems of distillation into two 
volumes, ‘‘ Distillation Principles ” and “‘ Distilla- 
tion in Practice,” dealing in the latter not only 
with ethyl alcohol, petroleum and coal tar, and with 
distillation apparatus, but also at length with 
simple distillation and fractionation. The books 
are commendable, and there are literature references, 
a feature about which most of the other authors do 
not trouble much; but a single, more complete 
volume would have been preferable. 

Dust being one of the most elusive and least easily 
controlled enemies of mankind, we cannot but 
feel a little disappointed with Dr. Gibbs’ book on 
‘The Dust Hazard,” although he makes particular 
reference to industry, even in his title. What he 
has to say on explosive dust combustion, and on 
explosions in mines, is quite instructive. But these 
matters have been treated in other books, and they 
were hardly entitled to two-thirds of the available 
space of 168 pages. The average reader wants to 
learn more about the dust nuisance and its pre- 
vention in general, and he will not be satisfied with 
the statement that dust is allowed to become a 
nuisance and a danger through ignorance and 
indifference. We are largely helpless. Dr. Gibbs 
would define dust as a particular and distinct 
state of matter, and not merely as finely-divided 
matter. The definition matters little, but, after all, 
we can only conceive of gases as consisting of very 
small solid particles, and the ordinary troublesome 
dust arises from the disintegration of solids. Dust 
diseases are discussed, but hot metal vapours receive 
no more mention, than do vacuum cleaners and 
gas masks. 








STEEL BRIDGE WEIGHTS. 
By W. H. Taorrr, A.M. Inst.C.E. 


Tue weight of steel in any bridge of that material 
is commonly known with close approximation to 
the truth only after the details have been fully 
developed, and with certainty only after construc- 
tion, the little difference that there then is being 
due to variations in mill rolling margins, and to 
rivet head allowances. Long before this stage 1s 
reached, however, a near estimate of weight is 
required for purposes of cost estimates and for load 
determinations. The importance of the latter 
consideration is well known to designers of expe- 
rience. In the case of small bridges an error of 
reasonable amount’ in the assumed weight may be 
of little importance, the load carried, whether heavy 
road-formation and traffic load in the case of high- 
way bridges, or of heavy locomotives and floor 
structure in the case of railway bridges, making any 
such error of small relative importance, the total 
weight of steel being itself small. In the case of large 
spans, on the other hand, in which the structures 
own weight may greatly exceed that of the load to 
be supported, the effect of any such error may be 
serious, rendering a laborious revision of the whole 
design necessary. 

A close approximation to steel weight becomes, 
then, an important matter as affecting economy 1 
the processes of design of any bridge other than 
the smallest. An instance of the importance of 
steel weight is found in the history of the Quebec 
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STEEL BRIDGE WEIGHTS: TABLE I. 


BASIC PARTICULARS. 


The tabulated statement following gives the particulars of 133 bridge structures upon which the diagrams have been hased. 
“Span” is the spari considered of the bridge named,and in the case of Cantilever and Suspension bridges is the principal Span, though there 


may he other openings. “Relevant Length” is the length to which the particulars relate. 
decking ,track &.,or any extraneous fixed load ,as parapets, pipes, conduits &.. 


“Floor Weight" includes weight of floor steel, platform, 
Flat. Floor plates. or decorative ironwork not essential to the 


main structure ore not included in the weight of ‘Steel, being peculior bo some bridges only, though they are considered to make a part of Floor weight 


Trough plates hoking the. place of girders are 
Floor Weight 


Live Load” is Live Load as usually uriderstood 


Where the girderwork is of wrought 


wever reckoned in the weight of steel. Stiffening Girders of Suspension bridges are not taken as part of 


iron, the actual weight is given, but when plotting 


points for such structures at low stresees the results have been suitably corrected with respect fo this. Note. One ton = 2240\be. 
GIRDER BRIDGES (Through Spans.) 















































































































Nome Locality |Service width || Span Steel. | Floor LL Steel. | Floor Remarks. Reference. 
Fr. Ft. ome ey Tens ‘Tons peg | ft.. 
Bow R¢ |London |Road|21-5 || 72 | 72 | 56/180) 84 12-14] 78) 2-50) 1-17 |Jackarch & Macadam. Unpublished. 
Bow R? do. |Ral¥/ 325} 72 | 72 | 81) 116|259] 46) 1-12 | 1-61{3-60] Plated Floor & Ballast. do. 
Jubtle BythanjEngland| do. |285 102 | 102 | 112 | 146 |367) 391-10) 1-42/3-60] do do, do. do. 
Finchley R#/London | do. | 340/103 | 103 | 201 |425 | 260] 1-63)/i-95 | 4-13 2-52} Heavy Concrete Floor, part plated. do. 
Talavera. |Spain |Road| 8-0 | 133 } 133 | 92) 76| 108} -70} -69| -57| -81 || Lowunit stress, plated Floor (Spans) _| Rev’d.Obras Publicas (Mad,) 1908 & 
Keadby. | England |ReeR4] 53-51} 135 | 135 | 464|420|1000)| 42 | 3-44) 3-1! |7-41 | Plated Floor, part wood & concrele cecil (Ace. CLXXVII. 
Chippowe R. USA do. | 545/146 | 146 | 104 | 118 | 262] 45] -71| 8) | 1-79] Timber decking. Eng.News . 1899 
Kalix Elf, |Swa Rail¥ | 16-2150] 150 | 113 | 40 13] °75| ‘27| 2-00) Mod' Stress. Open Aor. (Not erected.) | Unpublished 
Nehovati. | India |RaFt} 2721158] 155/180 | 70} 500} -22] t- 1:93] Open Floor (16 Spans) Ace CLXXIV. 
Victoria.  |Queensland| “a Ft| 72-0 | 170 | 170 | 344| 660 | 500)| 1-32 2.94 Trough Floor, Concrete& Wood blocks (6Spans) Vice CLI. 
Dawbon. | India |R%a ft 15-7171 171 | 124| 49/235) -2: 1-37]] Open Floor. (3 Fixed Spans ) Ace Ccvi, 
Sukkur do. |fail¥| 280} 200 | 200/ 212 | 150 | 400] -37 2-00], Suspended Span. Plated Floor “ice Chill 
Curgon do. |R%aR¢] 2546] 206 || 206 | S20 | 274| 435 || -63 241 || Double deck. (i5 Spans) Mce CLXXIV 
Lan-ho China |Roil¥| 18-0] 206} 206/152 | 66/ 370] -16 1:80 <a (5 Spons) Eng" 1694. 
Killinge  |Sw&NorR} do. | 16-7|| 219 | 219] 226| 60| 438] -14 2-00|| Mod* Stress Open Floor. (Not erected.) | Unpublished. 
Saguenay R.| Canada | da. | 31-6'|| 220} 220| 450 | 180 | 880 | -20 400} Open Floor. Eng News-Rec. 1924. 
Sante-Fé | U.S.A. | do. | 16-5] 280} 2350) 410 | 382) 667] -57 2:90]} Unusual Floor arrang*. Timber deck9. do. i916. 
Fitzroy veensiond R%4, Ft] 32-0|| 246] 246] S20 | 142 | 560] -37 1-54) Timber decking Wice CXLIV 
Beaver U.S.A |Rail¥| 34-5] 265} 285/1502) 470}1446} -32 5-07], Suspended Span Yar soc.c.e. IS & Mice CLXXXV 
Metropolis do do. | 37:0}| 300] 300} 784) 287/|1573] -18 5:24] Nickel Steel. Unusual Impacts Eng News& Eng Rec. 1915-6. 
Lo Tien Wan! China. | do. | 17-5]| 305] 305! 223] 74) 400] -19 1-31] Timber decking, Ind”& East? Eng?, 1923. 
Danube R. |Buda-Ph| do. | 286] 321 | 321) 645] 225| 507] -44 1-58]| Continuous girders .4 spans in2 lengths | Arch. |ng.Ver. (Han) 1877. ® Ace. Cl. 
Hamburg | Cermory|R4.T! 42.7|| 335] 335| 715 | 925| 534] 1-73 1-59] Plated Floor, sets & concrete (3Spans) | Eng Rev” 1891. 
Hardinge [India |ReaF?| 40-0} 345} 5345/1257] 420/I260) -33 3-65], Timber dectang generully (IS Spans) | Ace. CCV. 
Forth. Scotland | Rail) 32-0] 350] 350) 766} 350) 757] 46 2:16] Suspended Span. Plated Fleor. Eng'?s 1887. 
Belaja Russia | do. | 19:0] 358] 358) 598] 139) 420] 33 1-17] Tumber decking. (6 Spans) do. 1890. 
Monangahela| USA. |Rail¥| 48-0) 360 630] 377| 794) -47 221] Port Wtl®. Tymber decking Tar $00.C.£. 1883. 
Louisville do do | 340] 370} 370/1934) 425)1982] ‘21 5:36] High Car*S" but mod* stress Heavy details | Eng News-Rec. 1919. 
Beaver do do. | 34-5]] 370} 370)1810) 6286/1865] ‘34 5:04] Approach Span. Yare 306.0.€.1911 & Ace CLXXXV 
Sibley do | do. | 21-0] 400] 400) 550| 166] 573] 29 1-43] Fort Wt I? Open Floor. (3 River Spons) | ¥ do. do. 1889& do. XCIX 
Plottenmouly do do. | 22-0} 402] 402) 974) 180) 922] -20 2:29] Open Floor. Eng Rec. 1904. 
Alaska do. | do | 26-0} 504] 504/1610| 250/!392 -18 276] do do. Eng News-Rec .1921. ; 
Metropolis |" do do | 37-0]| 552} 552) 1910} 507] 2703) -I> 490]| Nickel Steed .Unusal Impacts. Eng News&Eng Rec |915-6. 
Quebec. | Canada| do | 86-0] 640] 640/4960/ 1994 ‘59 5-25) Suspended Span Special Steels. Eng News® Eng Rec 1915-8. 
Louisville. | USA | do | 644] 644) S488) 740 2) 5:36) High Car>SH but mod? stress Heavy details.| Eng Newe-Rec. 1919. 
Municipal. do. |R%R4) 5845] 668] 668| 4100} 2606 3 ‘66 5 Nickel SH. Double Deck.Road,wood& Ren? Cont] Eng News .19!2 
Tanana R. do [Rai 360}| 700} 700) 2126 33d 1308] -25 1-87|| Spec! St but noeffecty stress incre Open Flooy Eng News-Rec 1923 
Metropolis do do. | 37-01 7201 720 610/34 18 480] Nickel Steel .Unusual Impacts. Eng News & Eng Rec 1915-6. 
GIRDER BRIDGES (Deck Spans.) 
Haversage |Englond|Rail¥} 6-0] 27/ 27} 7| 6| 68| -09] -26| -z2|2-Se| Ploted Floor Unpublished . 
Dawbon | India | do |! 42] 42) Qu} 8] 83] -10} -22| -19| 1-88) (2Spans) Ace. CCVI. 
E| Faso USA | do | 15-0) SO} 50| 18 | 1! | 186] -06) 36] -22| 3-72! Open Floor Eng News !914 
Victorafalls! SAfinca} do. | 300] 63] 63) 49 | 31 | 252] 12] :78| 49} 4.00] Fart Platede part Timber Floor Ace .CLXX. 
Salado. B.Ayres| do | 90} 70] 70} 32) 7 | 216] 3] 46) ‘10/ 35:09) Open Floor (Not executed ) Unpublished. 
El Paso USA | do | 15-0) 75] 75) 37] 17 | 252] :O7] :49) -23) 3: do. do. Eng News. 1914 
Hardinge | India |RaFti2 75) 75| 133} 40| 378] :10] 1-77) -53| 504) Tunber decking (6 Spans) "ce CCY. 
Bio-Bio [| Cmh [Ral¥/! 83) 83) 26] 12} 9S} 13} Bi) 14) 116) do do. (62 Spans) "Ace Cv. 
Victona Falls} SAfriea} do. | 300] 88] 88) 81 | 44/ 352] +13] -92| 50) 400} Port Plated a part Timber Floor. “ice. CLXX 
Lon-ho China. | do | 10-0} 104] 104) 34) 18/| 198] 09] 335) 17] 1:90] Open Floor (10 Spans) Eng’ 18694. 
Douro ets do. | 4-7] 1224 #22) 48) 20] 150] -13} -39) 16} 123) Approach Span Rev'd Obrag Pub$eMenasiLis)l876 
£1 Paso U do. | 15-0} 166} 166] 200) 82) 500] 1G} 1-20) -49) 5-Of| Open Floor Eng.News.1914  (&7ice LI. 
NiagoraGlif| do, |R%T?| 46-0) 210] 210| 166| 164 vid 44] -79| -78| 1-78] Timber decking ACE.CXLIV. 
King Edward} England.| Raily | 47-0] 308] 308) 1550) 215/ 2000} -11 | 5:03) -70] 6 Plated Floor. Fice.CLXxxlv. 
Note. 7ice.= Froc. Inst Civ. End> 
(9239 &) Bridges of names underlined are of Wrought Iron. 


broadly true—then the weight of steel may be 
considered as inclusive of that required for impact 
effects, and suitably discounting the steel weights of 
the main structures and of the floor will give the 
steel weight needed were all the load dead. Then 
the ratio 
Actual : teel weight 
Dead load steel weight 





will equal what may be termed the overall impact 
ratio for any particular case. The impact factor 
which affects the amount of steel required to carry 
the live load has been taken at :— 


200 
\ span inft. + 180° 


which is assumed to represent mean practice. 
The steel required to carry dead load is unaffected. 
The foregoing is tantamount to saying that 1 ton 
of dead load in the floor, has as an equivalent live 


inducing similar stress effects. In any case of 
floor load in excess of one-half the live load, the 
excess may then be considered as divided into three 
parts, of which one part represents the overall 
impact excess as a percentage, one part equals 
unity, being the part to be transferred, and the 
remaining part equals 0-5, being that part of the 
excess floor weight which remains, and is equal 
to one-half of that which is transferred. This 
part so transferred is then :— 
1 
overall impact excess +- 1 + 0-5’ 

and may be called the floor difference fraction, 








being that fracfion of excess floor load which is 
dealt with in this manner. 

To put the matter in another way. If the live 
load were no more trying to the structure than the 
dead load, to satisfy the condition as to floor ratio, 
1 








load on the floor of something less than | ton, though 


it would be necessary only to transfer —, i.e. $ the 


1+5 


| excess of floor load, without regard to impact effects. 
As, however, the live load induces greater stress 
effects, less of the excess must be transferred, hence 
we increase the denominator of the above fraction 
by the impact factor. 

For floor load in defect of one-half the live load, 
somewhat similar reasoning applies. Testing a 
great number of examples in detail, it is found that 
the floor difference fraction may he expressed by 


a/: span in ft. 
0-46 + ea 
without material error. 

The amended live load is then :— 


live =) floor differ- 
2 


live load + [ (door load — eae aa. | 


giving a quantity more or less than the actual 
live load, according as the floor weight is in excess 

orin defect. The additional curves showing weights 
‘of steel for cases in which the floor ratio differs 
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STEEL BRIDGE WEIGHTS: TABLE IL. 
ARCH BRIDGES 
Name L.Loodjr- L Reference. 
Tene 1. fb. 
Kornhaus 190) 1-67 | Side Spans of 377F arch Plated Floor. | Eng. Rec. 1899 
St Sylvester. 43} ‘33 Mean of 3spans(23,!47,123F) Plated Floor | Schw Bauz7|892a%ceCxll 
Lengue ; 1-35 Yice CLXVII 
Briancon ; ‘36] Plated Floor & Macadam Ann!*d Trov® Pub? lagze”iceCiX 
Dusseldorf. 1 1:71 | Mean of 4-spans (167.187 200200) Pid Floor} Eng'"8 1900 & Vice CXXXYII 
Indianopolis 2:34] Rein Cont Floor (5 Spans) Eng News. |916 
Noce Chasm. ‘8A asanett light. Timber decki Eng Rev"io8iarice Cl. 
Lyons 243] Mean of 5 spans (205,225,205) PFloor.| Le Genie Civil 189) _A.d.PontsetChau? 
Surprise Ck 1-69 Eng. Rec.\896. (t893,2ceCVi.OM 
Bonn. 1-68] Plated Floor (2 Spans.) Eng'29 1900& Zick CXXXVI1. 
Stony Creek. 1-42] Mod' Stress Timber decking Eng News. 1894-. 
SCroix KR 261] Open Floor (5 Spans) do. do. I9il. 
Fonther Hol” Eng Rec 1898 
Kornhaus Main Span. Plated Floor do. do. \I899 
Gulch Arch. Eng News-Rec . 1922. 
Driving Pork Eng Rec 1891 & Rail4 Caz" 1891. 
Rio Grande. Cantilevered Side Spans. OpenFloor | Eng News !1902& Vice CLI. 
Austerlitz. do. do. 19052 Eng Rec.1905. 
Victoria Falls Fact ploted ad part hmber decking Ace CLXX. 
Washinghon . 3-57] Plated Floor. (2 Spans) Eng News 18862 %r soc.c.e.1885. 
Sk. Louis 2:87] High grade s Cer? spanof three Db! Deck .| A.d Ponts ebChausi887. Ace .LI & 
Sanaga. 1:37} Open Floor Eng News 1912 = (Eades book 
Douro. 1:20] Main Span Rev'd. Obras Fub’eMenas (Lis)1876. & 
Song Ma 1:37] Timber decking Le Ceme Civil 1909. (Ace LI. 
Bellows Falls : Yar soc.c.£. 1908 & Mice CLXX III. 
Ni GrSe . do. Double Deck do. do 18988 Eng News |896 
St John. 74) |-35} Wood block & Rein®4 Con*Ffloonng | Pice CCI &Kunz (Vice CLXX 
Detroit Sup” Timber decking. Double Deck Eng Rec 1914. 
Dusseldorf. 15] 1-71] Plated Floor. (2 Spans) Eng'?3 1900 e7ice CXXXvII. 
Bonn. 00) 1-68 , do. do. do. do. 
Niagara Grée 59) 6 End News-Rec.!923. 
Viaur. 18} -80]Cantilevered Side Spans La 9 eae 1900 
Niagara Clif 78) 1-05) Timber decking. Jice. CXLIV 
Hell Gate 10711 High Streso. Rein Cont inFloor. | Eng News |9168%arsoece I918. 
CANTILEVER BRIDGES 
Salamanca. 3-41| 2:25] Not typical . Concrete Floor. Eng News.1916 
Cachoeira. ‘37| 1-50} Wood block 8 Concrete Floor. Plated Eng Rec. 1698 
Tolbiac 203} |: Engnr 1893. 
VilleFranche -09) I ; Le Genie Givil.190348.%ce.CLvi. 
Mirabeav . 2. . do. de. 189627ice.CXXVI. 
Schell Mem! 57] Trmber deckin Rec.1904. (2Eng" 1896. 
Theiss. “69) +*80] Low Stress. Pla Eng News 1898. 
Niogamm Falls 4-90] Part WEI? Timber decking. Yar .6oc.c.£. 1885. 
Burlington : 1-07] Timber decking . Eng News. 1917. 
Cincinnati ‘84, 1°36] Pork Win. Timber decking . Yan .606.¢.£.1890. 
Hoody . 80) 2 “Ace .XCil. 
Fran3-Josef. 226] do. do Ost. Ing. Arch Ver.18978 Kunz. 
Red Rock 1:36 ree Floor. Yam.soc.c-£ & Eng News |89). 
Mingo. 411 Eng Rec. 1904-. 
fronton. Eng News- Rec.i92@3. 
Sewickley 1-43] Plated Floor. Wood # Concrete Yan .Soc.c.£.1S13. 
Beaver 4-90] Floor has double longshudinals. do. do. I91te%ice CLYXYV. 
Sciotsville . 5-42] Light ae decking. Eng News /915-16 & Eng Rec !915 
Monangahela 4:10 Eng Rec .1903. & Ku 
Sukkur. 1-76 “Ace.Cill. 
Queensboro’ 357 Nickel Steel. The 984'8 1182’ ae Eng Rec.1907-8 & Kunz. 
do 3-57 }treated as independent cases for len do. do. do. 
do. 3:S7iigiven ‘The figures for Mean Span (W83)relale| do. do. do. 
Forth. 2:16] Plated Floor. Eng'"3 1887. 
Quebec. 1° 450i Nickel Steel. do, 1918.%Jour’ Eng. Inst* 
SUSPENSION BRIDGES (With Tower Steel.) nee 
G4 Avenve. | 60-0] 400] 700] 1370| 776 940] - I . Eng Rec. 1891. 
Cologne. -| 627] 605 324] 1-15 3.06 2-66) Port Nickel Sheel. lated Floor. Wood blocks. Eng News-Rec . 1913. 
Elizabeth 656} 95! 3030] 1-15} 8-11] 280 = Plated Floor. LinkChains. (2 Concrete. |Eng News 1905, Ost.Ing. Arch. Ver. 
Florianopofis | | 45-7) 1114- 1714 ‘® I 89) Rocking Towers. High grades! chs. Tim? dS Eng News- Rec 1923-4. vt 
Morhattan . . 1200) 1470 104: 357 Nickel Steel. Double Deck. Eng News .1905-8aMod} 
Williomsburg 1600 3-04) Bridge as strengthened. Do do. do. 1901-88 Foil? Ge 1903. 
Beor Mountain 1632 1-41 [Flexible Towers. Sil"&Car? Si HighStreas|Eng News-Rec 1924. 
Deloware R. M1180} 1750 2-68 Poor! Win Soc Eng.19238 Can.Eng 1924. 
SUSPENSION BRIDGES (Without Tower Steel.) ie aipieieeauen 
T ‘ 16 Fro pers o ian 
—_ = a - ‘48]|Plated Floor. Le Genie Civil 19158 7ice.CXCIV. 
Trellins. 420 153 146] - 22] Timber decking . Ad PontyetChous*!9082 7iceC LXXVIT 
Constontine. 539 230 383 -72] Not typical . Rein®# Con’ floonnd. Le Gere Civil ISN aZice CLYOMII. 
Cumberland. 2 97 18 a cae = — 
iFto , ical. — Girder shallow. eos ° 
Gitten La aa po a ~ airs ina Rec 1904 & Le Genie Civil 
Lewiston 800 1026| 306) 408] - -48| Not Fypical Tin dodo, 1899 (1905. 
Flarianopolis Wie 266 1714 ‘89 HiSh grode slee| Chains ante Eng News-Ree|923-4. 
Manhattan 1470 27309 10430 '357]|Nickel Steel . Double Deck. Eng Newe!905-6& Modjeskis Rept 
Brooklyn 1595 10644) 5217) 3455} I- 1-00 |Mosonry Towers. Timber deckin Kunz & Speci fications.|685. 
Williamsburg 1600 9550| 7730| 8475} - 3-04/|Bridge as Eng News 1901-88 Rail? Gos" 1905 
Bear Mountam!| 1632 EZ 6000) 3487] 1- 1-44 [Sila Eng News-Rec.1924-. 
Delaware R 1750 8527) 2: 2:68 || do Jour! W™Soc Eng. 1923&Can. Eng 1924 
ata Bridges of names underlined are of Wrought Iron. 
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from the basic value of one-half, are derived directly 
from the primary curve :—Thus for the floor ratio 
1-0. or an additional floor load of one-half the live 
load, the ordinate for any span will be more by 
an amount which equals :— 


4+ X ordinate to mean line xX floor difference fraction. 


For any span this value remains the same for each 
such addition to, or deduction from, the floor ratio. 

It will be seen that some of the plotted points 
come well above, or much below, the basic curve ; 
this, as a rule, is an indication that the particular 
bridge is to be considered heavy or light, as the 
case may be. Any fresh points plotted for some 
new construction will give the same indications. 

It should be observed that in the case of cantilever 
and suspension bridges the steel weights deduced 
for a bridge of given central opening and of given 
length are for the whole bridge, but that the weights 
of a girder or arch bridge of the same central opening 
are for that opening only, to which, for purposes of 
comparison, must be added the steel weight for the 
side spans necessary to give the same total length. 
This is illustrated in the accompanying examples. 

Let it be required to find the steel weight of a 
cantilever bridge having one centre span of 700 ft. 
and two side spans of 350 ft. each, to carry 4 tons 
per linear foot live load, and 3 tons per linear foot of 
floor load. The relevant diagram, Fig. 4, shows 
that at the floor ratio } = 0-75, the weight of steel 
per ton of live load for such a bridge, having a 
central opening of 700 ft., will be 1-57 tons, and 
the total weight of steel will thus be :— 


1400 x 4 xX 1-57 tons = 8792 tons (exclusive of_flo or? 
plates, if any). 


Or, “through” spans of 350 ft. and 700 ft. of the 
same total length, carrying the same loads per 
linear foot, would (by relevant diagram, Fig. 1), at 
1-17 tons and 2-20 tons, respectively, need :—, , 


2 xX 350ft. x 4 x 1-17 tons + 700ft. x 4 X 2-30tons 1 
== 9716 tons (exclusive of floor plates,’if any)... 


In all cases flat floor plates, if used, are extra to 
the weight of steel, as given by the diagrams, and 
may be estimated at from 12 lb. to 24 lb. per square 
foot of plated area. 

“Steel”? is weight down to, but not including, 
bearings, though including anchorages of suspen- 
sion bridges. Bearings may be from 2 per cent. to 
6 per cent. of “steel,” and suspension bridge 
anchorages from 6 to 14 per cent. 

Minor errors involved in the assumptions made as 
to impact values have no material effect on the 
results deduced. The diagrams are intended to give 
normal weights, but will not give results matching 
freak designs. 

Though a close approximation to the total weight 
of steel in any span is, in advance of design, of great 
value, there are cases where this may usefully be 
supplemented by knowledge of the distribution 
along the span of the steel weight. This matter 
may be illustrated by four typical examples. In 
the case of the Quebec Bridge suspended girder span 
of 640 ft., the distribution is nearly but not strictly 
uniform. This is shown diagrammatically in Figs. 7 
and 8, page 535, the mean weight of steel per unit of 
span being unity; variations are indicated by the 
quantities given, 

In the case of the Hell Gate Arch of 977-5 ft. span, 
there is an appreciable variation, as indicated in 
Fig. 10. In this case the major part of the floor is 
suspended from the middle two-thirds of the span, 
but it is to be observed that in any case in which the 
floor is at crown level and is supported by columns 
increasing in height towards the abutments, the 
variation in steel weight distribution would be more 
marked. In cantilever bridges the variation is 
extreme, as shown in Fig. 7, which represents the 
Quebec Bridge complete. Suspension bridges, tak- 
ing the Manhattan Bridge (Fig. 9) as an example, 
give a distribution nearly uniform. 

These particular examples, it will be understood, 
though instructive, do little more than make evident 
the importance of this aspect of the problem. 

A consolidated diagram is represented in Fig. 11, 
with the object of showing the weights of steel 
required for different types of bridges. The deck, 
through, and arch bridge lines are directly com- 
parable, as also are the cantilever and suspension 


THE ATMOS HIGH-PRESSURE BOILER. 


CONSTRUCTED BY THE AKTIEBOLAGET ATMOS, STOCKHOLM, SWEDEN. 








Fie. 1. Front View asBovE Man Pratrform. 





Fig. 2. Rear Vizw sHowrne Rotor Hovsinas. 


bridges. But to make a comparison of total weight THE ATMOS HIGH-PRESSURE 

the method described in the worked-out example BOILER. 

given above should be adopted. E Ir will be recalled that in a paper contributed to 
In Tables I and II, pages 536 and 537, will be| section D of the World Power Conference, Mr. 

found particulars of the bridges from which were| V, Blomquist dealt with the advantages resulting 





drawn the data used in preparing the diagrams. | from the use of extra high-pressure steam ; and after 
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length of the tubes exposed to the flames in the furnace 
being 11 ft. 2in. The tubes are drawn from Siemens- 
Martin steel having a breaking strength of 45-47 tons 
per square inch at a temperature of 750 deg. F. As 
will be seen from Figs. 1 to 4 these tubes are arranged 
in an horizontal row in the upper part of the furnace. 
Their ends pass through the masonry, and are finished 
with headers which also serve the purpose of journals. 
The end mountings of the tube can be seen in detail 
in Figs. 8 and 9, showing the mounting at the front and 
rear ends of the boiler respectively. It will be observed 
that the rear header is screwed and welded into the 
tube, while the front one is provided with a flange, and 
is attached, by means of bolts, to a socket, the latter 
being screwed and welded to the tube. The front 
header can thus be removed to allow of inspection and 
the cleaning out of the tube. It will be observed in 
Fig. 8 that teeth are cut on the periphery of the front 
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header flange, and the wheels thus formed gear directly | 
together, and are driven from a spur wheel on a small 

electric motor, as shown in Fig. 10. The mounting of the 
motor on the front of the boiler is illustrated in Fig. 1. 
Fig. 2 shows the back of the boiler. Referring again 
to Fig. 8, it will be seen that the journals of the headers 
are mounted in ball bearings designed in such a manner 
as to prevent any longitudinal displacement of the tubes. 
At the rear end, as shown in Fig. 9, roller bearings are 
provided, and to allow for the alteration in the length 
of the tube under varying temperatures, the outer 
races are given extra width. the rollers moving with the 
tube. The stuffing boxes are packed with Palmetto 
packing, divided into two parts by means of a lantern 
gland, into which lubricating oil is introduced under a 
pressure of about 8 in. oil-column above the steam pres- 
sure of the rotors. It may be mentioned in passing 
that very little oil is required for these stuffing boxes, the 





and can be readily withdrawn, on the removal of the 
front header, for cleaning purposes. 

The feed water is supplied to the boiler through 
the lower feed heater tubes, seen in Figs. 4, 6, and 7, 
under a pressure of about 140 lbs. per square inch, by 
means of a centrifugal pump. After being heated 
to about 320 deg. F. in these tubes, the water is 
passed into a settling tank if purifying is necessary. 
It is next passed into the high pressure section of the 
feed heater, consisting of the middle group of tubes 
shown in Figs. 4 and 6, under a pressure of 1,500 
Ibs. per square inch, by means of a high-pressure feed 
pump driven at a constant speed by an electric motor 
or other convenient means. If no purification of 
the feed water is required, as in the case of the water 
being supplied from a surface condenser, the settling 
tank is dispensed with, and the lower and upper feed 
heaters are combined in one unit to raise the tem- 
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Fig. 10. 








actual consumption, in the case of a six-tube boiler 
at the Carnegie Works at Gothenburg, being one-tenth 
of a gallon for a daily run of ten hours. The tubes are 
rotated at a speed of about 330 revolutions per minute, 
the depth of water in the tube being automatically 
regulated, by the feed regulator, to between 1} in. and 
2in., according to the rate of evaporation. From 
Fig. 8 it will be observed that the central tube, or 
nozzle, through which the feed water passes, rotates 
with the header. On leaving the nozzle, the water 
impinges on the inside of a bell-shaped piece, ter- 
minating in a disc, by means of which it is deflected 
back along a narrow passage, opening into the tube 
proper at its circumference. To ensure that the watcr 
entering the tube is not slowed down due to its radial 
movement, the disc is fitted with radial vanes. The 
diameter of the disc is slightly larger than the interior 
diameter of the tube ; the header being somewhat wider 
than the tube at the point where the disc is attached. 
Each tube is provided with longitudinal stringers for 
the purpose of compelling the water to follow the motion 
cf the tube. These stringers, which can be seen in | 
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perature of the water to about 600 deg. F. before 
entering the boiler tubes. 

As it is quite possible that steam may be generated 
in the upper portion of the feed water heater, means 
have to be provided to ensure a supply of feed water 
to the rotors under such circumstances. This is 
attained by allowing the feed water, together with 
any steam which may accompany it, to pass through 
two steam headers, which appear as two horizontal 
pipes, above and below the platform, respectively, in 
Fig. 1. The highest portions of these headers have pipe 
connections to the main steam pipe of the boiler. 
These may be seen passing over the top of the boiler 
in Figs. 1 and 6. Any steam which passes into these 
headers is therefore conducted past the boiler tubes 
directly into the main steam pipe, and only water is 
introduced into the rotors. The steam headers 
thus serve the purpose of separators. 

As will be seen from Figs. 3 and 8, after leaving the 


Figs. 8 and 9, are fixed together in squirrel cage fashion, | steam headers, the water is delivered directly to the 


front of the rotating tubes. The steam leaves the 
tubes from the rear end through the central pipe 
shown in Fig. 9, from which it passes through a super- 
heater, formed by the top group of pipes shown in 
Fig. 6, finally passing into the main steam piping. 
The water inlet and steam outlet are connected by 
means of small pipes to the feed regulator, which can be 
seen on the left hand side of the furnace doors in Fig. |. 
This regulator consists of a steel body containing 
an inverted bell, the open end of which is submerged 
in mercury. The bell is suspended on a helical spring, 
and its movement actuates a needle valve arranged in 
the feed pipe through a system of levers. The interior 
of the bell is in connection with the water end of the 
rotors, and the space outside with the steam end of 
the tubes. Both these spaces are filled up with cold 
water. As the rate of evaporation in the steam- 
generator is altered, the difference in pressure will 
cause the bell to rise or fall, controlling the feed water 
supply through the movement of the needle-valve. 
The feed pump works at constant speed, and a by-pass 
is provided below the needle valve for the return of 
any excess water to the suction side of the pump. 
By providing suitable cross-sections to the water inlets 
and steam outlets of the boiler tubes only one feed 
regulator is required. A pointer is provided on the 
feed water regulator which indicates the height of the 
bell. A special water gauge, operating on the same 
principle as the feed ‘regulator, is fitted along-side 
the latter and may be seen to the extreme left in Fig. 1. 
By means of this instrument the thickness of the water 
layer in the boiler tubes may be read off at any time. 
Safety devices are provided to prevent damage occur- 
ring should the gauge burst under the high pressure. 

An extension indicator, which can be seen in Figs. 
2 and 9, is attached to the steam end of each of the 
rotor mountings. It will be observed from Fig. 9, that 
the indicator consists of two levers mounted on a 
common spindle, one of which makes contact with the 
end of the rotor, the other serving as a pointer regis- 
tering on a curved graduated scale. The value of this 
fitting lies in the fact that any incrustation of scale 
inside the tube reduces the heat-transmission capacity 
of the latter, and in consequence causes an undue rise 
in the tube temperature, which is recorded on the 
extension indicator. The boiler shown in the figures 
is fitted with a Pluto stoker, details of which can be 
seen in Figs. 3 to 7. 

One of these boilers, with six tubes, and working at 
a pressure of 700-800 lb. per square inch was installed 
in a sugar refinery at Gothenburg in 1921. The boiler 
works in conjunction with a back-pressure De Lavel 
turbine, the exhaust steam being used in connection 
with the sugar plant. The boiler we illustrate has been in 
use since October, 1923, in the same works. We under- 
stand that other boilers have been built, including one 
manufactured by the licencees in France, The Société 
Alsacienne de Constructions Méchaniques, Mulhouse, 
to produce 10,000 kg. of steam per hour at 1,500 Ibs. 
per sq. in.; and a smaller boiler for 2,500 kg. per hour 
inGermany. Tests have been carried out on the boiler, 
installed in the Sugar Refinery of the Svenska Socker- 
babriks Aktiebolaget at Gothenburg, by the Chalmers 
Technical Institute, and also by a committee repre- 
sentative of technical and engineering interests in 
Sweden. Asa result of these tests, the overall efficiency 
of the generator appears to be from 73 to 78 per cent. 
In the reports on the tests, however, attention is drawn 
to the fact that the stoker used was not suitable for 
the high grade coals employed. In addition, the 
pre-heater appears to have had insufficient surface to 
cool the exhaust gases adequately, and the makers are 
of opinion that when these two points have been 
corrected, the efficiency will prove to be in the neigh- 
bourhood of 84 per cent. In the actual tests carried 
out by the Chalmers Technical Institute, the rate of 
steaming was found to be 3-929 kg. per hour; or 
302 kg. of steam per square meter of heating surface 
per hour. The chimney loss amounted to 12-9 per 
cent., and the other losses to 9-9 per cent. The report 
states that the generator worked quite satisfactorily 
throughout the test, the water level being easy to 
regulate and to observe. The action of the automatic 
feed regulator was entirely satisfactory, and the 
stuffing boxes of the rotors gave no trouble. 





GerMaNy’s ForEIGN TRADE In AuGust.—Compared 
with the returns for July, Germany foreign trade statis- 
tics for August show an increase of 24 million rentenmarks, 
in the value of the imports and a decrease of 18 million 
rentenmarks in the er of the exports. The excess ol 
imports over exports, exclusive of gold and silver, 
amounted to 454 million rentenmarks in August, ‘6 
against 441 million rentenmarks in July. A notable 
increase in the imports of iron ore was recorded, tlic 
value having risen by 12-2 million rentenmarks. Exports 
of finished goods declined by over 15 million rentenmarks, 
whilst slight decreases occurred in rolling mill products 
and iron goods exports. Machine exports decreased hy 
over 6 million rentenmarks. Exports of electro-technical 
products of paper and paper goods likewise decreased. 
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AEROSOLS IN INDUSTRY. 


In a meeting of the Chemical Engineering Group 
of the Society of Chemical Industry, held at the 
Royal Society of Arts on Friday, October 9, Dr. W. E. 
Gibbs discussed familiar dust problems under the 
unfamiliar title of ‘‘ Aerosols in Industry.” Aerosols, 
he pointed out, were formed by the disintegration 
and dispersion of solids or liquids, and by the con- 
densation of vapours. Attrition in mills and spraying 
might yield clouds or mists of very fine dust. The 
particles produced by the condensation or interaction 
of two gases were, however, in a much higher degree of 
dispersion; but owing to their Brownian movements 
and frequent collisions they tended to coagulate into 
coarser particles, against the opposing forces of gas 
adsorption and electric charges. The characteristic 
properties of aerosols—the increased buoyancy and 
chemical activity—were consequences of their large 
specific surfaces. A cube of 1 cm. side had a surface 
6 sq. cm. ; sub-divided into cubes of 10-4 cm. the total 
surface of the particles would be 60,000 sq.cm. Thus, in 
these particles, many more molecules were brought up 
to active surface conditions than in the original solid 
cube. Grinding 200 grains weight of lump sugar in an 
airtight mill, Beyersdorfer found that, in 24 hours, the 
air pressure was reduced from 760 mm. to 23mm. A 
litre of carbon black contained 50 cub. cm. of carbon 
and 950 cub. cm. of adsorbed air which, at normal 
pressure and temperature, would occupy 2-5 litres. 
Silica, magnesia, &c., reduced to very fine powders 
flowed like liquids because the particles were cushioned 
by the air. Such particles resisted wetting. Zinc oxide 
fumes were very difficult to recover by washing, and 
sulphuric acid sprays could not be concentrated by 
bubbling through water, though they would be 
absorbed by strong sulphuric acid. 

With respect to electric charges, Dr. Gibbs re- 
ferred to the experiments conducted by W. A. D. 
Rudge, of Cambridge, twelve years ago, on electrifi- 
cation produced by raising dust clouds. Experi- 
menting with the dusts of 200 materials, and also 
on public roads, he found that a passing vehicle charged 
the air near a road to relatively high potentials, as 
also did the wind in sandy deserts. Limestone gave 
negatively-charged dust, acidic bodies (silica) positive 
charges. Dr. Gibbs ascribed the electrification to the 
adsorption of ions, to contact with suitable solids or 
liquids, and to friction between the particles and the 
machinery producing them. Electrification certainly 
plays an important part in aerosol phenomena. Large 
falling raindrops, broken up by the air resistance, be- 
come electrified; the jet of petroleum issuing from a 
well is atomised, and the “holy fire” of Baku may 
be due to spontaneous electric discharges. Charges of 
10,000 volts are not infrequent in the filter bags for 
sugar, and cotton gins and threshing mills have to 
be earthed to prevent the accumulation of charges 
in dry atmospheres. With respgct to the stability 
of aerosols, it is important that only particles larger 
than 10-* em. can be said to settle in still air, in which 
they would fall at the rate of 0-3 cm. per second, 
whilst particles of 104 cm. would only sink at the 
rate of 0-003 cm. per second; in water for the latter 
to fall 0-003 cm. would take three days. The particles, 
however, adhere to solids with which they come into 
contact, or are brought into contact by agitation, 
and since gas molecules diffuse more readily than 
dust particles, it was easier, Dr. Gibbs stated, to 
Temove a gas from a gas mixture than to remove 
smoke particles by filtration through charcoal. One 
millimetre of charcoal would quantitatively adsorb 
chlorine from air, but would allow tobacco smoke, 
detonation fume clouds and acid mists to pass 
unchanged. 

Many industrial operations produce dust, sprays, 
hazes and fumes, examples being the drilling of rock, 
the grinding of coal, sulphur and cereals, the disintegra- 
tion of textiles in cotton and woollen factories, the 
smelting of ores and the pouring of metals. Electro- 
static precipitation can settle many of these dusts, 
which would pass through long flues, cyclones and 
filters ; but the high temperatures of some gases and 
the high conductivity of metallurgical fumes were 
serious obstacles. Dr. Gibbs mentioned that the latter 
fumes might have to be neutralised, and that, in the 
former case, differences in volatility were sometimes 
utilised. Thus, burner gas was treated electrically, 
first hot to remove refractory dust, and again cold to 
remove the clouds of arsenious acid then formed. Dust 
explosions might be prevented by reducing the oxygen 
contents of the air below 12 per cent., when most 
dust-air mixtures ceased to be explosive. This could 
Sometimes be done by mixing the air with flue gas. 
Wherever possible explosive dusts should be drawn 
off as formed, but inside mills, conveyors and bins the 
asecumulation of dust was often unavoidable. Coal 
dust is rendered non-explosive in mines by being 
covered with stone dust ; this case of dust application 
Seems, so far, to be unique. 


NOTES ON NEW BOOKS. 


AN earlier review of Mr. Cocking’s book on “‘ Steel- 
Frame Structures” (published by Scott, Greenwood and 
Son ; price 10s. 6d. net), which appeared in these columns 
when it was first issued, commending it to the attention 
of those interested in the subject, will give a more com- 
plete knowledge of its contents than can be presented 
in a short notice. We can, however, indicate to the 
present reader, who may not happen to be acquainted 
with the book, that he will find much matter of value 
in it, even though already tolerably familiar with 
the subject. To those not so well informed it will be 
of greater use, for the author treats the design of steel- 
framed buildings in an eminently practical manner, 
both in the computation of strengths and the con- 
venient handling of results when ascertained. Any 
large building, save the simplest, is commonly com- 
plicated in its lay-out, and the orderly lettering and 
numbering of its various parts, and the intelligible 
display of loadings, moments and sections, of which 
the author says much, may save considerable trouble 
and many mistakes. This feature of the work should be 
of much assistance to those not familiar with the 
routine of building steelwork design, though well in- 
formed, it may be, in matters of calculation. The 
matter is also of importance because of the need there 
is for presenting results in intelligible form for official 
criticism, where this has to be met. The tabulated 
statement relating to concrete-encased joints appearing 
in the first edition is retained, in connection with which 
it may be well to direct attention to test results by 
Mr. J. R. Sharman, recently published ; the subject is, 
however, by no means exhausted, though of consider- 
able importance. As already indicated, the book should 
be of much use both to tyros in the work and to those 
of greater experience. 





Many a distinguished investigator has, in his old 
days, turned his attention to the historical aspect of 
researches for the study of which his routine work 
left him little time. It is a fascinating study, not only 
because it generally reveals how little there is really 
new in the world and how many an original discovery 
has repeatedly been anticipated. The exposition of 
these historical researches is of great utility, but it 
demands the master mind, able to disentangle the 
meaning of old records, not rarely couched in purposely 
obscure language, and to grasp the real bearing of an 
investigation or invention. In asking Dr. Otto 
Johannsen to compile the “‘ Geschichte des Hisens”’ (His- 
tory of Iron) (Disseldorf: Verlag Stahleisen, M.B.H. ; 
price 20 marks], the Union of German Iron Masters 
made a happy selection. Dr. Johannsen is an iron 
expert of Volklingen, on the Saar, and a scholar. He 
was able to follow the lead of Dr. Ludwig Beck, who 
died in 1918 after having edited a history of iron in five 
volumes. The first edition of Dr. Johannsen’s volume 
of 218 pages came out in October, 1924. Welcomed as 
the best German work of its kind and of unusual 
merit as to treatment and technical detail, it was 
out of print within a few months, and the second edition 
is now before us. It is a handsome volume, printed 
in excellent type on smooth paper, on which the 222 
diagrams and photographic reproductions stand out 
to advantage. The main divisions of the book are 
the Ancient History, the Middle Ages, the Age of the 
Charcoal Furnace, and the Age of the Coal Technics, this 
being subdivided into chapters on Puddle Iron and on 
Mild Steel, followed by notes on recent developments. 
The very carefully-compiled index deserves special 
commendation. The work will appeal to metallurgists 
as well as to the commercial man, politician and 
the educated public generally. Though people now 
speak with some justification of an age of elec- 
tricity, of light metals, or of radiation, we actually 
live in the iron age ; the machinery on which our acti- 
vity depends is made of, or with, steel. Dr. Johannsen 
goes too far when he ascribes the French revolution 
partly to the predominancy of English coal and 
machinery in the eighteenth century, and not to the 
misery created by incessant wars of conquest, the 
religious persecutions of Louis XIV, and the social 
conditions which practically exempted the ruling 
classes from taxation. Dr. Johannsen rightly empha- 
sises the importance of the development of the iron 
and steel industries for the cultural advance of the 
various nations. 





With the steady growth in the application of the 
Diesel engine to sea-going vessels it has become neces- 
sary to include questions involving a knowledge of 
such engines in the Board of Trade examinations for 
marine engineers. To meet the requirements of candi- 
dates in these examinations, and more generally for 
other steam engineers who may wish to acquire such 
knowledge, Mr. John Lamb has prepared a small 
pocket-book under the decidedly cumbrous title of 
** Questione and Answers relating to Diesel, Semi- Diesel, 


éc.” The book, which is published by Charles Griffin 
and Co., Limited, is now in its second edition, and the 
author states, in the preface to this edition, that corre- 
spondents in all parts of the world have expressed 
their thanks for the work. From this it may be 
inferred that the exposition of the subject in the form 
of question and answer appeals to the readers for 
whom the book is intended, and we are thus deprived 
of our only criticism. The second edition differs from 
the first in that a number of recent examination 
questions and answers have been added in the form 
of an appendix. The author states that these have 
not been included under the original headings because 
to have done so would have involved increasing the 
published price of 5s. net. An index to the unclassified 
addition has been included to minimise any difficulty 
arising from this artificial division of the contents 
into two parts. 





As a review and critical study of collective and 
individual drives applicable to the single-phase loco- 
motive, a recent book by Dr. Engelbert Wist, ‘“‘ Die 
Lokomotivantriebe bei Hinphasenwechselstrom,” pub- 
lished by J. Springer, Berlin, at 5.40 gold marks, is 
of considerable interest. After a technical discussion 
of the single-phase, neutralised series traction motor, 
the author deals with drives having rotary motion 
only, e.g., gearless, nose-suspension, geared-quill and 
special geared individual-axle drives, and then with a 
number of the more important side-rod or collective 
drives involving reciprocating motion. Nomograms 
are given for a few of the individual drives as an aid 
to determining motor and gear dimensions, &c., in 
a given case. Several examples are detailed, and the 
diagrams are clear and to the point. The book— 
probably the first of its kind—is of great value to those 
interested in this highly-specialised branch of main- 
line electric railway engineering, as with but few 
modifications, the matter applies equally well to 
direct-current locomotives, despite the title. A some- 
what unexpected omission has been made in that the 
author has not dealt with the troubles encountered 
with vibration of a periodic nature in side-rod drives, 
the elimination of which has been exercising con- 
siderably the technical skill of Central European engi- 
neers within recent years. 





A feature of activity in reinforced-concrete construc- 
tion is the enthusiasm of its advocates—so enthusiastic 
are they, that occasionally statements are made hardly 
warranted by experience. This is illustrated in the 
opening passage of the preface to Mr. Alban Scott’s 
“ Reinforced Concrete in Practice’? (Scott, Greenwood 
and Son), now in its second edition. The author claims 
that there is “‘no form of building so lasting and 
requiring less maintenance than reinforced concrete.” 
This statement with reference to the youngest of the 
structural materials may be considered with some 
reserve. The author, however, though erring on the 
bold side in thus expressing himself, does his best in 
this instructive little book to fortify his claim. It treats 
of the more practical aspects of reinforced concrete 
work and the precautions to be observed. The opening 
chapters on materials and tests, deals with these matters 
in considerable detail. Much useful information is 
given respecting the construction of centring, and the 
points to be observed to ensure good results. The 
placing of steel and keeping it in position till finally 
concreted is enlarged upon, together with the mixing 
and placing of the concrete. The writer favours a 
relatively dry mix, in which, no doubt, he is right, 
demanding, however, conscientious ramming to ensure 
the proper embedment of the steel. The position of 
joints during concreting is treated as a matter of import- 
ance, as indeed it is, and much useful information is given 
about this. There is strong insistence on the impro- 
priety of any disturbance of concrete before complete 
setting. The striking of centres, strengthening of 
existing columns, beams and slabs, floor pavings and 
roof coverings, are matters treated to advantage. 
Special constructions, as chimneys and piles, and the 
fixing of machinery in connection with reinforced 
concrete, and the testing of finished structures, complete 
the book, which may be well recommended to those 
seeking information as to the more practical side of 
construction, to which the writer has evidently given 
much thought. There are numerous figures and 
plates in the book, which is pubished at 8s. 6d. net. 

Aerial ropeways are much older than the ordinary 
railways. It is believed, according to “ Teleferiche, 
Funicolari Aeree e altri Trasporti Meccanici,” by 
G. Cappelloni, that thousands of years ago ropes of 
some sort were used as a means of conveyance across 
rivers in China and India. A primitive aerial ropeway 
is stated to have been built by Giovanni Hartlieb in 1411 

The book from which we quote—one of the Hoepli series 
—gives several illustrations’of aerial ropeways built in 
olden times. It enters very minutely into the subject 
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for the transport of goods of all classes and the carriage 
of passengers. Every one of the component parts is dealt 
with in detail, formule being given for calculations and 
design, and every possible application is reviewed very 
completely. The first cost and the cost of working, the 
performance, life, &c., of aerial ropeways and telpherage 
installations are quoted in many instances, and are 
compared with the corresponding data for other 
methods of transport, a number of existing plants being 
described as examples. Among other interesting 
chapters may be mentioned one on the construction 
and working of the temporary aerial ropeways on the 
Italian fronts during the war. The book is well printed 
and profusely illustrated with diagrams, drawings of 
details and reproductions from photographs; it will 
prove useful to numerous engineers and business men. 
The present is the third edition, and it is issued, at 
the price of 26-50 lire, by Ulrico Hoepli, Milan. 





HOLMAN PNEUMATIC RIVETING 
TOOLS. 


Tue firm of Messrs. Holman Bros., Limited, of 
Camborne, Cornwall, have recently introduced a 
range of hand-riveters and hammers which embody 
several novel and interesting features. The general 
appearance of one of the riveting tools is shown in 
Fig. 1, annexed, and the same tool is illustrated in sec- 
tion in Fig. 2. From the latter figure, and also from 
Fig. 3, which shows a section of one of the hammers, it 
will be seen that the leading feature of both tools is a 
spool-valve of very simple design. An enlarged view 
of this valve is given in Fig. 4. The method of con- 
struction adopted results in the valve being of very 
light weight, and ensures a high degree of durability. 
It is formed from heat treated alloy-steel tubing, 
and the shape is such that the fibre of the material 
is co-axial, and therefore in the direction to offer 
maximum resistance to impact. The ends of the 
valve form a resilient seal, which is automatically held 
firmly against the inner surface of the valve casing by 
air pressure on each end. As will be clear from 
Figs. 2 and 3, the valve operates in a passage which 
is parallel with the piston chamber, and as the various 
ports are relatively short and of ample area, there is 
very little reduction in the working pressure of the 
air reaching the piston. As a result, the tools will 
operate effectively on low air pressures. The method 
of operation will be followed more readily if reference 
is first made to the details of construction. It will 
be observed from Figs. 1, 2 and 3 that both tools have 
a separate handle, held in position on the cylinder 
by two side bolts, which are of alloy steel. The 
handles can be supplied in three patterns, those shown 
in the illustrations being supplied for the riveting 
and chipping hammers, respectively, unless otherwise 
specified. It will be noticed that the main barrel is 
carried through into the handle in each case, in order 
to reduce the overall length of the tool to the minimum. 
A joint-ring, made of red fibre, is introduced between 
the handle and cylinder to form a seal, and the joint 
made in this way has been found to remain effective 
over long periods. The operating trigger is either 
inside or outside of the handle, according to the type, 
and the manner in which it opens the throttle valve 
will be sufficiently clear on reference to the drawings. 
The valve is a combination of the piston and poppet 
types, and remains airtight throughout the life of 
the tool. 

Turning now to the method of operation, it will be 
sufficient to deal only with the riveting hammer, 
shown in Figs. 2 and 4, as the principle of operation 
is identical in both tools. The path for the air from 
the connecting union, as far as the annular space 
formed round the bush in the handle, can be readily 
followed from the section of the riveter, Fig. 2. From 
this annular space, shown on the left in Fig. 4, the 
air passes through the port a, to the annular groove 6, 
formed in the periphery of the sleeve in which the 
spool valve operates. This groove communicates with 
the valve chamber through the port c, and from the 
same groove 6 the air is also admitted to the forward 
end of the valve chamber through the passage d, 
and the ports eand f. Opposite the port eis a port g, 
which communicates by means of the passage h 
with the front end of the piston, as shown in Fig. 2. 
The port shown at & in Fig. 4 communicates directly 
with the interior of the cylinder behind the piston, 
as shown in Fig. 2. 

’ When the spool-valve is in the position shown in the 
figures, the various ports are open for the passage of 
the compressed air to the right-hand end of the 
valve chamber, and thence, through the port g, to 
the front of the piston. The port c is closed by the 
valve, so that the left-hand end of the valve chamber 


is in communication only with the space behind the 
piston, The air pressure acting on the front of the 
piston will cause it to move to the left, while retaining 
When the rear end! 


the valve in its initial position, 
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of the piston covers the main exhaust port in the 
side of the cylinder, shown in Fig. 2, air at atmospheric 
pressure will be trapped in the cylinder, and this air 
will be compressed until the point is reached at which 
its pressure exceeds that on the right-hand end of the 
valve, thus causing the latter to move to the right. 
While this compression has been taking place, the 
piston will have moved right across the exhaust port 
until the latter is opened to the forward end of the 
cylinder, as a result of which the pressure in front 
of the piston will drop to that of the atmosphere. 
When the exhaust port is re-opened in this way, the 
piston will continue to move rearward due to its 
inertia, until it is brought to rest by the increasing 
pressure behind it. : 

After the valve has moved to the right, the compressed 
air will be admitted, through the ports c, to the left- 
hand end of the valve chamber. The ports e and g 








will be closed, but the port f will remain open. The 





pressure is thus cut off from the front end of the 
piston chamber, and admitted to the rear end, thus 
forcing the piston forward to strike a blow on the 
rivet set. The air admitted through the port & will 
hold the valve in its forward position. After a certain 
portion of the forward stroke has been completed, 
the rear end of the piston will uncover the main 
exhaust port in the cylinder barrel, as a result of 
which the pressure acting on the piston, and holding 
the spool-valve in position, will fall to that of the 
atmosphere. The air trapped in front of the piston 
will escape through the ports J and m into the exhaust 
passage. As the air behind the spool-valve is still 
in communication with the supply through the port f, 
a difference in pressure will be established between 
the two ends of the valve sufficient to move the latter 
over to the left, and on the completion of the stroke 
of the piston the parts will, therefore, be in the 
correct relative position for the sequence or opera 
tions to be repeated. 





PNEeuMATIC Coat-HANDLING PLANT FOR’ BREWEEY.— 
An order has been received by Messrs. Henry Simon, Ltd., 
of 20, Mount-street, Manchester, for the equipping wok 
London brewery with electrically-driven pneumatic coa- 
handling plant capable of dealing with 25 tons per 
hour. The installation will be utilised for discharg- 
ing coal from barges on the River Thames and delivering 
it to a store in the brewery. An extra receiver and pe 
line will be provided for withdrawing the coal — : 
store and transporting it to the boiler-house, while : 
further connection from the boiler-house receiver ; 
secondary store will be fitted for the purpose of a ~ 
with stock coal. An Avery automatic weigher wil 
erected in the first store for checking the coal taken 





from the barges. 
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EXPLOSION OF A STEAM CHEST. 


On May 5 last a steam chest in service at the Windsor 
Mill of Messrs. A. O. Ferguson and Co., Limited, of 
Hollinwood, Oldham, violently exploded, damaging 
the building in which it was housed. A Preliminary 
Inquiry into the occurrence, under the Boiler Ex- 
plosions Acts, was held by the Board of Trade, 


‘and a Report on this investigation has now been 


published. In this document it is stated that the 
steam chest involved, one of a battery used for drying 
rubber-coated cloth, was made of steel and measured 
externally 7 ft. in length, 4 ft. 10 in. in breadth, and 
2} in. in depth. It was constructed to withstand a 
working pressure of 30 lb. per square inch, and was 
tested hydraulically to twice that pressure at the 
works of the makers, Messrs. R. Lord and Sons, of 
Barn Brook Boiler Works, Bury ; the chest was twelve 
years old. The flat sides were of }-in. plate and were 
riveted together around the margin with a 1}-in. 
square iron bar in between. This bar acted as a 
distance piece, a cavity being thus formed between the 
plates for the passage of the steam. Fifty-four }-in. 
diameter mild-steel stays, pitched approximately 
8tin. by 8 in., supported the flat surfaces, the stay heads 
being riveted over. A stop valve was fitted to the 
sin. bore inlet pipe, while the outlet line, which 
discharged directly into the open, was } in. in bore and 
similarly equipped. In both instances the steam chest 
orifices were tapped with a j-in. gas, thread, but a 
screwed reducing ferrule was fitted at the outlet to suit 
the smaller pipe. The inlet pipe was eventually 
connected through a second stop valve to the auxiliary 
steam range, where the steam was at the boiler pressure 
of 130 lb. per squareinch. A high-pressure steam trap 
was fitted on the steam supply line, but no relief valve, 
reducing valve, or pressure gauge. 

No repairs appear to have been required by the chest 
at any time, and no inspection was made; insurance 
was not effected. Owing to the steam chest being 


‘ subjected to a pressure considerably higher than the 


correct working pressure, due to the absence of a 
suitable relief valve, and, to some extent, to water 
hammer, the lower plate burst open on three sides, the 
rivet heads and stay heads being pulled through the 
plates. The explosion caused considerable damage to 
the building passageway in which the chest was situated. 
Walls were bulged, the roof blown out, the stone 
flooring upset, and a conduit beneath the floor opened 
out. The steam chest was completely torn away and 
in its flight wrecked the overhead pipe work, finally 
landing within 3 ft: of its original position. 

A series of steam chests was in use at Windsor Mill 
and these, of a low-pressure type, were protected from 
over pressure by means of reducing valves and relief 
valves on the steam supply lines. The steam chests 
were used for drying cloth, waterproofed by laying 
a coating of rubber mixture on the material. The 
rubber was fed from cans, and the latter required to be 
heated for cleaning. A chest on an idle machine was 
generally used for this purpose. Owing to pressure of 
work, however, a spare steam chest had to be arranged 
for this, and it was this one that burst. The chest 
was connected to a small-bore steam pipe, served by 
the auxiliary steam line at boiler pressure. The 
danger of over pressure arising in the chest was 
appreciated, and, as a preventive measure, the steam 
inlet valve was adjusted to a slightly open position, 
and the drain valve left fully open. As a further 
precaution, the hand wheel of the drain valve was 
removed, and the can cleaner instructed that the 
steam-inlet valve must not be interfered with. The 
steam-pipe line to which the chest was connected 
supplied steam to heating coils in a steam kettle, 
an oven, and a radiator system—safe at full boiler 
pressure. 

After the explosion, the steam-inlet valve was found 
to be fully open, and consequently must have been 
handled shortly before the accident. Rapid admission 
of steam, water-logging of the outlet line, and the short 
time limit until a pressure was accumulated in the 
chest, due to the open position of the inlet stop valve, all 
indicated the rapid nature of the pressure rise. The 
practice of connecting high-pressure steam lines without 
interposing relief or reducing valves is strongly con- 
demned in the Report. 





Wire Rope Cancunator.—A handy calculator for 
users of wire ropes has recently been produced by Messrs. 
Bruntons, of Musselburgh, Scotland. The calculator, 
Which is of the slide-rule type, enables the weight per 
yard and the breaking strain of ropes made of five different 

ualities of steel to be obtained by setting the slide so 
that the diameter or circumference of the rope is seen 
through an opening in the cover of the rule, the required 
Particulars can then be read through other openings in 
the cover. Four classes of rope are dealt with, each 
Composed of six strands and having 7, 19, 24, and 37 
= per strand, respectively. The instrument which is 

early printed and made of varnished cardboard, is 
Marked price 2s, 6d. 


THE SODERBERG AMORPHOUS- 
CARBON ELECTRODE. 


THE rapid advances made in electro-metallurgy and 
electro-chemistry have brought about great develop- 
ments in the manufacture of carbon electrodes. The 
production of these electrodes for years past has been 
regarded as a separate and distinct industry, since 
special processes calling for high-power hydraulic 
plant are necessary. Presses capable of exerting 
pressures up to 6,000 tons and turning out electrodes 
3 m. in length and 70 cm. in diameter were installed 
in France as far back as 1910. That electrodes could 
only be made with the help of powerful hydraulic plant 
had come to be largely regarded as an established fact, 
and when, in 1919, a new process came to the fore which 
allowed an electrode to be made in situ, over the 
furnace in which it was to be used, and without the 
aid of any external mechanical means, it was regarded 
as an important innovation. 

The process, which was referred to by Mr. F. Gall, 
at the recent Grenoble Water-Power Conference, was 
first tested on a commercial scale by its inventor, 
Mr. Soderberg, at the Fiskaa Works, Norway, in 1919. 
A furnace which was then equipped with one of the new 
electrodes having a diameter of 85 cm., is still in 
regular operation. Although electro-metallurgists were 
at first sceptical as to the merits of the new process, 
the Soderberg electrode has come to be recognised as 
one of the most important improvements ever carried 
out in electric-furnace practice. The Soderberg process 
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was introduced into France in 1923, and has been 
adopted by several Alpine hydro-electric firms; it is, 
moreover, being tested in various aluminium manufac- 
turing plants. 

The essential feature of the process is that it is con- 
tinuous; the electrode is moulded to shape, and baked 
over the furnace in which it is to be used. No radical 
alteration in furnace design is necessary, the only 
change being that the manufactured electrode is re- 
placed by a Soderberg electrode of identical sectional 
area. The electrode consists essentially of a cylindrical 
sheet-steel container, which is filled with carbon 
paste. The lower end of the electrode is shown, 
in section, in the accompanying illustration. The 
apparatus is several metres in length, and the 
upper portion projects into a ramming’ chamber 
situated immediately above the furnace. The current 
is led into the electrode at a point some 60 cm. to 
70 cm. above the level of the charge in the furnace. 
This portion of the apparatus comprises a cast-steel 
ring which clamps a series of bronze contact plates 
around the electrode. Both the steel ring and the 
plates are water-cooled, and, from an electrical point 
of view, the contact secured is excellent. Moreover, 
this portion of the apparatus carries the weight of the 
electrode. Above the clamp the paste is so fluid that 
it is practically liquid, hence perfect homogeneity prior 
to baking is assured. In the region of the steel ring 
the paste undergoes gradual baking; the waste heat 
from the furnace is conducted upwards and passes 
slowly from the interior to the exterior of the mass of 
carbon. Below the clamp, the electrode is baked 
perfectly and has a close-grained and homogeneous 
appearance. It should be noted that the baking of 
the carbon takes place under conditions of external 
pressure, due, on the one hand, to the tightness of the 
clamp, and on the other, to the weight of the whole 
of the upper portion of the electrode. 

The baking has the effect of causing the electrode to 
contract somewhat so that the lower end becomes 





slightly tapered. This enables it to be lowered by loosen- 


ing some of the bolts of the clamp without interrupting 
the working of the furnace. This adjustment is done, 
on an average, once every two days, to compensate for 
wear. It should be borne in mind, however, that the 
regulation of the electrode, as a whole, is carried out 
in the usual manner and is quite distinct from this 
adjustment for wear. When the electrode has become 
so worn that it is necessary to lengthen it, another 
sheet-steel cylinder is welded on to the existing 
container and a further supply of paste rammed into 
it. As has already been stated, the material is very 
fluid; it is poured rather than rammed into the 
container. 

The process has also been adapted to closed furnaces, 
such as those used in the manufacture of steel. Although 
the main principles are unchanged, several modifica- 
tions have been rendered necessary, and, in this case, 
the process is not continuous. While the cylindrical 
sheet-steel container enclosing the paste is used as 
before, the electrode is not lengthened when in position 
on the furnace. The procedure generally adopted is 
to hold in readiness a series of electrodes, which are 
used in succession as necessity arises. 

While installation costs are admittedly high, it is 
claimed for the Soderberg electrode that it gives a 
more economical and efficient service than the manufac- 
tured amorphous carbon product. The more efficient 
utilisation of electrical energy and the consequent 
increase in furnace yield, it is stated, quickly compen- 
sate for the outlay. Various matters which have long 
exercised the minds of electro-metallurgists are, 
moreover, brought nearer realisation by the adoption 
of the Soderberg electrode. Among the most impor- 
tant are, perhaps, the collection and utilisation of 
gases liberated by electro-chemical action, and the 
automatic charging of furnaces. 





FOUR-BAR CYLINDER-BORING 
MACHINE. 


THE modern practice in locomotive work of forming 
both cylinders in one unit, and the employment of 
piston-valves, has resulted in a form of casting for the 
oylinder block which is expensive to machine by the 
older methods, but which lends itself particularly well 
to simultaneous boring operations on a special machine. 
We illustrate a four-bar boring machine designed for 
this purpose, and manufactured by Messrs. Campbells 
and Hunter, Limited, of the Dolphin Foundry, 
Leeds, in Figs. 1 and 2, on page 546. The machine was 
built for the Indian State Railways, and we understand 
that a similar machine is at present under construction 
for the Crewe Works of the London, Midland, and Scot- 
tish Railway. It is capable of boring cylinders of 
the largest size in use, as the range of diameters which 
can be dealt with is from 18 in. to 24 in. on the two lower 
bars, which are used for boring the cylinder barrels ; 
and from 8 in, to 12in. on the upper bars, employed for 
the piston-valve chambers, The maximum traverse 
of the boring heads is 54 in. 

The general construction of the machine will be 
clear from the illustrations. It consists of a main base- 
plate, carrying the two lower headstocks, and extended 
to form the bed for the work table. The two upper 
headstocks are carried on a crosshead, supported by 
two square columns. The boring-bar stays are carried 
on the table, and when the latter is moved away 
from the columns, the boring bars are supported by 
the headstocks, which are specially designed to take 
the weight of the overhanging bars under these circum- 
stances. The table can be withdrawn until the work 
is clear of the bars, and the cylinder castings can then 
be placed in position and removed without disturbing 
the boring bars in any way, thus greatly facilitating 
these operations. Each of the four bars is driven inde- 
pendently by a variable-speed motor, those for the lower 
bars being of 12 h.p., while the motors for driving 
the upper bars are of 74h.p. The bars are of steel, and 
are fitted with cast-steel boring and facing heads 
for various diameters of cylinder and piston-valve 
chambers. Each boring bar is driven by a worm gear, 
the worm shaft being coupled to the motor through a 
spur reduction gear. Toensure silence, the motor pinion 
is of the Fabroil type. The diameter of the cylinder 
boring bars is 10 in., and that of the piston-valve bars is 
6 in. As can be seen from Fig. 1, each bar carries a 
central boring head, and a facing head at each end. 
The lower bars have a speed range from 2} to7}r.p.m. 
and the upper bars a range of from 5tol5r.p.m. The 
boring heads are automatically traversed by means of 
differential gears operating steel screws of large diameter. 
The feeds for the cylinder heads are }, J , yp and 4; in.. 
and for the piston-valve heads are 4, 4, y's and 7, in. 
The heads are also fitted with quick hand and auto- 
matic return motions, which are operated through the 
differential gears. The facing heads have an automatic 
feed, operated by means of star wheels and tappet rods. 





The heads on both sets of bars are provided with a 
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reverse feed of J, in. for counter-boring, in addition to 
the four forward speeds already mentioned. 

Each of the four headstocks has an independent 
lateral adjustment, effected by means of a rack and 
pinion device. The rack for the upper pair of heads is 
clearly visible, mounted on the front of the crosshead, 
in Fig. 2. The vertical adjustment for the upper 
boring heads is effected by raising or lowering the cross- 
head, together with the brackets carrying the driving 
motors for the upper headstocks. The motion is 
imparted by means of a ratchet lever placed on the 
square end of the cross-shaft, which can be seen in Fig. 2, 
at the left-hand side of the left upright shown. The 
cross-shaft operates worm gearing and vertical screws, 
located inside the square columns. The distance 
from the top of the table to the cylinder bar centres is 
2 ft., and to the piston-valve bar centres can be varied 
between 3 ft. 6in. and 4 ft.6in. The upper headstocks 
are mounted on a swivelling cross-slide, to enable piston- 
valve chambers to be bored which are not parallel with 
the cylinder. 

The table, which has a surface area of 12 ft. by 8 ft., 
has machined T-slots in the top, and can be traversed 
in either direction along the base plate by an auxiliary 
motor of the reversing type, which appears in the fore- 
ground in Fig. 2. The lever shown to the left operates 
the friction clutch for engaging the traverse. A safety 
stop is provided at the far end of the table, to prevent 
the latter overrunning. The stop is operated by the 
rod, which can be seen passing under the table in the 
illustration. The table is provided with special fittings 
for quickly fixing and removing the cylinder castings. 
As already mentioned, the boring-bar stays are carried 
on the table, the arrangement being clearly visible in 
both figures. The two lower stays are adjustable 
laterally, and the two upper stays both laterally and 
vertically, to suit various positions of the bars. The 
adjustment is effected by a nut and screw arrangement 
in each case. The two upper stays are also arranged 
to swivel in the vertical plane, in order to meet the 
conditions when the piston valve chambers are not 
parallel with the axis of the cylinder. 





LIFEBOAT’S VOYAGE ROUND THE 
WORLD. 


Wiru the object of investigating the capability of a 
motor lifeboat for ocean travel, a trip round the world 
is about to be undertaken by Capt. G. E. Hitchens 
and three assistants in a lifeboat which formerly served 
the Penzance station of the Royal National Lifeboat 
Institution. The Elizabeth and Blanche, as the vessel 
is named, has been modified for the purpose of her 
voyage. She has a length of 40 ft., a beam of 10 ft., 
and draws about 3 ft. of water when fully laden. The 
hull, which is divided into a fore store-room, a main 
compartment 20 ft. long, and an engine-room aft, 
is entirely decked over. Two light masts, each about 
35 ft. high, have been fitted, and are arranged to 
carry a moderate amount of sail in addition to a 
four-wire, 13-ft. span wireless aerial. The whole 
of the centre part of the boat is devoted to the accom- 
modation of the crew, combined bunks and lockers 
being fitted at each side. In these lockers are situated 
the main tanks for the supply of paraffin required to 
operate the 14 h.p. two-cylinder Parsons water-cooled 
forced-lubrication paraffin engine, given and fitted by 
the makers, to the boat. This engine has a consumption 
of 1-4 gallons of fuel per hour, and drives a two- 
bladed, 20-in. diameter phosphor-bronze propeller. 
Some 700 gallons of paraffin will be carried, together 
with asupply of petrol. The latter fuel will be required 
only for starting the Parsons’ engine, and for driving 
a small Barr and Stroud sleeve-valve auxiliary 
engine used for a }-kw. lifeboat wireless set. This 
radio installation is mounted at the aft end of the 
centre cabin, the auxiliary engine being placed in the 
aft compartment. The engine, which runs at a normal 
speed of 4,000 r.p.m., drives a small self-exciting 
alternator directly through a flexible coupling. About 
1 h.p. is developed at this speed, the alternator deliver- 
ing 2 amperes at 100 volts pressure. An auto-coupled 
quenched-spark transmitter, arranged for a wave-length 
of 600 metres, is used. The transmitting range is 
75 miles. The receiver) is of the two-valve direction- 
finding type, though a crystal circuit is incorporated 
in case of emergency. The receiver will enable the 
crew to take a bearing upon any ship whose signals 
they receive, and should they so desire, to set their 
course towards her. Bearings of land stations may 
also be taken, and used to check the position obtained 
by dead reckoning. The power plant for the wireless 
transmitter will also be used to work a small search- 
light mounted on the forward mast and controlled by a 
Morse key, so that signals may be flashed if desired. 
The vessel, which is at present moored near H.M.S. 
President, at Blackfriars, London, has a speed of 
64 knots, and her voyage should provide useful 
information on the necessary equipment for the life- 
boats of passenger-carrying steamers. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—-The optimistic tone which of late 
has been prevalent in the steel and engineering trades 
of South Yorkshire, is maintained and, if anything, is 
made more pronounced by the recent utterances of 
leading industrialists in this locality. So far, however, 
definite indications of a revival have been slight. Follow- 
ing the Locarno Pact, which in well-informed opinion 
will in time prove beneficial towards re-establishing the 
connection of home manufacturers with overseas markets, 
comes the news of the proposed 10,000,000/. Government 
guaranteed loan to East Africa. The general belief is 
that if such a proposal is carried out it will go a long 
way towards opening a market with this Colony, and 
that in time, when railway developments in this country 
commence, Sheffield should benefit greatly from orders 
for rolling-stock and railway material. Makers are doing 
improved business with home railways, and a limited 
amount with foreign concerns, but those engaged in the 
manufacture of wagons continue to be badly hit by the 
slump in the coal export market. In spite of keen 
competition, branches devoted to the manufacture of 
axles, springs, and tyres, are working to a fair capacity. 
Demand for shipbuilding steel and marine castings is at 
present at a low level, but there are prospects of plants 
making steel for aeroplanes operating at greater capacity 
in the near future. Automobile steel makers are experi- 
encing better times. Lighter branches are doing better 
than for some time past, especially in engineering tools. 
The sugar-beet industry is calling for supplies of forks, 
and business in icultural tools is attaining bigger 
dimensions. Foundries supplying builders’ ironwork 
have strengthened their position. Request for files 
remains on the quiet side, but it is anticipated that this 
will be only of a temporary nature. Russia is responsible 
for the exporting of saws from this district, but so far 
nothing has been heard of the outcome of the recent 
visit of Soviet officials to the district. 

South- Yorkshire Coal Trade.—The brighter prospect 
apparent in the steel trade is reflected in the coal in- 
dustry, though up to the present no appreciable revival 
is discernible. Steam fuel makes ot, gw on home 
account, but overseas requirements still show signs of 
diminishing. Cobbles and nuts tend to improve, and 
their position is fairly satisfactory. This, however, is 
not the case with slacks. the market for this class of fuel 
displaying further weakness. House coal maintains its 
recent improvement, and with the advent of Christmas 
it is anticipated still further strength will be recorded. 
Foundry and furnace coke are a brighter section. Quota- 
tions :—Best branch handpicked, 31s. to 34s,; Barnsley 
best Silkstone, 28s. to 30s.; Derbyshire best brights, 


‘248. to 26s. 6d.; Derbyshire best house, 23s. to 25s. ; 


Derbyshire best large nuts, 17s. to 20s.; Derbyshire 
best small nuts, 12s. 6d. to 14s.; Yorkshire hards, 
17s. 6d. to 21s. 6d.; Derbyshire hards, 17s. 6d. to 
2ls. 6d. ; rough slacks, 9s. 6d. to 12s. 6d. ; nutty slacks, 





6s. 6d. to 8s. ; smalls, 3s. 6d. to 5s. 6d. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MipDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—A not unexpected lull in 
the demand for Cleveland pig-iron, after recent rather 
brisk buying, is expected to be of short duration, as the 
market is still quite hopeful in tone. .Supplies are none 
too plentiful, and the opinion prevails that prices are 
likely to remain at round about the quotations now ruling. 
Sales continue mostly for home purposes, but a few 
Continental inquiries are reported. Hope is entertained 
that more special quality, low phosphorus iron will 
be sold to the United States. Ordinary marketable 
grades are steady in price. No. 1 is 69s. 6d.; No. 3, 
g.m.b., 66s. 6d.; No. 4, foundry, 65s. 6d., and No. 4, 
torge, 65s. 

Hematite—Improved conditions in the East-Coast 
hematite branch enable producers to take a very firm 
stand. They are well sold, some contracts being for 
delivery beyond January, and there seems some likelihood 
of the demand justifying the re-kindling of one or two 
more blast furnaces. Stocks are low, and output is just 
about sufficient to provide for current requirements, 
Nos. 1, 2, and 3 are 74s. 6d. ; and No. 1 is quoted sixpence 
above mixed numbers. 


Foreign Ore-—A few odd cargoes of foreign ore are 
stated to have been sold, but negotiations for contracts 
over periods are unheard of, there being still considerable 
arrears of delivery to accept in fulfilment of old business. 
Quotations are based on best rubio at 20s., c.i.f. Tees. 

Blast-Furnace Coke.—Local demand for Durham blast- 
furnace coke is only moderate, but sellers adhere to 
19s. for good average qualities delivered here. 

Manufactured Iron and Steel.—On the whole, there 
is a steadier feeling in finished iron and steel, and price 
concessions are no longer readily secured for some 
descriptions of material. Inquiries for steel encourage 
the hope of revival in that industry. Railmakers are 
now fairly well employed, and structural steel producers 
have a good deal of work on hand, while sheet manu- 
facturers are heavily sold. Demand for shipbuilding 
requisites, however, continues very quiet. Common 
iron bars are 11l. 58.; iron rivets, 12/. 15s.; packing 
(parallel), 82.; packing (tapered), 11/.; steel billets 
(soft), 72. ; steel billets (medium), 7/7. 10s.; steel billets 
(hard), 872. 2s. 6d.; steel ship, bridge and tank plates 
7l. 15s.; steel angles, 71. 58. to 71. 10s.; steel rivets, 
127. 10s.; steel joists, 71. 5s. to 7l. 10s.; heavy steel 
rails, 8/.; fish plates, 12l.; black sheets (24 in. gauge), 
11l. 5s. ; and galvanised corrugated sheets (24 in. gauge), 
16/7. 10s. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade are no better this week, and a dull tone is prevalent 
all round. There continues to be much difficulty in secur- 
ingthe necessary tonnage to carry on week by week, and 
inquiries are not by any means numerous. General trade 
is not improving very much, although there is certainly 
a slightly better feeling in some of the markets. Con- 
tinental steel is still being imported here, but local pro- 
ducers have brought their prices more into line, and it 
is hoped that buyers will give a preference to the home 
product, even should the price quoted be a shade higher. 
In the black-sheet trade quite a brisk business con- 
tinues to be put through, but mostly in the lighter gauges, 
and the majority of the makers are booked up for months 
ahead. A similar state exists in the galvanised depart- 
ments, and the output is fully sold for the next two to 
three months. Prices in this section keep steady, but 
for other steel products the tendency is easier. The 
market quotations are as follow :—Boiler plates. 111. 10s. 
per ton; ship plates, 7/. 17s. 6d. per ton; sections, 
71, 10s. per ton ; and sheets, in. to } in., 91. 7s. Gd. to 
91. 10s. per ton, all delivered Glasgow stations. 
Malleable-Iron. Trade.—The output from the malleable- 
iron works in the West of Scotland at the present time 
is rather limited. The demand is poor and even the 
lower prices which producers are now offering are not 
bringing out much fresh business. In the steel re-rolling 
branches, sales are difficult to effect, owing to severe 
competition. The price quoted for Crown bars 1s 
11l. 5s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—Little change can be re- 
orted in connection with the pig-iron trade of Scotland. 
The turnover is small on home account, and although 4 
few more sales have taken place for abroad, the total 
tonnage is not very heavy. Prices are weak, and the 
following may be taken as the current quotations :— 
Hematite, 3/. 19s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 41. Os. 6d. to 41. 3s. per ton, and 
No. 3, 3/. 18s. to 41. per ton, both on trucks at makers 
yards. 

Scottish Pig-Iron Shipments——The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, October 24, amounted to 512 tons 
3 ewt. Of the total only 80 tons went coastwise, the 
balance being on, foreign account. For the corresponding 
week of last year, the figures were 1,09€ tons overseas, 
and 147 tons coastwise, making a total shipment of 
1,243 tons. 

Pig-Iron Trade Wages Reduced.—Messrs. James C: 
Bishop and Owen Coyle, joint secretaries of the Board 
of Conciliation for the Regulation of Wages in the Pig- 
Iron Trade of Scotland, have received intimation that the 
average selling price for July, August, and September, 
as certified by the accountants appointed, was 4/. 3s. 10d. 
per ton. This means that there will be a reduction in 





the wages of the workmen of 4 per cent. on basis rates. 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Operators are showing interest in 
business for delivery over next year. Tentative inquiries 
are expanding, and though colliery owners are reluctant 
to commit themselves beyond the end of April, when the 
Government subsidy terminates, there is a growing 
feeling that something will have to be done if business 
is to be secured. A few contracts have been fixed up, 
but in the majority of cases, the quantities are relatively 
small. For superior second Admiralty large coal, 22s. 
per ton f.o.b. has been accepted for delivery over the first 
half of next year, while aeiieany second Admiralty large 
has realised 21s. 3d. and 21s. Current business has been 
hampered by a shortage in the supply of shipping, a 
position which has aggravated the difficulties of collieries 
and favoured buyers able to take prompt delivery. 
Prospective buyers continue to follow a waiting policy, 
and run boats up as prompt as possible. This policy 
is being pursued with the object of securing full advantage 
of the concessions which collieries are prepared to make 
for prompt clearance, so as to enable them to minimise 
or avoid stoppages at the pits. The quantity of shipping 
in dock has been insufficient to cope with colliery outputs, 
and the result is that temporary stoppages are continu- 
ally being caused through the lack of empty wagons. 
Prices on the whole are a matter of individual bargaining. 
Nominally best Admiralty large rules from 23s. to 24s., 
with seconds from 22s, to 22s. 6d., Monmouthshires from 
19s. 6d. to 20s. 6d. and smalls from 9s. to 10s., but for 
quick shipment buyers can secure all these coals at con- 
cessions of at least 6d. In view of the American demand 
for anthracite coals and the probability of business being 
placed for dry large and dry sized coals, these sections 
have developed a much steadier tone. In fact, it is 
diffieu't to stem dry nuts, which realise from 25s. to 29s., 
while dry large is steady at 21s. 6d. to 24s. 3d., according 
to quality. That America is purchasing these qualities 
is testified by the fact that there are orders for tonnage 
to load for the United States in the Cardiff district. 
Exports of coal as cargo foreign from South Wales last 
week amounted to 355,640 tons, compared with 378,850 
tons in the previous week, and 500,900 tons in the corres- 
ponding period of last year. Shipments from Cardiff 
totalled 208,650 tons, compared with 204,480 tons, from 
Newport 43,960 tons against 46,690 tons, from Swansea 
53,720 tons against 78,500 tons, from Port Talbot 45.130 
tons against 42,910 tons, and from Llanelly 4,180 tons 
against 6,270 tons. Exports to Argentina totalled 19,500 
tons, to Brazil 28,000 tons, to France 83,610 tons, to 
Italy 73,350 tons, and to the United States 16,900 tons. 


Iron and Steel_—Exports of iron and steel goods last 
week amounted to 16,652 tons against 21,591 tons in the 
previous week Shipments of tinplates and terneplates 
totalled 8,948 tons, against 10,410 tons; blackplates and 
sheets 2,416 tons, against 3,859 tons ; galvanized sheets 
3,055 tons, against 5,056 tons, and other iron and steel 
goods 2,233 tons, against 2,266 tons. 





LANTERN SLIDES OF ENGINEERING SuBJECTS. —A 
selection of lantern slides of gas engines and suction gas 
producers, oil engines, steam and power pumps, hydraulic 
machinery and machine tools, will be lent, free of 
charge, by Messrs. Tangyes, Limited, of Cornwall Works, 
Birmingham, to responsible persons for the purpose of 
illustrating engineering lectures. ; 





THe KINEMATOGRAPH AS AN ADVERTISING MEDIUM.— 
Hitherto attempts made to utilise the kinematograph 
as a means of directing attention to the merits of parti- 
cular products have been practically confined to the 
exhibition of lantern slides between numbers of the 
regular programme. A number of complete films have, 
however, now been prepared by Publicity Films, Limited, 
of 108--111, St. Martin’s-lane, London, W.C.2, on behalf 
of companies desirous of having their commodities or 
manufactures thus advertised. Several pictures of this 
type were presented before a specially-invited audience 
which assembled in the Rialto, Coventry-street, London, 
W.1., on Wednesday last, and proved both interesting 
and instructive. In particular, scenes showing the con- 
struction and testing of the motor-cars made by Messrs. 
Singer and Co., Limited, of Coventry, merited commen- 
dation, whilst diagrammatic and other sketches dealing 
with the radio vacuum tubes produced by Messrs. 
Burndept, Limited, of London, were well arranged. 
The subjects already dealt with cover a wide range in 
engineering and other manufacturing processes, and 
display considerable ingenuity in manner of treatment. 





Tue Enctneers’ Cius.—A dinner of the Engineers’ 
Club was held at the Savoy Hotel, on Friday, October 
23, Sir Joseph W. Isherwood presiding. In replying for 

Our Guests,” Mr. Winston Churchill cited many 
reasons in justification of his belief that the trade of the 
country was improving. Of the overseas trade of the 
world, he said, although it was greatly reduced they 
had the satisfaction of having a larger proportion than 
in pre-war days. The increased total savings of the 
people in National Savings Certificates was 7,000,000/. 
for the present year. There were now 250,000 more 
people in employment than was the case a year ago. 
Improved prices were being obtained for many British 
products, such as rubber and tin, and there were better 
profits now obtainable in the great majority of our 
industries. After his survey of the general economic 
Situation, Mr, Churchill said it was necessary to reduce 
expenditure, as we could not count on an exceptional 
trade expansion. Sir Philip A. M. Nash, K.C.M.G., 
proposed the toast of ‘‘ Success to British Engineering,” 
Which was replied to by Sir T. Harris Spencer and Air 
Chief-Marshal Sir Hugh M. Trenchard, Bart., G.C.B. 





NOTICES OF MEETINGS. 





Tue InstiruTION oF AUTOMOBILE ENGINEERS.— 
To-day, at 2.15 p.m., in the Old Grill Room, Olympia, W. 
“The Process of Cellulose Finishing for Motor Vehicles,” 
by Mr. W. Fletcher Starkey. 


Tue Instirute or Marine EnGINEERS.—To-night 
at 6.30 p.m. Annual Dinner at the Hotel Cecil, Strand, 
W.C.2. 


Tue INSTITUTION OF MECHANICAL ENGINEERS.— 
To-night at 7 p.m., at Storeys Gate, S.W.1. Informal 
Meeting. Discussion on ‘‘ Recent Locomotive Progress 
at Home and Abroad.” Introduced by Mr. Loughnan 
Pendred. Friday, November 6, at 6 p.m. Thomas 
Hawksley Lecture, ‘“‘Some Railway Notes Old and 
New,” by Sir John A. F. Aspinall, D.Eng. 


Tue Junior Institution or ENGINEERS.—To-night at 
7.30 p.m., at 39, Victoria Street, S.W.1. Kinematograph 
Lecture. Showing the Construction and Assembly of 
50,000 kw. Turbo-Alternator Plant for Chicago at the 
works of Messrs. C. A. Parsons and Co., Limited. Friday, 
November 6, at 7.30 p.m. Lecturette. ‘‘ Flow Meters,” 
by Mr. W. H. Simmons. 


THe InstirvTtion oF StRuctuRAL ENGINEERS: 
YorxksHIRE Brancu.—Saturday, October 31, at 2.30 
p-m., at the Guildhall, York. ‘* Works for the Relief of 
Unemployment,” by Mr. F. W. Spurr. 


Tue Royat INstTITuTION OF GREAT Britarin.—Monday, 
November 2, at 5 p.m., at Albemarle street, W.1 General 
Meeting of Members. 


THE Socrety or ENGINEERS.—Monday, November 2, 
at 5.30 p.m., at the Geological Society, Burlington 
House, Piccadilly, W.1.‘‘ The Influence of Aggregates on 
the Strength and Properties of Concrete,” by Mr. G. O. 
Case. 


Tue InstItTUTE oF TRANSPORT.—Monday, November 2, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, W.C.2. Annual 
General Meeting. ‘‘One Hundred Years of Railway 
Development,” by Mr. R. Bell. 


Tue InstTITUTE OF TRANSPORT: YORKSHIRE SECTION. 
—Monday, November 2, at 5.30 p.m., at the Town Hall, 
Leeds. “Prevention of Railway Accidents,” by Mr. 
H. A. Watson. 


Tue InstiruTIon oF EtLeEctricAL ENGINEERS: 
WESTERN CENTRE.—Monday, November 2, at 6 p.m., in 
the Lecture Theatre, the Museum, University-road, 
Bristol. Lecture, “ Domestic Electrification,” by Mr. 
J. W. Beauchamp. 


THE Braprorp ENGINEERING Socrety.—-Monday? 
November 2, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture. ‘‘ The Latest 
Developments in Water-Tube Boilers,” by Mr. J. 
Cauthery. 


Tue InstituTIon oF Crvin ENGINEERS.—Tuesday’ 
November 3, at 6 p.m., at Great George-street, S.W.1- 
Opening Meeting. Address by the President. Sir 
William Henry Ellis, D.Eng. 


TxE INSTITUTION oF ELEcTRICAL ENGINEERS : SOUTH 
Miptanp StupEents SEection.—Tuesday, November 3, 
at 6.45 p.m., at the Birmingham University, ‘‘ A Study 
of the Difficulties in the Application of Electricity to 
Farming,”’ by Mr. J. T. Allen. 


THE Royat AERONAUTICAL Socrety.—Tuesday, Nov- 
ember 3, at 7 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C.2. Joint Meeting with the Insti- 
tution of Automobile Engineers. Lecture. ‘‘ The 
Evaporative Cooling of Aero Engines and Condensation 
of their Exhaust Gas,” by Wing Commander T. R 
Cave-Browne-Cave, C.B.E., F.R.Ae.S. 


Tse Institute oF METALS: BIRMINGHAM LocaL 
Section.—Tuesday, November 3, at 7 p.m., at the Cham- 
ber of Commerce. New-street, Birmingham. ‘“ Some 
Notes on the Properties of Nickel-Silver,”” by Mr. W. C. 
Gray and Mr. R. E. Ansell, M.Sc. 


Tue NATIONAL ASSOCIATION OF SUPERVISING ELECTRI- 
c1Ians.—Tuesday, November 3, at 7.15 p.m., at the Junior 
Institution of Engineers, 39, Victoria-street, S.W.1. 
Lecture. ‘‘ Automatic Telephones,” by Mr. H. H. 
Harrison, M.I.E.E. 


Tue Institute or Merars: Nort East Coast 
Loca Srction.—Tuesday, November 3, at 7.30 p.m., 
at the Armstrong College. Newcastle-upon-Tyne. 
“Methods and Uses of Metallography,” by Dr. J. A. 
Smythe, Ph.D. 


Tue InstrtuTION OF Mrytnea ENGINEERS.—Wednes- 
day, November 4, at 11 a.m., at the Institution of 
Mechanical Engineers, Storey’s-gate, S.W.1. Annual 
General Meeting. Amendment of Bye-Laws. “ Sink- 
ing of a Colliery in the East Nottinghamshire Coalfield,” 
by Mr. H. Eustace Mitton, M.Inst.C.E. “A Novel 
Point in Mineral Valuation,”’ by Professor Henry Louis, 
M.A., D.Se., M.Inst.C.E. At 2 p.m., “ Miners’ Phthisis, 
Past and Present, on the Witwatersrand, and Methods of 
Dust Control,” by Mr. A. E. Mavrogordato, M.A., 
M.R.C.S. “‘A New Form of Air Compressor,” by Dr. 
H. S. Hele-Shaw, F.R.S., and Mr. T. E. Beacham, B.Sc. 
‘“* Thermal Efficiency and Effectiveness of Heat Engines,” 
by Dr. J. 8. Haldane, F.R.S. 


Tue Institution or Etectrrican ENGINEERS.— 
Wednesday, November 4, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. Wireless Section Meeting. 
Inaugural Address by the Chairman, Major B. Binyon, 
M.A. 


THE Norts East Coast InstiruTion OF ENGINEERS 
AND SHIPRUILDERS : GRADUATES’ SECTION.— Wednesday, 
November 4, at 7 p.m., at Bolbec Hall, Newcastle-upon- 
Tyne. ‘The Design of Cable Ships,” by Mr. H. E. 
Skinner. 


THE MANCHESTER METALLURGICAL Socrety.—Wednes- 
day, November 4, at 7 p.m., at the College of Technology, 
Manchester. ‘‘ Nickel and Nickel Alloys,” by Mr. W. R. 
Barclay. 


THe InstituTION oF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, November 4, at 7 p.m., at 
Caxton Hall, Westminster, S.W.1. ‘“‘The Modern 
Development of Combustion Recording,” by Mr. J. J. 


Lassen. 


Tuer LiverPoot ENGINEERING Society.— Wednesday, 
November 4, at 8 p.m., at 9, The Temple, Dale-street, 
Liverpool. Inaugural Address by the President, Mr. 
T. R. Wilton, M.Inst. C.E. 


THe Royan Socrery or Arts. — Wednesday, 
November 4, at 8.30 p.m., at John-street, Adelphi, 
W.C.2. Ordinary Meeting. Inaugural Address by Sir 
Thomas H. Holland, F.R.S., on ‘‘ The Organisation of 
Scientific Research throughout the Empire.” 


THe Institution, or ELEectricaL ENGINEERS.— 
Thursday, November 5, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. Ordinary Meeting. “‘ Di- 
electric Problems in High-Voltage Cables,” by Mr. P. 
Dunsheath, M.A., B.Se. 


Tue Institution oF MECHANICAL ENGINEERS : NORTH 
WESTERN Brancu.—Thursday, November 5, at 7 p.m., 
at the Engineers’ Club, Albert-square, Manchester. 
“The Three-Cylinder High-Pressure Locomotive,” by 
Mr. Herbert N. Gresley. 


THe INstituTION OF SrRUCTURAL ENGINEERS.— 
Thursday, November 5, at 7.30 p.m., at Denison House, 
296, Vauxhall Bridge-road, 8.W.1. Presidential Address 
by Sir Charles T. Ruthen, F.R.I.B.A. ‘ The Structural 
Engineer and Modern Problems.” 


THe Institution or Crvin ENGINEERS: YORKSHIRE 
AssocraTion.—Thursday, November 5, at 730 p.m., 
at the Hotel Metropole, Leeds. ‘‘ Train Ferries: Their 
History and Modern Examples,” by Mr. T. H. Seaton. 


THe InstiruTionN oF MECHANICAL ENGINEERS: 
GLascow AND West or ScotLanp Brancu.—Thursday, 
November 5, at 7.30 p.m., at the Royal Technical 
College, Glasgow. ‘‘Some Problems on the Application 
€ ee Oils to Machinery,” by Mr. Aubrey B. 

mith. 


Tue Norra East Coast InstituTIon oF ENGINEERS 
AND SHIPBUILDERS.—Friday, November 6, at 7.30 
p-m., at the Literary and Philosophical Society, New- 
castle-upon-Tyne. ‘Shipyard Pneumatic Plant and 
Pneumatic Riveting,” by Mr. F. G. Verrill. 


THE Institution OF MUNICIPAL AND CouNTY 
ENGINEERS : YORKSHIRE District. — Saturday, 
November 7, at ll a.m. Visit to Messrs. Cooke, Trough- 
ton and Simms, Buckingham Works, York. 


THE Institute oF British FouNDRYMEN: LANCA- 
SHIRE BRANCH.—Saturday, November 7, at 4 p.m., at 
the Coliege of Technology, Manchester. ‘‘ The Produc- 
tion of Diesel Engine Castings in Pearlitic Cast Iron,”’ 
by Mr. A. J. Richman. 


THe Hutt Association oF ENGINEERS.—-Saturday, 
November 7, at 7.15 p.m., at the Technical College, 
Hull. Lecture, “‘ A Talk on Experimental Tank Work,” 
by Mr. R. Reid, M.I.N.A. 





Roya Arr Force FLicut From Eayrt To NIGERIA.— 
For the purpose of enabling experience of long-distance 
flights under tropical conditions to be obtained by mem- 
bers of the Royal Air Force, three aircraft units from 
No. 47 Squadron, stationed at Helwan, Egypt, will, at 
an early date, fly from Cairo to Kano, Nigeria. The 
organisation of the flight is being undertaken by Air 
Vice-Marshal Sir Oliver Swann, K.C.B., C.B.E., Air 
Officer Commanding, Middle East, whilst Squadron- 
Leader A. Coningham, D.S.O., will be in command of the 
machines during the trip. The route to be followed wil 
pass through the Sudan and, by permission of the French 
authorities, French Equatorial Africa, thence on past Lake 
Chad to Kano, the capital of Nigeria. Refuelling will 
take place at Aswan, in Egypt; Khartoum, El Obeid 
and El Fasher, in the Sudan ; Abecher and Fort Lamy in 
French Equatorial Africa; and Maidugari and Kano in 
Nigeria. 





Tue InstituTion oF Crvm ENGINEERS.—It is 
announced that the Council of the Institution of Civil 
Engineers has made awards for the session 1924-25 
in respect of selected engineering papers which were 
published by the Institution without discussion. 
A Telford gold medal has been awarded to Dr. Andrew 
Robertson, of Bristol, whilst Mr. 8. A. 8. Bunting, 
of Bombay, has been awarded the Indian Premium in 
addition to a Telford medal. Telford Premiums have 
been given to Messrs. A. D. Swan, of Montreal; C. H. 
Cruttwell, of New Ferry; J. W. McLaren, of New- 
foundland; and J. L. Hodgson, of Eggington. Mr. 
A. R. Johnson, of Penang, has been awarded a Webb 
prize. In connection with contributions read at students’ 
meetings in London, or by students before meetings 
of local associations during the past session, Miller 
prizes have been awarded to Messrs. D. Lloyd, of 
Liverpool; H. F. Lea, of Birmingham; H. A. McNab, 
of Glasgow; T. W. Marsh, of Rochester; C. R. Smith; 
of Manchester; W. C. Knill, of Gateshead-on-Tyne ; 
and E. J. Rang, of Tynemouth, the last-named receiving 
in addition the James*Forrest medal. 
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FOUR-BAR CYLINDER-BORING MACHINE. 
CONSTRUCTED BY MESSRS. CAMPBELLS AND HUNTER, LIMITED, ENGINEERS, LEEDS. 
(For Description, see Page 543.) 
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ESTIMATES OF THE WEIGHTS OF STEEL BRIDGES. 
MR. W. H. THORPE, ASSOC.M.INST.C.E. 
(For Description, see Page 534.) 
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Offices for Publication and Advertisements, 
{2'5 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
’ he fact that the above is our SOLE ADDRESS, 
ad that no connection exists between this 
2} 2urnal and any other pubiications bearing 
x omewhat similar titles. 


se} “ eit WESTRAND, 





ADDRESS - 
TzLEPHONE NumBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


| “ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
ii'ree, at the following rates, for twelve months, payable 














\ advance :— 
For the United Kingdom ...................0+. £3 5 0 
For Canada— 
j Thin paper copies .............00000 £218 6 
' Thick paper copies £3 3 0 
For all other places abroad— 
| Thin paper Copies ....ccccscsssssseesesees £3 3 0 
i Thick paper copies ..................+ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address, 


When foreign subscriptions are sent by Post Office 
‘|Orders, advice should be sent to the Publisher. 
pitere Beetee s 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
|Headings of Appointments Open, Situations Wanted, 
.'Tenders, &c., is four shillings for the first four lines, 
c| t under, and one shilling per line up to one inch. 
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AUSTRALIA. 


Great though is the position of the Common- 
wealth of Australia, its dominant feature at the 
present time is the inordinate amount of the resources 
that it has still to develop. Their very amount has 
in itself created a problem on which there is differ- 
ence of opinion among Australians. Some—and these 
probably represent a large majority of the thinking 
population—believe that the country must be losing 
when it retains undeveloped resources that could 
contribute to the cost of its administration ; others, 
intent on avoiding as far as possible the intrusion 
of persons not born in the country, would put into 
cold store so much of the resources of the country 
as cannot be developed by its present population. 
There can be little doubt which solution will best 
consult the real interests of the country. A terri- 
tory many times the size of Great Britain cannot be 
exploited to anything approaching its best advan- 
tage by a population the size of that of London. 
There is reason to believe that no persons are more 
satisfied on this point than the majority of the 
Australians themselves, and that among the more 
enlightened classes there is the utmost anxiety 
to strengthen the Commonwealth both by develop- 
ing its resources and by recruiting its population 
from the mother-country. 

The wonderful opportunities presented by the 
country were well brought out in the presidential 
address delivered by Sir Vincent Raven before the 
Institution of Mechanical Engineers on Friday 
last, as may be seen on reference to the abstract 
of this address reprinted on pages 556 and 557 of 
this issue. The same topic formed the keynote 
of the remarks both of Sir J. A. F. Aspinall and of 
Dr. H. S. Hele-Shaw, who respectively proposed 


and seconded the vote of thanks passed to Sir 
Vincent. All three speakers referred to the vigorous 
industrial development of a small population, in 
order to indicate in a measure the wonderful 
prosperity which should result from an increase in 
population and the better utilisation of the re- 
sources of the country. 

Among the resources that a more highly developed 
Australia would have to cultivate are those that 
can supply its power. In the aggregate these are 
undoubtedly considerable, though not distributed 
with anything like uniformity over the Continent, 
nor even in the aggregate commensurate with the 


543 | extent of its other assets. This, at least, is what 


can be said on present knowledge, but the surveys 
of Australian resources are not yet complete enough 
to enable a limit to be put to them with any confi- 
dence. It is known, for example, that abundant 
supplies of coal are found, and to some extent are 
worked, but there are no data for estimating the 
full measure of them accurately. Great deposits of 
lignite and other brown coal are known to exist, 
with seams running up to thicknesses of 700 ft., 
and for the most part accessible readily to open cut 
working ; but no one at present can say how great 
these deposits may be. In some districts rivers 
and streams are available that collectively could 
yield more than 10,000,000 h.p., and an equal 
amount is to be found in Papua and New Guinea, 
which the Commonwealth is administering under a 
mandate. There are said to be prospects of dis- 
covering natural oil in commercial quantities in 
some parts of the country. The possibility of 
harnessing the tides has been discussed. The means 
of obtaining power do not, in fact, lack either extent 
or variety, but the relative incompleteness with 
which their extent has been ascertained limits the 
use of them on what may be called their proper 
scale. 

Apart from these considerations, such a limit 
would, indeed, be imposed by the disproportion 
between the numbers of the population and the 
extent of the territory over which it is distributed. 
For big power schemes to be initiated, the first 
condition is the existence or prospect of a sufficient 
load factor. There are doubtless, districts in 
Australia where an adequate demand is to be found 
to justify large-scale schemes, but the total extent 
of them is trivial compared with what it would be 
if the general development of the country had 
proceeded further. At the same time, the popula- 
tion is undoubtedly much better disposed to welcome 
power developments and to profit by them than is 
usual in countries with so large a proportion of 
unurbanised territory. Large power schemes are 
very few in Australia, but, on the other hand, the 
number of small ones is relatively large. Even 
small mining camps have their own electric supply 
stations ; and no doubt can be felt that when such 
communities get close enough to each other to make 
central supplies profitable, such supplies will be 
supported by the population they are intended to 
serve. 

How quickly the general development of the 
Australian population will proceed cannot be 
foreseen. There is, however, good reason for 
thinking that the Federal Government, and probably 
the Government of many or most of the States, are 
wisely anxious to be well ahead of the necessities 
of the time in the information available about 
national resources. The report presented last 
year to the World Power Conference, compiled by 
the Institution of Engineers of Australia, and issued 
under the authority of Dr. Earle Page, then acting 
Prime Minister of the Commonwealth, gave a fair 
idea of the measures that are being taken to ascertain 
the extent of the power resources. It is clear that 
they will have to be more comprehensive than 
hitherto. The mere system of rain gauge records, 
for instance, will have to be supplemented by river 
gauging, and the observations will need to be con- 
tinued over a considerable period before their results 
will be safe bases for action. 

Important coal-fields have been located, but from 
time to time fresh deposits previously unsuspected 
are discovered, and no doubt can be felt that an 
extended survey would be a prudent enterprise. 
Its results would in any event place the knowledge 
of Australian coal resources on a sounder footing 
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than it has yet attained, and possibly give evidence 
of a wider distribution and more numerous deposits 
than are at present known to exist. Any investi- 
gation so extensive cannot be completed in any 
short time. Nevertheless the extent and loca- 
tion of the country’s power resources cannot be 
fully known until it is done, and whatever adds 
to the certainty and completeness with which these 
resources are known must strengthen the material 
situation of the Commonwealth. 

One of its great problems, for example, is to 
utilise the large tracts of its territory that might be 
good agricultural and pastoral ground if it were 
watered adequately. In many circumstances the 
feasibility of irrigation schemes depends essentially 
on the abundance of power, or of the means by 
which it is to be obtained, in the neighbourhood 
of the district concerned. Again, much or even 
most agricultural or pastoral land in Australia is 
virgin soil, and for the time being may have no use 
for fertilisers ; but nevertheless, it is probable that 
in some parts even of this new country fertilisers 
may be of advantage, and certainly must come to be 
so after the land has been sufficiently cropped. 
The electrical manufacture of ammonia is only an 
example of many chemical industries that might be 
based on native Australian products, such, for 
instance, as those of forests, and their success or 
failure determined by the presence or absence of 
cheap power. 

A source of power that as yet is comparatively 
undeveloped, in which Australia may be destined to 
acquire a dominant position, is the production of 
power alcohol. For the time being, indeed, enough 
is not known of how alcohol can be produced 
economically from waste products to enable any 
definite projects to be framed. The experiments 
that have been going on in this country, and that 
it may be hoped are receiving or will receive the 
co-operation of Australian workers, have to be 
carried further before an industrial means of so 
producing alcohol will emerge. It must, however, 
be admitted that of the many possible sources of 
power the introduction on an economical basis of 
power alcohol is among the most fascinating. 

It is not so many years ago since there was con- 
siderable talk of the approaching exhaustion of coal 
supplies, and though for the time being this aspect 
if the coal problem is not under discussion, the time 
must come when inevitably it will come up again, 
and with increasing gravity. However great the 
deposits, they have limits not less definite because 
they are not definitely ascertained; the deposits 
do not renew themselves, and every year’s consump- 
tion brings them nearer to their end. Alcohol, on 
the other hand, is not a fossilized substance, but 
the product of a living growth. Theoretically, all 
the straw left from the cornfields of Australia can 
be made into alcohol, and so perhaps can be some 
of the natural growths that without any sort of 
cultivation thrive so vigorously as to become actual 
pests to the districts in which they occur. That all 
the waste remains of wheatfields, and the vast 
vegetable plagues of tropical countries, should be 
turned directly into a source of power is an alterna- 
tive to living on fossilized power which is all the 
more attractive because the growths recur year 
after year as long as the sun radiates in the sky. 

In writing of such a prospect it is easy to under- 
rate the obstacles that must be overcome before it 
is realised. In this country, there would be little 
excuse for such an error. Those who have had in 
hand the investigation of these problems have 
adopted consistently the most conservative view 
of their chances, and seem likely to prophesy no 
future until they know how it is to be realised. It 
is to be hoped that tiuis admirable temper will not 
give rise to misconstruction, The circumstance 
that as yet no way has been discovered of translating 
into industrial practice what has been done convin- 
cingly in the laboratory is no demonstration that 
large scale production is impossible. What costs 
and what risks of loss may be legitimately under- 
taken in the search for the means of this production 
depends to an essential extent on what the value 
of a successful result would be if it were obtained. 
Doubtless, the true measure of the expenses that 
would be justified must take account also of the 
chance of success. On what is known already, 








however, it looks as though the value of the success 
must be large relatively to the chance of failure. 
The prosecution, and perhaps indeed the extension, 
of the investigations into the possibility of obtaining 
power alcohol from waste vegetable matter seems 
therefore to be an enterprise that deserves all the 
energy that is being spent on it at present. To 
Australia, in particular, which would be so prolific 
a source of the raw material for the purpose if an 
industrial method of production were found, the 
enquiry seems to have a special importance, and the 
enlightened authorities of that country are not 
likely to lose sight of it. 








ELECTRICITY SUPPLY. 


In his valuable presidential address to the Insti- 
tution of Electrical Engineers, on the 22nd inst., Mr. 
R. A. Chattock noted the fact that 95 per cent. of 
the electricity generated in this country was derived 
from coal. In view of our exiguous water-power 
resources, both actual and potential, this condition 
is little likely to be altered, and the steadily 
increasing cost of fuel may well prove a serious 
obstacle to any very large development of electro- 
chemical or electro-metallurgic industries. An 
aggravating element in the situation is that if 
Faraday’s view be correct and chemical energy 
is really electrical, we cannot tap it directly, 
but have first to degrade this high-grade energy 
into heat of which we can at best convert only 
a relatively small fraction back into the elec- 
trical form. There seems little prospect of 
evading this devious and inherently wasteful 
procedure. The carbon atom has never yet been 
found to act as an ion in electrolysis, and a direct 
conversion into current of the energy liberated by 
the combustion of coal would thus seem to be 
impracticable, not merely from the financial stand- 
point, but from that of physics. Economy must 
therefore be sought along less revolutionary and 
more humdrum lines. 

Much has already been done under the pressure 
of the steady rise in the price of coal and the 
actual thermal efficiency of large power stations is, 
in fact, not very much below that of the gas engine 
in the days when Sir Frederick Bramwell made 
his famous prophecy that in fifty years’ time the 
steam engine would be superseded ; while the multi- 
tude of small stations with which the ignorance and 
ineptitude of the politicians saddled the community 
are being gradually absorbed. There are, of course, 
certain special conditions in which the small station 
may continue to hold its own, but the last report of 
the Electricity Commissioners showed that, whilst 
one large station was developing 1 kw.-hour for 
each 1} of coal consumed, the corresponding average 
figure was 21-6 lb. per kilowatt-hour for the small 
stations from which statistics were secured. Quite 
good results have, no doubt, been attained in 
stations of medium output, and there is probably a 
limit beyond which no advantage would be gained 
by a further increase in size. This, however, has 
certainly not yet been attained, and we must 
expect to see plant more and more concentrated in 
super-stations, where various methods of fuel saving 
are practicable, which would be commercially 
impossible on a smaller scale. The advantage of 
the large station in this regard will be enhanced if, 
as Mr. Chattock seems inclined to believe, power 
production will often be combined with the recovery 
of by-products from the coal. This is only com- 
mercially feasible on a fairly large scale, and, in 
fact, in the smaller Mond gas plants no provision 
is made for recovering the sulphate of ammcnia. 

In this connection Mr. Chattock utters a warning 
which is particularly timely in view of fantastic 
proposals for the installation of by-products plants 
at every colliery in the country, in the belief that 
profits from these would be available for raising the 
pay of the pitmen. No doubt, by-products have 
an intrinsic value, but their market value has no 
necessary connection with this, being governed by 
the law of supply and demand. Were the output 
even doubled, the price would fall to an unremunera- 
tive level. Similar results would, no doubt, follow 
any general adoption of the plan of operating 
recovery plants in connection with power stations. 








Since, however, only a relatively small fraction of 
the coal raised is consumed in power stations, the 
disturbance to the market would not be nearly so 
serious as would result from an attempt to realise 
the proposals of the pitmen. 

Mr. Chattock referred to the possibility of 
combining low-temperature carbonisation with the 
production of pulverised fuel, and should this prove 
successful it would undoubtedly still further 
improve the case for concentrating generating 
plant in large stations. As against this policy 
may be urged the consequent increase in the 
hostages given to fortune, in this case represented 
by the electrical Trades Unions, whose power of in- 
conveniencing the community by a general hold up 
will increase the greater the use of electricity and 
the greater the concentration of plant. Possibly a 
general adoption of pulverised fuel may help to 
mitigate this danger. Mr. Chattock stated that it 
was now possible for a single man to conduct the 
generation of one million lb. of steam per hour. 
Moreover, the boiler-room conditions can be revo- 
lutionised, as has been done at the Ford works 
where the boiler fronts are enamelled, the fittings 
nickel plated, and the floor covered with linoleum. 
Two men at this station conduct the generation of 
350,000 lb. of steam per hour. With such a large 
reduction in the staft and with such an extra- 
ordinary improvement in the conditions of what used 
to be the worst part of a power station, it would 
seem possible to carry on the whole service with a 
higher grade of operator, imbued with the public 
spirit, which to-day seems to be stronger in the 
members of the protessional staff than in some others. 

Whilst favouring the large power station, Mr. 
Chattock expressed anxiety to avoid a large writing 
off of capital by the too drastic closing down of the 
less efficient stations. The question involved is a 
very difficult one. Some local authorities indeed 
seem to think that the service should be “ organ- 
ised’ so as to keep even the smallest and least 
efficient of their stations in operation. Had they 
speculated in stage coaches prior to the railway era, 
this type of authority would undoubtedly have 
protested, that the traffic should be “ organised ” 
so as still to keep their coaches on the road. 

Mr. Chattock commented on the fact that the 
average load factor in this country is not high. 
He attributed this largely to the comparatively 
high proportion of lighting load carried by our 
generating stations. The load factor for the 
electricity thus supplied is only about 10 per 
cent., and its relative importance accounts for the 
fact that the load factor of the various generating 
plants in the country ranges from 15 per cent. 
to 30 per cent. This latter figure was consider- 
ably exceeded during the war. At Birmingham 
it rose to 39-1 per cent. in 1917, but it fell to 
25 per cent. in 1922, since which there has been a 
slight recovery, and last year it was 26 per cent. 
The fall is attributed mainly to the reduction of 
working hours. The latter may, however, ulti- 
mately lead to an improvement in the load factor 
since the best hope of keeping up output, in face 
of the shorter time worked, lies in the greater use 
of power. In this connection it is of interest to 
note that the Home Office reports a steady increase 
in the rate at which “‘ workshops’”’ are being con- 
verted into “factories.” Mr. Chattock suggested 
that the load factor should also be improved by 
an extension in the use of electric heating. From a 
theoretical point of view one ought to be sorry to 
see any large increase in this particular use of 
electricity. Electric energy is of the very highest 
grade, and there does seem something intrinsi- 
cally uneconomic in using it for low temperature 
heating. 

The importance of a good load factor in securing 
low costs of production is, of course, universally 
recognised, but in this connection we may recall a 
curious paradox due to Mr. R. H. Parsons. Assum- 
ing that the “ Parsons ” line for a station is really 
straight, he pointed out that with a given station 1t 
costs no more to take an additional load at hours 
when the station is working but little below 
its peak, than to take it at a period oi light 
load. The advantage of a good load factor 
that the no load losses are relatively smaller, since 
these depend on the magnitude of the peak, as 
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do also the capital charges. Solong, however, as an 
additional load can be taken without installing new 
plant, the additional cost incurred will be the same 
at whatever time of the dayit comes on. This con- 
clusion rests, of course, on the assumption that the 
* Parsons ” line is straight, and this is probably not 
strictly true. Indeed, in an article published in our 
issue of July 10 last, page 33, Mr. Parsons discussed 
cases in which the line was distinctly concave 
upwards, and showed that this meant a decrease in 
the efficiency of the plant at high loads. 

Mr. Chattock, though favouring “linking up” in 
limited areas, is opposed to a general linking up of 
the power stations throughout the whole country. 
This would require, he stated, some 1,900 miles of 
line capable of transmitting 20,000 kw. with 110,000 
volts between the phases. The cost, he estimated at 
nearly 53 millions. Mr. Chattock is also opposed to 
a unification of voltage. Speaking generally, a 
periodicity of 25 cycles per second is best for power, 
and of 50 cycles for lighting. For railway work 
indeed, the lower periodicity is much preferred, and 
about one-quarter of the output of the country is 
operated with this value. It is certainly inferior for 
lighting, but not seriously so, and Mr. Chattock sug- 
gested that even this drawback might be eliminated 
by an extended use of continuous current for 
domestic supplies, the conversion from the alter- 
nating current being effected by mercury rectifiers, 
thus avoiding the high cost of rotary converter 
substations. A possible drawback to the 25 
periodicity lies in the fact that generators cannot be 
run at‘more than 3,000r.p.m., whereas higher speeds 
of rotation can now be reached with units, which 
afew years ago would have been considered large. 
The tendency is, however, to instal larger and larger 
units, and with these a speed even lower than 
3,000 r.p.m. is required. As matters stand to-day 
the largest size which can be built to run at this 
speed is probably of about 16,000 kw. rating. 





SAND DUNE RECLAMATION. 

fin his work of increasing the prosperity of 
mankind the engineer is often concerned with the 
task of turning the desert into a profitable field 
of enterprise. By means of irrigation and transport 
he has in recent years transformed many an area 
which formerly was of little promise. Many such 
tracts are unproductive solely by reason of lack of 
water, and their remoteness from centres of popula- 
tion; the soil itself is fit for cultivation under 
suitable conditions. It is these conditions which it 
has been the engineer’s privilege to bring about in 
numberless instances. 

The problems to be faced are not, however, all 
of the straightforward nature which water supplies 
and transport facilities suggest. Often secondary 
problems supervene to hinder the good work, some- 
times to the extent of delaying useful developments 
for many years. A difficulty of this kind which has 
frequently to be contended with arises from blown 
sand, which may in some cases be practically pure 
sand, or in other instances sand mixed with an 
appreciable proportion of fine material capable of 
supporting plant life. Both types have been 
successfully dealt with in different parts of the world 
at one time and another. A successful solution, 
however, requires time. In some instances the 
problem is one mainly of arresting movement. In 
others steps have to be taken to introduce humus 
before the area can be really satisfactorily dealt 
with. The success which has attended efforts of 
this class are sometimes very striking. Forinstance, 
by the suitable choice of trees considerable areas in 
Madras, formerly bare sandy tracts, are now covered 
with good timber. On the Pacific coast of the 
United States, one of the most beautiful parks now 
exists on what were formerly moving sand dunes. 
my other equally interesting examples might be 
cited, 

Although partly botanical, the subject is one in 
which engineers, as we have pointed out, are directly 
interested. Some discussion of the question took 
place recently before Section K of the British Associ- 
ation at Southampton (see page 469 ante). It is 
also dealt with in a recent issue of The Empire 
Forestry Journal (vol. iv, No. 1), in which Mr. 
F. J. Tear describes the work in connection with 





the sand dunes in Palestine. The careful experi- 
ments carried out in Palestine have met with no 
small measure of success, and the results finally 
achieved will be keenly watched by all who have 
this elusive but interesting subject to deal with in 
various parts of the world. 

The coastline of Palestine consists largely of sand 
dunes, covering an area of approximately 125,000 
acres. These dunes, which are mostly devoid of 
vegetation, constitute in their present condition a 
valueless waste and are a source of constant menace 
to fertile soil, villages and settlements, and, in 
addition, to the railway and telegraph lines which 
are laid along their inland limits. Sand hills and 
hummocks alternate with sandy plains and wander- 
ing dunes, whilst flat hollows and low, narrow valleys 
covered with grass and reeds are intermingled with 
patches of drift sand and bare undulations in 
bewildering perplexity. Topographical changes, 
due to sand movement and successive dune building 
and destruction, are constantly taking place, being 
brought about by wind action of exceptional 
violence in this region, the prevailing wind in the 
dry weather being south-west, carrying the sand 
inland. 

As an essential preliminary to the treatment of 
the sand dune problem on comprehensive lines, the 
Forest Service organised three experimental stations 
for research in 1921, not only for fixing the sand, 
but also for the total reclamation of the whole sand 
dune area. One of these it was ultimately found 
necessary to vacate, but the results at the remain- 
ing two, at Acre and Gaza, are of very great interest 
and promise. 

The chief differences in the characteristics of the 
two sites chosen are, that whereas the northern 
station at Acre has a rainfall average of 592 mm., 
a ground water level of 2 metres and irregular surface, 
that to south at Gaza has only a rainfall of 
231-2 mm., a ground water level of 25 metres, and 
a surface more regular than that further north. 
During the first season at Acre experiments were 
carried on in the construction of an artificial fore- 
dune, and in planting and sowing operations on a 
small scale. For the former a barricade of planks 
was erected along 950 metres of the littoral parallel 
to the shore, the planks being spaced 1 in. apart. 
A mound of sand rapidly accumulated providing 
shelter for some 45,000 plants planted to leeward, 
these consisting of pine, acacia, eucalyptus, cypress, 
and tamarix. Of these the Tamarix Articulata 
displayed marked adaptability in exposed localities. 
Experiments were also carried on in planting 
Ammophila Arenaria grass, a species fortunately 
indigenous in Palestine, and later, experiments 
were carried out on the best method of planting, 
that of spacing 1 metre apart proving successful. 
As planks were found to be expensive, these were 
later displaced in favour of brushwood for forming 
the foredune, and on account of the long distances 
the plants had to be transported, wells were dug 
and “ flying’ nurseries formed for raising plants. 
The sowing of pine plants, owing to the large 
mortality through submersion in the winter was 
not found successful. 

At Gaza during the same time operations were 
being conducted on similar lines. The region, 
however, exhibits sand dune conditions entirely 
different from those at Acre. Under a steadier 
wind pressure the dune surface is much less con- 
torted than that further north, but the dunes are 
larger in extent and the phenomena of the wander- 
ing dune of formidable mass more pronounced, 
some having been proved to move as much as two 
metres annually. 

Factors of influence are the proximity of desert 
country lying to the south which provides an 
inexhaustible sand supply, lower rainfall over a 
short rainy season, and the practice of using dune 
vegetation for fuel and pasturage owing to the 
total absence of natural forest. A remarkable 
fact among these southern dunes is, that though 
there is a less rainfall and the ground water level is 
lower, yet the dune flora is much richer than in the 
north. The site selected situated between the sea, 
and the town of Gaza, which is threatened by sand 
encroachment, covered an area of 1,500 acres of 
sand dunes, which have gradually crept round the 
north end, and across the railway line skirting the 


eastern boundary of the town. Here, again, the 
best results were given by tamarix, planted in a 
thick belt to leeward and parallel with the foredune, 
and in several belts at right angles to the sea. 
Eucalyptus also, though suffering from exposure 
to wind, made good development. The varied 
sand dune flora indicated the advisability of 
testing the response of -various other grasses and 
plants to artificial propagation. Ammophila 
Arenaria was principally used for fixation, and 
also thrived here, and, of the various grasses tried, 
Artemisia Monosperme and Anonis Natriz suc- 
ceeded well and rapidly formed ground cover. 

Though these were successful, undoubtedly 
Ammophila Arenaria proved the most useful agent 
for preliminary fixation of shifting sand, thriving best 
in localities where it receives a gradual supply of 
sand. As sand accumulates, the plant pushes its 
way upwards by the formation of new root stocks, 
and it is easily propagated by digging or pulling 
by hand pieces of the parent plant of two years 
old. Each piece should consist of the root with two 
nodes. Five or six pieces are best planted together 
by dibbling or other means. A useful feature of 
this grass is that the seed retains its germinating 
capacity for two years, and the grass is grazed 
by live stock when other pasturage is not avail- 
able. 

A careful survey of the experiments undertaken, 
their progress and results during the past three 
years have enabled initial errors to be corrected, and 
plans to be formulated on a surer and more economi- 
cal basis. The first essential feature is, that the 
land should be adequately protected from trespass 
and all forms of soil disturbance. With regard to 
the foredune, though some authorities describe it 
as not essential, the need must very largely depend 
on the prevailing conditions in the area under 
treatment, and for this purpose brushwood has 
formed the cheapest base, and has been raised on 
the spot by three years’ growth from Acacia 
Cyanophylla. 

Next in importance is the fixation of sand, as 
until this has been done, tree sowing on such areas 
is bound to fail. Though the experiments are not 
concluded it would appear that the best results are 
obtained from transplanting trees two years old, 
rather than trying to raise trees from seed sown 
in situ. Briefly, the future process will consist 
of forming a barrier dune by artificial means 
of sufficient height and regularity to arrest move- 
ment of sand. This dune will be fixed by symme- 
trical planting of Ammophila grass, and will 
require constant attention and protection from 
grazing. Behind this the sand will be planted with 
sand grasses, and a protecting belt of tamarix trees 
will be raised on the lee slope of the dune and 
continued inland up to 500 metres in the form of 
a belt parallel with the sea, and maintained as a 
permanent protection zone. Under the protection 
of the shelter belt and on soil stabilised by sand 
binding grasses, the dune forest proper will be 
established. In the first instance, drought-resisting 
acacias and humus-forming shrubs will be used, 
while more permanent trees such as pines, euca- 
lyptus, poplars, and other timber species will be 
introduced later, but the forest will always require 
supervision and regeneration to prevent reversion 
to dune conditions. Later the inlying land will 
be converted to permanent pasturage, orchards, 
vineyards and arable land. A notable feature of 
the work carried out is the remarkably small 
expenditure of public money entailed in conducting 
these preliminary experiments. 








THE DEVELOPMENT OF THE CIERVA 
FLYING MACHINE. 


AN interesting account of the development of 
the Cierva flying machine, which we illustrated 
and described in our last issue on page 521, was 
given by the inventor Sefior Don Juan de la Cierva, 
in a lecture before the Royal Aeronautical Society 
on Thursday, the 22nd inst. In this lecture, which 
was read by the chairman, Air Vice-Marshal Sir W. 
Sefton Brancker, the inventor first explained that 
his attention had been directed to the need for 





some device to eliminate the danger to ordinary 
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acroplanes from loss of air speed, by accidents which 
he had himself experienced when experimenting 
with gliders and power-driven machines of the 
usual design. His desire was to produce a machine, 
the stability of which should be independent of the 
speed, and which could fly or descend with a wide 
range of incidence—say, from 0 deg. to 90 deg.— 
as compared with the range of incidence of an 
ordinary aeroplane from 0 deg. to about 15 deg. 
To achieve this end he conceived the idea, in 1919, 
of using as the lifting surface a windmill turning 
about a vertical axis and driven only by the relative 
wind, a component of which parallel to the axis 
was to be obtained by beating the wings as in an 
ornithopter, this being regarded as sufficient to 
maintain rotation in horizontal flight. An engine 
was to have been fitted to drive an ordinary tractor 
airscrew and to furnish power for beating the wings. 
This machine, however, was not built, as it after- 
wards became apparent that a lifting windmill 
would turn without any flapping motion, provided 
that the axis was inclined slightly backwards from 
the vertical. 

The chief difficulty was the asymmetry of the 
lift on the wings, and the first solution that suggested 
itself was the employment of two lifting windmills 
of opposite symmetry and rotation, mounted on 
the same axis. A machine of this type was con- 
structed with a 60-h.p. le Rhone engine driving a 
tractor airscrew, the controls comprising an 
elevator, a rudder and a single aileron mounted 
vertically on the top of the axis of the two windmills. 
The lower windmill, however, was found to run at 
only two-thirds the expected speed, and the 
compensation of the lateral forces was therefore 
inadequate. For various reasons it was concluded 
that only one lifting airscrew could be employed 
in practice, and he, therefore, proceeded to com- 
pensate for the asymmetry of the lift by employing 
a smaller relative incidence in elements diametrically 
opposite. It was then obvious that if it were possible 
to choose the aerodynamical characteristics of 
each element and to control its incidence so that the 
resultant lift couples of the opposed blades would 
be in equilibrium, a practical solution to the problem 
would be obtained. 

After many trials, a second machine embodying 
this idea was constructed in 1921. It employed a 
single windmill with cantilever blades, the incidence 
of which could be varied by the pilot, who could 
thus displace the resultant lift to right or left at 
will. This machine, in taxying over the ground, 
developed the calculated angular velocity of the 
windmill and gave adequate lift, but when brought 
into the appropriate attitude for flight was found 
to incline towards the wing which was moving 
in rotation in the direction contrary to that of 
flight. It was evident, therefore, that the pressure 
distribution differed from the assumptions made in 
the design. Many modifications were tried, and 
the machine was reconstructed nine times in all, 
without success. It eventually became apparent 
that the trouble was due to the fact that the blades 
had insufficient torsional rigidity to withstand the 
twist, and consequent change of effective incidence, 
caused by the shift of the centre of pressure in the 
course of a revolution. When this was realised, a 
third machine on the same principle, but with the 
blades of the lifting screw heavily braced to the 
axis, was constructed, this machine being ready 
for test early in 1922. It had a five-bladed lifting 
screw, and lateral control was obtained by the 
differential effect of a large elevator divided into 
two independent parts. A 100-h.p. le Rhone 
engine was used to drive a tractor screw. This 
machine, although an im »rovement on the previous 
design, always tended to fall over sideways, the 
split elevator being insufficient to control the 
tendency. It was damaged and rebuilt four times 
in the course of the. experiments. 

While this machine was being tested, a fourth 
machine embodying the articulated blades used 
in the machine demonstrated at Farnborough, was 
under construction. This feature, Sefior de la Cierva 
regards as of fundamental importance in that it 
provides a complete solution to the problem of 
stability and also obviates various other difficulties in 
design. Since the blades are articulated, the total 
reaction on each blade, i.e., the resultant of all the 


air and inertia forces acting on it, must pass through 
the hinge pin. Perpendiculars drawn between the 
hinge pins and the axis meet in a common point on 
the axis, and since these perpendicular distances are 
small, the resultant of the four blade reactions may 
be taken as acting on this common point. In 
general, the resultant is slightly inclined to the 
axis, and by giving the latter an equal and opposite 
inclination the resultant can be made vertical. 
If the centre of gravity is below the common point, 
the machine will be in equilibrium ; the common 
point may, in fact, be regarded as the metacentre 
of the air and inertia forces on the blade system, and 
its position is nearly independent of the incidence, 
speed, &c. The centre of gravity is relatively low ; 
hence, there are large restoring forces to bring the 
machine back to its position of equilibrium. At the 
same time there are high damping forces to prevent 
resonance, but the damping effect does not inter- 
fere with ordinary manceuvres. Gyroscopic forces, 
which would be very strong in a rigid system, cannot 
be transmitted through the hinged connections of 
the blades ; finally, the articulated blades are but 
little affected by sudden gusts. 

Although lateral control was theoretically un- 
necessary, it was provided in the first machine of 
this type by arranging the axis of the lifting screw 
so that it could be tilted to right or left. The 
pilot’s strength, however, proved to be insufficient 
for the purpose and after many trials, involving 
numerous accidents, ailerons mounted on outriggers, 
similar to those shown on the machine illustrated 
on page 521, ante, were fitted. These were entirely 
successful, and on January 17, 1923, a machine so 
fitted flew across the aerodrome at Getafe at a 
height of several metres. Another successful flight, 
of four minutes duration in a closed circuit, was made 
with this machine at the aerodrome of Quatro 
Vientos, near Madrid, on January 31, 1923. A 
fifth machine constructed on the same principle, 
but with improvements in detail, was completely 
smashed by an accident which occurred while 
taxying on the ground, and from this point the 
experiments were continued by the Spanish Army 
Aeronautical authorities. The next machine, which 
was that demonstrated at Farnborough, was 
constructed in the military workshops at Quatro 
Vientos. We have already described the machine 
in some detail, but may mention one point not 
referred to in our previous article, viz., that the 
bracing wires between the blades of the lifting 
screw have lead weights near their centres, so 
that the wires are kept taut when the screw is 
rotating by the centrifugal force on the weights. 
This machine was first flown in May of last year, 
although definite trials were not carried out until 
December. The machine then rose to a height of 
200 metres and landed almost vertically, afterwards 
flying between the Quatro Vientos and Getafe 
aerodromes, a distance of 12 kilometres. 

The lecture was illustrated by numerous lantern 
slides, and by kinematograph films of flights in 
Spain as well as at Farnborough. It was followed 
by a discussion in which several speakers took part, 
the majority of them congratulating the lecturer on 
his achievement and asking for further information 
on various points. To these requests Sefior de la 
Cierva promised to reply in writing, his rather 
limited knowledge of English rendering it difficult for 
him to give the required information at once. One 
of the speakers, Mr. J. L. Hodgson, referred to some 
experimental work on propellers which he had carried 
out in connection with the helicopter problem. 
This had led him to suggest a machine on similar 
lines to that developed by the lecturer. The 
substance of this speaker’s remarks is contained in 
a letter which we print on page 533 of this issue. 





Prersonat.—It is announced that The Western 
Electric Company, Limited, of Connaught House, 
Aldwych, London, W.C. 2, will henceforth be known as 
Standard Telephones and Cables, Limited. The regis- 
tered and executive offices at Connaught House will be 
retained.— Messrs. Foster Engineering Company, Limited, 
electrical and mechanical engineers, of Morden Works, 
Wimbledon, London, §.W. 19, have acquired an addi- 
tional office and storehouse at 37, South Castle-street, 
Liverpool. Mr. G. S. Williams has been appointed 





manager of the new branch office. 








SCIENTIFIC EXHIBITS AT THE 
BRITISH EMPIRE EXHIBITION. 


(Continued from page 519.) 


ProFessor F, J. CHESHIRE illustrates phenomena 
of double refraction by a spectro-polariscope and a 
projection polariscope. Sir Herbert Jackson and 
Mr. W. D. Haigh show a remarkable instance of 
selective absorption in the visible spectrum by a 
special glass rich in didymium oxides. Mr. Twyman 
also exhibits his infra-red spectrometer for measuring 
wave-lengths from somewhere about the middle of 
the visible spectrum up to close on the end of the 
solar radiation. This instrument, which is made by 
Messrs, Adam Hilger, Limited, is shown in Fig. 25, 
page 551, as an example of this class of work. The 
radiation enters the instrument through a fine slit, 
and is dispersed into a spectrum by means of a 
prism of rock salt, The spectrum is focused on a 
thermopile, and a galvanometer serves to measure 
the intensity of the current, and therefore of the 
part of the spectrum under examination. By means 
of a fine screw the spectrum can be traversed across 
the thermopile, and thus explored from end to end. 
An infra-red radiation of a particular wave-length 
is emitted by a Bunsen burner, and can be observed 
on the instrument exhibited. 

A considerable section is devoted to wireless waves. 
Historically the most interesting exhibit is the 
collection shown by Dr. J. A. Fleming in illustration 
of the origin and development of the thermionic 
valve in wireless telegraphy and telephony. The 
phenomenon on which thermionic valves are based 
was noticed over forty years ago by Edison, who 
found that when he sealed a metal plate in an 
ordinary electric incandescent lamp between the 
legs of its carbon filament and heated the filament 
by a direct current, a small current could be detected 
between the positive terminal of the filament and 
the wire that carried the plate, but none between 
the negative terminal and the plate. By investiga- 
tions undertaken immediately afterwards, Fleming 
showed that the effect was connected somehow 
with the projection of particles from the filament 
in straight lines, and that these projected particles 
carried a charge of negative electricity, which they 
could convey from the filament to the plate, but 
not in the opposite direction. It was not till 
twenty years later that this phenomenon, which in 
the interim had been a matter of merely scientific 
interest, first received a practical. application. 
Marconi had produced his system of wireless teleg- 
raphy, in which waves generated by powerful 
vibratory currents of electricity in a transmitting 
aerial wire generated feeble electric vibrations of 
the same type in a receiving aerial. No simple and 
certain means, however, were available for detecting 
these vibrations in the receiving aerial, and the 
enormous rapidity of the vibrations, going up to a 
million per second, prevented the use of devices 
that had been used for rectifying much slower 
alternating currents. In 1904 Fleming found that 
if a metal cylinder surrounding the filament was 
substituted for Edison’s metal plate, the apparatus 
when placed in the path of the wireless oscillations 
converted them from alternating into uni-directional 
currents, and acted in effect as a non-return valve. 
Professor Fleming’s collection carries this invention 
through the various stages, due to himself and 
others, by which the thermionic valve has attained 
its numerous and important applications. 

An interesting application of the thermionic 
valve, remote from those in which it is usually 
seen, is the ultra-micrometer exhibited by Professor 
R. Whiddington, and represented in Fig. 26, page 
551. This is an electrical device forextremely minute 
measurement, which is operated by a thermionic 
valve. It depends on the fact that when the distance 
between the plates of a parallel plate condenser 1s 
slightly altered, the change in the capacity of the 
condenser can be calculated readily, and becomes 
greater as the distance between the plates decreases. 
In the ultra-micrometer the change is observed by 
noting the change in frequency of the high-frequency 
oscillations maintained by a three-electrode valve 
(not shown in the figure) in an inductive circuit 
containing the condenser. In the instrument shown 
the condenser is linked to a spherical ball bearing 
for the purpose of observing variations of the 
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diameter of the ball in different directions. The 
measurement is made by a null method, so that 
the variation of diameter can be calculated on 
restoring the original frequency of oscillation. In 
this instrument the frequency is restored by applying 
a small bending moment to the stiff bar that 
carries the movable condenser plate, this moment 
being applied by depressing one end of another 
much lighter bar through an observed amount. 
The depression required to restore the original 
frequency enables the change in diameter to be 
calculated. The instrument is intended to indicate 
changes of only one ten-millionth of an inch. It 
has, however, been found possible with an apparatus 
of different design and under favourable conditions 
to detect changes of as little as the one two-hundred- 
millionth of an inch. 

Another exhibit by Professor Whiddington shows 
the production of a series of stationary electric 





This circle is traced by a current of known and 
relatively low frequency, and serves as a time 


‘base, to which the radiations that are to be 


measured may be related. The method of effecting 
this relation is to apply the current of which the 
frequency is to be determined to the cathode-ray 
system, which is furnished with adjustments of 
known value, by means of which the frequency 
to be determined is brought to some integral 
multiple of the known frequency represented by 
the time base. In this way a closed periodic curve 
will be traced against the time circle, showing an 
exact number of loops in a complete rotation, and 
from this and the adjustments that have been 
required to bring it to an exact multiple of the 
time-base frequency the unknown frequency can 
be computed. By a modification of the arrange- 
ment the wave form can be shown and photo- 
graphed. In another exhibit two wave forms 





considerable amount of work that has been done 
in the research laboratories of the General Electric 
Company. They include the bombardment of the 
anode of a two-electrode valve to a red heat by 
electrons, the number of which can be controlled 
by the filament temperature. Other exhibits illus- 
trate the change of temperature distribution along 
an emitting filament, and a means of reducing it. 
A long, thin filament is surrounded by an anode 
of grid form, and when heated by direct current is 
normally of uniform temperature. When, however, 
a D.C. voltage is applied between the filament and 
the anode, and an emission current taken from the 
filament, the temperature at the negative end 
increases visibly, and at the positive end decreases. 
When the filament current is taken from the same 
source as the anode volts and is in phase with them, 
one end of the filament is always negative when 
emission current is flowing, and consequently is 
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waves, of the type of which only a part is produced by 
any usual wireless aerial. The arrangement follows 
one due to Lecher, in which a pair of taut parallel 
wires carry an oscillating current, and by suitable 
means can be made to show the positions of each 
half wave-length along their length. In the present 
exhibit continuous oscillations sustained by valves 
are used, with a wave-length of about 1 m. At 
the points, separated from each other along the 
wires by half a wave-length, at which the potential 
vanishes, the wires can take a metallic bridge 
without interfering with the oscillations, and by 
placing a small flash lamp on the bridge the position 
of these points is indicated by the lighting of the 
lamp as the bridge is moved along the wire and 
reaches the points. 

The National Physical Laboratory contributes an 
important group of exhibits in the wireless section. 
A number of these, shown by Mr. D. W. Dye, 
relate to means devised by him for exhibiting the 
form of the waves used in wireless practice, and 
determining their frequency. In one of these use 
is made of the cathode-ray tube made by the 
Western Electric Company for use with inde- 
pendently heated cathode, and a ray that is made 
to rotate by a two-phase current split by appro- 
priate means. The adjustment of a condenser 
and a resistance, when the two quadrature voltages 
produced by the phase-splitting are applied to the 
deflecting plate systems of the cathode-ray tube, 
enables a very steadily vibrating tuning fork 
with a frequency of 1,000 vibrations per second 
to produce with the aid of a valve amplifier a 
ray that traces a circle at the base of the tube. 





from two independent valve oscillators are simul- 
taneously projected on the screen of the oscillograph, 
the two frequencies being adjusted so that each is 
an integral multiple of the tuning fork frequency. 
They, therefore, show interference with a difference 
frequency that is also an integral multiple of the 
fork frequency, and produce a pattern that is 
stationary and therefore visible. Both these 
exhibits, together with another also by Mr. Dye, 
of a wireless wave-meter showing resonance, are 
among those that are demonstrated. Mr. Dye’s 
method of showing the oscillations of damped 
radio waves on the elliptical time trace given by 
the oscillograph, which operates by means of his 
multi-vibrator, is also shown. 

The National Physical Laboratory also exhibits 
a collection of apparatus by Mr. Dye, dealing 
with slow oscillations. It consists of a generator 
of electric currents of audio-frequency by means 
of a triode valve arranged with a resonant circuit, 
and various indicating devices, the resulting current 
being passed through an inductive coil. With this 
apparatus various phenomena are shown, exhibiting 
resonance and selective absorption, and heating, 
directive and acoustical effects. The last are 
shown visually by means of the Low-Hilger audio- 
meter, in which a mirror attached to a minute 
diaphragm of the acoustical part of the apparatus, 
and reflecting a beam of light on to a film during 
one revolution, shows the wave shape of sounds 
produced by the telephone or otherwise in the 
neighbourhood of the instrument, and enables 
their frequency to be measured. 

Another group of exhibits illustrates some of the 
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overheated. If, however, the phase of the filament 
current is shifted through 90 deg. by means of a 
phase-shifting transformer, the overheating dis- 
appears, each end of the filament being alternately 
negative and positive when the emission current 
is flowing. The Wehnelt cathode is shown in two 
forms, and the demonstration enables the variation 
of current with filament temperature to be observed. 
By means of a cathode ray oscillograph, the changes 
of static characteristic of a three-electro valve with 
variation of filament current can be observed. In 
another exhibit the cathode ray oscillograph is 
also used, to show the conversion of alternating to 
direct current by means of a thermionic rectifier. 
The contribution of the National Physical 
Laboratory also includes three exhibits by Dr. R. 
L. Smith Rose, dealing respectively with directional 
wireless, the heating effect of wireless waves, and 
their rectification by crystals. The directional 
wireless apparatus depends on the fact that if a 
closed coil is placed with its plane vertical in the 
path of the waves, an electromotive force is induced 
in the coil of a magnitude directly proportional to 
the sine of the angle between the magnetic field 
and the plane of the coil, thus varying from zero 
when the coil is parallel to the field, to a maximum 
when it is perpendicular. The apparatus shows such 
a coil, which may be rotated in the field of a small 
valve oscillator, and a galvanometer in circuit 
enables the falling off of the e.m.f. of the coil to be 
followed, down to its final disappearance when the 
plane of the coil is parallel to the magnetic field. 
In practice, the magnitude of the current in the 
coil is indicated by the intensity of the signa] heard 
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in telephone receivers, or more accurately by the 
disappearance of that signal when it passes through 
its zero intensity. It is found that under the most 
favourable conditions the apparatus enables the 
direction of incoming wireless signals to be deter- 
mined within about. 1 deg., and its indications are 
recognised as of considerable use both in sea and air 
navigation. Another part of the exhibit shows the 
heating effect of the currents in the coil by including 
a small glow lamp in the circuit of a small receiving 
coil, When the latter is placed in the field of the 
oscillator, the resulting current causes the filament 
of the lamp to be heated, and the current may be 
sufficient to raise it to incandescence, The recti- 
fication of the alternating e.m.f. induced by the 
wireless wave in the coil is shown by a crystal 
detector with a direct current galvanometer, the 
deflection on which disappears when the crystal is 
short-circuited by a switch. 

Comprehensive exhibits by Sir Napier Shaw 
illustrate the course of solar and terrestrial radiation, 


far distant as San Francisco and others on the 
West coast of America, Vladivostock, Japan, and 
other stations in the Far East, Spitzbergen in the 
North and North Africa and the Gulf of Mexico in 
the South. The data as they arrive are charted 
daily as part of the business of the exhibit, and 
visitors can thus see constructed under their eyes a 
bird’s eye view of the entire cyclonic and anti- 
cyclonic system of the Northern Hemisphere, which 
determine day by day the trend of its weather 
changes. 

Among other exhibits are a variety of the instru- 
ments used for observations. Perhaps the most 
interesting of these is the balloon meteorograph 
designed by Mr. W. H. Dines, which on its own 
account {measures temperatures and pressures in 
inaccessible parts of the atmosphere, and brings 
them down to earth. It is a little instrument 
weighing 24 0z., in a bamboo framework weighing 
| 1} 0z., which is carried up by a rubber balloon about 
| 1 m, to 1} m. diameter, filled with hydrogen, which 











and the general circulation of the atmosphere with 
its local disturbances, which are the subject of the 
science of meteorology. A considerable variety of 
instruments are included in this exhibit. Captain 
C. J. P. Cave shows a collection of typical cloud 
photographs taken at various heights, and Dr. C. 
Chree and Mr. C. F. Wright show two exhibits 
illustrating respectively terrestrial magnetism and 
atmospheric electricity. An allied group of exhibits 
of practical interest is shown by the Meteorological 
Office, illustrating the routine methods by which 
meteorological data are obtained, and the uses to 
which they are applied. Thus, three times a day 
the process of producing the daily weather chart is 
shown. A wireless apparatus receives the weather 
messages in code, and a .oud speaker enables visitors 
to hear the messages. The observations, together 
with any that come through from ships, are decoded 
and plotted on a chart, and the weather map for 
North-Western Europe is drawn and reproduced on 
a large blackboard map, with the isobars and the 
main features of the weather at a large number of 
stations. Hourly weather reports from London, Paris, 
Brussels, and Berlin are posted, together with 
reports from the principal British and foreign towns 
as soon as they are received. A large illuminated 
map indicates the towns in each country from which 
the observations come, and the wireless stations 
where messages are collected and broadcast, a red 
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light on each station showing when it is broad- 
casting. The observations come from stations as 














rises, expands, and almost invariably bursts, after 
having reached a height that may be as much as 
124 miles. The instrument consists of two legs, 
one carrying a small piece of silvered plate, and the 
other a bimetallic thermograph, the relative move- 
ment of the legs being controlled by an aneroid box. 
The thermograph is an invar rod, fastened rigidly at 
its lower end to a thin strip of German silver, the 
upper ends of the metals being connected by spring 
joints to a stainless steel lever, which is formed at 
one end into a scribing point. The rotation of the 
lever through the differential expansion of the 
metals is magnified about 10 times at the scribing 
point of the lever. Under the influence of the 
differential expansion the point marks the silvered 
plate in one direction, while the expansion of the 
aneroid box causes the point to mark the plate at 
right angles to the temperature marks. The entire 
absence of bearings, pin joints and back lash enables 
very accurate results to be obtained. The main 
possible source of inaccuracy is lag in the metal parts, 
which has been so far reduced that the readings of 
the instrument can be relied on to about 3 millibars 
and 1 deg. C. The scribed plate is read under the 
microscope to within a fraction of a millibar or a 
deg. C. When the apparatus, with its balloon, is 
sent up, a reward label is attached to it, and about 
three-fourths of the instruments get returned un- 
damaged to the office. Occasionally a balloon may 
not burst, but may nevertheless be carried great 


conditions. 

In a separate building with suitable foundations 
Professor H. H. Turner and Mr. J. J. Shaw show the 
Milne-Shaw seismograph, a view of which is given 
in Fig. 27. 

This is a new type of earthquake recorder with 
high magnification and electro-magnetic damping. 
It is stated that the magnification is about 40 times 
as great as that of the standard Milne instrument, 
while in practice the sensitivity to tilt is from 10 to 
20 times as great, according to the pendulum period 
adopted. The movement that is measured is that 
of a short horizontal pendulum or boom, and is multi- 
plied by reflecting a beam of light from a pivoted 
lens of $ m. focus. The pendulum carries a weight 
of 1 1b. together with an electrolytic copper damping 
vane, which floats between the poles of four tungsten- 
steel magnets, enabling any desired degree of damp- 
ing to be obtained, and the pendulum to be brought 
to rest after each excursion. The outer end of the 
boom is coupled to and rotates the mirror, thus 
multiplying the motion to an extent that in practice 
is 150 to 250 fold, but can in need be increased to 
500 fold. For this ‘high magnification special 
attention has had to be given to devices for cali- 
brating and adjusting the instrument. As a fact, 
tilts of one-hundredth of a second of arc (1 in. in 
300 miles) can be applied and registered by the 
image of a spider line on a distant scale. These 
operations are performed and the scales read at a 
sufficient distance from the pendulum to prevent 
movement of the observer from affecting the results. 
The recording light spot is adjusted by means of a 
long flexible cable, and artificial deflections for 
testing purposes are made with a solenoid. The 
record is timed by an electro-magnetic shutter con- 
tained within the lamp, which may be illuminated 
by electric light, gas, or oil. The instrument can 
measure not only earthquake movements, but also 
small changes of level, such as deflection of the coast 
due to tidal load. Pendulum periods of from 
60 seconds to 90 seconds can be easily obtained. 
The sensibility of the instrument is such that with a 
period of 90 seconds and a multiplying ratio of 
250 to 1, a deflection of 1 mm. of the light spot is 
produced by a tilt of 0-0004 seconds of arc or | in, 
in 8,000 miles. This instrument is among those 
that are shown in operation when desired. 


(T'o be continued.) 





NOTES. 


THE Port or LONDON. 


In spite of the depressed condition of the trade 
of the country and of the shipping industry in par- 
ticular, there has been a steady increase in the 
tonnage of vessels using the Port of London ever 
since the termination of the war. In round figures, 
the total net tonnage of vessels that arrived and 
departed with cargoes and in ballast, both foreign 
and coastwise, was 45,393,000 for the year ended 
December 31, 1924, as compared with 41,215,000 
for the preceding year, and 26,335,000 for 1919. 
The increase for the year 1924 over that for 
1923, thus amounts to about 10 per cent. These 
and other interesting figures are given in the 
sixteenth annual report of the Port of London 
Authority, which has just been issued, the report 
covering the year ended March 31 last. In this 
period, the total net register and deck-cargo tonnage 
of shipping entering and leaving the port and pay- 
ing river tonnage dues, amounted to 34,456,363 
tons, of which ships representing 26,613,102 tons 
were in the foreign trade and the remainder coastwise. 
As would be expected, most of the foreign trade of 
London is inwards, the figure for the year being 
17,288,195 tons as compared with 9,324,907 tons 
outwards. The former, it may be mentioned, 
represents an increase of 14-2 per cent. over the 
corresponding figure of 15,132,254 tons for the 
preceding year. In the case of the outward foreign 
trade, the increase for the year under consideration 
amounted to 15-8 per cent., the figure for the 
previous year being 8,053,449 tons. Particulars 
of the new works and improvements which the 
Authority proposes to make at the port will be 
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connection with these the report records that 
substantial progress has been made with the 
construction of the new dock on the site of the 
(entre, Canada and Quebec ponds at the Surrey 
Commercial Docks. The dock will be 15 acres in 
extent and will provide five berths 400 ft. in length. 
The proposals for the improvement of the West 
India and Millwall Docks have been further reviewed, 
and an amended scheme is now under consideration. 
The new scheme, the estimated cost of which 
is 1,030,0007., involves the construction of an 
entrance lock 550 ft. long, 80 ft. wide, and 35 ft. 
deep below Trinity high-water level, on the site 
of the existing South-West India dock entrance, a 
communication passage 80 ft. wide between the 
South-West India and Millwall Docks, the cutting 
away of certain existing quays to afford access 
from the new lock, and the filling in of the existing 
passage between the Blackwall Basin and the 
Export Dock. At the Royal Victoria Dock, the con- 
struction of a new quay on the north side of the 
tidal basin, with sheds and equipment for handling 
chilled meat, is well in hand, and at Tilbury the 
preliminary works for the passenger landing stage 
have been commenced, although some modifications 
of the original design are under discussion. A new 
dry dock is to be constructed at Tilbury at the east 
end of the south side of the dock. At first its length 
will be 750 ft., but the design will permit the length 
to be increased to 1,000 ft. in the future, if required. 
The other dimensions are: width, 110 ft., and 
depth 374 ft. below Trinity high-water level. The 
site for the proposed new entrance to the Tilbury 
Dock has not yet been decided upon. 


CoMMERCIAL ADVANTAGES OF MARINE DIESEL 


ENGINES. 

As President of the Institute of Marine Engineers, 
Lord Inverforth delivered an address on Tuesday, 
October 20, in which he dealt with the questions 
relating to marine propulsion from the shipowners’ 
standpoint. After dealing with the cost of increased 
speed and with the necessity of determining the 
normal speed on the basis of economic considera- 
tions, he made comparisons between vessels pro- 
pelled by steam and by Diesel engines. Two boats 
of similar size were on a similar voyage recently. 
They went in ballast from Japan to Australia, and 
then came home with wheat. The motorship 
made 1,500/. more profit than the steamer, owing 
to its increased cargo capacity. Making a further 
comparison between two vessels built by Messrs. 
Harland and Wolff, Limited, Lord Inverforth 
showed that, of the deadweight of 10,830 tons and 
10,300 tons of the steamer and the Diesel-engined 
vessel, respectively, 3,353 tons and 910 tons were 
used for bunkerage, fresh water and stores for a 
voyage of 10,000 nautical miles. This meant 
that the actual cargo capacity component of the 
deadweight was 7,477 tons and 9,390 tons for the 
steamer and motorship respectively. An addition of 
practically 25 per cent. in cargo capacity was thus 
obtained in the smaller Diesel-engined vessel over 
that of the steam-propelled ship. The insurance 
risks of motorships were now looked on as quite as 
good as for steamers of the same size, class and age. 
The underwriters did not now insist on the excess 
of 10 per cent. of the insured value of the machinery 
of a motorship in respect of each accident, as 
against 3 per cent. in the clauses for steamers. 
This was due to the perfecting of the internal- 
combustion engine in recent years. ‘ 








: Tue Late Mr. W. Watrs.—The death took place at 
Southsea, on the 22nd instant, of Mr. William Watts, 
Managing director and chairman of the board of directors 
of Messrs. Vosper, and Co., Limited, shipbuilders and 
engmeers, of Broad-street, Portsmouth. The deceased 
gentleman, in the course of his professional career, was 
associated with Messrs. Thomas Broadbent and Sons, 
Limited, of Huddersfield, Messrs. R. and H. Green and 
Silley, Weir, Limited, of London, and Messrs. Cox and 


Co., Limited, of Falmouth, previous to taking up his 
ast appointment at Portsmouth. Under his able 
Manavement, Messrs. Vosper and Co., Limited, secured 
‘nongst others, contracts from the Admiralty, the War 
Department, and the Crown Agents for the Colonies. 
In particular he was instrumental in securing the contract 
or the reconstruction of the research vessel Discovery, 
now on her way to the Falkland Islands. This work, 
extending over a period of two years, was under his 
entire control during that time. Mr. Watts, up to the 


ad of his death, was Hon. President of the Portsmouth 
“ngineers and Allied Trades Employers’ Association. 





LETTERS TO THE EDITOR. 


THE CIERVA FLYING MACHINE. 
To THE Eprror oF ENGINEERING. 


S1r,—In connection with Sefior de la Cierva’s epoch 
marking achievement in aeronautics, to which you 
refer in your last: issue, on page 521, it might be of 
interest to mention that, had our own Air Ministry 
possessed the imagination and initiative of the Spanish 
Air Ministry, Sefior de la Cierva’s achievement would 
almost inevitably have been accomplished four or five 
years ago, by English engineers. 

In 1915, partly at my own expense and partly 
with the generous assistance of my firm, Messrs. 
George Kent, Limited, I undertook an investigation 
as to the possibilities of building a helicopter—a 
problem which had been in my mind since I played 
with toy helicopters in my childhood. 

In order to obtain quantitative data, I made an 
elaborate series of tests to determine the relation 
between revolutions, torque and horse-power for 
various propellers (a) when inclined at various 
directions to the direction of motion, and (6) at 
positive and negative speeds of advance. 

The quantitative tests at negative speeds of advance 
(to determine what would happen when the machine 
was falling or moving with free engine, or with 
reduced engine power) and the tests on inclined 
propellers, were the first ever carried out. Further, 
the method of carrying out the experiments in a 
closed tunnel (see Fig. 2 of my paper read before 
the Institution of Automobile Engineers in March, 
1917, and entitled ‘‘Tests on Model Propellers ”’), 





CES) “ENGINEERING” 
is now the standard method of testing propellers, 
and has replaced the method based on the whirling 
arm of Langley. 

The revolutions - velocity, torque - velocity and 
H.P.-velocity curves for one propeller for various 
positive and negative speeds of advance, together with 
the results of tests on propellers of 11 blade sections 
and 12 blade outlines, and with 2, 3, 4,6, and 8 blades, 
(in order to determine the best lifting propeller) are 
given in the paper above referred to. 

The tests on inclined propellers, which were much 
more elaborate, were only briefly referred to in the 
1917 paper, but the apparatus used for the tests was 
shown in Fig. 2a of that paper. 

The only account of the tests on inclined propellers 
was given in my criticism on Major Green’s paper on 
helicopters, Proc. Royal Aéronautical Society, volume 
xxvii (1923), pages 330-332 and 337-341. In the 
course of that discussion I said : 

“Tf one imagined a helicopter which had horizontal 
motion before it got off the ground (see Fig. 20 of my 
1917 paper before the Institution of Automobile 
Engineers), such a machine could get off the ground by 
running along and gradually climbing, and would 
require very little more horse-power than the equiva- 
lent aeroplane. Similarly, if the engine broke down, 
and it was still possible to maintain the stability of the 
machine, it could glide down as the aeroplane does.” 

In Appendix II of the 1917 paper (pages 287-8) 
I make similar observations, and indicate that the best 
way of attacking the helicopter problem is by means 
of such machines, viz. “‘ The same series of tests upon 
inclined propellers also showed that it would be 
possible to construct helicopters of very much smaller 
size than the unwieldy hovering machine first con- 
sidered, provided that these smaller helicopters ran 
along the ground so as to obtain an initial velocity before 
rising. Such machines are illustrated in Fig. 20” 
(reproduced above). 

These quotations show that, as far back as 1915, I 
had, as a result of quantitative experiments, clearly 
seen that the helicopter problem would be most easily 
and surely tackled by means of machines which had 
horizontal motion, and not (with the present ratio 
of horse power to weight) by machines which attempted 
to hover. 

My solution of the problem of lateral stability was 
to have two rigid propellers (suitably designed or 
cushioned against bad landings) rotating in opposite 
directions at the ends of a horizontal arm. 

Whether this would be better than the brilliant and 
unexpected solution of the stability problem worked 
out by Sefior de la Cierva, time alone can show. At 
present I feel, as I felt in 1915 when working on the 
problem, that any form of flexible propeller blade 
would only be a temporary expedient. 

The 1917 paper is also of interest in that the 





tests were carried out in water, and that dimensional 
equations were used to calculate the scale effect, 
thus enabling the apparatus to be small and compact, 
se speeds low and the forces measured relatively 
arge. 

In 1915 I tried in vain to get support either from 
capitalists or from the Air Ministry, and so, in the end, 
returned to my work on metering which you referred 
to in such generous terms in your issue of September 18 
last. 

Yours faithfully, 
Joun L. Hopeson. 
Eggington House, near Leighton Buzzard, Beds. 
October 23, 1925. 





THE EVOLUTION AND COLONISA- 
TION OF TIDAL LANDS. 
To THE EpITor oF ENGINEERING. 

Str,—In the notice of the discussion on “Tidal 
Lands” in your issue of October 16, on page 470, I 
am made responsible for the statement that the 
Bay of Mont St. Michel is in process of reclamation 
by the cultivation of spartina grass. This is not the 
case. What I said was that optimistic opinion in 
France favoured such an idea, but that no steps had 
been taken in the matter. Nor, according to informa- 
tion lately received, has the natural spread of Spartina 
Townsendiit along the French coast-line brought it 
to this particular sector. It is to be expected that 
before any scheme of this kind could be sanctioned 
there would be a strong opposition to be overcome 
from artistic quarters, since the reclamation of the 
bay would entirely alter the character of that glorious 
monument, Mont St. Michel. This, as everybody 
knows, is an island, standing out of the water at 
high tide. If reclaimed, it would become a rock 
surrounded by marshes or polders, which would 
entirely alter its status. And worse than this: There 
is always the fear lest such reclaimed ground might 
be used for the erection of factories—precisely what is 
happening in the case of the Usines Schneider at 
Harfleur on the mouth of the Seine. At this station, 
Spartina colonisation is advancing by leaps and 
bounds, and is being followed up by the factories of 
this great munitions and engineering firm. Should the 
process proceed unchecked, it must result in the 
destruction of one of the most beautiful gateways to 
France. 

Yours faithfully, 
F. W. OLIVER. 
University College, London, 
October 23, 1925. 








Tue InstTiTuTE oF MeETALS.—Because of the many 
applications for membership received by the Institute 
of Metals from persons residing in the United States, 
it has been thought advisable to have prepared.a booklet 
containing a list of the names and addresses of the 200 
individuals already members of the Institute who reside 
in that country. The booklet provides, in addition, full 
particulars of the organisation. Copies may be obtained 
from the secretary of the Institute, Mr. G. Shaw Scott, 
36, Victoria-street, Westminster, London, 8.W.1. 





TENDERS.—It is announced that the Honiton Town 
Council, Devonshire, invites tenders for carrying out the 
construction of sewerage works additional to those at 
present being built at Honiton.—A further extension of 
the Broadway sewer at Hatfield Parish, Thorne Rural 
District, Yorkshire, has been found necessary in conse- 
quence of the rapid building developments in progress 
there on behalf of the Hatfield Main Colliery Company. 
Tenders for the work will be invited at an early date. 
The consulting engineers, in both cases, are Messrs. W. H. 
Radford and Son, of Nottingham.—The Department of 
Overseas Trade, of 35, Old Queen-street, London, 8.W. 1, 
has announced that the Antwerp city authorities invite 
tenders, to be presented by November 16, for the supply 
of chains for hydraulic cranes on the river quays at 
Antwerp, Belgium. Further particulars regarding this 
tender may be obtainéd from the Department of Overseas 
Trade. Es 

Contracts.—The Marconi International Marine Com- 
munication Company, Limited, of Marconi House, 
Strand, London, W.C. 2, has obtained orders from the 
Companhia Nacional de Navegagao Costeira, of Rio de 
Janeiro, for the equipping of six vessels, belonging to the 
latter company, with wireless installations. The appara- 
tus on each ship will comprise a 14-kw. quenched-spark 
transmitter, a 14-kw. continuous-wave valve trans- 
mitter, valve receivers for spark and continuous-wave 
reception, a wireless direction finder, and a broadcast 
receiver. In addition, 12 broadcast receiving sets have 
been ordered by the Brazilian company mentioned 
above. Orders for fitting six new vessels, belonging to 
Messrs. Elders and Fyffes, Limited, with 4-kw. installa- 
tions and fixed-frame direction finders have also been 
received by the Marconi Company.—-Messrs. John I. 
Thornycroft and Co., Limited, of Thornycroft House, 
Smith-square London, S.W. 1, have obtained a repeat 
order from The Devon Motor Transport Company, 
Limited, for a fleet of passenger cars, each capable of 
seating 20 persons. 
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LABOUR NOTES. 


For the unrest on the question of wages, which is 
developing amongst the metal workers in several of the 
country’s important industrial areas, the Minority 
Movement is clearly very largely responsible. At a 
meeting the other day of the Council of the Metal 
Workers’ Minority Movement, the following resolution 
was passed :—‘‘ Now that the executive committee of 
the Metal Unions have shelved by agreement with the 
employers, the wages demand for 20s. per week increase, 
and in view of the fact that certain union district com- 
mittees—London and Derby A.E.U. in particular—are 
moving towards the opening up of district negotiations 
with the employers for the 20s. advance, the Metal 
Workers’ Minority Movement under such circumstances, 
declare in favour of joint district committees of the 
unions making district demands for the 20s. increase, 
with a view to forcing the national executives of the 
unions to go forward with the claim nationally and to 
take a strike ballot to enforce it.’ ‘‘No district 
settlement,” it is added, “‘ of less than 20s. per week 
increase shall be accepted.” 

The truth is, of course, that the wages question has 
not been shelved, but is still in the hands of the central 
authorities who, at the time of writing, are endeavouring 
to arrange a conference with the Minister of Labour on 
the points indicated by the Engineering and Allied 
Employers National Federaticn in their letter to the 
Trade Unions Joint Movement of April 22, 1925. In 
that communication it was stated that some of the 
industry’s foreign competitors maintained working 
weeks extending to 60 hours at lower rates of wages and 
working conditions than obtained here. Competition 
by this country in world markets was, therefore, made 
very difficult. ‘“‘ If,’ the letter went on to say, ‘‘ foreign 
competitor nations effectively decrease their working 
hours so as to bring them into reasonable relation to 
the working week in this country, the arrangement now 
proposed could be reviewed. Meantime, it is suggested 
that a Joint submission by the Federation and the Union 
should be made to the Government, pressing upon them 
the necessity of taking such steps as may be possible, 
under the Peace Treaty or otherwise, to secure an 
arrangement whereby the working hours of competitor 
nations on the Continent should be dealt with as 
indicated.” The union representatives at their last 
conference with the employers agreed to the course 
suggested, and the meeting which is shortly to take 
place is the result. 





An editorial note in the October issue of Man and 
Metal, the journal of the Iron and Steel Trades 
Yonfederation, directs attention to the fact that on 
January 8 next, Mr. John Hodge will complete 40 
years service to the organisation. It was Mr. Hodge, 
the writer says, who took the primary part in building 
up the association, ‘laying its foundations, directing 
its policy and guiding it to the success which it has 
attained.’’ During his terms of office, first as secretary 
and eventually as president, Mr. Hodge has made, it is 
pointed out, many friends and no enemies, and “has 
undoubtedly achieved for his fellow workers in the iron 
and steel industry conditions which they would never 
have enjoyed had it not been for his work.” 





The American Federation of Labour has adopted 
what is described as “‘ a new wage policy.” Professing 
alarm lest the American worker should be ‘“ subordi- 
nated to the increasing tendency to introduce labour- 
saving machinery and electric power,” this month’s 
Convention at Atlantic City passed the following 
resolution :—“* We hold that the best interests of the 
wage-earners, as well as those of the whole social 
group, are served, in increasing production in quality 
as well as in quantity, by high-wage standards which 
assure the sustained purchasing power to the workers, 
and, therefore, higher national standards «for the 
environment in which they live, and means to enjoy 
cultured opportunities. We declare that wage reduc- 
tions produce industrial and social unrest, and low 
wages are not conducive to low-production costs, 
We urge upon wage-earners everywhere that we 
oppose all wage reductions, and we urge upon manage- 
ments the elimination of waste in production in order 
that selling prices may be lower and wages higher. 
To this end we recommend co-operation in the study 
of waste in production, which the assay of the Federated 
American Engineering Societies, covering important 
industries, has shown to be 50 per cent. attributable 
to management, and only 25 per cent. attributable to 
labour, with 25 per cent. attributable to other sources. 
3 Social inequality, industrial instability and 
injustice must increase unless the workers’ real wages— 
the purchasing power of their wages—coupled with a 
continuing reduction in the number of hours making 
up the working day, are progressed in proportion to 
man’s increasing power of production.” 





At a meeting on October 24 the Executive Council 
of the Society of Technical Engineers passed the 


following resolution :—‘‘That since a condition of 
membership of the new Staff Benefit Society being 
promoted by the Engineering and Allied Employers’ 
National Federation is an undertaking not to belong 
to any professional protective organisation—all such 
organisations being covered by the ban against regis- 
tered or unregistered trade unions—we call on all 
members of the engineering profession to refrain from 
joining this body, which deprives its. members of their 
common rights of citizenship ; further, that the action 
of the Employers’ Federation would appear to be an 
affront to the engineering profession and an attack 
upon the peaceful policy of the Third Party in industry. 
The Society of Technical Engineers would, however, 
welcome the participation of the Employers’ Federa- 
tion in promoting a staff benefit scheme without the 
obnoxious condition referred to above.” 

A further resolution passed by the Council was in 
the following terms:—‘‘That we have seen with 
sincere regret the resolution of the Trades Union 
Congress expressing disapproval of attempts to ‘ foist 
upon industry Third Party ideas concerning the position 
of administrative staffs,’ and declaring that there can 
be no middle position between employers and labour ; 
that this action of the Trades Union Congress is an 
unwarranted effort to coerce organisations of pro- 
fessional and administrative staff workers into the 
ranks of Labour and to dictate to them what their 
policy shall. be; that in the face of this attack we 
reaffirm our adhesion to the Third Party position in 
the confident belief that complete independence of 
control by the organisations of both the employers and 
the manual workers, such as the Third Party position 
secures, is the right policy for protective associations 
of professional and administrative staff workers.” 





A further conference has taken place between 
representatives of all the unions having members 
employed in railway shops, with the object of formu- 
lating a policy of combined resistance to the proposal 
of the companies to reduce wages. The companies 
desire to withdraw 6s. 6d. of the weekly war bonus 
at present enjoyed by the men, thereby bringing the 
wages in railway shops to the same level as those paid 
in general engineering. At the close of the pro- 
ceedings it was officially stated that a very good 
spirit had prevailed throughout the meeting. Certain 
suggestions had been put forward and discussed, and 
other proposals were likely to be brought forward at 
a further meeting between the unions. 





The Ministry of Labour states that on October 19, 
1925, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,237,900—996,400 men, 35,300 boys, 177,500 women, 
and 28,700 girls. On October 12, 1925, the number 
was 1,258,825—1,008,527 men, 36,896 boys, 183,806 
women, and 29,596 girls; and on October 20, 1924, 
it was 1,204,078—909,671 men, 35,464 boys, 226,793 
women, and 32,150 girls. 





A meeting of the National Wages Board has been 
called for November 9 to take into consideration the 
‘all grades”? programme of the National Union of 
Railwaymen and the Railway Clerks Association, and 
also the proposal of the railway companies to make 
certain flat-rate reductions in the wages of railwaymen. 





By a large majority, the branches of the Transport 
and General Workers’ Union have confirmed the 
decision of the biennial delegate conference to accept 
the draft constitution of the proposed Industrial 
Alliance. The rules of the union are to be amended in 
order to conform to the new situation thus brought 
about. Another conference of representatives of all 
the organisations which it is sought to combine is to 
be held in London on November 5 for the purpose of 
hearing and discussing proposed amendments to the 
draft constitution. That an alliance of some kind or 
other will eventually be formed seems to be assured ; 
but the process of setting it up will be long-drawn-out, 
and the actual achievement some way short of early 
expectations. 





The Umpire under the Unemployment Insurance 
Acts having decided in favour of the men employed 
at Boldon Colliery, in the County of Durham, the 
difficulty over the interpretation of the July settlement 
terms is appreciably less acute. At Boldon, Mr. 
Herbert Smith told a recent national delegate con- 
ference of miners, the coal-owners had refused to allow 
the men to continue at work, except on day-to-day 
notice. The men refused to work on these terms, 
but were prepared to continue if the rule about fourteen 
days’ notice was applied. As a consequence, the pit 
was stopped, and the men were denied unemployment 
benefit. The effect of the Umpire’s decision is that 
the men get unemployment benefit. The subject came 
up for discussion at a meeting last week of the executive 





of the Miners’ Federation, and was also considered in 





a conference which the executive had with a special 
industrial committee of the General Council of the 
Trades Union Congress. At the conclusion of the 
joint meeting it was officially stated that the miners’ 
executive had made a statement relating to the 
attempts by the coalowners to enforce reductions in 
wages in violation of existing agreements and of well- 
established practices for the regulation of wages, and 
reported on the action of the Ministry of Labour in 
refusing unemployment benefit in cases where such 
reductions were sought to be enforced. In regard to 
the matter of obtaining redress, the Prime Minister 
had indicated that, in the first instance, representation 
should be made by the Miners’ Federation to the 
Ministry of Mines and the Ministry of Labour respec- 
tively, and the Miners’ Federation proposed to adopt 
that course.. Mr. Cook had previously stated that 
after the meeting with the General Council, the Execu- 
tive would decide the method they should adopt to 
obtain an undertaking and agreement that there would 
be no reductions. He added that, although the 
Umpire’s decision had probably removed the grievance 
regarding unemployment pay, there was still the 
important issue as to whether or not colliery owners 
could claim a reduction in basis rates under the terms 
of the subsidy truce. 





At a meeting last week, the executive of the Miners’ 
Federation set up four committees to deal with different 
aspects of the Coal Commission’s investigations, 
including administration, wages, accidents and sick- 
ness, and nationalisation. A Nationalisation Bill is 
being prepared, and was under consideration on Tues- 
day at a joint meeting of representatives of the miners, 
the Labour Party and the General Council. 





Evidence was given last week before the Committee 
on Industry and Trade by the Association of Joint 
Industrial Councils and Interim Reconstruction Com- 
mittees. The witnesses stated that in the industries 
in which joint industrial councils were established 
disputes had been very rare, the atmosphere created 
by the constant meeting together of employers and 
workers tending to difficulties being reasoned out 
round the conference table. Though a number of 
industrial councils had from various causes been 
disbanded or were not at present functioning, there 
were at the present time 50 councils and 17 interim 
committees, apart from the Government Joint Indus- 
trial Councils, actively functioning in various trades. 
Several causes of weakness were indicated by the 
witnesses. One was that the time of some councils 
was occupied wholly, or almost so, with wages questions, 
other important matters affecting the well-being of 
those engaged in the trade being disregarded, as a 
consequence of which such a council never had an 
opportunity of properly justifying itself. Another 
was that insufficient financial support was given to 
a council by the industry concerned, the result being 
that its field of operations and usefulness, particularly 
in research work, was very strictly limited. 





The main weakness was, however, inability to 
enforce decisions arrived at, members of council 
considering it a waste of time to attend meetings, 
often at great inconvenience, to discuss problems for 
the good of the industry, when they realised that such 
decisions might not, and often would not, be carried 
out by unorganised firms. As a result of that weakness 
in the Whitley scheme, the Association had it was 
stated, promoted the Industrial Councils Bill, which 
passed its second reading in May, 1924, by a majority 
of 220, but owing to the dissolution of Parliament 
shortly afterwards was never placed upon the Statute 
Book. The Bill was being pressed with vigour, and 
was now receiving much greater support, the Trades 
Union Congress at its recent conference deciding in 
favour of the principle. By the passing of the Bill 
it was conceivable that more councils would be estab- 
lished, especially in the larger industries, there being 
provision for a neutral person (the Minister of Labour) 
to suggest the formation of a council in every industry 
where practicable. 





On Friday next, at a meeting in London, the Joint 
Committee of Employers and Trade Unionists which 
is carrying out an investigation into the state of the 
shipbuilding industry, are to begin the second stage of 
their task. In this, it will deal with costs entering 
into the costs of completed ships but beyond the con- 
trol of the industry. 





Finspury TECHNICAL CoLLEGE.—It is announced that 
the Fourteenth Annual Dinner of the Old Students 
Association of the Finsb Technical College, will be 
held at the Engineers’ Club, Coventry-street, London, 
W.1, at 7 p.m.. on November 14. Ladies are invited. 
Tickets, price 6s, 6d. each, may be obtained from the 
Hon. Secretary, Mr. R. O. Grant, at 70a, Basinghiall- 
street, London, E.C.2. 
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AUTOMATIC REGULATOR FOR GAS-FIRED 


FURNACES. 


CONSTRUCTED BY THE SELAS GAS AND ENGINEERING=COMPANY, LIMITED, ENGINEERS, MANCHESTER. 





THE SELAS SYSTEM OF CON- 
TROLLING GAS FURNACES. 


THE many advantages, such as cleanliness, con- 
venience and economy, of gas-fired furnaces for 
hardening, annealing and melting metals, as well as 
for other industrial heating processes, are now so fully 
appreciated that furnaces of the type referred to are 
rapidly displacing those fired with solid fuel. With 
such furnaces, a reducing, oxidising or neutral flame 
can be produced at will by varying the proportion of 
gas to air, and the rate of heating and temperature of 
the charge can be regulated to a nicety by increasing 
or diminishing the supply of combustible mixture. 
Such adjustments, however, require some skill and 
experience, especially when it is necessary to keep the 
chemical properties of the furnace atmosphere con- 
stant at different rates of combustion. Moreover, the 
adjustments, however carefully made, are liable to be 
upset by any material variation in the pressure of the 
gas, or of the air when this is supplied under pressure, 
as is usually the case. 

A device, which has been satisfactorily applied for 
carrying out such adjustments automatically and 
independently of pressure variations in the gas or air, 
was described by Mr. Stanley A. Sears, in a paper read 
before the Sheffield Society of Engineers and Metal- 
lurgists some time ago. An abstract of the paper 
referring to the device in question will be found in our 
issue of February 27, 1925, on page 275. The apparatus, 
which is known as the Unit Control, is made by the 
Selas Gas and Engineering Company, Limited, City- 
road, Manchester, and by the courtesy of this firm we 
are now able to describe the arrangements in greater 
detail. Fig. 1 shows the apparatus fitted to a heat- 
treatment furnace in a Sheffield steel works, using pro- 
ducer gas of a calorific value of 150 B.Th.Us. per 
cubic foot. Fig. 2, is a view of the Unit Control 
on a larger scale, taken from the opposite side of the 
same furnace. Figs. 3 and 4 are vertical and hori- 
zontal sections, respectively, of control apparatus 
which, although differing in detail from that illustrated 
in Figs. 1 and 2, is exactly similar in principle. The 
functioning of the apparatus depends upon the differ- 
ences in pressure between the inlets and throats of 
Venturi tubes, through which the gas and air are 
flowing, but the fact that these pressure differences 
are only very slight when the flow is reduced, renders 
it necessary to employ a sensitive relay for the actual 
operation of the control valve. The form of relay 
used in the Selas apparatus, we are informed, can be 
relied upon to operate accurately any size of control 
valve from 1 per cent. of the full-load flow up to the 
maximum. In the apparatus illustrated in Figs. 1 
and 2, the air flow is controlled by the main valve at 
the top, the air entering through the upper tube and 
the gas through the lower tube; the relay can be seen 
on the left of Fig. 1, and on the right of Fig. 2. We 








propose, however, to describe the apparatus with 
reference to the slightly different arrangement illus- 
trated in Figs. 3 and 4. 

As there shown, air is supplied under pressure from 
a suitable fan or blower to the Venturi tube on the 
right-hand side, lettered H in Fig. 4, and a connection, 
controlled by a needle valve A, is made by means of 
a pipe C from the down-stream side of the Venturi tube 
to a diaphragm chamber B (Fig. 3), and also to the 
valve D of the relay. The diaphragm in the chamber B 
is connected, as shown, to a throttle valve in the air 
pipe, the valve being closed by its own weight when 
the apparatus is out of use. The gas is admitted 
through a second Venturi tube E, and connections from 
the inlet and throat of this Venturi are taken to the 
opposite sides of one of the diaphragms F of the relay, 
the other diaphragm chamber of the relay being 
similarly connected with the Venturi tube in the air 
pipe. If the pipe connections from the Venturis to the 
diaphragm chambers of the relay be examined, it will 
be noticed that they are such that the diaphragm F 
will tend to move to the left by an increase in the 
pressure difference communicated from the gas Venturi 
while a similar increase from the air Venturi will tend 
to move the diaphragm J to the right. Both dia- 
phragms, however, are connected together, as shown, 
so that equal pressure differences on both, such as are 
obtained as long as the proportions of gas and air 
remain constant, will produce no movement; neither 
will a difference in the static pressure of the gas or 








air produce a movement of the relay diaphragms, 


since this pressure will be applied equally to both sides 
of one or the other of the diaphragms. It should also 
be noticed, from Fig. 3, that the relay diapbragms are 
merely suspended by fine wires from the top of the 
chambers enclosing them, and as both the working 
diaphragms and those by which the chambers are 
closed are made of a thin flexible material, there is very 
little resistance to their movement. The suspension, 
however, gives a slight gravity control to the movement, 
and this is sufficient to bring the diaphragms back to 
the central position when the pressure differences are 
balanced, or when the apparatus is out of use. 

Suppose now that air at a suitable pressure is sup- 
plied to the Venturi tube H before the gas has been 
turned on. The valve G will be closed, but some air 
will pass through the valve D of the relay and escape 
to the atmosphere through the small outlet shown in 
Fig. 3. At this stage there will be no tendency for 
the valve D to close; the slight flow through the air 
Venturi will, in fact, tend to open it further. When 
the gas supply is turned on, however, the flow through 
the gas Venturi E will set up a pressure difference 
on the opposite sides of the 5 eas F and close 
the valve D, thus allowing the air pressure to build 
up under the diaphragm B. The resulting upward 
movement of the latter thus opens the air-throttle 
valve, allowing air to flow through the air Venturi to 
the furnace. This flow, of course, sets up a pressure 
difference on the relay diaphragm J which tends to 
move the latter against the pressure difference due to 
the gas flow and, as soon as the two pressure differences 
are in equilibrium, the relay valve D opens so that the 
pressure under the diaphragm B does not increase 
further; the air throttle valve thus remains in the 
position it has taken up. 

It will now be clear that a variation in the rate of 
flow of either gas or air will disturb the equilibrium 
of the relay and move the valve D so as to keep the 
ratio of gas to air constant. This ratio is dependent 
only on the dimensions of the Venturi tubes which are 
suitably selected by the makers for use with town gas, 
water gas, producer gas or natural gas. Usually the 
ratio is chosen so as to give a slightly oxidising atmo- 
sphere in the furnace, but when it is desired to change 
the furnace atmosphere for different heat treatments, 
a by-pass valve is connected across the pipes leading 
from the gas Venturi to the relay so that the gas supply 
can be increased to give a neutral or a reducing atmo- 
sphere. It will be noticed from Fig. 4 that the air flow 
is divided after passing through the throttle valve. 
One portion, viz., the primary air, passes through a 
non-return valve to the diffusion injector in which 
it is mixed with the gas, while the remainder, the 
secondary air, passes on separately to the furnace. 
The secondary air can, of course, be preheated in any 
of the usual forms of regenerator or recuperator if 
necessary. 





In conclusion, it may be pointed out that, although 
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in the apparatus illustrated and described above the 
regulation is effected by controlling the air supply, 
it is sometimes more convenient to control the gas. 
The apparatus for the purpose, however, is exactly 
similar, except that a double-beat equilibrium valve 
is employed in the gas main in place of the simple 
throttle valve used for controlling the air. The con- 
trol system certainly appears to be capable of effecting 
a material economy in fuel consumption, and also of 
producing more uniform results under normal working 
conditions than are possible with ordinary hand regula- 
tion. There is also, of course, the additional advantage 
that the amount of attention required is greatly re- 
duced with the Unit-Control system. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
Presidential Address by Six Vincent L. Raven, K.B.E.* 

MECHANICAL engineering in isolated examples 
appears to have existed throughout history, but 

made only limited development until the advent of 
railways. Mechanical engineers in earlier times were 
called mechanics, wheelwrights, smiths, craftsmen, &c. 
Colliery railways existed before the lines for the 
conveyance of passengers and goods came into 
existence by Act of Parliament, but the first public 
railway was opened between Stockton and Darlington 
in 1825. After this, and the foundation of our Insti- 
tution in 1847 by George Stephenson, mechanical 
engineering spread in all directions until it became 
what it is to-day—one of the most important profes- 
sions, entering into every phase of modern life, and 
requiring highly-trained men, both technical and 
practical, to carry forward its various branches. 

Let us consider the conditions existing immediately 
before railways. A few paddle boats were used, 
steam having been successfully applied to navigation, 
but its development was contemporary with railways 
and due in a large measure to the transport of coal 
by them to ocean ports. It was not until the ’thirties 
that the screw-propeller was introduced. Travelling 
was done by foot, horseback or coach, the journey 
from Edinburgh to London taking from two to three 
weeks. A pack-horse carried about 330 lb. a distance 
of 18 miles in one day. Mail coaches were established 
in 1784, but the Penny post did not come into existence 
until 1840, and was only rendered possible by the 
introduction of railways. The principal trades in the 
country were coal mining and the textile industries. 
Steam-engines were established, being used for pumping 
in mines and driving in mills. Savery and Newcomen 
made steam-engines more than a century before, but 
compare the progress from 1700 to 1825 with that 
made since the later date, and brought about largely 
by the increased facilities for conveying coal and iron 
afforded by railways and by the increased demands of 
industries developing through their influence. The 
textile industry had become established following the 
inventions of Kay, Crompton, Arkwright, Roberts 
and others, but it shared in the general progress 
brought about by the new conditions, as will be 
seen from the fact that in 1823 there were only 
10,000 steam looms in Great Britain, whilst in 1862 
their number was 399,992. A great impetus was 
given to agriculture by the improvement in farm 
tools, and this led to the passing of the small farmer. 
We are told that from 1710 to 1760 three hundred 
thousand acres were fenced in, and from 1760 to 
1843 seven million additional acres were brought 
into cultivation, There were fewer people owning 
farm land, and a smaller number of people was needed 
to work for the owners, because of the improved 
methods. 

In 1769, of 8,600,000 people in England, 3,600,000 
were in farming; in 1841, out of a population of 
26,709,476 people in the United Kingdom, only 
1,499,278 were employed in agriculture, and the 
census of 1881 shows that of 35,026,108 ople, 
1,264,335 were farming, while the census ki 1911 
shows that of a population of 45,371,467, less than 
1,000,000 were working on the land. This indicates 
the rush of people to the cities, owing to the intro- 
duction of great industrivs, and to the development 
of the coal and iron mines necessary to supply them 
with raw material. This all came about or developed 
owing to rapid and cheap transport on land and sea. 

It will be interesting now to inquire what other 
effects railways have produced in Society. As transport 
spread, and before the end of the nineteenth century, 
there were 25,000 miles of railway in England, Scotland 
and Wales; these were linked up with steamship 
lines, making it possible to ship an article from the 
interior of England to almost any part of the civilized 
world. This means of rapid and safe transport, together 
with the power of borrowing money from the banks 
and from capitalists, enabled our industries and work- 





shops to grow as rapidly as the inventor was able to 
improve machinery and methods of manufacture, to 
meet the increasing demand for industrial goods in 
exchange for food, &c. 
Let us now see how mechanical machines have 
advanced. There are three forms of power generation, 
the oldest of which, no doubt dating back to prehistoric 
ages, was hydraulic. Water-wheels are an ancient 
source of power but, up till a century ago, the average 
example developed but a few horse-power, although 
here and there a good millwright would turn out a more 
successful specimen. There are now three impulse 
water-wheels of 30,000 h.p. each at the Caribou plant 
in America, whilst three Francis type reaction-turbines 
of the Niagara Falls Power Company are each of 70,000 
h.p., and have developed 84,000 h.p. under operating 
conditions. The generators are 65,000 kv.-a. 12,000 volt 
25 cycle, and have a guaranteed efficiency of 98-1 per 
cent. Over 88 per cent. of the total energy represented 
by the difference in head between the level in the 
upper river, where the water is taken out, and the 
tailrace in the lower river is delivered to the bus-bars. 
The second is steam-power. Watts’ steam-engines 
appear to have been mostly of from 4 h.p. to 30 h.p., 
and in 1800 the total number of engines in Great 
Britain and Ireland was 321, with a total horse-power 
of 5,210, an amount nowadays developed by a single 
engine. The Savannah, the first steamboat to 
cross the Atlantic, had one cylinder of 40 in. diameter 
and developed 90 i.h.p. In 1888, liners were built 
with triple-expansion engines of 18,500 i.h.p., and cylin- 
ders of 113 in. diameter. Following came the appli- 
cation of Sir Charles Parsons’ steam-turbines to marine 
practice in the ’ninties, and the aggregate s.h.p. of 
the ill-fated Lusitania was 68,850. While mentioning 
steam-turbines, a 60,000 kw. Curtis type unit by an 
American firm has been described recently. This 
consists of two separate turbines and generators. The 
high-pressure unit operates at 1,800 r.p.m., developing 
17,000 kw. ; the low-pressure at 1,200 r.p.m., developing 
43,000 kw. Steam-pressures have increased from 7 lb. 
in Watts’ time to 225 lb., which is common in marine 
practice, whilst there are land boilers now working 
at 800 lb. and experiments on much higher pressures 
are being made. 
The third source of power, and one which has made 
great progress since the ’seventies, is the internal- 
combustion engine in its various forms—land, auto- 
mobile, aero, and marine. The marine application 
has lately been the subject of much activity and, as 
you know, an interesting series of trials of different 
engines has been instituted by the Council. The largest 
example in hand of this class of work is to be found in 
two passenger liners now building, which will each be 
propelled by twin double-acting oil engines, developing 
24,000 i.h.p. in sixteen cylinders. Whilst speaking of 
the internal-combustion engine, I am reminded that 
the M.A.N. had a set of double-acting two-cycle engines 
in an advanced state of construction at the Armistice, 
which were of about 16,000 h.p. in four cylinders. 
Unfortunately the Allied Commissioners in their 
wisdom (?) insisted on the set being broken up before 
the technical experts of the United Kingdom inspected 
it. As to the future, we look for the development of 
the gas-turbine. Accompanying the increase in power 
generation has come electricity with its new possibilities 
in power generation, for, whereas formerly power 
had to be used where it was generated, now it may be 
transmitted far away as at Niagara; also it has far- 
reaching applications to transport, telegraphy, tele- 
phony and wireless communication, An instance of 
the improvement in generating electric power may be 
seen in the reports of some of the larger steam power 
plants in the U.S.A., which in 1924 used 1-5 to 2lb. 
of coal per kw.h., whereas in 1904 they used 7 Ib. 
The advantages from standardisation that would 
accrue to the manufacturer in speedy and economical 
production, and to the merchant in having ready a 
stock of suitable stores, were realised as the nineteenth 
century drew on, and in 1901 the Institution, together 
with other societies, founded the British Engineering 
Standards Association (at first called the Engineering 
Standards Committee). This association, working 
without consideration of profit, and supported by repre- 
sentatives of industry and institutions, undertakes to 
draw up agreed specifications for all classes of work 
which the engineering trades desire. It works in con- 
junction with our Colonies, so that universal specifica- 
tions may be used, and its work has been most valu- 
able. 
It is generally understood that standardisation in 
intensive building has led in America to great eco- 
nomies, as may be illustrated by the cheap rates at 
which motor cars may be produced there. 
It may interest you to hear first-hand some par- 
ticulars of our Dominions which are the furthest 
removed from the Home Country. I refer to Australia 
and New Zealand. Taking Australia first—I should 
wish to remind you that the Commonwealth of Aus- 


than the United States of America and more than 
twenty-five times as large; as the United Kingdom; 
and as compared with the whole of Europe, which is 
3,858,361 square miles, it is more than three-fourths 
of its area, It is its great size, taken together with the 
fact of the limited population, that gives to the problems 
of Australian development their unique character, and 
its clear comprehension is essential in any attempt 
to understand these problems. The population at the 
end of 1921 was 5,510,229, composed of 2,798,617 
males and 2,711,612 females, and in England and 
Wales alone we had at the same period a population of 
37,885,242. You will, therefore, realise that the 
population is exceedingly meagre for the area of the 
country, and that it is increasing at a very slow- 
rate, in fact, the net immigration into the Common- 
wealth during the 61 years previous to 1921 was only 
1,030,855, of which 589,754 only were males. The 
natural increase of the population is, however, above 
that of other countries. The density of the popula- 
tion is only 1-8 eee per square mile, the most 
sparsely populated of the civilised countries of the 
world; the density of Europe is 123, the United 
Kingdom being 388. 

Let us now see what this comparatively small 
population has done in so vast a country. I should 
first like to point out that Australia’s natural advant- 
ages are that it has a climate second to none in the 
world in consideration of its size, and that it is blessed 
with all the natural mineral wealth that is necessary 
for its manufacture and trade. It has gold, platinum, 
silver, copper, tin, zinc, iron, coal, and oil, and those 
in large quantities—surely a goodly heritage for any 
country. It has also an immense quantity and vast 
assortment of valuable timber. Its merino sheep, its 
dairy farms, its fruit and corn are all known through- 
out the world. With this country, part of our Empire, 
waiting to be fully developed and filled with industrious 
people, should there be any question of finding work 
for the unemployed in this country ? 

First, taking railways which, together with roads, 
are the prime essential in the development of any 
country. These were commenced in 1854, and at the 
end of 1921, 26,201 miles were opened for traffic. 
The main inter-state line which permits of direct com- 
munication between the five capital cities—Brisbane, 
Sydney, Melbourne, Adelaide, and Perth—covers a 
distance from end to end of 3,479 miles: greater than 
between London and New York. The longest railway 
journey, however, which can be taken in one con- 
tinuous line of railway, is from Longreach in Queens- 
land to Meekathara in Western Australia, a total 
distance of 4,760 miles. Thus all the principal cities 
and towns are linked up and branch lines radiate 
further inland in various directions ranging up to over 
600 and 700 miles. There have been considerable 
engineering feats in passing over the ranges of moun- 
tains, the gradients in many cases being exceedingly 
heavy. The gross revenue of the State Railways is 
over 35,000,000/., the total cost of construction and 
equipment being 226,000,000/., the average cost being 
10,0007. per mile, but in some cases, as between Sydney 
and Nowra and between Melbourne and Bendigo, it 
has cost as much as 49,000/. per mile. The railways 
are well equipped and have quite modern rolling-stock. 
There is an exceedingly up-to-date electric train service 
round Melbourne, and an electric suburban train 
service is arranged for round Sydney, and has already 
been started. The Australians are very anxious to 
have their railways efficient and equal to the railways 
in any country, and are taking every means to see that 
this is carried out. 

The one great blot in their railway system is the 
nonconformity of gauge—it varies from 3 ft. 6 in. in 
Queensland to 5 ft. 3in. in Victoria and South Australia, 
whilst New South Wales and the Federal Government 
are 4ft.8}in. The unification of gauge has been under 
consideration for several years. In 1921 a Royal 
Commission reported upon it, with the result that a 
recommendation was made that the gauge of 4 ft. 8} in. 
be adopted as a standard for Australia. The scheme 
advocated by the Royal Commission as the first step 
will provide a standard 4-ft. 84-in. gauge railway 
between Brisbane and Fremantle, and the conversion of 
the whole of the broad-gauge lines of Victoria and South 
Australia, at an estimated cost of 21,600,0007. The 
estimated cost of the conversion of the whole of the 
lines in the States concerned is 57,200,000/., a very 
large sum of money, but undoubtedly in course of time 
this work will have to be carried out. A railway has 
been prospected and, I understand, will shortly be 
commenced through Central Australia, thus connecting 
up the north and the south. It will, therefore, be seen 
that the railways of the country are in no way being 
neglected, and their necessity is fully realised in a new 
country, even when in the first place they are bound to 
be worked at considerable loss. : 
In so large a country, situated as it is with 1,000,000 
sq. miles of it within the tropical zone, and with a 
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considerably over in parts, due to the influence of the 
south-east trade winds and the differences in elevation 
of the plains and high chains of mountains. Droughts 
are recurrent, and, therefore, the problem of an adequate 
system of water conservation is of the greatest import- 
ance. This has been and is fully realised, and both 
artesian and sub-artesian wells have been undertaken, 
boring as deep in some cases as 6,000 ft. Every State 
has gone into this question in recent years. As an 
illustration, in New South Wales at the Wirrah bore in 
the County of Benarba, the depth is 3,578 ft. and the 
yield is 1,079,776 gallons per day. From 381 bores 
which have been sunk and are flowing, an aggregate 
discharge of 85,209,550 gallons per day is given, and 
this is distributed over millions of acres of land with 
thousands of miles of distributing channels. The 
watering of the north-western country by means of bore 
water has largely increased the carrying capacity of the 
land; and whatis of, perhaps, greater importance, it has 
made comparatively small pasture holdings practicable 
in country previously confined almost entirely to the 
operation by companies holding immense areas. There 
are large irrigation schemes in connection with the 
Murray and other rivers, calling for considerable 
mechanical work in the way of pumping machinery, 
consisting of suction-gas plant and suitable engines and 
large centrifugal pumps. It would take too long to 
describe these many and varied schemes, but the 
engineer is reducing the difficulties of periodical 
droughts which undoubtedly in the past have caused so 
great a drawback in parts of Australia, and there is no 
reason why these should not be completely overcome. 

There were 445 miles of electric tramways at the end 
of 1921, consuming current used for traction purposes 
to the extent of 149,344,886 kw.-hours. The generat- 
ing stations for these and for lighting the towns and 
cities are in almost every case supplied by the Govern- 
ment and municipal bodies. Perhaps the State of 
Victoria has gone further than any other in establishing 
central generating stations for supplying electricity to 
the whole of the State. The general State scheme is for 
utilising the brown coal fields at Yallowen for generating 
power, with a subsidiary hydro-electric scheme utilising 
the resources of the sugar loaf Rubicon River, Snows 
Creek and Royston River districts. To describe the 
full details of so comprehensive an undertaking as this 
would entail much more time and space than are at 
my disposal. It is, however, so interesting that it 
might easily form a subject by itself for description and 
discussion. Suffice it now to say that the brown coal 
field is of vast dimensions, the over-burden averaging 
30 ft., whilst the thickness of coal averages 162 ft. 
Outside the square mile of proved coal other bores have 
been made, and another 83,000,000 tons have been 
proved. The Latrobe River provides all the water for 
condensing purposes and for domestic purposes for the 
township and works. The catchment area above 
Yallowen is approximately 700 sq. miles, with an 
average rainfall of about 46 in. per annum. The coal 
is used for the purpose of generating electricity and 
also for making briquettes out of the pulverised coal. 
The object of the briquetting works is to provide a 
more durable and higher calorific value fuel from brown 
coal than the raw brown coal itself. The net calorific 
value of raw coal is about 4,800 B.Th.U. per pound with 
50 per cent. of moisture, and about 3,600 B.Th.U. with 
60 per cent. moisture. Briquettes with 12 per cent. 
moisture have a net calorific value of about 9,300 
B.Th.U. per pound. 

The turbine house plant consists of : Five 12,500-kw. 
Metropolitan-Vickers Curtis-Rateau type turbo-alter- 
nators; five 17,000 sq. ft. Metropolitan-Vickers con- 
densers, built by Thompson and Co., Castlemaine ; 
five sets of Metropolitan-Vickers condenser extraction 
pumps and ejectors ; five 800,000 gallons per hour circu- 
lating pumps by Thompson and Co., Castlemaine, under 
anormal head 43ft., each driven by a 260-h.p. vertical 
spindle, M.V. motor ; five sets of Metropolitan- Vickers 
air coolers for alternators ; five sets of Fox oil filters and 
pumps; one 600-kw. house turbo-alternator by 
Metropolitan-Vickers. The-boilers are twelve 14,425 
8q. ft. heating surface John Thompson W.T. boilers, 
with 3,870 sq. ft. superheaters, evaporating 70,000 Ib. 
to 75,000 lb. of steam per hour at a pressure of 260 Ib. 
temperature 650 deg. F. The total distribution for 
the year ending June 30, 1924, to 12,792 consumers 
was 4,781,402 units. In June, 2,727 workmen were 
employed under this Commission, 1,686 being employed 
at Yallowen. The town of Yallowen is being laid out 
by Government, and has public buildings, churches, 
primary and secondary schools and recreation grounds. 
It is expected by the end of 1928 that there will be a 
Population of 4,000. Every building in the town has 
electric light, power, and water supply ; all houses are 
fitted on the most modern house-planning ideas. This 
illustrates the manner in which the electric light and 
Power problems are being considered and dealt with in 
Australia. 

Many manufacturing industries have now been per- 
Manently established on a secure basis and indicate 


consistent progress both in regard to the extension of 
existing industries and the establishment of new ones, 
which has been particularly rapid since the creation 
of the Commonwealth of Australia in 1901 facilitated 
the internal distribution of the products of Australian 
industries. The number of factories in the Common- 
wealth in 1901 was 11,143 and in 1922-3 19,173, the 
number of employees respectively being 197,783 and 
412,410, and the amount of horse-power of engines used 
in these factories being 876,441. The mechanical 
industries are at present much larger in New South 
Wales and Victoria than in any of the other States— 
these having been more fully developed. Most of these 
industries have grown from very small beginnings, but 
in recent years have greatly increased in size, the 
tendency being to do more and more of the manufac- 
turing required by the Commonwealth in Australia itself. 
Take, for instance, the steel industry. It will be interest- 
ing to see how fully developed this has become. For 
the purpose of illustration I will state shortly what has 
been done by the Broken Hill Proprietary Company’s 
Steel Works at Newcastle (New South Wales). At the 
outset I may state that they are unquestionably fitted 
up with the latest and most up-to-date plant in 
steel manufacture, and compare favourably with steel 
works either in this country or the United States. 
The steel works at the present time cover 325 acres, 
and they have a further 900 acres available for exten- 
sion. The first test pile was driven for blast furnace 
foundations in 1913, and the first blast furnace was 
** blown in” on April 9, 1915. The first rail was rolled 
on April 24, of that year—two years and three months 
from the date of commencement of construction. 
The works were built on swampy land, which necessi- 
tated the placing of all foundations on piles. The piles 
actually driven in connection with the construction of 
the various plants totalled 25,000 (9 million cubic feet). 
There are 26 miles of standard gauge railway and 
3} miles of narrow gauge track in use at the steel works. 
Nearly 6,000 men are employed at Newcastle, and to- 
gether with their iron-stone mines, quarries and allied 
industries, they have close on to 12,000 employees, the 
wages paid per week amounting to 34,000/. A wharf 
1,800 ft. long has been constructed, and it is well 
equipped for rapid discharging of inward raw materials, 
iron-stone, limestone, &c., and outward loading of pig- 
iron, steel products, and benzol. The products des- 
patched from the steel works per annum are, by steamer 
175,000 tons, and by rail 150,000 tons, making a total 
of 325,000 tons. 

The coke required for smelting the iron ore in the 
blast-furnace is manufactured in the company’s own 
ovens at the steel works. There are three batteries 
consisting of 224 ovens of the Semet-Solvay by-product 
type. Each oven has a coal capacity of 74 tons at 
one charge—producing approximately 8,000 tons of 
coke. The whole of the coal is drawn from the New- 
castle district. To deal with the by-products from 
the coking process a modern by-products plant is in 
operation, where sulphate of ammonia, for fertilising 
purposes, tar and benzol are produced. In addition, 
135 million cub. ft. of gas are generated per week during 
process of coke manufacture. The plant consists of 
three blast-furnaces producing a total of 9,800 tons per 
week ; in addition the small blast furnace is held in 
reserve for producing 600 tons per week for the produc- 
tion of ferro-manganese and special grade foundry iron. 
There are nine gas-fired open-hearth steel furnaces pro- 
ducing from 8,000 to 8,500 tons of steel per week. The 
material used in these furnaces amounts to 11,530 tons 
per week. The blooming mill has a capacity up to 
10,000 tons per week, and the rail mill 4,500 to 5,000 
tons weekly. The merchant mills, rod mill and fish- 
plate mill have a capacity of 6,500 tons per week. 

The works are equipped with up-to-date iron and 
steel foundries capable of producing iron castings 
weighing up to 30 tons each and steel castings up to 
20 tons each. The steel foundry is equipped with an 
acid open hearth furnace capable of producing 120 
tons of castings per week, single shift. Steel castings 
of greater weight are made at the open hearth plant. 
The direct metal foundry is capable of producing, 
single shift, 200 tons of iron castings per week. They 
have an electric power-house of their own, driven by 
their own waste heat, and a fully equipped laboratory. 
The company’s policy is to keep its technical officers 
thoroughly up-to-date with the world’s methods and 
practice, and to this end its senior officers are periodi- 
cally given an opportunity of gaining first-hand 
experience at well-equipped plants in England and 
America. 

There is also at Newcastle the Commonwealth Steel 
Products Company which manufactures steel axles and 
tyres, and now executes work for most of the railways 
in Australia ; also Lysaght’s works for corrugated and 
sheet iron, and Ryland’s works for wire, nail, and wire 
netting. I could not pass from the manufacturing 
industries without mentioning Thompson and Co.’s 
works. These works are situated at Castlemaine, 





Victoria, which was known in the early days as Forest 


Creek, and was situated in the midst of the great gold- 
digging rush. They were started as a small foundry 
in the late ’seventies to supply the mining plants, 
and had a very modest beginning, employing only some 
half-a-dozen men. This has grown to-day into a large 
engineering works covering many acres, and the 
equipment and organization are such as certainly to 
warrant its ranking as one of the most up-to-date and 
varied engineering establishments in the Southern 
Hemisphere. The most modern types of machines and 
plant have been installed regardless of expense, and 
the work which I saw being carried on there was up to 
the very best engineering standards. They manufacture 
blowing engines for blast-furnaces, marine engines both 
small and large, having constructed the marine engines 
and propelling gear for several of the 5,000-ton Common- 
wealth steamers, and marine boilers, steam-turbines up 
to 17,500 kw., surface condensers and turbine pumps. 
Since 1914 they have built many locomotives for the 
Australian Government Railways, having completed 
over sixty for the Victorian Government alone. There 
is a very extensive forging plant, which deals with small 
forgings together with heavy crank and propeller tail- 
shafts and sugar-mill rolls up to 18 in. in diameter. 
They have a special plant for dealing with forged steel 
weldless tyres for railway and tramway requirements. 
This was started during the war, when it was impossible 
to obtain tyres from the Continent and America. The 
plant enables them to make tyres up to 6 ft.in diameter. 
The steel of the requisite quality and analysis to con- 
form strictly with Standard Government Specifications 
can be produced in Australia, and the tyres, after 
manufacture and severe testing, have met the 
physical requirements of the most exacting specifi- 
cations. 

New Zealand is a country differing very widely 
from Australia. It has an area, including islands, 
of 103,862 sq. miles with a population, excluding 
Maoris, taken in 1921, of 1,218,913, this compared with 
Great Britain in the same year having 40,767,530. We, 
as mechanical engineers, are interested as to how 
manufacturing enters into the development of this 
rich and beautiful land. A cheap motive-power is 
essential to industrial manufacturing success. Coal 
and oil, the only sources of power in the earlier days, 
were by no means cheap. The Government are, 
however, to-day overcoming this difficulty by the 
development of hydro-electric power schemes, for which 
New Zealand is geographically ideal. They are endea- 
vouring to meet the present demands by offering cheap 
electric power. It is the development of water-power 
used for generating the supply of electric energy which 
is going to solve the question of cheap power, and in the 
last five years this has made rapid strides. At the 
end of 1924, the water power in use reached nearly 
59,000 h.p., and the need of this power promises to be 
more extensive in the near future. These power schemes 
are carried out by the Public Works Department and 
extend over the Northern and Southern Islands. 
The policy of the Government generally is to supply 
power in bulk, leaving the reticulation and retail 
supply in the hands of the local authorities. The 
units generated in 1924 by water-power alone were 
152,302,799. The total annual cost per unit sold was 
1-33d., and the net profit to the Government was 
94,7051. In some parts of New Zealand the rainfall 
is by no means evenly distributed, and the rain which 
falls frequently in fierce thunderstorms runs off without 
saturating the ground to any depth. The question of 
irrigation has been most carefully gone into by the 
Government. It has been carried out most successfully 
in the Southern Island in the Otago district, and has 
increased the value of the land surprisingly, thus 
causing work for both the civil and mechanical engineer. 
It will be understood, therefore, that New Zealand is 
a country rich and by no means fully developed, ready 
to give employment to a large number of people, and in 
course of time to provide comfortably for an increase 
of many millions. 





EXPLOSIONS AND FIRES IN SMALL VESSELS FirTEpD WITH 
Or Encrnes.—The Mercantile Marine Department of the 
Board of Trade has issued a leaflet entitled ‘‘ Notice 
to Skippers of Fishing Boats and Other Small Vessels 
Fitted With Internal-Combustion Engines,” in which 
attention is directed to measures which should be 
adopted in order to minimise risk of fires and explo- 
sions in small craft fitted with such engines. During the 
past four years, about 80 fishing vessels fitted with 
auxiliary motors were totally destroyed by fire, and 
many others have been badly damaged. Most of these 
accidents are thought to have been avoidable, if certain 
simple preventive measures had been enforced on 
board the ships concerned. These measures include the 
insulation of motor spaces, the provision of adequate 
fire extinguishing appliances in suitable positions, the 
maintenance of all cocks and fittings in an oil-tight 
condition and of cleanliness in motor spaces, and the 
exercise of care in handling aaked lights, &c. These 

recautions are described in detail in the leaflet pub- 





ished by the Department. 
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WOOL-SPINNING MACHINERY AT 
THE BRITISH EMPIRE EXHIBITION. 


Amone its many other attractions, the Australian 
Pavilion at the Britis. Empire Exhibition illustrates 
in considerable detail the earlier stages of wool 
manufacture. Apart from the model exhibition of a 
sheep station, the periodical demonstration of the pro- 
cess of shearing and clipping, and a display of a great 
trophy of wools, the Commonwealth Government, in 
conjunction with Messrs. Patons and Baldwins, Limited, 
of Launceston and London, have arranged a collection 
of working machinery, which shows the whole process 
which wool goes through, after it has been washed 
and dried up toits delivery in hanks or “ heads ” of yarn 
in bundles ready for wrapping and distribution. While 
we cannot follow the entire series of processes, we give 
in Figs. 1 to 5 above and on the opposite page, illustra- 
tions of some of the most interesting machines employed. 

The processes shown begin with carding, for which 





Fia. 3. 


Messrs. Platt Brothers and Co., of Oldham, have pro- 
vided a large carding machine, a general view of which is 
given in Fig. 1. In this, the short fibres of the raw 
washed and dried wool, which is automatically weighed 
and fed into the carder, are formed into a continuous 
ribbon or “‘sliver.”” The rollers of the machine are 
covered with card clothing, the larger rollers or “‘swifts”’ 
running in the opposite direction from the slow-moving 
roller or worker, with space enough between them to 
allow the points of the card clothing to comb the wool, 
to some extent straightening it and laying its fibres 
parallel. The wool passes through these processes 
several times, the earlier part of the machine running 
slower than the later, to avoid injury to the fibres, and 
the pitch of the points on the feed rollers is graduated 
from about ?-in. to fine counts of wire as the wool 
reaches the delivery end of the machine. Fig. i repre- 
sents the carding engine proper, though it is shown 
with a coiling attachment at the delivery end to the 
right hand of the machine, whereas in the machine 














Piatt AND WaLKER AvuToMaTIC Frepina MAcHINE; 


Detivery Enp. 


exhibited the sliver is balled by being drawn through 
calenders and a funnel and wound on to a bobbin. In 
the machine, too, as shown in Fig. 1, the washed wool 
is spread by hand over the taking-in end to the left of 
the machine, but as exhibited it is fed by a Platt and 
Walker automatic feeding machine. This is shown 
in Figs. 2 and 3 from the receiving and delivery ends, 
respectively. In this attachment the wool is dropped 
into the hopper and automatically weighed into 4 
tray, being fed forward as each unit of weight is attained, 
and thence passes to the machine proper. At various 
stages the rollers are covered with flat-topped wires, 
against which burrs are beaten out and scraped off into 
dirt boxes. The wool being thus partially straightened, 
and also freed from some of the extraneous impurities 
which had escaped the scouring process, passes 48 
“sliver”? to the combing gill box, which, with the 
rest of the wool working machinery has been supplied 
by Messrs. Prince Smith and Son, of Keighley. The 
function of this machine is to increase the thickness of 
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the sliver, and further straighten out the fibres. The 
material then passes into a comb balling machine, in 
which balls are made, each of four parallel slivers, 
adjusted for weight by a tensioning device, and these 
balls pass to the Nobel combing machine, a view of 
which is given in Fig. 4. The purpose of this machine 
is to complete the parallel adjustment of the fibres, 
and to remove such short curly filaments as may be 
left in the wool, and if not removed, would make it 
unsuitable for worsted yarns. The collection of long 
fibres laid level and parallel is afterwards made into 
‘tops,’ and the short curly fibres into “ noils.”’ 
Considerable care is taken in the design and construc- 
tion of this machine to minimise wear even after long 
service. All gearing is machine-cut from the solid; 
the circle carriage runs on ball bearings driven through 
a circular rack, and no vibration is found even at 
high speed. 

The sliver from the combing machine is received in 
cans or on balls, and is put through a finishing gill box, 
in which the fibres are further straightened out and 
merged together so as to produce a sliver of the required 
weight. The machine, which is the last employed in 
the combing process, delivers its product in the form 
of balls or ‘tops ”’ to the hand gill box, in which the 
operations known as ‘‘drawing”’’ are begun. The 
purpose of this machine is to give a blend suitable for 
the yarn, and to produce a sliver of the required weight. 
It operates by combining and uniting several ribbons 
either of the same or different qualities, as may be 
required for the blend, and at the same time equalising 
and levelling them, the fibres being further adjusted, 
merged, and straightened. The product of this machine 
is again passed on in cans to the spindle gill box, in 
which several slivers are united, and twist is applied 
for the first time, to ensure the regular fibre control 
during the process of “ drafting ’’ or lengthening in 
this and subsequent machines. The product of this 
machine is a rope or ‘‘slubbing,’’ which is delivered 
into a series of drawing boxes having two to twelve 
spindles. In these boxes the thickness of the slubbing 
is reduced, and it is made level by suitable drafts and 
doublings. The number of slubbings per spindle is 
reduced from machine to machine. The bobbins on 
which the slubbings are wound are, when empty, all 
of the same weight, and in one of the drawing boxes 
(the ‘‘ weigh” box) a knock-off motion is fitted, which 
causes a regular length of slubbing to be wrapped on 
each bobbin and indicates any inequality in weight 
that has occurred in the previous processes, so that 
thé subsequent slubbings may be grouped in such a 
manner as to rectify the irregularity. After the 
drawing boxes the product passes to a roving machine, 
in which two slubbings from the last or finishing 
drawing box are united and further drawn out, the 
twist being likewise increased, at the same time as the 
thickness of the material is reduced and the speed of 
the machine correspondingly increased. The full 
bobbins of this machine, known as roving, are passed 
forward to a flying spinning frame fitted with the Aked- 
Prince-Smith automatic doffer. A view of this is given 
in Fig. 5. Mechanical doffers, which superseded child 
labour for removing full bobbins and replacing them 
by empty ones, have been used for the last quarter 
of a century, and the machine shown represents the 
latest type. The flyers and spindles are separate units, 
the flyers being driven at the top and mounted on ball 
bearings. 

In the operation of the machine the rovings 
are still further reduced in thickness and twisted, 
forming finally single “‘ yarn,” which the flyer winds 
on to small bobbins. By this time the weight per 
yard of the single yarn, known as its ‘“‘ count,” and 
the amount of twist on the yarn are definitely settled. 
The yarn then passes to a universal twisting frame, on 
which from two to six threads are twisted for various 
manufacturing uses, such as hosiery, hand knitting, 
carpet, and other purposes. A detector motion causes 
the spindle to stop when a single thread breaks or runs 
out, at the same time allowing the middle and top 
rollers to fall forward clear of the bottom roller, and 
thus stop further delivery of yarn. As can be imagined, 
great care is taken to ensure all the parts being in 
perfect balance. 

It is stated that Australia produces one-fourth of the 
wool supply of the world, and half that used in the 
United Kingdom, the annual value of Australian wool 
being put at about 70,000,000. It is therefore most 
appropriate that the present excellent exhibition of 
wool-spinning machinery should have been installed in 
the Australian Pavilion, and it is to be hoped that it 
may contribute to the maintenance and extension of 
the important Imperial trade that it represents. 





Tramway Extension at Pzexinc.—It is announced 
that the Board of Directors of the Peking. Tramway 
Company, Limited, has decided to submit proposals to 
shareholders for the construction of a tramway line 
round the city of Peking, China. 
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PRACTICAL ENGINEERING IN 
ANCIENT ROME.* 
By Tuomas Asusy, D.Litt., F.S.A. 
(Concluded from page 528.) 

In the next valley, that of the Mola di S. Gregorio, 
there is a long bridge of the Anio Vetus, which, however, 
is a construction of the time of Hadrian, itself restored 
later—the change of period occurs in the arch over 
the stream. The original channel ran underground 
up the north bank of the valley until it could pass under 
the stream, and then returned on the south bank, 
where its channel may still be seen. It is, after all, 
unlikely that in 270 B.c. the Romans would have con- 
structed an aqueduct above-ground which could so 
easily have been cut by an enemy, and Augustus 
followed the older line in his reconstruction. The 
bridge has a rapid descent of 2-92 in 25-30 metres, or 
1 in 8-66, or 116-5 per 1,000, at the end (the only case 
known to me at the end of a bridge) into the newer 
channel, which is some six metres higher than the older 
channel, with which it seems to have no communication. 
It continues to run for some way along the valley before 
it turns at right angles to tunnel through the ridge 
separating it from the next one, that of Ponte Lupo, 
with which we shall presently deal. One of the bricks 
in the cornice of this descent bore a fragment of a stamp 
of about a.p. 120. The bridge had a total length of 
about 165 metres (with a fall of 1-06 in the main portion 
of 136 metres, or 1 in 129, or 7-75 per 1,000), and a 
maximum height of 24:50; it has two tiers of arches 
for the most part, though the last seven on the left 
bank originally had only one. 

A little further up the valley is the Ponte S. Pietro, 
belonging to the Aqua Marcia. The original arch over 
the stream in opus quadratum of porous travertine, 
with a span of 15-50 metres, and the lateral arches, 
which were probably of similar material, are completely 
hidden by the later reconstructions. The bridge was 
first reinforced with concrete faced with opus reticulatum 
and brick; then the whole structure was masked by 
very fine brickwork with buttresses, of the time of 
Septimius Severus, smaller brick arches taking the place 
of the larger ones; that over the stream remained of 
necessity fairly wide, having a span of 11-20 metres ; 
but those of the lateral openings were quite narrow. 
A peculiarity is the disproportionate height of the por- 
tion of the bridge above the brick arches, due to the 
diminution in the height of the openings produced by 
these changes; and in order to avoid a monotonous 
effect, pilasters were introduced. The whole south-east 
end of the bridge was reconstructed at a still later date 
perhaps under Diocletian; a straight vertical joint 
and a change in the character of the facing show the 
break. 

Higher up the same valley are the much-ruined Ponti 
delle Forme Rotte (broken aqueducts), which were the 
highest in the whole course of the aqueducts; the top 
of that of the Anio Novus was at least 42 metres above 
the bed of the stream, while that of the Aqua Claudia 
(which is upstream of it) is a good deal lower, the differ- 
ence between the level of the bottom of the two channels 
being no less than 10-93 metres, which is a good deal 
morethan usual. Both bridges have been reconstructed 
that of the Anio Novus in the time of Hadrian, and that 
of the Claudia by Hadrian and Antoninus Pius, as the 
brick stamps show, and there is no trace of any later 
work inthem. They have collapsed completely, owing 
to the giving way of the cliffs on the right bank of the 
stream, on which no remains exist. 

We now arrive at the valle of the Acqua Nera, which 
is crosesd by the Ponte Lupo, the best-known and the 
largest of the aqueduct alles in this district. 

It has hitherto been believed—and Mr. Newton and 
I still held that view when the drawings were made— 
that it carried all the four aqueducts. Accurate level- 
ling has. shown that this is not the case, and that the 
Aniio Novus and Claudia, both pass under the floor of 
the valley considerably higher up. This, indeed, gives 
them a much better line than the devious course which 
they would have taken supposing they had passed over 
Ponte Lupo. 

The upper channel is, therefore, that of the Aqua 
Marcia ; the fall from Ponte S. Pietro is 186-79-182-27, 
or 4-52 metres in about a kilometre, or perhaps more ; 
for the specus, as usual, runs along the side of both 
valleys for some way both before and after the tunnel 
through the ridge. But there is a problem in regard 
to the Anio Vetus. At the last shaft of the earlier 
channel in the Valle della Mola di S. Gregorio the intrados 
is 168-86 metres above sea-level, while at the last shaft 
of the newer channel, after the bridge which Hadrian 
built, the intrados is about 172 metres above sea-level ; 
the floor of the specus would be about 2-80 metres lower 
in each case. The level of the water of the Fosso dell’ 
Acqua Nera is 155-19, and the bottom of the specus at 
the Ponte Taulella is 155-61. The distance between the 
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last two points in a straight line would be not much over 
two kilometres; but along the line of the aqueduct it 
should be 21,120 Roman feet, or more than 7 kilometres 
according to the cippi.* 

It is thus quite impossible that the Anio Vetus should 
not have been above-ground at the Acqua Nera, unless 
it was carried under it by a syphon. There is, about 
17 metres below Ponte Lupo, on the right bank of the 
stream, a massive concrete buttress, faced with opus 
reticulatum, probably belonging to the time of Augustus, 
and containing a shaft, which, though blocked up, 
certainly seems as if it went down at least as far as 
the level of the stream, and might very well reach down 
to a channel passing under it. 

There is no inherent impossibility in the use of a 
syphon under these circumstances. That the Romans 
were familiar with the principle is well known, and 
another example has recently been discovered near 
Avezzano, where it is cut in the limestone rock. 

The question why syphons were not made use of to 
take the aqueducts in a straight line (like the modern 
Aqua Marcia) across the Campagna from Tivoli to Rome 
(in which they would have come to intermediate 
levels considerably lower than that which they reach at 
Porta Maggiore), in order to avoid the long detour 
which we are now following, has been well answered by 
M. Germain de Montauzan in his book on the four 
Roman aqueducts of Lyon, in which no less than 
ten syphons have been observed. The Romans did 
not trust their concrete and cement for making syphons, 
though they might have done so. They were unable 
to make a large metal pipe that would stand pressure ; 
and at Lyon the contents of a channel 0-58 by 1-75 
metre are transferred to nine or ten lead pipes with a 
bore of 0-20 when the syphon is reached. We have 
only to calculate the enormous quantities of lead that 
would have been required to take the water from four 
channels, the largest of which measured nearly 1-20 
metre wide and 3 metres high, and to remember that 
small-bore pipes would have been choked almost at 
once by the heavy calcarious deposit, to realise how 
impossible it would have been to adopt this method 
here. On the other hand, all the building material 
required was quite easy to obtain on the spot or not 
far off. But there is no objection to its use in a rock- 
cut channel for a short distance; and if we do not 
accept this view, we have to find a place for the specus 
of the Anio Vetus in the lower part of Ponte Lupo; 
and a careful study of its construction and of the dating 
assigned to its various parts by Miss van Deman has 
shown me that this is by no means easy, though from 
the levels it is admissible. 

The Ponte Lupo itself is the product of a number of 
periods of construction. The first part in point of 
date is undoubtedly the opus quadratum in the centre 
of the bridge. Whether it is part of the original con- 
struction is doubtful; it might seem too conspicuous a 
bridge to have been erected in 154 B.c., when the fear 
of invasion was by no means a thing of the past. 

In any case, we may assign to Agrippa, working under 
Augustus, the reconstruction of the upper part of the 
aqueduct in opus reticulatum, with the large arches 
with small stone voussoirs which carry the channel ; 
and to Augustus at a later period some further 
strengthening in opus reticulatum. 

To Titus belong probably the arches of tiles on the 
east side and the opus reticulatum with brick bands at 
the south-west end ; to Hadrian some extra buttresses 
of concrete, again faced with opus reticulatum. One of 
the Severi, perhaps Alexander Severus, filled in the 
great arches of opus quadratum with two-storied 
arches. But the greatest transformation of the bridge 
occurred later still, perhaps under Diocletian. To him 
we may attribute all the thickening of the lower part 
of the bridge and the great brick buttresses at the 
lower level on the east side, including the semi-circular 
buttresses at the stream right back as far as the opus 
quadratum piers, and the great brick-faced wall on the 
west side on the south bank of the stream. Finally 
to a still later period (fifth or sixth century after 
Christ) must be assigned the masking of the buttresses 
on the east bank. 

Such is in brief the history of the bridge as far as it 
can be read from its remains. 

We now pass to the Ponte Taulella of the Anio 
Vetus, which has already been mentioned, situated in a 
deep ravine much overgrown with vegetation. There 
is no trace of Republican work, and the first bridge of 
which we have any trace had a single arch of brick with 
a wide base of opus quadratum. It has twice been 
reinforced with concrete faced with opus reticulatum 
and brick bands—perhaps, therefore, in the Flavian 





* I saw No. 733a, some 150 metres downstream from 
Ponte Lupo; while No. 645 is still in sttu some 500 m. 
before Ponte Taulella, and No. 626 was seen lying by the 
path a little beyond it though not in situ, the intervals being 
240 feet. The windings of the Anio Vetus must have been 
very considerable at this point, tunnelling being avoided as 
far as possible. It must be remembered that the number- 
ing ran from Rome to the source. 





and Hadrianic periods, and there is no trace of anything 
later. 

Ridges and valleys follow alternately in quick 
succession, and remains of the aqueducts continue to 
be seen, though decreasing in size and grandeur as 
the ravines become smaller and we approach the 
open country. We cross the Via Praenestina, and ona 
hill-top find, still in situ, a cippus of the Aqua Marcia 
with the inscription fairly well preserved—Mar(cia) 
Imp(erator) Caesar [Di}vi f(ilius) Augustus ex s(enatus) 
c(onsulto) clix p(edes) CCXL (the 509th cippus from 
Rome). 

Below, in the valley, are two bridges belonging to the 
Anion Novus and Claudia, known as the Ponti Diruti. 
They run side by side, with only about 0-50 m. 
difference in the level of the bottom of the channels, 
and so close together that they were connected by 
arches still traceable at the springing. They show, 
like the rest, traces of strengthening and reinforcement. 
In the upper bridge traces of the original construction in 
opus quadratum and opus reticulatum may be seen with 
Severan (and later) constructions; but the lower one 
has been entirely rebuilt in post-Severan brick-faced 
concrete. 

Raffaelle Fabretti, one of the pioneers of the investi- 
gation of the aqueducts, whose work ‘‘ De Aquis et 
Aquaeductibus Urbis Rome” was first published in 
1680, marks these as the last remains of the aqueducts 
visible towards Rome; and, indeed, it was believed 
until a few years ago that they ran underground from 
this point to the well-known line of arches which begin 
at Capannelle. Even Professor Lanciani had written 
of all the four that there were no traces from Cava- 
monte to Roma Vecchia and Capannelle respectively. 
But the casual discovery of a part of the channel of 
the Aqua Claudia on the farm road leading to the 
Casale della Pallavicina directed his attention to the 
possibility of discovering the course of the aqueducts 
in this district; and he further suggested the large 
amounts of calcareous deposits thrown out at the shafts 
(putet) which occur at frequent intervals in the subter- 
ranean course of the aqueducts were bound to reveal 
their course still further towards Rome, where they 
traverse the lower slopes of the Alban Hills. This 
proved to be the case; and it has thus been possible 
to follow them from point to point in their gradual 
descent towards the plain, until they emerge between 
the Via Latina and the Via Appia, the Claudia and 
Anio Novus near the racing stables of Capannelle 
(Villa Bertone), and the Marcia near the farmhouse of 
Roma Vecchia; while the Anio Vetus was cut by the 
Naples railway where it passes under the Marrana Mari- 
ana and the Acqua Felice. In all this stretch, how- 
ever, there were no complicated problems of engineering 
to be solved; and we may therefore turn to the con- 
sideration of the remains of the aqueducts after their 
emergence. The arches of the Claudia and Anio 
Novus gradually increase in height from Capannelle 
to Roma Vecchia, until beyond it they reach their 
greatest elevation in this section, estimated by Lanciani 
at 27-41 metres. In this stretch they are extremely 
well preserved and have not required restoration to 
any considerable extent. The lower stone channel 
of the Claudia is surmounted by the concrete specus 
of the Anio Novus, faced with brick and opus reticu- 
latum—an obvious afterthought, the detrimental 
effects of which we have already seen. : 

Shortly afterwards comes a right-angled turn, in- 
tended to diminish the rapidity of the flow of water; 
and here the aqueduct was strengthened with brick- 
work, some of which fell a few years ago; I found 
stamps of the first quarter of the second century A.D. 
in it. Here the Aqua Marcia (upon the arches of 
which ran the Aqua Tepula and the Aqua Iulia, both 
from the Alban Hills) passed under the loftier arches 
of the Aqua Claudia. Some 300 metres further on 
they recrossed, and in the space between the two lines 
of aqueduct the Goths encamped when they besieged 
Rome in a.p. 539. A medieval tower, the Tor Fiscale, 
has been planted on the top, and within the tower 
may be seen the crossing and the channels of all the 
five aqueducts. . 

Further on, as we come hearer to the city, consider- 
able reinforcements have become necessary. In many 
places the original stonework of the piers has been 
removed for building material, and Lanciani quotes the 
records of the sale of e.g., two or four peperino pillars 
by the Hospital of Sancta Sanctorum at the Lateran, 
to whom the ground belonged. But, as he also points 
out, sometimes the brickwork was removed and the 
stonework left; or, again, the brick facing is some- 
times hammered away from the concrete. 

As we approach the city, the line of arches was 
incorporated by Aurelian in his city wall. Just before 
the aqueduct turned to the right to cross the Via 
Preenestina and the Via Labicana by the splendid 
double arch which Aurelian used as the Porta Major 
(still known as Porta Maggiore), a branch diverged 
from it across the Celian Hill—the Arcus Celemontan), 
as they are called in the inscription in which Septimus 
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Severus and Caracaila recorded their repair of them, or 
Arcus Neroniani, the name under which Frontius speaks 
of them. He tells us that Nero conveyed the Aqua 
Claudia by them to the Temple of Claudius, where 
was their distributing tank; the Celian, Palatine 
Aventine, and the region across the Tiber were sup- 
plied by this aqueduct. No doubt there was a great 
ornamental fountain at the Temple of Claudius, from 
which the water fell into the Stagnum Neronis. The 
arches leading across the Celian are of very fine Nero- 
nian brickwork, and so are those leading from the 
Celian to the Palatine, though they have been largely 
restored by Septimius Severus and Caracalla. Lan- 
ciani thinks that there were two more tiers of arches 
above the two now existing ; but I cannot believe that 
the aqueduct would have carried more, and I therefore 
believe that the syphon of which he speaks was orgi- 
nally constructed by Nero, and that it ran over the 
arches. It was restored by Domitian; a pipe bearing 
his name, about eight inches in diameter, was found in 
1742. 

Just beyond the Porta Maggiore the Aqua Marcia, 
with the Tepula and Iulia above it, entered the city; 
and the three channels may be seen in section where 
they pass through the Aurelian wall. The Anio 
Vetus has been found just inside the gate, and the 
Aqua Alexandrina very likely entered the city here 
also. 

The question as to the amount of water carried by 
the aqueducts depends upon the value given to the 
quinarta, the official unit of measure, explained by 
Frontinus, who, as curator aqguarum under Trajan, 
wrote a treatise upon the aqueducts. The most 
probable value has recently been determined as 0-48 
litre per second or 41-5 cubic metres in twenty-four 
hours; and we thus get the following table :— 


Quinarize Litres Cubic 

(Frontinus). per second. metres 
per diem. 
Anio Novus.... 4,738 2,274 196,627 
Claudia 4,607 2,211 191,190 
Marcia 4,690 2,251 194,365 
Anio Vetus .... 4,398 2,111 182,517 


There were no large clearing or settling tanks within 
the city, only comparatively small reservoirs (castella) 
from which distribution was made by lead pipes; and 
this is the case with the modern aqueducts also, so 
abundant is the supply. 

From the study of the aqueducts we should pass 
naturally to that of the buildings which they supplied. 
The great imperial therm, such as those of Caracalla, 
were naturally among the most important of these ; 
and in this case, as in others, the water supply of the 
city as a whole was increased in order to have enough 
water for the special aqueduct, a branch of the Marcia 
(to which he added a spring called the Fons Antoni- 
nianus, after his own name) by which they were supplied. 

But this might lead us on into a general survey of 
Roman architecture, which would be far too vast a 
subject. It may perhaps be opportune to ask, in 
conclusion who were the practical men who carried out 
these great works ? 

The question who were the persons responsible for 
the development of Roman engineering has been 
asked and answered by Rivoira in his “‘ Architettura 
Romana,” soon to appear in an English translation, the 
proofs of which I have been allowed to see. He points 
out that the architects of the great Roman state 
buildings of the Imperial period were forbidden to 
inscribe their names upon them, but rightly maintains 
that they must not be assumed to have been Greeks, 
in that prejudice and passion for things Greek against 
which he raises a very necessary protest. This pre- 
judice leads those who are swayed by it to “look at 
the architect solely in his character of artist and 
exponent of esthetics, forgetting the technical and 
engineering sides of his activity.’ Rivoira emphasises 
the fact, as does Montauzan, that we learn from 
Vitruvius what class of men these state architects 
were—military engineers, who were at the same time 
civil architects. They were, it would seem, all Roman 
citizens, and for the most part Italians, not Greeks, as 
their names imply ; and it is to them that we owe the 
Planning of such a garrison town as Aosta, and the 
development of Roman vaulted buildings, the ancestors 
of the great vaulted architecture of the Byzantine, 
Lombard and Romanesque periods. 

The Roman engineers had at their disposal com- 
paratively simple and primitive instruments—the best 
work on the subject I know is M. Germain de Mon- 
tauzan’s “ Essai,” for it is written by a practical man. 

The groma, their chief land-surveying instrument, has 
recently been reconstructed from fragments found at 
Pompeii by Sig. Matteo della Corte, and there is a 
reproduction of it, made by Colonel Sir H. G. Lyons, in 
the Science Museum at South Kensington. It can 
only be employed for measuring horizontal angles ; for 
measuring vertical angles they had to proceed by slow 


angles of both kinds, being combined with a water- 
level, or using a chorobate, a somewhat cumbrous form 
of water-level, much like a dumpy level of the present 
day, and preferred by Vitruvius for levelling aqueducts, 
probably because it involved no sighting; for we must 
remember that they had not the assistance of the 
knowledge of the optical properties of glass. 

Their systems of calculation, too, which involved the 
use of the abacus, must have been complicated, slow, 
and inconvenient. 

But having at their disposal comparatively little 
theoretical knowledge of mechanics, they yet succeeded 
in achieving marvellous results, largely from their 
practical ability. They must have solved such problems 
as the transportation of an obelisk by the multiplicity 
of simple elements of traction employed and by the 
ingenuity displayed in their arrangement. 

And when it is a question of sea transport, we cannot 
but admire the courage of those who succeeded in 
bringing such huge masses of stone through the Medi- 
terranean from Egypt to Italy without the aid of 
steam—an even greater enterprise than dragging them 
along the land without the appliances that we now have 
at command. 

Mr. O. G. 8. Crawford has of late eloquently main- 
tained the view that anthropology is concerned with 
the whole of man’s past as it bears on his present and 
his future. If this be so, and personally I entirely 
agree with him, I think I may claim that the study of 
practical engineering among the Romans shows us that 
in this, as in other spheres, they added very considerably 
to the sum of human achievement, and thus contributed 
in no small measure to make the condition of the 
human race what it is. 





CATALOGUES. 


Transformers.—An illustration of a bank of three 
transformers of 30,000 kv.a. capacity has reached us 
from the makers, Messrs. Ferranti, Limited, Hollinwood, 
Lancs. 


Machine Tools.—Messrs. Dowdings’ Machine Tool 
Company, Limited, Bush House, London, W.C.2, have 
sent us a copy of their detailed catalogue of new and 
second-hand machine tools. 


Electric Cable ProtectionA new method of rendering 
armoured cables waterproof is described in a loose-leaf 
catalogue page received from British Insulated and 
Helsby Cables, Limited, Prescot, Lancs. 


i 

Sugar Machinery—The processes of casting and 
machining rollers for cane-crushing mills are described 
in a special illustrated catalogue received from The Mirr- 
lees Watson Company, Limited, Scotland-street, Glasgow. 


Superheaters.—An excellent general account of steam 
superheaters, as applied to locomotive, marine and land 
boilers, is given in an illustrated pamphlet issued by the 
Superheater Company, Limited, 195, Strand, London, 
W.C.2. 


Electric Motors.—The A.C.E.C. Company of Belgium, 
have sent us a catalogue giving full particulars of 
three-phase induction motors ranging from 28 h.p. to 
400 h.p., The company’s London office is at 56, Victoria- 
street, S.W.1. 


Drilling Machines.—A leaflet dealing with single or 
multiple ball-bearing sensitive and high-speed drilling 
machines, with. or without automatic feed, is to hand 
from Messrs. A. A. Jones and Shipman, Limited, East 
Park-road, Leicester. 


Water Softening.—Illustrations and particulars of a 
number of water-softening plants designed by Mr. T. 
Roland Wollaston, are given in a catalogue issued 
by Messrs. Wollaston Gas Producers (Manchester), 
Limited, Tib-lane, Cross-street, Manchester. 


Electric Fittings.—A catalogue of ‘ Wittonite’’ cable 
rack cleats, capable of taking cables from } in. to 2} in. 
in diameter, and having, from one to six ways, has 
reached us from the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2. 


Electrical Machinery.—The second number of the 
monthly journal, ‘‘ A.E.G. Progress,”’ printed in English 
and issued by the Allgemeine Elektricitéts Gesellschaft, 
Berlin, contains a large amount of descriptive matter 
dealing with tools, instruments and electrical machinery. 
Steam Trap.—The Key Engineering Company, Limited, 
4, Queen Victoria-street, London, E.C.4, have issued a 
catalogue dealing with their “Simplicity ” ball steam 
traps. Simple in construction, they are made in standard 
sizes, for which the pipe connections vary from } in. to 
2 in. in diameter. 


Printing Machinery—A_ catalogue of stereotyping 
plant and “late news’ devices, from Messrs. R. W. 
Crabtree and Sons, Limited, 7, Farringdon-road, London, 
E.C.1, shows a number of appliances for casting and 
trimming stereo plates and also devices for inserting lines 
of “‘ stop-press ’’ news. 


Machine Tools.—An illustrated catalogue and list of 
radial-drilling machines, engine lathes, slotting machines, 
and shaping machines is to hand from Messrs. George 
Swift and Sons, Limited, Halifax. This is a special list 
of machines in stock or in an advanced stage of manufac- 
ture for early dispatch. 


Pumps.—Messrs. Tangyes, Limited, Birmingham, 


deals with horizontal and vertical ram pumps and with 
a range of centrifugal pumps; the other with turbine 
‘pumps up to seven stages. Both catalogues give full 
particulars of capacities, etc. 


Concrete-Lined Iron Pipes.—A special catalogue deal- 
ing with concrete-lined iron pipes has been issued by the 
Stanton Ironworks Company, Limited, near Nottingham. 
These pipes are for the conveyance of soft or peaty 
waters and are manufactured in sizes ranging from 
4 in. to 72 ins. in diameter. 


Draught Gauges.—A catalogue of draught gauges made 
entirely of metal has been sent us by Messrs. J. Hopkin- 
son and Co., Limited, Britannia Works, Huddersfield. 
These gauges are of the one-, two-, or three-dial type, and 
are supplied for boiler-house service and for indicating 
fan pressures, gas pressures, &c. 


Well Casing—A further catalogue dealing with well 
casing of various kinds, and piping, connections and 
fittings relating to well equipment, is to hand from the 
Oil Well Engineering Company, Limited, Cheadle Heath, 
Stockport. This catalogue contains much useful technical 
information on this class of material. 


Concrete Roads.—A booklet on concrete roads, contain- 
ing some interesting information concerning ancient and 
modern methods of road-making, has been issued by 
the British Portland Cement Association, Limited, 20, 
Dartmouth-street, London, S.W.1. A number of illus- 
trations of recently-completed concrete roads, are in- 
cluded in the booklet. 


General Engineering.—Messrs. Sulzer Brothers, Winter- 
thur, Switzerland, have sent us a copy of their technical 
periodical, ‘‘ Sulzer,’’ containing articles on heating 
and ventilating plants, underground railway equipment, 
pumping stations, marine oil engines and other work 
undertaken by the firm, whose London office is at 
31, Bedford-square, W.C.1. 


Motor Lawn Mower.—Messrs. John Shaw and Sons 
(Wolverhampton), Limited, Wolverhampton, have issued 
a circular and catalogue relating to their motor-driven 
lawn mower, ‘‘ Governor.” This machine has a two- 
stroke, water-cooled engine, with magneto ignition. It 
can be supplied with or without a trailer seat, mounted 
on a frame above a split roller. 


Steam Turbines.—Tests and operating results of the 
5,000 kw. Brush-Ljungstrém turbo-generator installed 
at the Wallasey power station, by the Brush Electrical 
Engineering Co., Limited, Faleon Works, Loughborough, 
are given in detail in a special catalogue which has 
recently come to hand. An analysis of costs per unit 
generated is given, as are also load andefficiency curves. 


Explosives.—A small handbook of the exhibits at the 
British Empire Exhibition, of Messrs. Nobel Industries, 
Limited, Buckingham-gate, London, 8.W.1, has just 
reached us. The publication deals with mining, quarry- 
ing and fire-arms explosives, and a variety of other pro- 
ducts, all of which are manufactured by the thirty-five 
constituent companies which comprise Nobel Industries, 
Limited. 

Steam Traps.—Messrs. J. Hopkinson and Co., Limited , 
Huddersfield, have sent us a copy of their catalogue of 
steam traps, explaining the action of the Duplus and 
Radus types. Of these traps, the latter is made for 
working pressures up to 120 lb. per square inch, and the 
former, when constructed in iron, for pressures up to 
200 lb. per square inch. Duplus traps are also made in 
steel for pressures up to 350 Ib. per square inch. 


Oil- Field Pipes.—Messrs. Stewarts and Lloyds, Limited, 
41, Oswald-street, Glasgow, C.I., have issued a reprint 
of the American Petroleum Institute’s specifications for 
steel and iron pipes and connections for oil-field equip- 
ment. Messrs. Stewarts and Lloyds hold a licence 
enabling them to mark their products with the A.P.I. 
stamp. They are prepared, however, to work to oil 
companies’ specifications differing from the A.P.I. 
specification. The latter apply to materials for line 
pipe, drill pipe, drive pipe, and tubing, as well as to 
casing. Complete specifications have, so far, been issued 
for casing only. Pending the publication of complete 
data, particulars of American standard line pipe and 
pipe screw threads are included. 


Water-Tube Boilers.—The Stirling Boiler Company, 
Limited, 32 and 33, Farringdon-street, London, E.C.4, 
have recently prepared a new catalogue which contains 
excellent illustrated descriptions of their boilers, shown 
fitted with mechanical stoking and pulverised-coal firin, 
appliances. A diagram, showing the properties o 
saturated and superheated steam between 400 lb. and 
2,000 lb. gauge pressure, converted from Stodola’s tables, 
is inserted in the text. Two other useful graphs show 
the pressure loss between the boiler and the point of 
delivery in steam pipes ranging from 3 in. to 14-in. bore. 
The calculations for the latter were based on the volumes 
of steam as given in Marks and Davis’ tables, and on 
Unwin’s formula for the flow of steam through pipes. 
This catalogue is worth preserving as a reference book. 





Hiecu-SpeeD TusBE Lirts.—The lifts at Leicester 
Square Tube Station of the London Underground Rail- 
way having proved insufficient for the traffic during rush 
hours when operated at their normal rate of 180 ft. per 
minute, experiments are being made with a view to 
determining at what velocity the lifts should be run to 

rove adequate for all traffic requirements. A lift will 
be converted to operate at a speed of 240 ft. per minute 
at first, the speed being increased gradually up to a 
maximum of 275 ft. per minute. This will have the 
effect of augmenting the capacity of the lift by 30 per 
cent. It is expected that’ a new high-speed lift will be 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 


in each case; where none is mentioned the Specification is not 


illustrated. 

Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 
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ELECTRICAL APPARATUS. 


236,717. The English Electric Company, Limited, 
London, and A. D. Sloan, London. Rotors. (2 Figs.) 
June 18, 1924.—The invention relates to drum-type rotors 
for high-speed machines and deals particularly with 
drum-type rotors built up of cylindrical plates or slabs. 
According to the invention, the rotor plates 1 are formed 
with a projection 2 on one face and a recess 3 in the other 
face, the projections and recesses being arranged so that 
the projection on the face of one plate is adapted to 





screw into the corresponding recess in the adjacent face 
of the neighbouring plate. Thus the rotor is built of 
plates in such a way that each plate is rigidly secured to 
the adjacent plate by means of a projection on the face of 
the one plate screwing into a recess in the corresponding 
face of the other plate. Generally speaking the end 
plates 4, 5 will be integral with spindles 6, 7, respectively, 
serving as the shaft, and one end plate will be arranged 
with a projection on its face, “ah the other end plate 
with a recess in its face. (Sealed.) 


237,317. Allen West and Co., Limited, Brighton, 
and V, Breeze, Kingstonville, near Lewes. Electric 
Controllers. (3 Figs.) March 18, 1924. The in- 
vention frelates to electric controllers of the liquid 
type. The invention comprises an electric controller 
having electrodes 4, 5 immersed in a tubular chamber 
2 so as'to be re by a column of liquid 3 
of a length variable by varying the distance between 
the electrodes. Arcing is prevented or rapidly extin- 
guished by enforced circulation of the liquid com- 
pletely over one electrode and then beyond it to form 
the column of liquid of variable length and finally over 
the other electrode. The electrode tubular chamber 
2 is provided with an adjacent cooling chamber 8 





thaving at its upper portion an opening 9 registering 
with a similar opening in the electrode chamber 2. The 
dower end of the chamber 2 has an inlet 10 communicating 
with the delivery outlet of a circulating pump 11. The 
eooling chamber 8 is provided with an overflow outlet 13 
which is placed by means of a discharge pipe 14 in com- 
munication with a cooling sump or reservoir situated at 
any convenient place. The circulating pump 11 forces 
the liquid through the inlet 10 up through the chamber 
2 wherein it passes through both electrodes 4 and 5 and, 
after peeiee over the latter, passes through the opening 9 
into the cooling chambe> 8. Theliquid from the chamber 
‘8 passes down the overflow pipe 13 and through the 
outlet 14 into a sump into which the suction pipe of the 
pump 11 also extends. (Sealed.) 


GAS ENGINES, PRODUCERS HOLDERS, &c. 


237,034. Sir K. I. Crossley, Openshaw, Man- 
chester, and W. Le P. Webb, Openshaw, Manchester. 
Internal Conabustion Engines. (4 Figs.) April 29, 
1924.—The invention relates to two-stroke cycle oil 
engines in which oil is injected towards the end of the 
compression stroke into air compressed in the cylinder, 
of the t in which scavenging air is supplied through 


rts to the cylinder preferably from a separate pump or 
lower. The scavenging air ports e, f,gare placed on the 
opposite side of the cylinder from the exhaust ports a, }, c, 


by the engine piston in the usual manner towards the end 
of the power stroke. In accordance with the invention, 
the scavenging air ports e, f, g and the passage in the 
cylinder wall leading thereto, which may be said to form 
part of the ports, are arranged to direct the air towards 
the combustion end d of the cylinder and they are also 
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arranged to direct or deliver the air only or mainly into 
the scavenging air port side of the cylinder. Thus, the 
outer ports e, g deliver their air towards the combustion 
end of the cylinderin a common plane entirely within the 
air port side of the cylinder. The centre port f delivers 
its air across the cylinder so as to clear the area adjacent 
the piston end. (Sealed.) 


236,850. Babcock and Wilcox, Limited, London, 
and G. C. Douglas, London. Internal-Combustion 
Engines. (3 Figs.) February 18, 1925.—The invention 
relates to two-stroke high-compression engines, and has 
particular reference to the arrangement of the bearing 
memb2r between the piston and connecting rod. In 
accordance with the invention, tha piston is formed with 
two semi-cylindrical inwardly projecting integral lugs a 


p 


4$<—Zz 
4 a a 





to which a tubuiar bearing member ), ¢.e., the tubular 
gudgeon pin, issecured by studsc. The connecting rod d 
is provided with a separable cap e fitting around the 
upper surface of the gudgeon pin 6 and of a width sub- 
stantially equal to the distance between the lugs a. 
The. lower connecting rod brass f forms a continuous 
bearing extending practically the entire length of the 
Pecloa.) pin 6 and covering the bottom surface thereof. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


237,377 G. Donald, Johnstone, and Craig and 
Donald, Limited, Johnstone. Metal Punching 
Machines. (2 Figs.) May 12, 1924. The invention 
relates to metal punching machines of the type in 
which the punching slide or ram derives its motion 
from an eccentric working in conjunction with an auto- 
matic trip. In accordance with the invention, a 
pause or dwell is obtained by dividing the punch slide 
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into two portions A, B, the upper portion A being 
operated by means an eccentric and reciprocat- 
ing in a path of greater travel than is required for 
performing the actual punching operation, thereby pro- 
viding for the pause or dwell of the lower slide portion 
B. The lower portion B is suspended from the upper 
portion A by means of a link D pivoted at E on the 
upper portion A and adapted to be hooked at F to the 




















































pivot E through a small angle in opposition to a spring. 
The disengagement of the link D is performed auto- 
matically in the ascent of the slide by a cam H 
on the link engaging a roller J which can rotate on a 
fixed axis, the position of which may be varied by 
adjustment. In operation, the two slide pentions A, B 
descend together and the punch is forced through the 
material. The punch and the lower slide portion 
are then withdrawn on the upstroke by the link D. At 
a predetermined point, after the punch is clear of the 
material, the roller J bearing on the cam H causes the 
link D to swing on its pivot E to disengage the lower slide 
portion B, leaving the latter stationary at any desired 
point where it may be retained by a spring or springs, 
balance weights or other suitable means. (Sealed.) 


MINING, METALLURGY, AND METAL 
WORKING. 


236,970. John Lysaght, Limited, Newport, Mon., 
and S. Whitmore, Newport, Mon. Pre-heating Air. 
(3 Figs.) August 27, 1924.—The invention relates to 
furnaces in which the air for combustion is pre-heated by 
passing it through pipes which lie in the flues or passages 
for the products of combustion. A is the fire grate com- 
municating by means of a passageway B with a heating 
chamber C in which are placed the articles to be heated. 
The gases from the chamber C pass out through vertical 
side flues D to a flue E, which passes along underneath 
the heating chamber C. The flue E is divided into two 
chambers by a central wall F. The gases from one 
chamber pass out by a passage G to the chimney, and 
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from the other chamber by a passage H. The air for 
combustion of the fuel is forced into vertical pipes J, K, 
on? at each side of the furnace, the pipe J communicating 
at its foot with a header L lying across the end of the one 
chamber and the pipe K with a header M lying across 
the end of the other chamber. Connected with the 
headers L and M are horizontal pipes P lying within the 
chambers and connected at their forward ends with 
headers Q and R, which connect with the ash hole by 
pipes Sand U. The air for combustion, passing from the 
pipes J, is therefore heated during its passage through the 
eaders L and M and the pipes P. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


236,638. R. A. Hopkinson, Huddersfield, and J. 
Hopkinson and Co., Limited, Huddersfield. Steam 
Generators. (3 Figs.) April 8, 1924.—The object of 
the invention is to provide an improved self-contained 
high and low water alarm. A main plate or flange a has 
a tubular part b thereon which projects into the boiler 
and has a fulcrum plate c secured thereto by a screw con- 





nection and locking stud. A whistle block eis secured to 
the main flange a and the stem g of the whistle or steam 
valve h — through the tubular part 6 for connection 
with a float lever i within the boiler, the lever ¢ being 
mounted on a fulcrum pinj fitted toa fulcrum supporting 
sling or shackle k which is attached to the fulcrum plate 
c, A guide / for the float lever ¢ is attached to the opposite 








being so positioned that they are uncovered 


tthe ports 


portion B so that it may be disengaged when swung on its 


end of the plate c. (Sealed.) 
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THE OUTPUT OF TOTALLY-ENCLOSED 
ELECTRIC MOTORS FOR SPECIFIED 
TEMPERATURE RISES. 


By FREDERICK Mureatroyp, B.Sce.Tech., 
A.M.I.E.E, 


Ir is often desirable to know what output may be 
expected from an electric motor which, having been 
made to meet a certain specification, is afterwards, 
reqhired for other work. Assuming, of course, that 
no change is to be made in the design of the motor, 
only two variables are to be taken into consideration, 
namely, output and time. In the determination of 
this problem, therefore, the most useful datum would 
be a curve showing the maximum output of the 
machine plotted aginst time, the final temperature 
tises at every point on the curve being within the 
limits allowed by the specification. The main 
purpose of the present article is to give such a curve 
applicable to totally-enclosed machines. As a 
preliminary, however, it is thought desirable to 
make a few general r2marks on methods of measuring 
temp2ratures, and on heating curves. 

In the testing of electrical machinery three 
methods of t2mperature measurement are usually 
adopted, viz., by thermometer, by thermo-couple, 
and by calculation from the rise in resistance. 
The thermometer is, of course, more generally 
used than either of the other two methods. It is 
very convenient, and gives a direct and definite 
reading. Some discrimination is necessary in its 
use, however. ‘ In cases where it can be fixed to a 
part of the machine throughout the whole run, and 
therefore heats up with the machine, it is found that 
the thermometer is as reliable in its indications as 
the thermocouple. This applies, for instance, to 
such stationary parts as the frame and field coils. 
The temperatures of rotating parts, on the other 
hand, can only be measured after the machine is 
shut down, and a period of a few minutes generally 
elapses before the maximum reading is obtained on 
the thermometer. By this time, the external surface 
of the armature is g2nerally at a higher temperature 
than at the exact moment of shutting down, but 
the maximum temperature obtained is always 
taken as the actual temperature in accordance with 
B.E.S.A. Specification. Thermo-couples require 
a fair amount of knowledge and skill in their con- 
struction and use, but where these are understood, 
very accurate temperature readings can be obtained, 
though, as stated above, they are not necessarily 
in every case any more accurate than a thermometer. 

The determination of temperature rise by calcu- 
lation from the rise of resistance applies to electrical 
windings such as the field coils of a machine. In 
this case, however, the temperature rises obtained are 
the average temperature rises of the whole of the 
field copper, which data, although interesting, are 
not in general use as a means Of finding whether a 
motor is being run at safe temperatures, and, in 
fact, this method is omitted from the B.E.S.A. 
= gees which calls for surface temperatures 
only. 

In considering this question of temperature 
measurements, it must not be overlooked that the 
temperatures obtained are not of real value per se, 
but only in so far as they indicate the safe loading 
of the machine. For instance, the important 
temperature in the case of field coils is the tempera- 
ture of the hottest spot inside the winding. This 
temperature limits the heat that can safely be 
generated in the coil if the insulation is. to remain 
undamaged. This hot-spot temperature cannot be 
obtained in practical work, and therefore the 
temperature of the external surface of the coil is 
measured instead and, working on the result of 
experience, this surface temperature is kept suffici- 
ently low to prevent an excessive hot-spot tempera- 
ture. _The temperatures recorded are, in fact, 
gee temperatures and must always be regarded 

such, 

The heating of the various parts of an electrical 
machine is theoretically in accordance with an 
€xponential law of the form 


( a 
-=2 
Y= Ymax,\l-—e © ) 


Where y is the temperature rise, Ymax, is the maxi- 


and 2 is the time measured from the beginning of the 
run. aand bare heating constants for the particular 
machine. In actual practice, the time-temperature 
curves do not follow the above law exactly because 
of the relative effects of the various parts of the 
machine on one another. Especially is this so at 
the beginning of the run, the heating of the machine 
adhering more truly to the exponential law after 
the first hour or so. 
for the purpose of the present investigation, the 
temperature of the machine rose during the run in a 
manner approximately in accordance with the true 
exponential law. How far the law was deviated 
from in any particular case is, however of no 
moment for our present purpose, where the final 
temperatures are fixed and the only question is the 
time taken for the machine to attain those tempera- 
tures when developing a certain output. 

The machine chosen was a totally-enclosed motor 
having a normal continuous output of about 
4 brake horse-power at 500 r.p.m. and 220 volts. 
The outside surface of the machine was painted 
grey. It was decided that the criteria temperatures 
should be a maximum of 100 deg. F. rise above the 
temperature of the surrounding air, and that these 
temperatures should be measured during the run 
on the field winding by thermometer and thermo- 


CURVE SHOWING RELATION BETWEEN OUTPUT 
QURATION OF RUN FOR TOTALLY ENCLOSEO_, 
D.C. MOTORS. 
UTPUT EXPRESSED AS % OF GHOUR OUTPUT— 
\" TEMP. RISES LIMITED TO 100 °F. 
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couple, and at the end of the run on the commutator 
and armature core by thermometer. This maximum 
rise is approximately that allowed by the B.E.S.A. 
Specification No. 168, in which the permissible 
temperature rises of totally-enclosed machines, as 
measured by thermometer, are 90 deg. F. for wind- 
ings and cores and 99 deg. F. for commutators. 
The procedure adopted was to run the machine at a 
certain brake horse-power for such a time that none 
of the criteria temperatures exceeded 100 deg. F. 
rise, but one or more reached this figure. It will be 
noticed that at about 4 brake horse-power all the 
criteria temperatures were in the neighbourhood of 
the 100 deg. F. rise, whereas at higher outputs the 
tendency was for the armature to heat up more 
quickly than the field. This effect is shown in the 
following table, which gives the results of the tests 
from which the curve in the accompanying diagram 
has been plotted :— 


Temperature Rises of Totally-Enclosed Motor at 
Various Loads. 











Temperature Rises, deg. F. 

BE. | aoe 

Comm. Arm. Core. Field. 

4-1 6-0 100 99 95 
5-0 3-4 87 100 85 
6-0 2-15 86 100 76 
7-0 1-43 85-5 100 67 
8-0 1-0 85 100 63 
10-0 0-54 75 100 35 

















From the table it will be seen that a curve of the 
form required could be plotted showing the relation 
between brake horse-power and time, but it is 
thought that the curve would be more conveniently 
shown by plotting time as abscisse and the output 
expressed as a percentage of the six-hour output, 
i.e., 4°1 brake horse-power, as ordinates. The 
curve in the diagram therefore shows what per- 
centage increase of load is possible from a machine 
as the time of run is decreased, on the assumption 
that the specified temperature rises are not ex- 
ceeded. The curve, in this form, as will be shown, 
becomes of more general significance and is not 


In all the heating tests made | 7 


Let it be assumed that T is the duration of the 
run in hours, and H is the output in brake horse- 
power. It was found that by plotting log. T 
against log. H, a straight line was obtained. The 
relation between T and H may therefore be expressed 
by means of a law of the form T x H* = b, where 
a and bare constants. The curve of the diagram 
indicates the relation between A and T where J is 
ii, x 100, H, being the brake horse-power when 
T = 6, and may therefore be expressed by means of 
a similar law to the above, namely, T x A° = d, 
where c and d are constants. The constants c 
and d have been determined, and the law may now 
be stated as 

T x v*67 _ 1.362 x 10% 

where T = duration of run in hours, and A = 
brake horse-power as a percentage of the brake 
horse-power for a six-hour run to give the specified 
temperature rise. This law is certainly applicable 
to the totally-enclosed motor on which the investi- 
gations were made. It is suggested that it is 
equally applicable to all totally-enclosed machines 
having a temperature rise limit of 100 deg. F., and 
may be taken as approximately correct for all 
totally-enclosed machines designed for any other 
temperature rise. 





CONSTRUCTION METHODS ON A 
720,000-H.P. GENERATING STATION. 
By Frank W. Skinner, M.Am.Soc.C.E. 
(Concluded from page 504.) 


Mixing and Distribution.—All concrete was mixed 
for one minute or more in a battery of two l-yard 
Koehring mixers, each driven by a 25-h.p. motor 
at aspeed of about 15r.p.m. The mixers discharged 
through pivoted chutes to buckets at the foot of 
twin Insley steel hoisting towers 240 ft. high and 
15 ft. apart on centres. These are well shown in 
Fig. 3, page 436 ante. They were thoroughly braced 
together and were guyed at each of six points 
with a set of four steel wire ropes making angles of 
approximately 45 deg. with the horizontal. The 
buckets were hoisted by two 2-drum mine engines 
equipped with powerful friction clutches. These 
hoisted a load with not more than 10-lb. pressure 
on the hand lever. They were driven by 100-h.p. 
electric motors and were operated by bell signals 
for lowering or’ stopping. A mark on the line 
indicated when the bucket reached the hopper, 
and the operator could see when it arrived at the 
bottom of the tower. The great height of the 
towers was the limiting factor in production. The 
bucket made one round trip in about 60 seconds. 

A special hopper was fixed on the hoisting tower 
about 15 ft. above the surface of the ground to 
permit concrete to be readily delivered to wagons 
or carts for distribution to places inaccessible by 
the chutes. 

Electric signals were provided connecting the 
cement house, the aggregate storage and the mixer 
platform, with the operator in a room at the end of 
the aggregate bins, where eight switches were 
installed, controlling all the different motors driving 
the aggregate, cement and concrete machinery. A 
drop indicator was used to signal “stop” or 
“start”’ so that any part of the work could be 
instantly controlled independently of the rest. 
The different stations also had telephone con- 
nections with each other and with the operators 
on the concrete mast and in the pit, so that instruc: 
tions could be transmitted instantly to govern the 
amount or consistency of the concrete. The con- 
crete was usually mixed stiff enough to crown a 
little in the hoisting bucket and generally flowed 
without difficulty through the chutes inclined at 
about 1 vertical to 2-7 horizontal. Water was 
admitted directly to the mixer from a receiving 
tank, equipped with a Koehring automatic valve 
measuring the water. 

The top of the tower supported two high line 
spouting cables. Each of these cables carried a 
maximum load of about 80 tons and extended to the 
top of an American Hoist and Derrick Company’s 
steel mast 115 ft. high, various details of these 








mum temperature possible after prolonged running, 





merely applicable to one particular motor. 


being shown in Figs. 10 to 12. Fig. 11 shows the 
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foot of the mast, and Fig. 12 the pivot bearing 
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and bearing plates. Each of these was seated 
on a pyramidal wooden tower 20 ft. high, 5 ft. 
square at the top and 15 ft. square at the base. 
The latter had four 12 in. by 12 in. inclined corner 
posts, secured at the top and bottom to 16 in. by 
16 in. horizontal timbers. The upper timbers 
supported a 5 ft. by 5 ft. solid platform of 12 in. 
by 12 in. timbers receiving the derrick base. The 
lower timbers were connected to groups of~ the 
regular foundation piles to be eventually covered 
by the 15-ft. concrete floor slab. The corner posts 
were securely braced with 6 in. by 12 in. diagonals 
on every face. 

Both cables were parts of one undivided 2,200-ft. 
length of 2-in. steel cable, which was continuous 
over the top of the hoisting tower and over the 
top of each steel derrick mast, whence it was 
inclined downwards to special anchorages. It was 
strained much below its capacity, and, being all 
in one continuous length, had a high salvage value 
for cableway or other service. Besides this high 
line cable, for other equipment in the general 

















installation, such as rigging, derricks and hoists, ato 


4-mile of 1}-in. and about 11 miles of }-in. to 1}-in. 
steel cable have been used. 





Fie. 12. Prvot Bearing at Foor OF Mast. 


























Fic. 11. Lowsr Enp or Derrick Mast. 


The derrick masts were located about 330 ft. 
apart on a line substantially at right angles to the 
river front. Each was equipped with a 100-ft. 
boom carrying a counterweighted Insley truss 50 ft. 
long, from the end of which was suspended a second 
counterweighted truss 50 ft. long. To the outer 
extremity of the latter was attached, when neces- 
sary, a 30-ft. section of pivoted chute with a folding 
steel tripod about 15 ft. high attached to it, from 
the end of which the concrete was spouted to 
still more remote positions through light chutes, 
manipulated by hand. aad 

From the high line cables between the hoisting 
tower and the masts standard 20-ft. sections of 
concrete chutes were adjustably suspended in the 
usual manner. These discharged into circular 
Insley hoppers through which the masts revolved 
about 350 deg., covering a spouting radius of about 
200 ft., divided into three revolving sections and 
enabling a very large area of the lot to be com- 
manded by the chutes. The cable spans were 
respectively 305 ft. and 270 ft. long, and their 
chutes, together with those operated by the der- 
ricks and counter-balanced trusses, were all of the 
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standard Insley type and aggregated about 1,000 
lineal feet. 

Safety Precautions. — When the chutes were 
running full of concrete, a slight irregularity, 
congestion, or obstruction was likely to cause 
the concrete to accumulate, pile up against the 
cross braces and be thrown overboard, with a 
possibility of the material falling on and seriously 
injuring workmen beneath. To protect the work- 
men underneath and those attending the suspended 
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under strain to serious impact from accidental 
causes, the trusses were made extra strong by 
transverse horizontal bottom chord bracing and 
by the insertion of frequent spreaders, which 
gave them abundant strength to resist any 
ordinary impact. It is estimated that when the 
chutes were running full of concrete, the suspension 
cables were loaded about 90 lb. per lineal foot, 
and that the loads on the derrick booms were 
about 26,000 lb. 

If the flow was obstructed, one man stationed at 
the top of the hoisting tower and another at the 
top of each derrick mast, at once proceeded along 
the chutes to the point of difficulty. A third 
man climbed up from the lower end if obstructiors 
;occurred in the chutes carried by the counter- 
| weighted trusses. 

At the top of the towers the chutes were con- 
nected by pivoted sections and gates so that the 
| concrete might be instantly shifted from. either 
| hoisting bucket to either chute, thus enabling all 
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concrete chutes, these were therefore provided 
with safety ropes and with a framework covered 
with heavy wire netting extending to a height 
of 30 in. above the chute on each side. On each 
side of the chute there was a 3-in. wire rope, 
16 in. above the chute, attached to the flanges of 
angle-iron trapezoidal yokes, 20 ft. apart that were 
3 ft. wide at the top and 17 in. wide at the 
bottom where they enclosed the chute. These 
yokes were suspended from the chute carrying 
cables by 3-in. wire slings, and to them were 
wired the panels of netting that served both as 
a guard for the workmen and to retain any 
concrete that might be spilled from the chute. 
The arrangement is shown in Fig. 13. 

When the two concrete mixers were running to 
full capacity, both pouring into a single chute, 
a steady stream of concrete about 7 in. deep was 
delivered. This produced large dead load stresses 
in the system and made the handling of the 
terminal chutes heavy and rapid work difficult. 
As heavy unit stresses might be produced in the 
counter-weight trusses by the maximum loads, 
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the concrete to be delivered through either chute 
or divided between both of them. With this 
distributing system 1,000 yards of concrete were 
placed in the 8-ft. floor slab by a very small 
force in one 8-hour shift. 

The total weight of each suspension cable alone, 
between anchorages, was about 6,200 lb. Very 
careful work was required to hoist and secure it and 
to give it the proper adjustment. Two hoisting 
engines were required to adjust it to the necessary 
initial tension, amounting probably to 18 tons, 
before the cable was made fast to its anchorage. 
The stresses and deflections were carefully calculated, 
but as no means were available for measuring them, 
the adjustments were made wholly as a matter of 
judgment by the engineer and were so well done 
that when the chutes were suspended from the 
cable, they assumed a very regular outline slightly 
crowned in the middle. This, under loads, flattened 
out almost to a straight line. This movement at 
first produced a slight longitudinal creeping back- 
and-forth at the end of the chute engaging the mast 
hopper, but as conditions became more settled, this 
movement decreased. 





and as they might possibly be subjected while 


Anchorages for the suspension cables, for the 
derrick guys and for the numerous guys to the 
hoisting tower were provided chiefly by seven 
special dead men; Figs. 14 to 16 illustrate these. 
They were located beyond the limits of the concret- 
ing area, and were elevated to a minimum height of 
about 7 ft. above the surface of the ground which, 
added to the slope of the tower guys, which was 
never less than 1:4, avoided all obstructions and 
interference with operations throughout the area. 
Some of the anchorages received as many as 10 
guys, and were subjected to a displacing strain 
estimated at not less than 90 tons maximum. 

The specially designed and well braced dead men 
and ballast boxes were placed in pits 3 ft. or 4 ft. 
deep. A vertical transverse frame, 10 ft. Sto 
15 ft. high, was braced to a pair of longitudinals 
(laid parallel with the vertical plane of the 
guys) and seated on a plank grillage in the 
bottom of the pit. A framed bent making an 
angle of 45 deg. with the vertical, was attached 
to the foot of the vertical transverse frame, 
and its upper beam was thoroughly braced to the 
rear end of the longitudinals. Horizontal trans- 
verse beams on this frame cave intermediate bearing 
to the guys for bridles which were there deflected 
to a direction only a little inclined from the vertical 
and thence continue to connections on the bottom 
longitudinals. This arrangement, serving practically 
as knuckle joints, provided for the rapid downward 
deflection of the guys. 

The floor of the ballast box was laid on top of 
the longitudinals, and its planks projected beyond 
them to light vertical side walls, carried up some- 
times above the tops of the transverse frames, and 
in all cases thoroughly secured by several tiers of 
through stays of old wire cables. The largest size 
ballast box had a loading capacity of about 2,200 
cub. ft., equivalent when filled with closely packed 
stone to a weight of about 110 tons to resist the 
pull on the guys, estimated at a maximum of 90 
tons under extreme conditions, not only by resist- 
ance to transverse movement on the ground, but by 
resistance to overturning around the extremity of 
the longitudinals as a pivotal point, which developed 
a considerable advantage through the increased 
lever arm. 

Reinforcement.—The reinforcement steel was de- 
livered to a receiving platform, shown in Figs. 17 
to 19. This was about 4 ft. wide, 7} ft. high and 
42 ft. long, with traverse bents 6 ft. apart which 
extended about 2} ft. beyond the one side of the 
platform to carry 6-in. gas pipe rollers 18 in. long, 
over which the bars were rapidly pushed to shears 
on the axis of the roller track. On the south side 
of the rollers, working platforms about 5 ft. high 
were placed in alternate panels. 

Beyond the shears, the roller track was extended 
54 ft. with loading skids 64 ft. wide on the south 
side. The horizontal receiving platform was 4 in. 
higher than the roller tops, and was provided with 
short connecting inclined skids. The slightly in- 
clined loading skids were seated on the caps of the 
transverse roller bents, and at the lower outer ends 
were provided with hinged stops 10 in. wide, which 
could be lowered to allow the bars to slide off on 
to trucks or cars alongside. 

Between the loading skids and the rollers, near 
the shears, there was a horizontal measuring strip 
10 in. wide, marked off in feet and inches, having 
an adjustable stop. This arrangement insured the 
rapid and economical checking and sorting of the 
reinforcement bars, most of which were used straight. 
The remainder were bent at the site around adjust- 
able pins on a flat table by hand levers. 

Classified Cost Records.—The Kenwell contract 
covered several million dollar’s worth of work of a 
greatly varied and somewhat unusual character, 
extending over a long period of time and subject 
to frequent changes in order to meet unexpected 
developments, difficulties or modifications of the 
original plan. It was, therefore, imperative that 
all records and accounts should be accurate and 
specific and so classified and arranged as to afford at 
any time the simplest, quickest and easiest calcu- 
lation of costs and summary of work and progress. 
A comprehensive rational and elastic accounts 
system was developed by the contractor’s super- 
intendent and engineer,-Mr. F. E. Cudworth and 
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PRESSURE PIPE-LINE ARCH OVER THE DURANCE, * FRANCE. 


CONSTRUCTED BY LES ETABLISSEMENTS JOYA, ENGINEERS, GRENOBLE. 


Fig). ___ (110,50) Reservoir Level 
“yR-20700 
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for the installation and arrangement of the princi- 
pal plant and designed the details of a large part 
of the temporary and auxiliary construction 
equipment such as machinery supports, derrick 
towers, bins, buildings, anchorages, and the like. 
A complete system of forms was designed to 
facilitate simplicity, accuracy and certainty in 
keeping all data for the preparation of classified 
cost accounts, so that all items were simply recorded 
in multiple where they originated, were distributed 
and countersigned in accordance with the sequence of 
progress, and provided complete, original responsible 
information about all items of construction. 

The two principal groups of forms were for mate- 
rials and labour. Most of the form; were printed on 
8g-in. by 10%-in. pages, using white, yellow, green, 
red, blue and pink paper, according to the number 
of duplicates required. Cost accounts were kept 
with unusual accuracy, detail and simplicity, great 
elasticity and corvenience of interpolation being 
secured by making main divisions in groups of 
100 principal items with corresponding units and 
minor items in decimals. Capital letter prefixes 
denoted location and small letter prefixes denoted 
structural parts. Purchase orders were in quin- 
truple, storehouse orders in duplicate, materials 
returned, in quadruple, dray and tug orders in 
duplicate, material received, in triplicate, distri- 
bution sheets, in sext.iple, and material sold in 
quadruple. 

In the labour group were hiring cards, employment 
and income -tax and charge of rate, and foreman 
time cards, pay-off checks, pay receipts, sextuple 
memorandum of charge sheets and comparison 
sheets for records of competitive bids. 

Cost accounts under 20 heads included fixed and 
overhead charges designated by numbers with letters 
prefixed to indicate locations, and were decimally 
sub-divided to an unlimited degree. Construction 
accounts classified all kinds of work and supplies, 
and had hundreds of items alphabetically arranged 
and printed on loose leaves, for the pocket reference 
books of foremen, superintendents and others. 
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This system, providing for immediate deter- 
mination and absolute uniformity, was found to 
save a great deal of time and secure satisfactory 
results, simplifying the book-keeping, relieving 
officials and affording data for immediate estimates 
and balances in great or small detail. 





THe “Avutr” Love-Pamntine Macuine.—At a time 
when it appears that widespread use is about to be made 
of traffic, safety, and special zone lines on roads in this 
country, it is of interest to note that a well-made and 
efficient machine for carrying out the work of marking 
off areas has been placed on the American market. The 
machine, which is made by the Tennessee Tool Works, 
Inc., of Knoxville, Tenn., U.S.A., consists of a light steel 
framework supported on four rubber-tyred wheels, 
fitted with ball bearings and disposed two in front and 
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two at the back. This framework ends in two handles at 
the back of the machine, which are gripped by the —— 
after the manner of a plough. A fourth small pilot 
wheel, placed in front of the foremost pair of main wheels, 
serves to act as a guide in marking lines. A spiral brush 
clears the track for the deposition of the paint which 
is sprayed through a brass nozzle under pressure. 
Mounted on the frame are two steel cylinders, the front 
one, 12 in. in dia. and 20 in. long, being carried horizon- 
tally. This cylinder contains the paint. Another steel 
cylinder, 36 in. high and 12 in. in diameter, erected 
vertically, contains a supply of air compressed to 4 

ressure of 100 1b. per square inch. A flexible pneumatic 
nn connects the air to the paint tank, pressure gauges 
being fitted to both. A regulating valve of the constant- 
pressure type forms part of the arrangement. The spraying 
nozzle is connected by flexible hose to the paint tank, an 
the emission from the nozzle is controlled from the right 
handle of the hine by of a quick-closing 
throttle. The total weight is 160 Ib. 
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PRESSURE PIPE-LINE ARCH OVER 
THE DURANCE. 


Ir frequently happens in connection with hydro- 
electric systems designed to make use of high 
heads that for some reasons or other it is necessary 
to carry the penstocks from one side of a valley to 
the other. Various causes may make this advisable, 
such as the selection of a suitable site for generating 
plant, the combination of supplies from two or more 
sources, either to augment the amount of water 
available through a system of conduits, or for the 
purpose of concentrating plant and supplying one 
station from two distinct sources. 

Engineers acquainted with certain districts in 
France and Northern Italy will have been familiar 
for many years now with some or other of the 
solutions adopted under such circumstances. In 
some cases the span is only short and the pipe can 
be carried straight across. In others the pipelines 
are carried over the river on light straight girder 
bridges and sometimes on steel or other arched 

















1921 this company became part of a much larger 
concern known as the Compagnie de Produits 
Chimiques et Electrométallurgiques Alais, Forges 
et Camargue. The electro-metallurgical works 
with which we are now concerned are situated at 
Argentiére-la-Bessée and are employed on the 
production of aluminium and of electrodes. The 
hydro-electric power station draws its supplies 
from two valleys, namely, from that of the Durance 
and that of the Gyronde. The supply from the 
Durance is obtained by means of a barrage at 
Prelles, from which point the water is taken through 
a pressure tunnel having a sectional area of 6-5 
sq. m. (70 sq. ft.) and a length of 5,650 m. 
(3-6 miles), This then opens into a tunnel having 
a cross-section of 10 sq. m. (107-6 sq. ft.), and 
a length of 1,500 m. (1,640-4 yds.). The Gyronde, 
which flows into the Durance on the north or 
right bank, consists of the combined flow of 


two streams, the Gyr and the Onde, fed from the. 


Pelvoux Massif at the head of the Ailefroide Valley. 
These waters are held up by a barrage at Vallouise, 
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Tue Four PENnstocoks LEADING FROM THE DISTRIBUTOR, OVER THE DURANCE, 


TO THE POWER STATION. 


structures. Again, they have been suspended 
from arches of steel, or reinforced concrete. In 
these cases there is nothing worthy of comment, 
but in a number of instances the crossing has 
been made by designing the pipe as a self- 
supporting arch springing from masonary abut- 
ments. In such examples, with only moderate 
spans, though the appearance is sufficiently striking 
at first sight, the conditions are not difficult enough 
to make the solution of the problems of construction 
at allnoteworthy. In Figs. 1 to 11, however, on 
this and the opposite pages and on Plate XX XIII, 
which accompanies our issue of this week, we 
illustrate what, although now in use for some 
years, we believe to be quite an exceptional case 
of this kind, which, we are sure our readers will 
admit, is worthy of some notice. 

The example in question is a pressure pipe-line 
arch crossing the gorge of the Durance about 8 miles 
from Briangon, in the Hautes Alpes, France. The 
conduit has an interior diameter of 2-688 m. 
(8 ft. 9} in.), and the span is no less than 68 m. 
(223 ft.). It is entirely self-supporting and is the 
more remarkable from the fact that torrent at the 
bottom of the gorge which the arch spans, is some 
95 m. (311 ft. 6 in.) below the underside of-the arch 
at the crown, or about 86:22 m. (283 ft.) below 
the abutment level. Added to this is the fact 
that the line of the conduit, as seen in plan, is far 
from direct. 

The arch forms part of a rather remarkable in- 
Stallation pertaining originally to the Société 
Electro-Métallurgique Francaise, which was the 





oldest company of its kind in the country. In! 


whence the supply is taken by means of a pressure 
tunnel of 6-5 sq. m. through the rock, a distance 
of 7,650 m. (4% miles). Following this is a length 
of surface pipe line having a length of 550 m. 
(601-5 yards), after which the flow joins the 
supply from the Durance in the large-section 
tunnel referred to above. Subsequently the water 
is distributed to four pressure pipes about 700 m. 
(765-5 yds.) in length, connecting with the generat- 
ing station, the large tunnel first branching into 
two, and each branch supplying two lines. The 
distributor is built of steel and is embedded in the 
rock. 

The two dams are similar, save for the fact that 
that on the Gyronde is furnished with a surface 
spillway, while that on the Durance is provided 
with a syphon spillway. 

The tunnel leading from the Durnace is taken off 
on the south or left bank of that stream, while, as 
already noted, the Gyronde flows in on the right 
bank. The supplies from the latter source have, 
therefore, to be taken across the Durance in order to 
reach the large pressure tunnel. The generating 
plant, however, is situated on the right bank of the 
Durance, and a second crossing, therefore, has to be 
made, in this case by the combined supplies, which 
are carried over in the four pipe lines fed by the 
large tunnel. For the latter crossing the pipes, 
which are 1-66 m. (5 ft. 5} in.) in diameter, are 
arranged in arches of 46 m. (150-9 ft.) span. This 
crossing is illustrated in Fig. 11, annexed, in which 
the pipes may also be seen descending the mountain 
side from the point where the main tunnel ends. 

Our other illustrations all refer to the larger 


arched pipe carrying the Gyronde supply across the 
gorge of the Durance, and of which we have already 
given the chief particulars above. Starting from 
the left hand of Fig. 1, the pressure tunnel ends 
on a slope of 2 per cent. and the pipe line begins 
with sheet thickness of 6 mm. (0-236in.). The slope, 
which increases abruptly soon after the line leaves 
the tunnel, gradually flattens out till it becomes 
horizontal at El. 1,083 m. The storage level at the 
barrage is El.1140-5 m. The arch has a rise of 
just over 10 m. (32-8 ft.) and is struck to a radius of 
70 m. (229-6 ft.). On the left bank of the Durance 
the line rises very steeply again, but subsequently 
flattens out to a 2 per cent. rise for the concluding 
pipe lengths, the tunnel continuing on this incline 
also. The thickness of the pipe plating increases 
towards the arch. For most of the arch itself 
the thickness of the plates is 16 mm. (0°63 in.), but 
at the haunches the thickness increases up to 
19 mm. (0°75 in.). 

The plan, Fig. 2, shows the line taken by the 
conduit between the two tunnels, indicating also 
the course of the Durance at this point, as well as 
the direction of the P.L.M. Railway branch line 
from Veynes to Briangon, which here passes through 
a tunnel. Fig. 3 gives details of the masonry 
abutments and shoulders built up on the edge of 
the gorge. The arch was erected by means of a 
gantry working along a timber platform, carried 
by heavy timber scaffolding built up from the 
bottom and sides of the gorge. The construction 
of this timbering re quired no Jess than 300 cub. m. 
(10,594 cub. ft.) of wood, and it will be readily 
understood that it involved a very large part of 
the cost and time absorbed by the whole under- 
taking. The gorge itself and the timbering are 
well shown in Fig. 4, Plate XXXITI, and also 
in Fig. 5. The latter gives a good idea of the 
erecting gantry. Both these views are of the 
early stages of the work. Erection proceeded 
from one end only. Figs. 6 and 7 show the 
arch on the point of completion and temporarily 
supported by timber trestles from the scaffold 
platform. The remaining illustrations show the 
arch finished and the trestles removed, though 
the scaffolding is still in place. This was subse- 
quently removed and the arch now spans the 
clear gorge from one abutment to the other, with 
every appearance, as it has been described, of being 
“un ouvrage dart dune rare audace.” 

From the intakes at Prelles and Vallouise to the 
power house the whole conduit is under pressure, 
so that the total head, amounting to some 160m. 
(525 ft.) can be utilised. The flow amounts to 
about 27 cub. m. (980-5 cub. ft.) per second, and 
the power developed at the station to some 40,000 
h.p. Sand eliminators are provided in the tunnéls 
every 2 km. The tunnels were carried through 
solid rock and took over three years to construct. 
The pipe-line arch was constructed by the 
Etablissements Joya, of Grenob e, to whose courtesy 
we are indebted for facilities to illustrate this 
work. 

This arch does not actually constitute a record, 
except as regards situation and the means adopted 
for its construction. The largest work of the kind 
is, we believe, a pipe of 3°30 m. diameter, with an 
arch span of 70 m. across the Arc, at St. Jean-de- 
Maurienne, in the Savoy. This crossing is, however, 
from abutments close to the river level. 





MESSRS. BROWN BAYLEY’S STEEL 
WORKS. 
(Continued from page 441.) 

It may now be convenient to refer to the design, 
and in particular to the combustion systems, of the 
heating furnaces. The variety of furnaces in these 
mills, and indeed all over the works, is much too 
great for it to be praticable to describe them in 
detail. The development of their designs, however, 
has received special attention for many years past, 
and before giving some typical examples to illustrate 
the stage that has now been reached, it may 
be of interest to indicate the line along which the 
development of heating furnaces has proceeded in 
these works. 





No doubt was felt that, both here and in many 
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experiment, made to their own designs, was the right- 
hand pair of twin-furnaces serving No. 5 Mill (see 
Fig. 53, page 439 ante), built all of standard bricks 
and with triple roof. This pair of furnaces also had 
only the secondary air pre-heated ; the primary air 
being steam-blown direct from the atmosphere. The 
products of combustion leaving the firebox passed 
along the furnace under the lowest roof of the three, 
and on leaving the furnace returned in the opposite 
direction between the second roof and the upper- 
most roof of the three. The space between the 
lowest roof and the second, being thus sandwiched 
between two layers of hot gases, formed the air 
pre-heater. The fan delivered air into the end of 
this preheater remote from the fire-box, and the 
heated air finally passed down from the pre-heater 
through a tortuous passage in the fire-box wall, and 
was blown in above the fire bars. Steam was used 
for blowing primary air. 

The second pair of twin furnaces seen on Fig. 53, 
immediately to the left of the former pair, was made 
for the service of No. 4 Mill. In general design, it 
was similar to the former pair, but the middle roof 
was tiled and supported from the lower roof, instead 
of being solid brickwork, self-supported, as in the 
case of No. 5 Mill pair. The intention was to obtain 
a better interchange of heat between the waste gases 
and the secondary air by reducing the thickness of 
refractory separating the two gases. The path of 
the secondary air was as described above for the 
No. 5 Mill pair, the pre-heated air finally emerging 
above the fire bars through specially designed tuyeres 
in the fire-box wall. Several variations of this design 
were tried, some with a recuperator below the 
furnace, and others with modifications of the furnace 
roof recuperator. 

The next step was to preheat the primary air 
as well as the secondary air, using the same type 
of roof recuperator, and to replace the steam- 
blown primary air by preheated primary air 
partly saturated by a water spray below the grate, 
thus preventing clinker from being formed on the 
bars. This represents the latest form of slack- 
fired reheating furnace used in the works: but 
since March last experiments have been going on 
with powdered fuel produced in a Bettington 
pulveriser, and applied on the incline furnace that 
heats tyre blooms for punching under the 1,200-ton 
press, 

Among details of design that have been tried 
and found satisfactory may be mentioned one 
design for a slack-fired furnace, in which the 
secondary air was admitted from the roof instead 
of over the firegrate, to complete combustion at 
various points along the length of the furnace. 
The efficiency of furnaces has also been increased 
considerably by using insulating bricks, and most 
re-heating furnaces are now erected with a 44-in. 
course of these bricks on the outside, and a 2}-in. 
course on top of the roof. A practice has been 
introduced of closing the chimney dampers after 
cleaning the grate at the end of the week, so as to 
keep the furnace warm. This arrangement has been 
found to avoid the sluggishness that most furnaces 
are inclined to show in starting up at the beginning 
of the week, and to produce both a better start and a 
lower fuel consumption. 

The way in which designs have been modified 
in the course of these successive experiments will 
be best illustrated by reference to a few examples. 

Figs. 67 to 72 on page 568 show the design of the 
three incline furnaces in connection with No. 1 mill. 
These furnaces have a capacity of 4 tons of 14-in. 
square ingots per hor each. They are worked at 
temperatures of from 1,050 deg. C. to 1,250 deg. C. in 
the hearth of the furnace (about 8 ft. long), accord- 
ing to the nature of the material and the subse- 
quent process, and are coal-fired with steam-blown 
primary air and pre-heated fan-blown secondary air. 
It will be seen that the waste gases pass away 
through a damper-controlled exit about one-third 
of the way down the furnace, as well as through the 
main exit at the end of the furnace. This auxiliary 
exit is used when certain special steels are being 
charged for which a higher temperature is required 
than for ordinary steels, as by taking the gases 
away at this point the rear of the furnace is made 
to act as a pre-heating chamber. The secondary 
air is passed through a duct in the bridge, and after 





passing through a similar duct in the side walls is 
admitted to the furnace through holes in the roof 
asshown. The exact position of the secondary air 
tuyeres is critical, as, to some extent, the working 
of each furnace is not continuous, all ingots being 
turned over in them before being withdrawn for 
rolling, and eight being drawn from each furnace 
in rotation. As yet, no attempt has been made to 
utilise the waste heat from the furnaces, but in 
spite of this, the coal consumption per ton of steel 
heated is only a little over 2 cwts., which is not 
unreasonable, although in the light of recent experi- 
ence alterations are under consideration, chiefly by 
way of introducing slack firing with pre-heated 
primary and secondary air. 

The best results up to now have been obtained 
with the “in-and-out” billet reheating furnace 
serving No. 3 mill, which is shown in Fig. 59 
on Plate XXVII which accompanied our issue of 
October 9 and in Figs. 73 to 79 on page 569. This 
furnace is fired with slack, and the primary air is 
pre-heated as well as the secondary air. The 
primary air is also partly saturated by means of 
a water spray introduced into it after pre-heating, 
and like the secondary air, is fan-driven. The 
abolition of the steam jet saves about 4s. per ton 
of fuel burnt, the cost of the water for the spray 
bring negligible. The structure consists of steel 
channel buckstays, steel tie rods, and cast-iron 
plates, so designed that any one plate may be 
removed and replaced without disturbing any 
other part of the structure or brickwork, the double 
roof being supported by rolled-steel channels inde- 
pendently of the side walls. The walls have an 
outside 44-in. course of insulating brick, and a 
2}-in. layer is placed on top of the second roof to 
reduce radiation losses from the waste heat gases 
before they enter the drops to the flue. The two 
flue dampers are placed at a convenient point of 
the drops, where the temperature of the waste gases 
is low and not likely to damage the dampers. It 
will be observed that the whole of the furnace, 
including the recuperator, is placed above the floor 
level, the only excavating required being for the 
ashpit and chimney flue. This arrangement is not 
only cheap in first cost, but allows the recuperator, 
&c., to be easily examined, cleaned and renewed, if 
and when necessary. The fire bars are of rolled 
steel, and last several years. They are spaced 
equally apart, and air leakage at the front is pre- 
vented by the downward lug or nose seen in the 
sectional elevation on the cast-iron bearer under the 
back wall of the combustion chamber. To facilitate 
the removal of the fire bars, the central bearer is 
kept well away from the lug, thus enabling the fire 
bars to be tilted and removed. The waste gases 
leave the furnace at the hearth level, rise, and pass 
over the special recuperator tiles to the front or 
fire-box end of the furnace, where they drop to 
the flue. The tiles thus form with the furnace roof 
immediately below them a chamber for the secondary 
air, in which it absorbs heat, both from the furnace 
roof and the waste gases. So heated, it passes 
down the end fire box wall, thence through the 
special air tuyere bricks, where more heat is absorbed, 
and finally over or under the fire. The quantity 
of air is regulated by a damper at the fan, with the 
object of providing for the combustion of the 
smoke without such excess of air as would oxidise 
the charge appreciably. 

As a result, this furnace works with an almost 
complete absence of smoke. The furnace is started 
up at the beginning of the week with about 
10 cwt. of lump coal, after which only slack or 
washed smalls is used. Once the fire is built up, 
small quantities of slack are fired at a time, 
and the secondary air damper opened. In 
this way the volatiles are driven off slowly and 
consumed with little smoke. When the volatiles 
have been consumed more primary air is introduced, 
and the secondary air is regulated to suit the 
atmosphere required in the furnace. An illustration 
of the success with which the design and the opera- 
tion of the furnace have co-operated to produce 
this atmosphere is seen in the fact that the finished 
weight of the steel rolled after reheating in it is 
within 2} per cent. of the weight charged into it. 

A test was taken recently during a full week’s 
working under ordinary working conditions, which 


showed remarkably good results, though apparently 
it may be possible still further to extract such heat 
as still escapes in the waste gases. As it is, the fuel 
consumption is well under 4 cwt. per ton of stcel 
rolled, or barely over 3 cwt. if that used in lighting 
upisexcluded. The total cost of fuel, electric power 
and water—3s. 2d. per ton of steel rolled—is almost 
exactly a third of the cost with the old coal-fired 
furnace that the present one replaced, and tl 
emission of smoke is practically negligible. The 
sole manufacturing rights of this furnace under the 
patents protecting it, which cover the arrangement 
of the recuperator, the design of the secondary air 
tuyeres, and the arrangement of the fire-bars, have 
been taken over by the Dowson and Mason Gas 
Plant Company, Limited. 


(To be continued.) 





THE COMMERCIAL VEHICLE EXHIBI- 
TION AT OLYMPIA. 


At the inaugural luncheon of the Society of 
Motor Manufacturers and Traders, held on the 
opening day of the Commercial Vehicle Exhibition, 
the tone taken by the various speakers when dealing 
with the position of the trade was one of optimism, 
and sufficient justification is afforded for this 
attitude in the figures quoted by the Minister for 
Transport and other speakers. Space does not 
permit of our quoting these figures in extenso, but 
they show a very satisfactory increase in the current 
year in both home and export business. The 
position thus affords a close parallel with the 
private car industry, to which we referred when 
commenting on the automobile industry generally 
in our issue of October 9. That such a comparison 
is possible can only be regarded as a matter of 
congratulation, in view of the position of commercial 
manufacturers after the war. The critical condition 
of the industry at that time was emphasized, at the 
luncheon, by Sir William Letts, the President of the 
Society, who mentioned that the flooding of the 
market with ex-service vehicles imposed a very 
serious hardship on manufacturers. 

The exhibits at the Show, which opened at 
Olympia on the 29th ult. and closes to-morrow, 
afford conclusive evidence that very marked ad- 
vances have taken place since the last exhibition, 
held in 1923, in the design of the various types of 
vehicle represented. The short interval between 
the touring and commercial car exhibitions naturally 
suggests a comparison between the trend of design 
in the respective types; but any comparison of 
this kind is rendered difficult by the exceedingly 
comprehensive nature of the exhibits at the Com- 
mercial Show. These range from the light delivery 
van to the heavy six-wheeled lorry; and include 
such special vehicles as tractors, fire-engines, 
roadless cars and trailers. The class of commercial 
vehicles in which any useful comparison can be 
made with private cars is thus relatively small, 
and is confined to vehicles of light or very moderate 
weight, devoted to goods and passenger transport. 
In many cases the chassis of such vehicles is identical 
with that employed for touring cars manufactured by 
the same firm; but when this is not the case, it 
‘would appear that the main difference between the 
two types lies in the equipment. Whereas electrical 
engine starters and four-wheel braking are prac- 
tically universal in touring-car practice, these 
components are not employed to the same extent 
on the lighter commercial vehicles. The arguments 
in favour of the adoption of these fittings are fully 
as strong in the case of the latter as in the former 
type of vehicle, and it would therefore appear that 
commercial car design lags somewhat behind that 
of touring cars in this respect. 

Turning to the trend of design in a wider sense, 
it is noticeable that a greater degree of originality 
is exhibited by commercial vehicle than by touring 
car manufacturers. The designer of touring cars 18 
undoubtedly hampered by the necessity of main- 
taining a conventional appearance, not only in the 
complete vehicle, but also to a great extent i 
detail. This can only be ascribed to the innate 
conservatism of the non-technical public, who form 
the bulk of the purchasers of private cars. On the 





other hand, commercial vehicle users are generally 
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exceedingly well finished single-deck saloon body, 
to accommodate 28 passengers. As a double-deck 
vehicle it will accommodate 54 passengers. The 
engine is a six-cylinder model, having a bore of 
100 mm., and a stroke of 140 mm. It develops 
50 h.p. at 1,250 r.p.m., and has a maximum output 
of 70 h.p. The valves are arranged side by side. 
In general, the engine may be said to follow the 
latest practice, but as it does not differ essentially 
from those which we described when dealing with the 
touring car exhibition, we will at once proceed to a 
description of the chassis, which is of unusual interest 
from an engineering standpoint. 

From the plan of the chassis, Fig. 2, and also 
from Figs. 4 and 7, it will be seen that the centre 
line of the gear-box and propeller shafts does not 
coincide with the centre line of the chassis, a 
totally enclosed chain-drive, shown in Fig. 6, 
being introduced behind the clutch to transfer 
the drive from the engine to the gear-box line. 
The object of this arrangement is to obtain a low 
floor position with a clear gangway down the centre 
of the car. Actually the gangway floor is only two 
feet above the ground level, any portions of the 





transmission system which are above that height 


in Figs. 4 and7. The universal joint pins are fitted 
with roller bearings throughout. Referring to the 
elevation of the chassis, Fig. 1, it will be seen that 
the two rear axles are of the underslung-worm type. 
The coupling shaft between the two axles is provided 
with ball ends, which form the inner members of the 
universal joint at each end of the shaft. Between 
the two worm-housings is a torque member, which 
resists both drive and brake torque. This member 
is of the sliding-sleeve type, with a gland mounted 
at the end of the outer sleeves. The arrangement 
prevents rocking of the axles, but does not pre- 
vent them from moving out of parallelism. The 
distance between the axles is controlled by two 
ball-ended radius rods, which are mounted above 
the rear springs, and connect the spring brackets 
between the two axles. The method of mounting 
the axles can beseen in Figs. 2 and 7. An inverted 
semi-elliptical spring is attached to each pair of 
axle brackets. The spring is clamped rigidly to the 
rear bracket and by a link to the forward bracket. 
Each spring is free to swivel on a central fulcrum 
mounted on the frame. The springs are of chrome 
steel, and are 4 in. wide. The spring centres are 
4 ft. apart. 





The chassis, which we illustrate in Fig. 8, below, 
is also designed for passenger service, but differs 
from the Karrier in that a single rear axle with 
twin tyres is fitted. The load line, with the vehicle 
fully loaded, is only 1 ft. 10 in. The chassis is 
manufactured by Messrs. W. and G. Du Cros, 
Limited, of Acton, W.3, and is exhibited at Olympia 
fitted with a 25-seater single-deck saloon ’bus body. 
The engine is a six-cylinder model, having a bore 
of 95 mm. and a stroke of 127 mm. The R.A.C, 
rating is 33-5 h.p., but the engine is actually 
capable of developing 70 h.p. One of the most 
marked characteristics of the modern vehicle, as 
compared with those of a few years back, is the 
high speed attainable on the level, and the Du Cros 
omnibus affords a striking example of this develop- 
ment, as its maximum speed is in the neighbourhood 
of 55 m.p.h. This may be classed as a moderate 
speed in comparison with that claimed for some 
of the latest designs of touring cars, but it is open 
to doubt whether speeds of this order are at all 
desirable. It may be argued that there is no 
necessity to utilise the power available by speeding 
the vehicle to excess, and that a reserve of power 
is very desirable from the points of view of hill- 














being housed under the seats. The clutch, which can 
be seen in Fig. 5, is of the adjustable cone type, 
having a pressed-steel centre faced with Raybes- 
tos. The withdrawal lever operates directly on a 
ball thrust, and has its fulerum on a vertical pin, 
which is mounted on a bracket attached to the sub- 
frame. A second lever, at the lower end of the 
vertical pin, is connected to the foot-pedal by an 
adjustable rod. The arrangement can be seen in 
Fig. 5, and also in the plan of the chassis, Fig. 2. 
From the clutch, the drive is taken through a short 
shaft, fitted with a universal joint of the fabric- 
type, to the primary cross drive. The arrangement 
can be followed clearly from Fig. 6, from which it 
will be observed that the chain and chain wheels 
are contained in an aluminium box, mounted on the 
sub-frame at one end and pivoted to a bracket 
carried by the off-side longitudinal member of the 
main frame, at the other. The chain is of the silent 
type, the two chain wheels being of the same size. 
An automatic tensioning device, consisting of a 
plate held against the slack side of the chain by 
a light spring, is provide. 

From the primary cross-drive, the drive is 
taken to the gear-box by a shaft fitted with uni- 
versal joints of the fabric type at each end. The 
gear-box is mounted on three points, and is provided 
with four forward speeds and reverse. The shafts 
and gear wheels are of nickel-chrome steel, and the 
box is fitted throughout with ball bearings. A 
right-hand gate is provided, the arrangement of 
which will be clear from Fig. 5. From the gear- 
box, the drive is taken by an inclined propeller 
shaft to the forward rear-axle. The shaft is fitted 
with an enclosed star-type universal joint at each 
end and with a splined sliding joint, protected 
by leather bellows, near the forward end, as shown 


Fie. 8. Du Cros PAssENGER-OMNIBUS CHASSIS, 


The general appearance of the frame can be 
gathered from the various illustrations. It is of 
deep section, and the side members are outswept 
behind the dash to a width of 4 ft. 6 in. Each 
side member encircles the rear axles, being pressed 
out, in banjo form, to give the necessary clearance, 
and to allow the axles to be withdrawn. The 
cross-members are of ample proportions, as shown 
in the various figures. The height from the ground 
to the top of the frame at full load is 1 ft. 11 in. 
Westinghouse pneumatic-pressure brakes are fitted 
to all four driving wheels, as shown in Fig. 7. 
These brakes are of the internal-expanding type, 
and are operated by the foot pedal. The air pump 
can be seen in Figs. 5 and 6. It is driven from 
the front cardan shaft by a belt passing under a 
spring-loaded jockey pulley, which is clearly visible 
in Fig. 6. The air reservoir is mounted on the 
off-side member of the frame, as shown in Fig. 2. 
The hand-brake lever operates a transmission brake 
of the locomotive type, which is visible behind the 
gear-box in Fig. 2. All five brakes are lined with 
bonded asbestos fabric. 

The petrol supply is on the Autovac system, 
with the main tank mounted on the near-side of 
of the chassis, under the body. as shown in Figs. 
2and 4. It is of 25 gallons capacity. Accessi- 
bility has received careful attention throughout the 
chassis. The various filler orifices are brought 
outside the frame, and the same remark applies 
to the various pipe connections to the petrol tank 
and pneumatic braking system. Lubrication of the 
chassis bearings is by grease-gun throughout. The 
wheelbase is 17 ft. from the front axle to the centre 
of the two rear axles. The track is 6 ft. 6 in., the 
overall length 26 ft. 28 in., and the overall width 





7 ft. 52 in. The gross load is 5 tons. 








climbing and acceleration. It must not be over- 
looked, however, that no guarantee can be given 
that the driver will exercise the restraint implied 
by this argument, and under these circumstances, 
excessive speed capabilities constitute a potential 
danger to the public. The position offers a striking 
contrast to that prevailing before the war, when a 
governor was frequently fitted which limited the 
maximum speed to less than 20 m.p.h. 
Returning to the Du Cros engine, the cylinders 
are cast en bloc, and are fitted with a detachable 
head. Side-by-side valves are employed. The 
crankcase is of aluminium alloy, with a pressed-steel 
sump. The crankshaft is carried on four bearings. 
Lubrication is effected by a gear-type pump, driven 
by spiral gearing from the water-pump shaft. The 
pump feeds oil under pressure to all the main 
bearings. The cooling water is circulated by a 
water pump located on the near-side of the engine. 
Unit construction is employed for the engine and 
gear-box. The clutch is of the single-plate type, 
working between fabric discs. A four-speed gear- 
box is employed, with central control. The 
propeller shaft is of the open type, and is supported 
at the centre by a bearing mounted on one of the 
frame cross-members. The two portions of the shaft 
are at different angles to the horizontal, a universal 
joint being provided immediately behind the central 
bearing. The final drive is by underslung worm. 
The general construction of the frame will be clear 
from Fig. 8. It is dropped a short distance 
behind the engine, and is then carried parallel 
with the ground until the wheels are reached, at 
which point it is arched considerably to clear the 
axle, and then dropped to its former level. Brakes 
are fitted on all four wheels, the rear-wheel brakes 
being duplicated, The hand lever operates one 
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set of brakes on the rear wheels, the other pair being 
operated by the foot pedal, in conjunction with those 
on the front wheels. The front-wheel brakes are 
mechanically-operated through a universally-jointed 
shaft. The wheelbase is 15 ft. 84 in., the track 
. 5ft. 8in., and the weight of the chassis 2 tons 5 ewt. 
The firm of Fiat (England), Limited, of 43-44, 
Albemarle-street, W.1. manufacture both touring 
cars and commercial vehicles, and this practice 
enables them to employ their 10-15-h.p. touring-car 
chassis, which we illustrate in Figs. 9 and 10, for 
a 15-ewt. van. When used for this purpose, some 
slight modifications are made to the chassis, the 
most important of these being the employment 
of a worm-driven rear axle, and the use of 
stiffer springs. The chassis is shown on the Fiat 
stand fitted with different types of van body, and 
may be taken as typical of the high degree of 
refinement which is now usually found in vehicles of 
this class. The clean lines, attained by the method 
of construction adopted, are even more striking 
than appears from the photograph of the chassis. 
The engine has a bore. of 65 mm. and a stroke of 
110 mm., giving a Treasury rating of 10-4h.p. As 
will be seen from Fig. 10, the four cylinders are 








for the rear-axle. The casing for the axle is of 
steel, and by removing the cover, in which the worm- 
shaft bearings are housed, the worm wheels and 
differential group may be withdrawn for inspection. 
Braking is entirely on the rear wheels. In our 
opinion, the absence of front-wheel brakes, which 
are fitted in the case of the touring car, constitutes 
a defect in an otherwise excellent design. 

When dealing with exceptionally heavy or bulky 
loads, the type of vehicle known as the semi-trailer 
possesses many advantages. In this form of vehicle, 
the chassis is made up of two units. The front, 
or motive, unit generally follows ordinary com- 
mercial vehicle practice, with the exception that 
the frame is considerably shortened, and is, in fact, 
only of sufficient length to house the transmission. 
A turntable is mounted above the rear-axle, and 
on this is carried the fore-part of the second unit, 
which constitutes the carrier. The latter is sup- 
ported at the rear by an ordinary dead 
axle; and it will be evident that great 
latitude is possible with regard to its length 
and height, which may be varied in any 
desired manner to suit different classes of 
load. We illustrate a heavy vehicle of this 























Fia. 9. Frat 10-H.P. Cuassis. 


cast en bloc, and have a detachable head. The 
valves are arranged side-by-side, and the usual 
detachable cover is provided, on the near side, to 
give access to the valves and tappets. The crank- 
shaft is carried on three bearings, lined with white 
metal. The connecting rods are of steel, and are 
fitted with phosphor-bronze big-end bearings, lined 
with white metal. The small-end bearings are of plain 





phosphor-bronze. Pump. circulation is employed 
for the cooling water. The pump is mounted on the 
near side of the engine at the front, and is driven by 
a cross-shaft which i& carried through to the off- 
side, and also serves to drive the magneto. This 
arrangement permits of the magneto axis being at 
tight angles to the cylinder line, and results in a very 
accessible position for the contact breaker, as will 
be seen from Fig. 10. The cross-shaft is driven by 
skew-gearing. The carburettor is of special Fiat 
pattern, and is bolted directly to the cylinder block. 
The induction system is entirely contained within 
the cylinder block, while the ribbed exhaust mani- 
fold is bolted to the near side of the block in the 
usual way. Lubrication of the engine bearings is 
effected under pressure, from a gear-pump situated 
in the sump. In view of our comments on the 
potential danger to the public, resulting from the 
high speeds attainable on modern vehicles, it is 
interesting to note that a governor is fitted to the 
Fiat engine, limiting the maximum speed of the 
vehicle to 25 miles per hour. 

Unit construction is employed for the engine and 
gear-box. The clutch is of the maker’s well-known 
multi-disc type, with steel plates. The gear-box 
provides four forward speeds. The gears are manu- 
factured from nickel-steel, and are hardened and 
ground. The shafts are of chrome-nickel stéel, and 
are supported on ball races. The cardan shaft is 
of the open variety in the case of the commercial 
car chassis, and is fitted with a flexible-disc universal 











joint at each end. An overhead worm is employed 





type, manufactured by Messrs. Scammell Lorries, 
Limited, of 14, Holborn, E.C.1, in Figs. 11 and 12. 
The latter shows the lorry fitted with a special 
body for conveying 30 cubic yards of coke. 
The tipping gear, seen in the illustration, is of 
the telescopic variety, and is operated by a 
single-acting three-throw pump, contained in a 
box carried on the near side of the motor unit. 
The pump is worked by a hand lever, and is capable 
of elevating the body to a tipping angle of 50 deg. 
in 3 minutes. Before describing the lorry in detail 
it may be mentioned that it is capable of hauling 
a paying load of 12 tons, the average speed being 
12 m.p.h., and the petrol consumption 1 gallon 
for 5 miles. The motive unit has’a wheel-base of 
only 10 ft., and this greatly facilitates manceuvring 
in confined spaces. The makers claim that this 
feature, combined with a low reverse ratio, enables 
the lorry to be driven with safety into positions 
which are inaccessible to ordinary four-wheeled 
vehicles, 

Turning now to the details of the chassis, the 
engine is a four-cylinder model, with the cylinders 
cast in pairs. The bore is 5 in., and the stroke 
54 in., giving an R.A.C: rating of 46. Actually, 
the engine develops 55 h.p. at 1,300 r.p.m., 
which is the normal speed. A detachable head is 
fitted and the latest practice is followed in the 
employment of aluminium-alloy pistons and Duralu- 
min connecting rods. The crankshaft, which is of 
nickel-chrome steel, is 24 in. in diameter, and is 
carried on three bearings. Overhead valves are 
employed, which are totally enclosed by aluminium 
covers. They are operated by push rods from the 
camshaft in the crank-case. Lubrication of the 
engine is effected by a submerged pump, a special 
feature of the system being that the various oil-ways 
have a minimum diameter of # in., with a view to 
eliminating the possibility of their being choked 
by porticles of carbon or other foreign matter. 








The engine is fitted with a Claudel power carburettor 
and it is interesting to note, in this connection, 
that the ticking-over speed has the exceptionally 
low value of 165 r.p.m. 

The clutch is of the cone type, lined with Ferodo. 
The gear-box is provided with three forward speeds 
and reverse, the wheels being made from 100-ton 
steel. The final transmission is by 2-in. Coventry 
chains from a cross-shaft, as shown in Fig. 11. 
The cross shaft is driven from the gear-box shaft 
by spiral bevels. The normal reduction ratio on 
both the spiral bevel and chain drives is 3 to 1. 
The front axle is a drop-forging of H section, while 
the rear axle is made up from a 4-in. tube of 60-ton 
nickel-steel, oil tempered. The frame is of pressed 
nickel-steel, built up with fitted bolts of 60-ton 
steel; no rivets are employed at any point on the 
chassis. The springing of the front-axle follows 
the usual practice ; but in the case of the driving- 
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axle a compound system is used. The motive unit 
is carried on separate flexible springs, which can 
be seen below the frame in Fig. 11. These springs 
are unaffected by the load on the carrier, which is 
taken by another set of heavier springs under the 
turntable. The latter is a one-piece steel pressing 
of dished form. The actual working surface of the 
table is 18 in. in diameter, but safety surfaces of 
very much larger diameter are provided, which 
only come into use when the vehicle sways in 


turning. The two portions of the turntable 
are held together by a single king pin, pro- 
vided with a_ safe-locking device, and, with 


this arrangement, the carrier can be completely 
detached from the motive unit in about four 
minutes. 

The carrier does not call for special comment, as 
its construction will be quite clear from Fig. 11. 
The side members of the frame are one-piece 
nickel-steel stampings. An ordinary transmission 
brake, of the locomotive type, is fitted behind the 
gear-box, and is operated by the foot pedal. In 
addition, the motor unit is provided with internal- 
expanding brakes on the driving wheels, operated 
by a hand lever on the off side of the vehicle. The 
other hand lever, which can be seen in Fig. 11, 
operates a pair of brakes on the rear wheels of the 
carrier. The mechanism for operating these brakes 
is arranged in such a way that no connections have 
to be broken when taking off the carrier. The 
king pin of the turntable is hollow, and bell-crank 
levers are mounted both above and below the pin. 
The two levers are arranged to transmit the brake 
motion through a sliding rod in the centre of the 
king pin, so that the operation of the brake is 
unaffected by the articulation of the chassis. In 
concluding our description of this vehicle, it may be 
mentioned that, with the standard carrier, the 
complete overall length is 32 ft. 6 in., and the 
turning radius is 38 ft. The load line is 4 ft. 6 in. 
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12-TON SEMI-TRAILER 


SIX-WHEELED VEHICLE. 


CONSTRUCTED BY MESSRS. SCAMMELL LORRIES, LIMITED, ENGINEERS, LONDON. 
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with a straight frame, and 3 ft. 5 in. with a dropped 
frame. 

It is only possible to make a very brief reference 
to the various subsidiary exhibits at the show. 
Among those of particular interest are samples of 
**Perlit”’ iron, shown on the stand of the selling 
agents, Messrs. E. T. White and Co., Limited, of 
57, Kingsway, London, W.C.2. This material is 
made under licence by Messrs. Henry Watson and 
Sons, Limited, Walker Gate, Newcastle-on-Tyne. 
The method of manufacture is patented, and the 
casting obtained, although it is said to contain an 
exceptionally low percentage of silicon, has a homo- 
geneous and fine-grain structure, which consists of a 
pearlitic ground mass holding microscopic particles 
of carbon. Free cementite is absent, and the 
material has no skin. A cupola is employed for 
melting, and the composition of the product may 
be varied to suit requirements. The material has a 
high tensile strength, and impact tests show that its 
ability to withstand shock is much greater than that 

- of ordinary cast-iron. It is claimed that Perlit iron 
possesses good wearing and corrosion-resisting pro- 
perties. It is suitable for the manufacture of 
water-cooled or air-cooled cylinders, cylinder 
liners, pistons, and other parts of a similar nature. 

An oil-less bearing, made by The British Bound 
Brook Oil-less Bearing Company, of Bolton-street, 
Watery-lane, Birmingham, and displayed on the 
stand of Messrs. E, J. Hardy and Co., is another 
interesting exhibit. The bush is of high-grade 
phosphor bronze, and narrow grooves, of a depth 
of at least x in., are cut on the bearing surface. 
Graphite lubricant paste is packed into these grooves 
by means of hydraulic pressure, and the bush 
stoved. When installed and in use, fine particles 
ef the graphite lubricant are distributed over the 
entire bearing surface, The latter wears evenly, and 
the quantity of lubricant present is sufficient to last 
as long as the bearing itself. When used with 
shafts rotating at moderate speeds, this type of 
bearing has given very satisfactory results. It is 
being adopted to an increasing extent on motor 
vehicles for bearings which fulfil these conditions. 

In conclusion, a brief reference may be made to 
a very interesting departure from the customary 
exhibits. This consists of an exhibition of new in- 
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ventions, arranged by the Institution of Automobile 
Engineers. A portion of the gallery has been 
reserved for this purpose, and a room is provided in 
which members of the Institution can forgather for 
business or pleasure. We believe that similar 
facilities would be greatly appreciated at other 
exhibitions by the members of the appropriate 
institutions. The exhibits in this section hardly 
call for special comment, as they are mainly illus- 
trative of attempts to improve minor details of the 
vehicle. An exception occurs in the case of the 
Tulloch-Reading gas producer, for commercial 
motor vehicles, the patents for which are held by 








Major T. G. Tulloch, of 2, South Parade, Southsea. 
We hope to give detailed particulars of this pro- 
ducer, which is a modification of that designed 
by Colonel P. J. Smith, in a future issue. 








LAUNCH OF THE STEAMER “ STRAMORE.”’—Messrs. Ailsa 
Shipbuilding Company, Limited, of Troon, recently 
launched from their Ayr Shipyard the single-screw 
steamer Stramore, which is being built to the order of 
Messrs. John Kelly, Limited, of Belfast. The vessel is 
of the raised quarter-deck type, and has been designed 
for the coal-carrying trade, although she is also well 
adapted for general trading purposes. The propelling 
machinery will consist of a set of triple-expansion engines 
constructed by the shipbuilders. 
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THE WORK OF LLOYD’S REGISTER 
OF SHIPPING. 


THE long-continued depression in the shipping 
industry is naturally reflected in the operations of 
Lloyd’s Register, but, in spite of this, the tonnage 
classed by the Society in the year which ended June 30 
last is materially greater than the corresponding 
figure for the previous year. From the report of the 
Society for the year 1924-25, issued this week, it 
appears that during that period the Committee have 
assigned classes to 493 new vessels, making 1,315,730 
gross tons in all, whereas the tonnage classed in 
1923-24 was only 885,660 gross tons. The current 
figure, however, is 35 per cent. less than that for 
1913-14, and only 31 per cent. of that classed during 
the year 1919-20, in which the record figure of 
4,253,523 tons was reached. Plans for new vessels 
numbering 413, and having a total gross tonnage of 
1,229,703, were passed during the year under 
review and these figures, which are appreciably 
lower than those for the preceding year, and much 
below the average for several years before the war, 
are a Clear indication of the depressed position of 
the shipbuilding industry. Of the projected vessels, 
only 55 per cent. (676,688 tons) are to be built in 
this country, whereas for. the year 1913-14, when 
plans for vessels aggregating 1,638,060 tons were 
passed, the proportion to be built in the United 
Kingdom was 69-7 per cent. 

Of the vessels built during the year and classed 
by the Society, 10 were of over 13,000 tons each, 
the two largest being the Oronsay and the Orama 
of 20,001 and 19,777 gross tons, respectively, both 
built for the Orient Steam Navigation Company, 
Limited. Steam turbines were installed in 12 new 
vessels of 114,009 gross tons in all, reduction gearing, 
mostly of the single-reduction type, being employed 
in ail cases. Of the new steamers classed, 65, with 
a total gross tonnage of 337,411, were fitted for 
burning oil fuel, and the tonnage figure, it may be 
mentioned, represents just over 25 per cent. of the 
total tonnage of all types of vessels classed during 
the year. The remarkable development in the use 
of liquid fuel for the propulsion of steamships is 
well shown by figures quoted from the Register 
Book, from which it appears that, in July last, 
steamers of 17,804,122 gross tons were fitted for 
burning oil under boilers, as compared with 5,336,678 
tons in July, 1919, and 1,310,209 tons, immediately 
before the war. It does not follow, of course, that 
all vessels fitted for oil burning are actually employ- 
ing this fuel, since in many cases the oil-fired 
furnaces can be readily adapted for coal firing and 
the solid fuel is used if oil is unobtainable or if its 
cost, in comparison with coal, renders the use of the 
latter more profitable. 

Perhaps the most interesting feature of the 
report, however, is the evidence it furnishes of the 
steady development of the heavy-oil engine for the 
purposes of ship propulsion. During the year 
under consideration, 69 new vessels fitted with 
oil engines and having an aggregate gross tonnage 
of 302,189, were classed by the Society, and 28 
of these ships, accounting for about two-thirds of 
the oil-engine propelled tonnage, were of over 
5,000 tons each, The most important of these was 
the Aorangi, a quadruple-screw motorship of 
17,491 gross tons, and other notable vessels were 
the Svealand (15,339 tons), the Lochmonar (9,403 
tons), the Varanger (9,305 tons), and the Persephone 
(8,956 tons) ; the four last-mentioned ships were of 
the twin-screw type. Over 60 per cent. of the total 
oil-engined tonnage classed, viz., 37 vessels, making 
183,001 tons, was built in Great Britain and Ireland, 
four of the number, with a total gross tonnage of 
17,753, being for foreign owners. 

A noteworthy feature of the period covered by 
the present report is the increasing demand for 
Diesel engines of the double-acting type. Twenty- 
five sets of engines of this type, with a total indicated 
horse-power of 151,300, are now being constructed 
under the supervision of the Society’s surveyors. 
The largest of these are the two-stroke cycle, 
M.A.N. type, double-acting engines being built 
by the Cantieri Officine Savoia, of Cornigliano 
Ligure, Italy. These engines will be fitted in the 
quadruple-screw motorship Augustus, being built to 
the Society’s classification by the Soc. Anon. 
Ansaldo, of Sestri Ponenti for the Navigazione 


Generale Italiana. The four sets of engines, which 
have six cylinders each, will develop approximately 
31,000 i.h.p., 7.2., about 1,290 h.p. per cylinder. 





THE ORGANISATION OF RESEARCH. 


THE organisation of research throughout the 
Empire formed the subject of the instructive 
presidential address which Sir Thomas Holland, 
F.R.S., delivered to the Royal Society of Arts on 
Wednesday evening last. Very little, he said, was 
done in pre-war days, although the year 1902 saw 
the establishment of the National Physical Labora- 
tory and the founding of the British Cotton-Growing 
Association. A few months’ warfare, however, 
showed that our inability to manufacture many 
essential munitions was due to a neglect of applied 
science in peace time. It also showed that the 
isolated instances of private enterprise in this 
direction necessarily left many vital gaps in the 
programme of scientific work, and, further, that 
some system of wider co-ordination was necessary 
if the. Empire were to be made relatively self- 
contained. -This conviction led to the establishment 
of the Department of Scientific and Industria] 
Research, which now disbursed half .a million 
annually. Much more than this sum. could, Sir 
Thomas said, be economically expended: were the 
funds forthcorhing, but progress was limited by 
various difficulties which only time could remove. 
Among other things, research workers could not be 
manufactured by mass production. Only a fraction 
of those who received a scientific education were 
suitable for the work. The setting up of the 
Advisory Council on Research in'1915 was followed 
up by the suggestion which originated in Australia, 
that the scheme should be extended and made 
applicable to the Empire as a whole. Central 
authorities were accordingly established in the 
Dominions and in India, and before the reaction of 
peace and the subsequent economic depression 
ensued, separate Imperial bureaux had been founded 
to deal with minerals and mycology, and there was 
already in existence one dealing with entomology. 

Sir Thomas laid special emphasis on the impor- 
tance to the Empire of this latter study. In the 
United States alone the loss due to the ravages of 
the cotton boll weevil were said to total up to no 
less than 40,000,000/. sterling in 1921, and in the 
same year the pink boll worm in Egypt caused a 
loss of 10,000,0007. Blood-sucking insects were, 
moreover, responsible for the dissemination of 
various diseases both of animals and men. The 
epidemic of sleeping sickness due to the tsetse fly 
some twenty years ago killed off about 10 per cent. 
of the population of Uganda, and the effect on cattle 
was even more devastating. The mosquito was 
responsible for a large proportion of the four to five 
million deaths annually ascribed to fever in India. 
On the other hand, certain insects were of great 
economic value. The product of the lac insect in 
India was valued at 7,000,000/. annually, whilst 
the output of silk in Japan had a value of over 
60,000,000/. per annum. The work of the Imperial 
Bureau of Entomology ‘at Kensington was largely 
taken up with the identification of specimens, and in 
the distribution of parasites likely to be destructive 
toinsect pests. Its total income was, however, only 
about 11,800/., which might be compared with the 
500,000/. devoted to the same study by the United 
States Department of Agriculture. 

The Bureau of Mycology was specially concerned 
with plant diseases, There were now nearly one 
hundred official mycologists in overseas parts of the 
Empire, mostly attached to Government Depart- 
ments of Agriculture. In general, they had excellent 
laboratories and research stations. The chief work 
of the Bureau of Mycology had been to act as a 
clearing house of information for these overseas 
workers. Its annual income was about 5,500/. 
A third by-product of the war was the bureau 
designed to assist in the development of the mineral 
resources of the Empire. In its early days it was 
financed entirely by the Home Government, but 
later on contributions were made by the Dominions, 
India, and the Colonies. In the commercial depres- 
sion following the war the income was cut down, 
and there was a danger of its extinction. The 





Bureau had now been amalgamated with the 
reconstituted Imperial Institute. 

Coming to the Research Associations, Sir Thomas 
said that all but two of the 25 instituted were still 
in active existence, but the funds devoted to 
research were very small in comparison with the 
turnover of the trades concerned. The British 
Cotton Research Association spent about 45,0001. 
per annum, but the amount paid for cotton by 
manufacturers was between 50,000,000/. and 
60,000,000. per annum. Hence, less than a 
farthing was spent on research for every pound 
sterling spent in the purchase of cotton. Similarly, 
only a halfpenny was spent on research by the 
rubber trades for every pound they spent on the 
purchase of rubber. 

Amongst the most important of the research 
associations was the Empire © Cotton-Growing 
Corporation, which was the lineal descendant of the 
British Cotton-Growing Association, founded in 
1902. The latter had but limited resources, but its 
successor benefited by a levy of 6d. per bale imposed 
by law on all cotton purchased by the spinners of 
this country. The need for the formation of the 
Association and its successor was made evident by 
the fact that cotton-growing countries were extend- 
ing their own mill capacity, and the danger of 
relying on foreign sources for cotton had become 
alarming. The Corporation, in addition to its 
headquarter’s staff, maintained various specialists 
in South Africa, Rhodesia, Swaziland, Nyasaland 
Sudan, Uganda, Queensland, and the West Indies. 





THE LLOYD SABAUDO S.S. ‘‘ CONTE 
BIANCAMANO.”’ 


TRIALS were run on the Firth of Clyde, on Tuesday, 
November 3, of the twin-screw steamer Conte Bian- 
camano, the latest addition to the fleet of the Lloyd 
Sabaudo Company of Genoa. This ship, as well as 
the propelling machinery was designed and con- 
structed by Messrs. William Beardmore and Co., 
Limited, at the Naval Construction Works, Dalmuir. 
Previous collaboration between the same shipowners 
and shipbuilders resulted in the construction of the 
8.8. Conte Rosso and 8.8. Conte Verde, two vessels 
which we have already described in our columns.* The 
aim of the builders in designing the 8.8. Conte Bianca- 
mano, a ship of greater dimensions and speed than the 
two vessels previously supplied by them to the same 
owners, was to embody many of the latest improve- 
ments in construction and to make use of the experi- 
ence gained with the earlier vessels in providing even 
greater comfort than they afforded for the passengers. 

The vessel, which is of the shelter-deck type, without 
tonnage opening, was built to the requirements of the 
highest class of the leading registration societies, such 
as the British Corporation, Registro Navale Italiano 
and Lloyds, and also meets the requirements of the 
International Convention for the Safety of Life at Sea 
and the Emigration Laws of the Italian and United 
States Governments. The leading particulars are :— 


Length, overall .... oa .... 656 ft. 

Length between perpendiculars 625 ft. 

Breadth, moulded rer sees TOT 

Depth, moulded, to shelter deck 39 ft. 6 in. 

Draught, loaded.... ius wwe =20 £6. 

Gross tonnage, about. .... 23,000. 
20. 


Speed on service, knots.... 


The Conte Biancamano has a stem which is straight 
and well raked forward, and a long elliptical counter 
stern, continued below the water line and bossed out 
to accommodate the underwater steering gear. In view 
of the limited draught, the scantlings of the vessel 
received special consideration, and expansion joints 
have been dispensed with, the superstructure having 
been strengthened to carry the stresses right up to 
the boat deck. To meet the varying requirements 
that the ship will need to meet in service, the accommo- 
dation has to a certain extent been made convertible 
to suit different classes of passengers. There are, in 
consequence, many types of cabins. Accommodation 
is provided for 280 first-class passengers, 220 first- or 
second-class, 200 second-class, 390 economic second- 
class, and 660 third-class, while the officers and crew 
number 500, Thus, with all occupied, the Conte 
Biancamano will have 2,250 persons on board. 

The propelling machinery consists of two sets of 
compound steam turbines of the Parsons’ impulse 
and reaction type, designed and constructed by the 
builders of the vessel. Each set of turbines drives 





*See ENGINEERING, vol. cxiii, pages 198 and 223, and 





vol. cxv, page 620, 
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a separate propeller shaft through double reduction 
gearing. Steam for the power units is supplied, at 
200 lb. per square inch, and with a superheat at the 
turbine stop valves of 200 deg. F., by seven double- 
ended and two single-ended boilers, also built by 
Messrs. Beardmore. Each set of turbines gave 12,000 
shaft horse-power on trial when the propeller speed 
was 100 r.p.m., although in service the propeller will 
be run at 95 r.p.m., when the total power will be 
about 21,000 shaft horse-power. It will be appreciated 
that this is perhaps the largest installation making use 
of double-reduction gearing. The designed speed of 
the high-pressure turbines is 2,924 r.p.m., and of 
the low-pressure turbines 1,565 r.p.m. In the course 
of the shop tests these speeds were increased by 20 per 
cent. Within the casings of the low-pressure turbine ; 
the astern turbines are accommodated, Governing is 
effected by Cockburn-Aspinall equipments, which 
serve to prevent any increase of speed due to racing 
and to cut-off steam in the event of the failure of 
the oil supply or of the reduction of the oil pressure 
below a previously determined value. To minimise 
erosion. of the low-pressure turbine blading, due to 
the presence of water in the steam, tangential dryers 
have been introduced into the pipes connecting the 
high-pressure exhaust to the low-pressure inlet. It is 
anticipated that they will also be the means of reducing 
the steam consumption. 

The lay-out of the engine room leaves little to be 
desired, for in loftiness, ease of access to the plant 
for inspection and overhaul, and in ventilation it has 
the characteristics of a land power station to, perhaps, 
a greater extent than has ever before been provided in 
any ship. Supply fans deliver air to the after end 
of the engine room, and exhaust fans withdraw the 
heated air from the forward end. The condensing 
arrangements are of the usual standard type for large 
installations, each low-pressure cylinder exhausting 
into a condenser of the underslung type. Weir’s 
dual air pumps and Paul’s centrifugal circulating 
water pumps are used, the latter being driven by 
enclosed tandem-compound engines. Oil under 
pressure for the turbines and gearing is obtained by 
the use of four Weir forced-lubrication pumps, three 
of which meet the normal requirements. For the 
purification of the lubricating oil, two De Laval 
centrifugal separators are provided. 

There are two boiler rooms, the one containing 
three double-ended boilers and two of the single- 
ended type, and the other four double-ended ones. 
These boilers are 16 ft. 6 in. in diameter and the 
lengths are 22 ft. and 11 ft. 3 in. At each firing 
end there are four furnaces giving a total heating 
surface of 50,200 sq. ft. The steam supply is passed 
from the boilers to the superheaters through pipes 
fitted with tangential dryers. Oil firing, making use 
of Wallsend-Howden equipment, is to be the normal 
practice, but arrangements have been made to make 
possible a rapid conversion to coal firing when economic 


‘conditions make the change desirable. In general. the 


machinery is similar, but larger, to that fitted in the 
Conte Rosso and the Conte Verde, but there are some 
additions and refinements to get improved efficiency. 
The electric light and power arrangements are very 
complete. Supply is obtained from three 150-kw. 
geared turbo-dynamos at a pressure of 110 volts. 
There is, in addition, a 35-kw., 110-volt oil-driven set 
for emergency use. In all, there are 5,500 lights 
installed in the ship, and every first-class stateroom is 
provided with an electric radiator. 

The decoration and furnishing of the public rooms 
is on a scale unsurpassed in any vessel, and reflects 
the greatest credit on the designers and the con- 
structors. A feature of interest is the rate at which 
this remarkably fine example of British shipbuilding 
has been cempleted. The keel was laid in June of 
last year, the vessel was launched on April 23, and 
passed her trials on November 3. In the course of 
the measured mile trials at Skelmorlie a speed of 21 
knots was obtained. 





METROPOLITAN Ratway Extension Line to Wat- 
FORD.—The new double-track extension line to Croxley 
Green and Watford, which has been constructed jointly 
by the Metropolitan and the London and North Eastern 
Railway Companies, was opened for traffie on Monday 
last, the 2nd instant. ‘The line, which is 2} miles in 
length, branches off in an easterly direction from the 
main Aylesbury line between Rickmansworth and 
Sandy Lodge stations, and serves an area which is now 
being rapidly developed for residential purposes. It is 
electrically operated and equipped with automatic 
signalling. Considerable difficulty has been encountered 
in the construction of the line, the excavation of some 
500,000 cub. yards of gravel and chalk having been 
necessary, as well as the construction of 10 bridges, 
and the formation of a number of heavy embankments : 
the cost has thus reached the high figure of 300,000. 
An excellent service, including 140 trains daily, has 
heen provided, a proportion of them running from 
Baker-street and the City being electrically operated, 
and the remainder being drawn by steam locomotives 
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Denim (Unshrunk). No. 270. Mercerized Cotton Air- 
plane Cloth, Grade A. No. 271. Rubber Gloves for 
Electrical Workers (For use in connection with Apparatus 
or Circuits not exceeding 3,000 volts to ground). No. 273. 
Bleached Wide Cotton Sheeting. No. 274. Bleached 
Cotton Sheets (Medium and High Count Sheeting). 
[Price 5 cents. each.] Washington: Government 
Printing Office. 

An Introduction to Physical Science. By Ivor B. Hart. 
Oxford: Clarendon Press. [Price 4s. net.] 

Jamsetji Nusserwanji Tata. A Chronicle of His Life. 
By F. Harris. Oxford: University Press. 
London: Humphrey Milford. [Price 15s. net.] 

Lehrbuch der Elektrotechnik. By Pror. E. StécKHARDT. 
Third revised edition. Berlin and Leipzig: Walter 
de Gruyter and Co. [Price 13 marks. ] 

Das Kraftwerk Fortuna II. By ALBERT. SCHREIBER. 
Berlin and Leipzig: Walter de Gruyter and Co. 
{Price 6-50 marks. ] 

Grundsdtze fiir die bauliche Durchbildung eiserner 
Kisenbahnbriicken. Berlin; Wilhelm Ernst and Son. 
[Price 1-20 marks. ] 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel_—A note of optimism continues to 
pervade the steel and engineering trades of South York- 
shire, though, so far, actual instances of improvement 
are lacking. An illustration of the confidence placed in 
the near future is provided by the United Steel Com- 
panies. This great combine has decided to proceed with 
the suspended extensions of its Appleby works, situated 
in North Lincolnshire. This enterprise involved an 
expenditure of nearly 4,000,000/. It was commenced 
several years ago, but owing to the trade slump and 
financial difficulties, operations were discontinued. The 
principal object is to supply ship and boiler plates. When 
completed, this lay-out will include four of the largest 
steel-melting furnaces and a mixer having a production 
capacity of 6,000 tons of ingots per week, and will form 
one of the largest and most up-to-date mills in Europe. 
More orders are required by makers of axles, tyres and 
springs, who at present are working at low capacity. 
There is little business passing in the construction of 
wagons. The slump in the coal export trade is largely 
responsible for the inactivity of this section. Despite 
the severe cutting of prices, British manufacturers of 
railway steel are experiencing great difficulty in com- 
peting with Germany and Belgium for contracts dis- 
tributed by India, South America, and South Africa. 
These countries, previous to the war, were good customers 
with this district, and though a certain amount of work 
is being done for India, the loss of orders from this source 
is severely felt. An increasing turnover is reported by 
manufacturers of automobile steel. Agricultural imple- 
ments are finding an improved market on Colonial 
account, while home users are showing an inclination 
towerds bigger purchases. The development of the 
sugar-beet industry is responsible for a demand for 
several new types of tools and implements. The call 
for small descriptions of tools, such as pincers, hammers, 
files, rasps, stocks and dies, &c., is also improving. .The 
light foundries are furnishing substantial supplies to the 
building trades, and as housing schemes progress, the 
demand is expected to be more pronounced. Russia is 
calling for further supplies of saws. 


South- Yorkshire Coal Trade.—While actual business is 
lacking, the future is viewed with optimism, and in some 
classes of fuel an improvement has already been experi- 
enced. Steam coal finds a better outlet on horne 
account, but overseas purchases still display a shrinkage. 
Cobbles and nuts have brightened up for inland con- 
sumption, and stocks at sidings are slowly diminishing. 
In contrast, slacks do not occupy such a healthy position, 
and are only moderate. House coal shows signs of 
reviving, and as winter draws near, there is every prospect 
of the position being materially improved. Foundry 
and furnace coke are being readily disposed of, both on 
inland and foreign account, at reduced prices. Quota- 
tions: Best branch handpicked, 31s. to 34s. ; Barnsley 
best Silkstone, 28s. to 30s.; Derbyshire best brights, 
248. to 26s. 6d.; Derbyshire best house, 23s. to 25s. ; 
Derbyshire best large nuts, 17s. to 20s. ; Derbyshire best 
small nuts, 12s. 6d. to 14s.; Yorkshire hards, 17s. 6d. 
to 21s. 6d.; Derbyshire hards, 17s. 6d. to 21s. 6d. ; 
rough slacks, 9s. 6d. to 12s. 6d. ; nutty slacks, 6s. 6d. to 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIppLEsBROUGH, Wednesday. 


The Cleveland Iron Trade.—There is a fairly good 
business passing in Cleveland pig-iron, but it is still very 
largely for home use, export demand being still on a 
very limited seale. Continental inquiries, however, show 
some little improvement: Sales to Scotland and to 
consumers nearer home are expanding, and much hope 
is expressed that America will place further orders for 
special low-phosphorus qualities of iron. No. 1 grade 
is plentiful, and is being offered freely, with the result 
that it has fallen a shilling, the price now being 68s. 
No. 3 g.m.b. is on sale at 66s, f.o.b., No. 4 foundry is 
658., and No. 4 forge 64s. 


Hematite——More sales of East-Coast hematite are 
necessitating increased output, and three additional 
furnaces are to be put into blast. Makers are well sold 
for this year, and contracts have been made for delivery 
as far ahead as February. Demand on both home and 
export account is steadily improving, and the situation 
in the hematite branch is more satisfactory than for a 
considerable time past. Nos. 1, 2 and 3 are at least 
74s. 6d., and some sellers are inclined to hold out for 
rather more. No. lis quoted 6¢, above mixed numbers. 


Foreign Ore,—There is no new feature in imported ore. 
Business is still confined to sales of odd cargoes, and 
market rates remain on the basis of best rubio at 20s. 
c.i.f. Tees. 


Blast-F urnace Coke.-—Local demand for Durham blast- 
furnace coke is improving, and up to 19s. 6d. is now 
asked for good average qualities delivered here. 


Manufactured Iron and Steel.—There is rather more 
doing in one or two manufactured iron and steel depart- 
ments, but price cutting to secure orders is still keen. 
After having been idle for ten months, the steel plant at 
the Acklan Works of Messrs. Dorman. Long and Co. 
is to be re-started. This will find employment for 800 
men. Common iron bars are 11l. 5s.; iron rivets, 
121. 15s. ; packing (parallel), 82. ; packing (tapered), 111. ; 
steel billets (soft), 7/.; steel billets (medium), 7/. 10s. : 
steel billets (hard), 8/. 2s. 6d. ; steel plates, 7/. 5s. ; steel 
angles, 7. ; steel rivets, 12/. 16s. ; heavy steel rails, 8/. ; 
fish plates, 12/.; and galvanised corrugated sheets, 
161, 10s. 


Imports of Iron and Steel.—The total imports of irou 
and steel to the Tees from Holland, Belgium, France, 
Germany, Norway, Sweden, India and coastwise, for the 
twelve months ended October 31 last, reached 180,470 
tons, as compared with 140,673 tons for the previous 
year, and 54,564 tons for the pre-war period of 1913-1914. 
Arrivals of pig-iron to the end of last year are given at 
15,378 tons, as against 24,684 tons a vear ago, and 1,427 
tons in the. pre-war period; crude-sheet bars, billets, 
blooms, and slabs unloaded to the end of last month, 
amounted to 138,926 tons, as against 94,768 tous a year 
ago, and 33,655 tons in the pre-war period, and plates, 
bars, angles, rails, sheets, and joists imported to the end 
of last month are returned at 26,166 tons, as against 
21,221 tons a year ago, and 19,482 tons in the pre-war 
period. 


Shinments of Iron and Steel.-—Monthly shipments of 
iron and steel from the Tees total, for the first time for 
exactly twelve months, over 100,000 tons, the returns 
for August showing 100,985 tons, composed of 34,707 
tons of pig-iron, 5,883 tons of manufactured iron, and 
60,395 tons of steel. Of the pig-iron cleared, 18,029 tons 
went to foreign ports, and 16,678 tons went coastwise ; 
of the manufactured iron dispatched, 3,995 tons went to 
foreign ports, and 1,890 tons went coastwise, and of the 
steel shipped -48,064 tons went to foreign ports, and 
12,331 tons went coastwise. Scotland, with an import 
of 13,293 tons, was the largest receiver of pig-iron, the 
Cape of Good Hope with 1,378 tons, was the best customer 
for manufactured iron, and India, with 15,3i4 tons, 
was the heaviest purchaser of steel. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—There is still no change in the 
state of the Scottish steel trade, but inquiries would point 
to the possibility of a little more dealing in the near future. 
The feeling all round is a shade better, but the general 
demand shows no improvement as yet, and the shipbuild- 
ing industry, from which so much business is expected, 
is not in a very good way. The next few months at the 
yards are being looked forward to with some anxiety, 
and steelmakers cannot hope for much of a demand from 
that quarter. Prices are inclined to ease still further. 
The black sheet trade continues fully employed, and is the 
one bright section in the steel trade. Light sheets are 
being shipped abroad in lots of good tonnage, but the 
heavier gauges are not in such good request For gai- 
vanised sheets there has been no falling off in the demand, 
and order books are well filled up. Prices are firm. The 
following are the current market quotations: Boiler 
plates, 11/. 10s. per ton ; ship plates, 7/ 15s. to 71. 17s. 6d. 
per ton; sections, 7/. 10s. to 71. 12s. 6d. per ton; and 
sheets, ¥# in. to } in., 9. 7s. 6d. per ton, all delivered 
Glasgow stations. 

Malleable-Iron Trade.—The present state of the mal- 
leable-iron trade of the West of Scotland is rather depress- 
ing. Not only is the demand poor, but sellers of foreign 
bars are securing a large share of any business on 
offer. Works are being carried on with difficulty and 








from Marylebone station. 


8s.; smalls, 3s. 6d. to 5s. 6d. 





sales are low. The re-rolling branches are in a similar 
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state. Prices are unchanged at 11/. 5s. per ton for 
** Crown ”’ bars. 

Scottish Pig-Iron T'rade.—In the Scottish pig-iron 
trade demand continues very slow, and conditions are 
unaltered on the week. Stocks on hand are ample to 
meet present requirements generally, but intimation is 
made, of the relighting of some furnaces at the Glen- 
garnock works of Messrs. David Colville and Sons 
(Limited) Prices are barely steady, and the following 
may be taken as to-day’s quotations : Hematite, 3/. 18s. 
6d. per ton, delivered at the steelworks ; foundry iron, 
No. 1, 808. 6d. to 838. per ton, and No. 3, 78s. to 80s. 6d. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 31, amounted to 1,027 tons. Of 
that total, 962 tons went overseas and 65 tons coastwise. 
For the corresponding week of last year the figures were 
912 tons to foreign destinations and 275 tons coastwise, 
making a total shipment of 1,187 tons. 


Scottish Shipbuilding.—The shipbuilding industry cf 
Scotland has not improved during the past month, and 
the outlook is still very poor. The tonnage launched in 
October was very satisfactory from the point of view of 
figures, but on the other hand there are few orders to take 
the place in the berths of those vessels launched. That is 
a serious state of affairs, and no improvement can be 
hoped tor until the costs of production are considerably 
reduced. During the month the new orders totalled 
less than a dozen, and of these two or three only were 
cargo steamers, while of the others, five were motor yachts, 
one a racing yacht, and one a screw tug. The following 
are the details of the month’s output :— 





Vessels. Tons. 

The Clyde .... ia 16 53,679 
The Forth Rex 5 1,395 
The Tav ce cae sea 1 352 
The Dee and Moray Firth 1 250 
23 55,676 


The Clyde figures, which are. over the average monthly 
return for the year to date, bring the total for the ten 
months up to 106 vessels of 471,018 tons. ‘That figure 
is over 11,000 tons better than for the corresponding 
period of last year, but is short by $8,816 tons of the 
record ten months’ output—1913. It is interesting to 
note, however, that there have only been six occasions 
during the past twenty years when the first ten months’ 
total exceeded that of the present year. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Conditions in the Welsh coal trade 
were generally improved during the past week, though 
further business is still required to absorb the enormous 
stocks which are still standing, and restore anything 
like stability to the market. The feature has been 
the placing of orders for Welsh anthracite and dry coal 
on an'increasing scale by the United States in conse- 
quence of the strike of anthracite miners in that country. 
Much secrecy has been shown in connection with the 
American orders, but that they are of a substantial 
character may be judged from the fact that in October 
vessels were reported as chartered to load 96,000 tons 
of coal in the Swansea district and 34,000 tons at Cardiff, 
while already this month additional steamers have been 
fixed to carry at least 50,000 tons, which brings the 
aggregate to nearly 200,000 tons. Moreover, many 
fixtures have been transacted which have not been dis- 
closed, so that it is quite safe to assume that orders for 
more than 200,000 tons of Welsh coal have already been 
negotiated. At any rate prices for anthracite and 
sized dry coals are firm, and buyers find it difficult to 
stem fresh cargoes, which indicates that the collieries 
producing these qualities are full up with orders. Dry 
large coal too is steadier, but stocks of these sorts are 
still heavy, with the result that. prices have not altered 
despite the fact that: the Americans have bought several 
cargoes. Steam coals, though showing a steadier under- 
tone, are still in ample supply with prices round recent 
levels, though in isolated cases quotations have been put 
up 3d., but buyers not tied to named coals can still secure 
their requirements at the old figures. Exports of coal 
as cargo from South Wales in the past week amounted 
to 417,580 tons, which was 61,000: tons more than was 
despatched in the previous week. At, Cardiff shipments 
were raised from 208,650 tons to 250,180 tons, at New- 
port from 53,720 tons to 58,150 tons, and at Swansea 
from 43,960 tons to 70,200 tons, but at Port Talbot 
they were reduced from 45,130 tons to 35,880 tons, and 
at Llanelly from 4,180 tons to 3,170 tons. Of last 
week’s shipments 25,100 tons were despatched to the 
United States compared with 16,900 tons in the previous 
week, and 7,500 tons a fortnight ago. France took 
104,650 tons, Italy 58,450 tons, Argentine 50,900 tons, 
and Algeria 26,750 tons. 

Boilermakers’ Work Scheme —The boilermakers in the 
Bristol Channel have intimated to the dry dock owners 
their intention of putting into operation a rota scheme 
for sharing the work. employers have, however, 
refusedto accept the scheme on the grounds that it is 
not practicable, as it is impossible for them to agree 
to take men without regard to their efficiency or their 
capabilities for doing the work entrusted to them. The 
men, however, complain that some men are going from 
one job to another while the majority are out of work, 
and in some cases have not been able to secure employ- 
ment for several months past. The matter is at present 
the subject of negotiations between the parties con- 


NOTICES OF MEETINGS. 


Tue InstitTuTION oF MECHANICAL ENGINEERS.—To- 
night, at 6 p.m., at Storey’s-gate, S.W.1, Thomas 
Hawksley Lecture. ‘‘Some Railway Notes, Old and 
New,” by Sir John A. F. Aspinall, D.Eng. 


THe Junior InstTiITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette, 
““Flow Meters,” by Mr. W. H. Simmons. Friday, 
November 13, at 7 p.m. Annual General Meeting, 


Tue Institution oF MUNICIPAL AND County 
ENGINEERS: YORKSHIRE DistTRict.—Saturday, Novem- 
ber 7, at 11 a.m., Visit to Messrs. Cooke, Troughton and 
Simms, Buckingham Works, York. 


Tue InstiTuTE oF British FOUNDRYMEN:: LANca- 
SHIRE Brancu.—Saturday, November 7, at 4 p.m., at 
the College of Technology, Manchester. Lecture, “‘ The 
Production of Diesel Castings in Pearlitic Cast Iron,” 
by Mr. A. J. Richman. 


THe Hutt Association OF ENGINEERS.—Saturday, 
November 7, at 7.15 p.m., at the Technical College, 
Hull. Lecture, ‘‘ A Talk on Experimental Tank Work,” 
by Mr. R. Reid, M.I.N.A. 


THe Institution oF MECHANICAL ENGINEERS: 
GrapDuATES’ Srction.—Monday, November 9, at 6 p.m., 
at Storey’s-gate, S.W.1. Annual Lecture, “Some 
Engineering Features in Connection with Irrigation in 
South Africa,” by Mr. E. Bruce Ball. 


Tue INSTITUTION OF AUTOMOBILE ENGINEERS: BIR- 
MINGHAM CENTRE.—Monday, November 9, at 7 p.m., 
at the Chamber of Commerce, New-street, Birmingham, 
‘““The Requirements of the Military Motor Vehicle,” 


THe Institution oF ELEcTRICAL ENGINEERS.— 
Monday, November 9, at 7 p.m., at Savoy-place, Victoria 
Embankment, W.C.2. Informal Meeting. Discussion on 
**Modern Developments of Telephone Cables,’’ opened 
by Mr. E. 8. Ritter. 

Tue InstituTE oF METALS : ScottisH LocAL SECTION, 
—~Monday, November 9, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘“‘ Binding Forces Between Atoms,” 
by Dr. J, A. Cranston. 


Tue [ystituTion oF Civit ENGINEERS : NEWCASTLE- 
UTPON-TYNE AND JDIsTRICT AssocIATION. — Monday, 
November 9, at 7.30 p.m., at the Mining Institute, 
Neville Hall, Newcastle-upon-Tyne. Address by the 
Chairman, Mr. F. E. Harrison, M.Inst.C.E. 


THE Surveyors’ Instirut1ion.—Monday, November 9. 
at 8 p.m., at Great George-street, S.W.1. Opening 
Address, by the President. 


Tue INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, November 10, at 5.30 p.m., at the Royal 
Society of Arts, John-street, Adelphi, W.C.2. ‘“ The 
Principles of High Vacuum Distillation of Mineral Oils,” 
by Ing. Leo. Steinschneider. ‘‘ The Determination of 
Unsaturateds in Petroleum Spirit,’’ by Dr. . 
Ormandy, F.I.C., F.C.S., and Mr. E. C. Craven, B.Se., 
F.C.S. “The Determination of Molecular Weight of 
Petrol,” by Dr. W. R. Ormandy, F.I.C., F.C.S., and 
Mr. E. ©. Craven, B.Se., F.C.S. 


Tne Institute or Martve ENGINEERS.—Tuesday, 
November 10, at 6.30 p.m., at 85-88, The Minories, 
Tower-hill, E.1. ‘‘ Construction of Ships: Method of 
Mininising Risks due to Collision,” by Mr. E. F. Spanner. 


Tue Institute oF British FOUNDRYMEN:  LANCA- 
SHIRE BRANCH. BURNLEY SEcTION.—Tuesday, Novem- 
ber 10, at 7.15 p.m., at the Municipal College, Omerod- 
road, Burnley. ‘‘ Foundry Practice,’ by Mr. J. Ellis. 


Tue INstrITUTION oF EtectricaAL ENGINEERS: NORTH 
MIDLAND CENTRiz.—-Tuesday, November 10, at 7.30 p.m., 
at the Hotel Metropole, Leeds. Inaugural Address by the 
Chairman, Mr. 8. Derwen Jones. 


Tux InstITUTION OF ELECTRICAL ENGINEERS : NORTH- 
WESTERN CENTRE. StupENTs’ SEction.— Tuesday, 
November 10, at 7.30 p.m., at Milton Hall, Deansgate, 
Manchester. ‘“‘ The Design. of Current Transformers,” 
by Mr. C. T. Melling. 

Tue InstircTION oF ELEcTRICAL ENGINEERS: Scot- 
TIsH CENTRE.—Tuesday, November 10, at 7.30 p.m., 
at the Royal Technical College, Glasgow. Inaugural 
Address by the Chairman, Professor Magnus Maclean. 


Tae IwnstirvTiIon or AvTOMORILE ENGINEERS: 
Coventry CENTRE.—Tuesday, November 10, at 7.30 
p-m., at the Broadgate Caf4, Coventry. ‘“‘ The Require- 
ments of the Military Motor Vehicle.” 


THE Royal. METEoRoLoGIcaL Society.—Wednesday, 
November 11, at 5 p.m., at 49, Cromwell-road, South 
Kensington, 8.W.7. Lecture: ‘‘ Measuring the Sun’s 
Rays,”’ by Dr. C. G. Abbot. 


Tue InstTiTUTION oF Civit ENGINrERS.—Wednesday, 
November, 11, at 6 p.m., at Great George-street, S.W.1. 
Informal Meeting, subject for discussion, “ The Relative 
Economy of Different Classes of Concrete for Reinforced- 
Concrete Work,” introduced by Sir E. Owen Williams, 
K.B.E., B.Se., M.Inst.C.E. 


Tue Institution or ELEctRICAL ENGINEERS: 
Soutn Miptanp CENTRE.—Wednesday, November 11, 
at p-m., at the University, Birmingham. ‘‘ The 
Development of Alloys of Nickel and Chromium for 
High Temperature Work and Electrical Resistance 
Heating,” by Mr. W. R. Barclay. 

Tue Roya Society or Arts.—Wednesday, Novem- 
ber 11, at 8.30 p.m., at John-street, Adelphi, W.C.2. 
Trueman Wood Lecture —‘‘The Modern Note in 











cerned, the rota for the time being left in abeyance. 


THe Roya AERONAUTICAL Socrety.—Thursday, 
November 12, at 5.30 p.m., at 7, Albemarle Street, W.1. 
‘““Some Problems in Aeroplane Structural Design,” by 
Mr. H. B. Howard. 


THe Opricat Socrety.—Thursday, November 12, at 
7.30 p.m., at the Imperial College of Science and Tech- 
nology, South Kensington, 8.W.7. “‘Some Recent Im- 

rovements in Modern Opthalmic Lenses,” by Mr. 8S. A. 
“merson, B.Sec., D.LC. ‘“‘ Relation of Visual Acuity 
and Accommodation to Ametropia,”’ by Mr. W. Swaine, 
B.Se. “Irregular Astigmatism of the Eye.—(A) Effect 
of Size of Pupil,”’. by Mr. E. F. Fincham. (B) “ Effect 
of Correcting Lenses,” by Mr. H. H. Emsley, B.Sc. 
Messrs. J. W. Atha and Company will exhibit the Zeiss 
Refraction Meter. 


Tur Institute oF Metats: Lonpon Locat SECTION. 
-+Thursday, November 12, at 7.30 p.m., at the Royal 
School of Mines, South Kensington, 8.W.7. ‘‘ Science 
and Industry: Some Impressions from the Early 
Experiences of the British Non-Ferrous Metals Associa- 
tion,’’ by Dr. R. 8. Hutton and Dr, O. F. Hudson. 


TueEINstITUTION OF CHEMICAL ENGINEERS.——-Thursday, 
November 12, at.8 p.m., at the Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. Discussion on “ Scien- 
tific Research Workers and Industry,’’ opened by the 
Hon. H. Fletcher Moulton. 


Tue InstiruTIon oF WELDING ENGINEERS.—Thurs- 
day, November 12, at 8 p.m., at Caxton Hall, West- 
minster, S.W.1. ‘The Manufacture of Oxygen,” by 
Mr. A. Edgar Knowles. 


Tue Institution or ELectricaL ENGINEERS: 
Lonpon Strupents’ Section.—Friday, November 13, 
at 6.15 p.m.,.at Savoy-place, Victoria Embankment, 
W.C.2. Opening Address, ‘‘Some Controversial Prob- 
lems,”’ by Lieut.-Col. K. Edgeumbe, R.E. 


Tue Institute. oF Metats : SwANSEA LocatL SECTION. 
—Fripay, November 13, at 7.15 p.m., at the University 
College, Singleton Park. ‘‘ Effect of Crystal Size on the 
Mechanical Properties of Metals,” by Mr. L. B. Pfeil. 


THe MancuESTER ASSOCIATION OF ENGINEERS.— 
Friday, November 15, at 7.15 p.m., at the Enyineers’ 
Club, Albert-square, Manchester. ‘‘ Marine Diesel 
Machinery,” by Mr. James Richardson, B.Sc., M.Inst.C.E. 


Tue Iwsstirute or Metats: SHEFFIELD LocaL 
Section.—Friday, November 13, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. * Recent 
Advances in Electro-Deposition,” by Mr. 8. Field, 


Tre Institution or ENGINEERING INSPECTION.— 
Friday, November 13, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. “‘ Modern Develop- 
ments in Steels Resistant to Corrosion,’ by Dr. W. H. 
Hatfield, M.I.Mech.E., F.Inst.P. 


THE Rattway Cius.—Friday,. November 13, at 7.30 
p.m., at 65, Belgrave Road, 8.W.1. ‘‘'The Restraint of 
Railway Development,’’ by Mr. W. A. Willox. 


Tue InstITUTION OF MECHANICAL ENGINEERS: YORK- 
SHIRE Brancu.—Friday, November 13, at 7.30 p.m., 
at the Hotel Metropole, Leeds. Sir Henry Fowler, 
K.B.E., will repeat the Thomas Hawksley Lecture on 
‘Some Railway Notes: Old and New.” The Railway 
Centenary Film will be shown. 


Tue InstTiITUTE oF TRANSPORT: NorTH- EASTERN 
Locat Section.—Saturday, November 14, at 3 p.m., 
at the Town Hall, Newcastle-on-Tyne. “‘ British 
Main Line Passenger Train Services—Their Character- 
istics and Possibilities,” by Mr. Cecil J. Allen. 





Tue P. anp O. Liver: RAWALPINDI: Erratuv.—With 
reference to our illustrated description of the Peninsular 
and Oriental liner Rawalpindi, which appeared on page 467 
of our issue of October 16 last, it should be stated that an 
error was maale in describing as Graham’s Laryngaphones, 
the Laryngaphones, a special type of telephone with 
which the ship is fitted, patented and manufactured 


solely by The Telephone Manufacturing Company, 
Limited, of Hollingsworth Works, West Dulwich, 
London. Messrs. Alfred Graham and Co. supplied a 


proportion of the telephones in use on the vessel. 





TENDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, 8.W.1, has announced that 
the Indian Stores Department, at Delhi, invite tenders 
for the supply. of electrical sub-station equipment, for 
service at Jaipur, comprising pole brackets, shackle and 
pin-type insulators, bare copper wire, trifurcating boxes, 
distribution pillars, anchor rods, underground low- 
tension cable, cable boxes, and leading-in tubes. House 
service watt-hour alternating-current meters, current 
limiters, a -30-kw. transformer extra high-tension feed 
panel, medium-tension alternating-current switchgear, 
galvanised-iron wire and pole clips are also required. 
Tenders for all fittings must’ be received at Delhi not 
later than November 30.—The Municipal Council of 
Sydney, Australia, invites tenders, to be received not 
later than February 1, 1926, for the. supply, delivery, 
erection, setting to work, and maintenance of steam 
turbo-alternator plant for use at the power house on the 
shore of Botany Bay, Sydney.—The Latvian Railway 
Administration invites tenders, to be received at Riga 
not later than noon on December 10, 1925, for the supply 
of rails, junctions, fishplates, support plates, bolts, nuts, 
spikes, spring washers, switches and crossings, and the 
construction of an iron bridge.—The Municipality of 
Queenstown, Cape Colony, South Africa, invites tenders 
for the supply of stedm-raising plant, steam-driven 
alternators, a condenser, a crane, and the necessary 
piping, &c. Further particulars may be obtained from 
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THE COSTING OF LOW-PRESSURE 
STEAM. 


WHEN steam is required both for power produc- 
tion and for heating purposes, great economies can 
be effected by installing back-pressure engines or 
turbines, the exhaust from which is turned into 
the heating mains. If, for example, steam at 30 Ib. 
(absolute) is required for the heating system, it may 
be generated at, say, 260 Ib, (absolute), superheated 
to 572 deg. F., and expanded in the turbines down 
to the pressure stated. If the turbine has an 
efficiency ratio of, say, 75-3 per cent., the steam 
will be just dry at exhaust and one shaft horse-power 
hour will be obtained for each 18 lb. of steam passed 
through the system. This is, no doubt, a high 
steam rate, but the cost of the heat units used in 
the turbine is exceedingly low, since out of the 
1,307 B.Th.U. of total heat in the steam as gene- 
rated, no less than 1,166 B.Th.U. are passed on to 
the heating system, to which it is just as valuable as 
if it had been generated in a low-pressure boiler, and 
passed directly into the heating mains, 

Were the power produced by condensing turbines 
working with a 28-in, vacuum, the steam rate 
would be only about 8-55 lb. per shaft horse-power 
hour, Steam at a 28-in. vacuum has, however, no 
commercial value, and hence the total fuel costs 
must be in this case debited wholly to the power 
plant. Assuming the feed enters the boilers at 170 
deg. F. this would imply that with the condensing 
turbine, power would cost more than with the back- 

8-55 x 1137 

pressure plant in the ratio of exe? 7 nearly 
seven-fold. 

This condition of affairs has raised a somewhat 
acute controversy between the chemical and 
engineering departments of certain large chemical 
works, and in particular in those in which the 
requirements for heat and power are both large. 
When the power demand runs to such a figure 





Allan, 30, ‘Church- -street, New York. 





as ten to twenty thousand horse-power, the saving 


by developing it wholly in back-pressure turbines 
is very considerable, and on this, the chemist, 
anxious to reduce his own. departmental costs, 
has cast a covetous eye. He takes the position 
that the saving in the power station is wholly due 
to his demand for heating steam, and that the 
gain due to this demand should accordingly be 
credited to his department. 

The engineer’s position on the other hand, is that 
no ground for complaint arises, so long as the chemist 
is supplied with the steam he needs at as low 
a cost as he could get it in any other way. He is, 
in fact, simply debited with the fair market value 
of the commodity he requires. Having obtained this, 
he is not concerned with the details of power-station 
operation, nor on the other hand is the power 
station entitled to interfere with the subsequent 
use of the steam by the chemist after the engineer 
has done with it. 

If the steam be needed for evaporative purposes. 
the chemist may either use simple but inefficient 
plant, or he may insta taP multiple effect evaporators 
(as many as eight “ effects ’’ are now in use), or he 
may also economise steam by the use of a “ heat” 
pump. All this is no concern of the engineer, and 
any. savings thus effected in the use of the steam 
after delivery are, therefore, to be credited fairly 
to the chemist. Just as, however, the engineer 
makes no claim to share in any economy made in 
the use of steam after delivery, so the chemist is not 
entitled to share in any gains made by treatment 
of the steam before it is delivered to him, This 
steam has precisely the same value to the chemist 
whether it be generated in low-pressure boilers, 
or whether it is derived from the exhaust of back- 
pressure power plant. 

The irrational character of the chemist’s claim 
appears at once, if we take a case in which the 
power requirements are small in comparison with 
the demand for heating steam. In such case, the 
exhaust steam would have to be supplemented by 
steam generated in low-pressure boilers, This would 
necessarily be charged at cost, and hence the chemist 
would, were his claims conceded, be purchasing 
from the power department an identical ‘“‘ commo- 
dity ” at two widely different prices, If the low- 
pressure boiler steam is worth to him what it 
costs, then the ‘exhaust steam from the back- 
pressure plant must have an identical value. 
Indeed, if he were prevented from trespassing into 
the power station, he could not tell at any given 
instant with which steam he was being supplied. 

In cases where steam is obtained from an outside 
source, no questions can arise about its value. Indeed, 
proposals have been made to generate super-pressure 
steam in a large electric power station, to pass it 
through extra-high pressure turbines, and to supply 
the power plant of a neighbouring chemical works 
with the exhaust from these. The terms propounded 
were that the steam should not cost more than if 
generated in the works’ boilers, The purchasers of 
this steam would thus cover their needs at the fair 
market value, but would gain an incidental advantage 
by the abolition of their boiler plant and its staff. 

Another proposal. made for the costing of low- 
pressure steam is that, since the saving is due to the 
chemist providing a market for low-pressure steam, 
the gain arising from the installation of back- 
pressure plant should be shared between the two 
departments concerned. There is a specious 
semblance of equity about this proposal which 
makes it somewhat attractive at first sight. It 
would, however, be very difficult to secure the 
smooth working of such a plan, The power pro- 
duced would be charged at more than its actual 
cost, and thus a good case might be made out for 
teplacing the steam plant by Diesel engines, 
although the net result would be an increase in 
aggregate works costs, This condition of affairs 
could not arise were the power plant debited merely 
with the true cost of production, On the other 
hand, the chemist might reduce his demand for 
steam by installing multiple-effect evaporators or a 
“heat” pump. This might so reduce the demand 
for low-pressure steam as to increase very materially 
the cost. of power. If the right of the chemist to 
concern himself in the history of the steam supplied 
him be conceded, it is obvious that a correspond- 
ing demand would be made by the power plant 
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department, which would thus have a claim to share 
in any economies effected in the evaporative plant. 
Every improvement in the practice of either section 
of the works would, in fact, give rise to a protest 
from the other; whereas, were the heating steam 
credited to the power plant at its true market value, 
each section would gain the full benefit of any 
improvements it might effect in its own practice. 
Moreover, very serious psychological drawbacks 
attach to any other system of costing, since im- 
provement will be slow whenever gains are credited 
to others than those responsible for them. 

Reference has been made above to the use of a 
“heat ” pump for effecting evaporations. From the 
theoretical standpoint this system is extremely 
interesting, though in practice multiple-effect 
evaporation is probably more economical. It is 
common knowledge that when a heat engine 
operates with a low temperature difference most of 
the heat supplied to the working agent passes 
directly to the “sink,” and but a few heat units are 
converted into useful work. By reversing the 
engine, the flow of heat can also be reversed, and in 
this way a large amount of heat can be transferred 
from one temperature to a slightly higher one, with 
a very small expenditure of mechanical work. 

Most solutions evaporate at about 100 deg. C., but 
in order to secure a reasonable rate of working, the 
jackets or other heat transfer system must be 
supplied with steam at a somewhat higher tempera- 
ture, say at 117 deg. C. If the evaporating fluid 
were connected to a heat pump operating with 
Carnot efficiency, then for each 1,000 B.Th.U. 

117 + 273 

abstracted from the evaporator, i00 373 x 1,000 
or 1,045 B.Th.U. would be delivered from the pump 
at a temperature of 117 deg. C. If these 1,045 heat 
units were then transferred to the jacket of the 
evaporator, they would suffice to evaporate about 
1 Ib. of water. The resulting steam would in its 
turn be passed into the heat pump and the cycle 
repeated, On this system, therefore, the supply of 
mechanical work equivalent to 45 B.Th.U. would 
abstract 1,000 heat units from the evaporator. 

Of course, it is impracticable to work such a 
eycle with Carnot efficiency, and, moreover,: the 
45 heat units. in the shape of mechanical work 
theoretically necessary, require very much more 
than 45 heat units to produce. Consequently, this 
highly interesting method of effecting evaporations 
cannot as yet compete in efficiency with the 
“* multiple-effect ” system, though the introduction 
of fairly efficient turbine compressors has improved 
the prospects of the plan by diminishing the bulk 
of the apparatus required. 








EVAPORATIVE COOLING AND EXx- 
HAUST CONDENSATION WITH 
AERO ENGINES. 


In view of the trouble usually taken to prevent 
the water in the cylinder jackets.of a motor-car 
engine from boiling, it is, at first sight, rather sur- 
prising that attempts have been, and are being, 
made to produce a satisfactory cooling system for 
aero engines in which the water is allowed to evapo- 
rate at atmospheric pressure and the steam formed 
is condensed and returned to the system. Actually, 
however, evaporative cooling offers some important 
advantages for aircraft engines, since, for example, 
the steam formed can be used for heating the 
passenger cabin and the pilot’s cockpit, and the 
surface of the aircraft itself can be used for dissipat- 
ing the heat, thus obviating the need for a radiator 
and materially reducirg the head resistance of the 
machine. 

The subject was considered in a paper read by 
Wing-Commander T. R. Cave-Brown-Cave at a 
joint meeting of the Royal Aeronautical Society 
and the Institution of Automobile Engineers, held 
in the lecture theatre of the Royal Society of Arts, 
on Tuesday last. In this paper, the author pointed 
out that Mr. Ricardo had shown that the optimum 
temperature of an engine cylinder, with respect to 
thermal and mechanical efficiency, was intermediate 
between those reached in water-cooled and _ air- 
cooled engines, and also mentioned that Professor 
Gibson’s work indicated that when heat was being 
supplied at a definite rate to a vessel containing 





water, the temperature of the metal was lower 
when ebullition was taking place, than when the 
water was below the boiling point. The author, 
therefore, suggested that, provided a supply of 
water to all parts of the cylinder could be main- 
tained, no serious overheating was likely to result 
from the employment of evaporative cooling ; ‘it 
was probable, in fact, that the temperature of the 
hottest parts would be reduced, and that of the 
colder parts increased, with a resulting improvement 
in mechanical efficiency. 

When the design of the airship R 101, now being 
built by the Air Ministry, was being considered in 
1924, it became evident that the only practicable 
method of heating the passenger accommodation 
was by means of steam which could, of course, 
have been ‘supplied by an exhaust-heated boiler. 
Obviously, however, it would be a distinct advantage 
if the latter could be dispensed with, the steam 
required being obtained from the cylinder jackets 
of the engines. To investigate the matter, experi- 
ments were, therefore, made on a 90-h.p. Rolls- 
Royce Hawk engine, arranged for evaporative 
cooling, a separator tank, with tangential inlet and 
outlet connections, being fitted in the cooling system, 
and a honeycomb radiator being connected “in 
shunt’ across this tank to act as a condenser for the 
steam. No alterations to the jackets or the pump 
were made, and the outlets from the cylinders were 
unaltered, but the top water manifold was slightly 
increased in size. The results obtained on trial with 
this arrangement were quite satisfactory, the power 
developed and the fuel consumption being the same 
as with the normal cooling system. A large single- 
cylinder unit with evaporative cooling, tried by 
Messrs. Beardmore, has also been running regularly 
for some time without any loss of power or other 
defect attributable to the method of cooling. In the 
United States, the Rushmore system of evaporative 
cooling has been employed on numerous motor cars, 
one of the advantages claimed for the system being 
that the weight of the pump and the power absorbed 
by it are greatly reduced. This, of course, arises 
from the fact that the pump is not called upon to 
force a comparatively large volume of water through 
the small spaces of the honeycomb radiator, its 
duty being merely to return the condensate from 
the latter to the jackets after the manner of a 
boiler-feed pump. 

The design of steam and water separators, and 
of condensing radiators, was considered in the paper, 
since, although, as previously mentioned, one of 
the most important advantages of evaporative 
cooling is that radiators can be avoided, further 
experience is still needed in the practical operation 
of aero engines working on this system. The use 
of honeycomb radiators as condensers for the steam 
has, therefore, been investigated. A rectangular 
radiator was first tried, but in this a large air 
pocket formed, extending over about 30 per cent. of 
the centre part of the tace area. This was remedied 
by making a small hole through the metal in the 
centre of the pocket to allow air to escape, the 
whole area then becoming effective. It was evident, 
however, that the design should be such that the area 
across which the steam flows should be reduced as 
the volume of the steam decreases due to condensa- 
tion, so as to keep the steam velocity approximately 
constant until condensation is complete. This 
could be done with a circular radiator, steam 
being supplied over the whole of the periphery 
and flowing radially inwards to a central outlet, 
but actually one of triangular form was tried with 
steam admitted at the base, from which the 
condensate was also drawn off. Satisfactory results 
were obtained from this condenser, the boundary 
between steam and air, which was always very 
sharply defined, rising and falling in accordance 
with the quantity of steam supplied, but remaining 
parallel with the base in all circumstances. 

In addition to the advantages already pointed 
out, the author claims, tentatively and subject 
to confirmation by further experience, that an 
aero engine provided with evaporative cooling 
will warm up more quickly on starting and cool 
down less rapidly during a long glide. A steam 
radiator, he suggests, will probably be immune 
from freezing and, moreover, since the engine 





cannot be overcooled when throttled, radiator 


shutters would not be required. The system would 
also have advantages when flying at great altitudes, 
the full boiling temperature corresponding to the 
surrounding air pressure being maintained; and 
another point in its favour is that the loss of water 
through a leak would be less. There thus appears 
to be ample reason for continuing the investigations, 

Turning now to the question of exhaust con- 
densation, to which a part of Wing-Commander 
Cave-Brown-Cave’s paper was devoted, it should 
first be explained that the object of this is to 
compensate for the loss of weight in an airship 
as the fuel is consumed, by recovering water 
produced by the combustion of the hydrogen in 
the fuel. An airship can, of course, fly with a 
considerable amount of positive or negative 
buoyancy, but cannot be safely landed or secured 
to a mooring mast unless in a state of equilibrium. 
The airship R.101, above referred to, would con- 
sume some 25 tons of fuel oil in a flight from 
England to Egypt, and, to compensate for this 
loss of weight, would have to discharge about 
823,000 cub. ft. of hydrogen, costing approximately 
600/., in the course of the journey. There is thus 
a distinct incentive to avoid such a material loss. 
Now the combustion of 1 lb. of hydrogen produces 
9 lb. of water, so that as aviation petrol contains 
15 per cent. of hydrogen by weight, the water 
produced per pound amounts to 1-35 lb.; the 
corresponding figure for fuel oil containing, say, 
13 per cent. of hydrogen, is 1-17 1b. The air used 
in the engine will also, of course, contain some 
moisture, the proportion depending upon the 
pressure. temperature and relative humidity, and 
varying from practically zero to 10 per cent., or 
sometimes even to 20 per cent., of the weight of 
the fuel. 

This water, as well as that produced hy combus- 
tion, leaves the engine with the exhaust gases in the 
form of highly-superheated steam at a temperature 
of about 900 deg. C., and some of it can be recovered 
by cooling the gases and passing them through 'a 
separator. The water of saturation present in the 
cooled gas finally discharged is lost in any case, 
and the actual recovery depends very largely on the 
atmospheric conditions in which the airship is 
flying. It is shown in the paper, however, that 
by selecting the height at which to fly the pilot, 
in a given case, can vary the amount of water 
recovered from zero to 60 per cent. of the weight of 
the fuel, and, in another case, from, say, 70 per 
cent. to 100 per cent. of the fuel weight. Un- 
fortunately, it appears that water recovery is 
usually a maximum just below an inversion of 
temperature in the atmosphere, where the air is fre- 
quently turbulent and flying conditions are generally 
unfavourable ; immediately above a temperature 
inversion, where flying conditions are favourable, 
the water recovery will be a minimum. Except for 
these definite maxima and minima near an inversion, 
recovery will usually improve with increase of 
height, but it appears hardly likely that the water 
recovered in practice will be equal to the weight of 
the fuel burnt, even with highly efficient apparatus. 
The airship will thus gradually become light, and 
gas will have to be discharged. This gas, however, 
can be burnt in the engine, and if so utilised will 
have the combined advantages of reducing the 
consumption of liquid fuel and increasing the 
amount of water recovered. 

The author was unable to describe in detail the 
apparatus now being developed for the purpose, 
although such a description would be of considerable 
interest. The paper, however, included a useful 
curve showing the quantity of heat which must be 
abstracted from the exhaust from 1 Ib. of fuel oil 
burnt with 30 per cent. of excess air to cool it 
to a given temperature, the water theoretically 
obtainable by cooling the gases to various tem- 
peratures, and the proportion of cooling area 
necessary for the purpose. Where it is desired 
to generate steam from the exhaust gases for 
various auxiliary purposes, a portion of the 
exhaust-duct must be water-cooled, but the 
arrangement has several disadvantages, of which 
the most important is the large cooling area 
required for the subsequent condensation of the 
steam. 





In conclusion, a reference was made to the results 
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obtained with some early forms of water-recovery 


apparatus. Such apparatus, it appears, was fitted, 


to rigid airship No. 1 as far back as 1910, this 
installation consisting of some 400 ft. of thin metal 
piping led aft along the keel from the exhaust 
manifold, and then returned forward to the engine 
car where a water separator was fitted. The airship 
never flew, but in a trial carried out in the shed the 
water recovered amounted to 52 per cent. of the 
weight of the fuel burnt. At Kingsnorth, in 1917, 
the exhaust gases from a 240 h.p. engine were 
passed through a honeycomb radiator composed of 
1 in. diameter tubes 10 in. in length, the gases 
travelling over the outer surfaces of the tubes. and 
the air from the propeller passing through’ the 
tubes. The recovery, in this case, was satisfactory 
so long as the tubes were Clean, but was seriously 
reduced after about 10 hours running. Subsequent 
examination showed that there was. practically no 
deposit on the hottest surfaces, but towards the 
cooler parts dry powdery carbon and.then slightly 
oily carbon was deposited, while.a slimy mixture 
of oil and water was found in the. area.im which 
actual condensation. had taken plate. Obviously 
the question of deposits, -and possibly also that of 
corrosion, must'be carefully considered in; designing 
water-recovery apparatus for practical - purposes, 
but the suécessful solution of the whole problem is 
evidently of considerable importance in the.develop- 
ment of airships for commercial transport. 


} 





} ee 
NOTES; 
THE Dam FaILurE IN NortH WALES. 

Dam failures have so often proved catastrophic 
that it is a matter for congratulation that the burst- 
ing on Monday night last of the bank forming the 
Lake Eigiau ‘reservoir was not accompanied .by a 
much greater loss of life. Fortunately, the village 
of Dolgarrod, where the works of the. Aluminium 
Corporation are situated was not in the direct path 
of the flood; but the hamlet of Porth-Ilwyd, a 
mile further north, was-wiped out,. The reservoir 
was constructed about 16 years ago, the level of the 
lake being raised 25 ft. by adam about three-quarters 
of a mile long, by which means some 160 million 
cubic feet of water were impounded. \ From: the 
reservoir the water was led along the existing 
river channel for-a distance of about two-miles. At 
this point the water was diyerted-by.a barrage! into 
an artificial channel leading to the head:of the 36-in. 
steel pipe line, by which it was delivered: to the tur- 
bines in the Dolgarrod power stations, The ‘head 
available here was about 1,006 ft. From the daily 
Press reports the failure would seem to have occurred: 
at the outlet from the reservoir.’ ‘Here it is’ stated 
that the ground presents the appearance of being 
blown up. It is, of course,’ well- recognised «that 
much precaution must be.exercised ‘in passing a 
culvert underadam. Thedam at Lake Eigiau was, 
however, in no way an exceptional structure, and 
was, in fact,iquite comparable with those by which 
have been formed: the .stofage reservoirs in the 
East London area. ‘Here the.conduits for leading 
off the water necessarily pass under the embank- 
ment, and no serious trouble has:ever arisen in this 
connection. Probably, however, a much larger 
conduit under the bank was required at Lake 
Kigiau than jis necessary in the case of the London 
water supply reservoirs. 


THE OPENING or THE KuyBerR RaAmway. 


Whatever may be the verdict of posterity on 
British rule in India during the past fifty years, 
the railways constructed by us in the country 
during that time must cause any future impartial 
critic to be predisposed towards us, Perhaps no 
other type of activity better reflects the perseverance 
and constructive genius of our race, for the history 
of railway building in our great Eastern Empire. con- 
tains innumerable records of the conquest of almost 
insuperable obstacles, material, climatic and. politic. 
Since it has been recognised that the administrative 
qualities of the Romans were evident no Jess from 
their public works than from: their legal code, we 
4ppear to be rightly entitled to some measure of 
“ppreciation for our accomplishment of providing 


‘the chairman, referred to the growth and importance 


transport system. Probably, no link of this chain 
has proved more difficult to complete than the 
Khyber Pass Railway, which was opened on 
November 2 by Sir Charles Innes, the Railway 
Member of the Governor-General’s Council, -who 
acted on behalf of the Viceroy at an inaugural 
ceremony held at Jamrud. The new line rises by 
loops and spirals, passes over bridges and deep 
gorges, and penetrates no less than thirty-four 
tunnels, though connecting extreme points only 
some 26 miles apart. The track extends in a north- 
westerly direction up the famous Khyber Pass from 
Jamrud past Ali Masjid and Landi.Kotal to Tora- 
tigga, whence *it:runs.due.south for about a mile 


nects the latter: place with the border of Afghanistan. 
After the opening.ceremony the guests, including 
Sir Clement Hindley, Chief Commissioner of Rail- 
ways and the ‘engineers, «Colonel Hearn and 
Mr. Victor Bayley, proceeded in special trains 
as far.as. Landi -Kotal. The line runs -entirely 
through tribal lands, and the fact that the work 
has’ been performed by local contractors: and. labour 
reflects ccnsiderable credit .on all connected: with 
the undertaking. Rie? 


Gas-ENGINE :AND GAS-PRODUCER TRIALS. 


Draft.codes: drawn up by the Heat Engine Trials 
Committee for the. conduct of gas engine, and pro- 
ducer tests were submitted to discussion ’at.a meet- 
-ing held on Thursday, October 29, at the Institution 
of Civil Engineers. The subject was introduced by 
Mr. G. J. Wells, who explained that the codes were 
intended to cover two types of trial, viz., those 
made for scientific purposes embodying the fullest 
possible information, and industrial trials made to 
demonstrate the commercial performance of the 
plant. In the latter case only such of the items 
tabulated.in the codes.as might.be required for the 
immediate purpose of the test would be filled in. 
He explained that the committee had not attempted 
to provide for every requirement that might occur 
imresearch work, and commenting:on this Sir Dugald 
‘Clerk, F.R.S., who-occupied the chair, pointed out 
that scientific tests. of a fundamental character 
generally required some departure from normal 
‘operating conditions. He had himself, for example, 
smade tests with an -engine coupled to a motor; 
so:that the same charge cquld’ be repeatedly ex- 
panded and compressed. The codes having been 
not only very thoroughly discussed in committee, 
but also having been tested in actual practice, it 
‘is not surprising that.they met with little criticism 
at the meeting. So far as the engine tests were 
concerned, no objection was raised to any of the 
items. There was not quite the same unanimity 
as regards ‘the code relating to producer trials, 
the main objection raised being that efficiencies 
were estimated.on gross instead of on net calorific 
values. It was pointed out'that in many cases it 
was impossible to utilise: more than the net calorific 
value of the gas, and consequently gross values 
did not provide a fair criterion of the relative value 
of different gases. In reply it was stated that the 
matter had. been very fully. discussed in committee, 
with the result that thexbalance of advantage was 
believed ‘to lie ‘in: specifying the, gross rather than 
the net calorific value of -the*gas. The former 
could be measured expeditiously=and accurately 
with fairly simple apparatus, whilst the determina- 
tion of net calorific values necessitated a careful 
analysis of the gas. 


‘Tue METALLURGY OF ALUMINIUM. 


In the course of an address deéliveréd at Liverpool 
on November 2 last, at the:opening-meeting of the 
Mersey and North Wales Centre of the Institution 
of Electrical Engineers, Mr. A. E. Malpas, M.I.E.E., 


of the British aluminium industry. He stated that 
the manufacture of aluminium had developed, in 
this country, no doubt because large amounts of 
coal were. needed for refining the crude bauxite 
to prepare it for final treatment in the electric 
furnace. The material, which. derived its name 
from.Baux. a town in the south of France, contained 
some 60 per cent. of alumina, and the production 
of 1.ton of finished metal, from the raw product, 


to Landi:Khana, before:a final short-se¢tion ,con-: 


In the extraction process, a 15 per cent. solution 
of alumina, in fused cryolite (a. complex sodium 
aluminium fluoride), was subjected to electrolysis. 
The furnace used was of simple rectangular con- 
struction, and was lined with carbon to form the 
cathode; the anodes were of amorphous carbon, 
and were suspended in the fused electrolyte. A 
furnace 8 ft. long by 4} ft. wide by 2 ft. deep 
could carry -a current of from 8,000 amperes to 
10,000 amperes, with a pressure drop of 6 volts. 
The working temperature was about 1,000 deg. C., 
and .the carbon necessary to complete the reaction 
was supplied largely by the amorphous carbon 
anodes, the wear of which was very great. The 
‘molten: aluminium, .as.it was ‘formed, sank to the 
bottom of the bath and was run off, from time 
to time, by means of a tapping hole. The production 
of -1 .ton .of :metal -required some 25,000 kw.-h., 
and, taking the. cost of current as being one-tenth 
of a penny per kilowatt-hour, the cost of current, per 
ton of aluminium, amounted ‘to 10]. The Lochaber 
plant of the British Aluminium Company, when 
complete, would, in a year of average rainfall, 
be capable of delivering.72,000 e:h.p. This instal- 


lation, together with other hydro-electric under- - 


takings'in:thisicountry engaged“in the: manufacture 
of aluminium, would be able,*when fully loaded, to 
supply alarge part.of the world’s requirements of 
the meta]. ‘In this connection, ‘it was interesting 
‘to ‘record that .an installation ‘built, during the 
European 'War,:.at:one.of:the hydro-electric plants 
in ‘Italy :for the -production .of aluminium, had 
since ceased: to.operate:for‘that purpose and had 
been ‘turned over :to ‘the manufacture of synthetic 
ammonia. It seemed, therefore, that in this 
branch of the metallurgical industry, British manu- 
facturers were fully capable of holding their own. 





SCIENTIFIC EXHIBITS AT THE 
‘BRITISH EMPIRE EXHIBITION. 
(Concluded from page 552.) 


Amone the other bodies that have co-operated 
with the Royal Society in forming the collection 
under notice was the Fuel Research Board. Its 
exhibit at Wembley illustrated principally the work 
done at the Fuel Research Station and on the 
Physical and Chemical Survey of the National Coal 
Resources. The diagrams and data shown for this 
purpose were more ample than they were last year, 
and the selection was well adapted to its purpose. 

Among other exhibits that can’ with difficulty be 
represented on paper were a considerable number of 
the micro-sections made by Mr. Lomax, which for 
the moment represent pure science in the sense 
that they disclose new matter of interest without, 


mens shown were of singular interest and beauty, 
and the fact that up-to now a practical application 
has not been found for the method does not detract 
either from the interest of the new results that have 
been attained by it, or from the chance that it will 
ultimately find an industrial purpose. 

An instrument of which much has been written, 
and with which much useful work has been done, is 
the Gray-King apparatus for the low temperature 
assay of coal, a view of which is given in Fig. 28, 
on page 582. It consists essentially of an electrical 
combustion furnace with a horizontal quartz tube, 
which is used as a distillation retort, and a simple 
train of purifying and collecting apparatus. The 
coal sample is ground to pass a 60-mesh sieve, and 
is dried at 105 deg. C. 

A gas holder is then charged with liquid to the 
bottom of the rubber stopper, and the suspended 
reservoir is adjusted so that its water level is 1 cm. 
below this. The retort tube and condenser are 
weighed, and the former is charged with 20 grammes 
of coal, spread out in a layer that occupies a length 
of about 6 in, at the end of the retort tube. With 
coals abnormally rich in volatiles this quantity 
taken may have to be reduced to 10 grammes. 
The apparatus is then connected up as shown in the 
figure, and the furnace heated to 300 deg. C. As 
will be seen, the body of the furnace is carried’ by 
rollers on two parallel rails, and when its tempera- 
ture has reached 300 deg. C., it is run along until‘its 








4 great undeveloped territory with a serviceable 





required the expenditure of some 8 tons of coal. 


end is- within 1 in. of the side tube of the retort, in 


as yet, indicating its practical application. The speci- — 
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SCIENTIFIC EXHIBITS AT THE BRITISH EMPIRE EXHIBITION. 








which position the centre of the coal charge is 
about in the centre of the furnace. When no 
more air or occluded gas is given off at 300 deg. C., 
the temperature is raised uniformly to 600 deg. C. 
over a period of 1 hour, the temperatures at which 
water vapour and oil vapour appear being carefully 
observed and noted. The pressure in the gas 
holder is maintained constant by a counterpoise 
arrangement, and the rate of evolution of gas is 
determined at regular intervals by withdrawing the 
delivery tube, and for one minute measuring the 
flow of water, which corresponds to the weight of a 
evolution of gas. Heating is continued for an hour 
at 600 deg. C., by the end of which time little gas 
is being given off. The furnace is then withdrawn, 
and when the retort has cooled the pressure on the 
gauge is adjusted to zero, the gas holder shut off, 
and the retort opened. The yield of coke is 
obtained by weighing the retort, the joint weight 
of tar and liquor by weighing the condenser, 
the gas by weighing the water displaced, and 
the ammonia by washing out the scrubber. Any 
tar adhering to the end of the retort is 
weighed separately, and the yields of coke and 
tar corrected. The indications of this apparatus 
are of value as throwing light on the products of 
carbonisation at what for ordinary processes is an 
carly stage in the operation. They have a more 
direct importance, however, in the control of pro- 
cesses of low temperature carbonisation, for which the 
method was designed. The percentage yields are 
mostly not quite identical with those obtained in 
large scale plant, but for a given plant appear to 
be strictly proportionate tu them, so that the assay 
results can be converted into large-scale results 
by applying the conversion factors that have been 
found appropriate to the plant in question. 

Another method o* which a good deal has been 
written is that used by Dr. Margaret Fishenden in 
her investigations on behalf of the Fuel Research 
Board to estimate the distribution of radiant 
energy from a fire in various positions of the room. 
A model illustrating this method was shown, and is 
illustrated in Fig. 29. The energy is measured 
by a bolometer arranged so as to be moveable over 
the whole surface of a hemisphere of 3 ft. radius, 
surrounding the fire and concentric with it. This 
hemisphere is divided up by lines of latitude and 
longitude into areas, and the radiant heat at the 
end of the central radius of each area is measured by 
the bolometer. From these measurements the total 
radiation that would fall on the hemisphere if it were 
a continuous surface can be calculated, and when 























Fia. 29. 


divided by the heat units in the fuel consumed gives 
the radiation efficiency. The bolometer is cali- 
brated from a source of known efficiency. 

The description we have given of the contents of 
the Royal Society and allied exhibits is merely 
typical, and in most classes a number of other ex- 
hibits were comparable in interest and importance 
with those that have been described. The effect of 
the whole may be summed up fairly by the state- 
ment that it is hard to recall an exhibition at 





which so great a variety of exhibits, chosen with an 
equal discrimination, have been shown. to such 
advantage. We have been indebted to Mr. Thomas 
Martin, M.Sc., the Secretary of the British Empire 
Exhibition Committee, as well as to the National 
Physical Laboratory and other exhibitors, for 
information and assistance in taking the particulars 
for our account of the collection. The photographs 
of the exhibits in position were made by Messrs. 
Campbell-Gray, Limited. 
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THE BREWERS’ EXHIBITION. 


In no industrial pursuit more than in brewing is 
it essential that every available facility should be 
used for the reduction of the charges connected 
with the handling of the raw materials and the 
finished products. Wherever possible the effort 
is being made to eliminate hand labour because of 
its cost, and engineers interested in meeting’ the 
requirements of the brewers in the provision of 
bottling machinery, scouring plant, labelling and 
stoppering machines and other equipment, have 
been stimulated by the possibility of effecting sub- 
stantial economies. Progress has been steady, as 
has been evident from the displays at the suc- 
cession of exhibitions held at the Royal Agricul- 
tural Hall, London, the forty-second of which was 
opened to the public on Saturday, October 31, 
and closes to-day. From the,standpoint of the 
engineer there was much of ‘interest. 

A complete experimental brewery was exhibited 
by Messrs. Murphy and Son, Limited, of Mortlake. 
This plant is to be erected at the laboratories 
of the firm and used solely for research work. 
It has a capacity of one barrel and_ therefore 
is of suitable size for use in work, which must be 
performed with larger plant than that commonly 
found in a chemical laboratory. There was another 
model brewery on show in the exhibition on the 
stand of The Aluminium Plant and Vessel Company, 
Limited, of Point Pleasant, Wandsworth, London, 
S.W. 18. This, however, was used to demonstrate 
how Scott’s yeast-pressing process could be adapted 
to the conditions of any brewery. 

Some of the most interesting exhibits in the show 
consisted of plants for the washing of casks and the 
cleaning of bottles. In this section the display of 
Messrs. G. Hopkins and Sons (Clerkenwell), Limited, 
deserves mention. In addition to the Super Goliath 
cask washer, which was described in. detail in 
ENGINEERING (see vol. cxvii, page 367), there 
was another cask washer, known as the Nulli- 
Secundus. In this, a machine specially designed 
for the small brewery, the outside brushing and 
high-pressure internal rinsing devices used in the 
larger machine have been incorporated. By the 
use of this machine each cask receives six separate 
internal rinsings, as well as thorough external 
scouring and rumbling, and 60 casks may be treated 
inanhour. An interesting bottle brusher and rinser 
was also exhibited by the same firm. This machine, 
known as the Highbury, makes use of ‘a series of 
flat brushes attached to two endless chains for the 
outside brushing. Internal brushes support the 
bottles and hinged “‘ punt” brushes, controlled by 
a simple lever motion, close behind one pair, 
while two bottles that have undergone treatment 
and are clean are displayed for removal. An 
efficient rinser is mounted over the brushing 
machine, and the whole equipment forms a compact 
unit with an action which is practically continuous. 

Messrs. L.. Lumley and Co., Limited, of The 
Minories, London, E.1, showed a new design of their 
bottle-washing machine. This machine is capable 


of washing any. size of bottle put into it indiscri- 


minately, and has a capacity of dealing with 1,080 
to 3,240 bottles per hour. The dirty bottles are 
laid on a loading rack, from which a travelling 
bar pushes them into every third bottle holder. 
The bottles are then carried upwards in the steam 
rising from a heated caustic solution. In this 
steam, the labels and deposits are loosened. Eventu- 
ally the bottles reach the rinsing point, where they 
are rinsed inside and outside with filtered caustic 
soda solution. .As the ‘bottles travel on they are 
immersed in the solution and again rinsed, and this 
action is repeated. When the bottles emerge from 
the solution finally, they are reversed and pushed 
in a water rinser, in the first part of which the water 
used is warm, the final section being cold. After 
draining, the bottles are placed, the right way up, 
on a travelling conveyor and are taken to the filling 
machines. Other features of Messrs. Lumley’s 
display were a cask-washing machine and a new 
automatic bottle-labelling machine. 

Another soaking and rinsing unit was shown by 
Messrs. R. Powley and Sons, Limited, of St. 
Mark’s-road, Sunderland. In this machine the 
bottles are automatically fed into pockets, each 
bottle being separately accommodated. The bottles 





pass through a caustic soda solution in a tank, |. 


during which the bottles are filled and emptied, and 
receive further treatment while passing round the 
upper portion of a wheel in the tank, in which cen- 
trifugal pumps supply solution to both the insides 
and outsides. The bottles are discharged into a 
fresh water tank. Filtering tanks are provided to 
scavenge the solution, and provision is made for 
the removal of labels and other extraneous matter. 
In the Victor bottle-cleaning machine of Mr. 
Thomas Hill, of 247 and 249, Beverley-road, Hull, 
use is made of soaking in caustic and brushing 
prior to the final rinsing with clean water. All 
provisions are made that are necessary for auto- 
matic scouring, inside and outside, and the standard 
single machine can deal with 120 dozen bottles in 
an hour, while a double unit is made which has 
twice that capacity. 

Refrigerating plant in great variety was shown, 
amongst which may be cited two very good examples 
of modern design of compressors, _The one’a four- 
cylinder sleeve-valve type for ‘ammonia and. the 
other a four-cylinder vertical CO, compressor, 
were shown by Messrs. H. J. West and Co., Limited, 
of 72 and 74, Gray’s Inn-road, ‘London, W.C.1. 
The cylinders, covers, crank-case, &c., of the CO, 
compressor are all made of mild: steel machined. 
from thesolid. Forced lubrication is fitted through- 
out. Another exceptional exhibit of: this class: of 
machinery was that of Messrs, Robert : Boby, 
Limited, of Bury St. Edmunds.- The ‘range the 
machines covered was great, and included complete 
plants for wort cooling and yeast cooling, and cold 
storage equipment for breweries, as well as small 
plants to suit the requirements of the home. 
Another firm exhibiting refrigerators, showing a 
series of sizes of standard plants, was the Haslam 
Foundry and Engineering Co., Limited, of Union 
Foundry, Derby. 

Steam-electric generating plant in the form of a 
100-kw. engine and dynamo. was shown by Messrs. 
W. H. Allen, Sons and Co., Limited, of Bedford. 
This was a two-crank compound enclosed engine 
making use of forced lubrication, and suitable for 
service. with back pressure steam. It was directly 
coupled to a direct current multipolar dynamo. 
Another exhibit of the firm was a steam turbine- 
driven feed pump designed to deal with 180,000 
Ib. of water per hour, against a steam pressure of 
260 Ib. per square inch. In addition to these and 
other auxiliaries, ‘such as .motor-driven centri- 
fugal pumps for wort or water,: Messrs. Allen also 
showed one of their well-known semi-Diesel engines. 

A model of a corrugated flue boiler was displayed 
by Messrs. John Thompson (Wolverhampton), 
Limited, of Ettingshall Engineering Works, 
Wolverhampton, Other models showed the 
straight tube boiler and the superheaters made by 
the company. There were also manufactures of 
the frm which are perhaps not so well known as 
their boilers to general engineers. These consisted 
of a cask-washing. machine, making use of turn- 
tables, and the Schoop process of coating parts of 
any material with various metals and _ alloys. 
On the Continent brewers are making extensive 
use of aluminium, tin and zinc coatings of this 
type on pans of. the. common metals, and the 
reduction by this means in risks of contamination, 
has been considerable. 





DopwortH SEwace DisposaL ScHEmME.—The Dod- 
worth. (Yorks) Urban District. Council have under 
consideration a scheme for the: construction of sew: 
disposal works. The sanction of the: Ministry of Health 
having been obtained, tenders for the work are now 
invited. The consulting engineers are Messrs. W. H. 
Radford and Son, of Nottingham. 





INSTITUTION OF NAVAL ARCHITECTS,—It is announced 
that the spring meeting of the Institution of Naval 
Architects for next year will be held on March 24, The 
Council of the Institution will be pleased to consider 
papers on subjects relating to naval architecture or 
marine engineering which authors wish to present at 
this forthcoming assembly. All contributions. should 
gprs be submitted before the end of this year. 
n connection with the Transactions of the Institution 
an index of the papers published therein during the 
past 20 years has now been prepared, copies of which 
may be obtained at a cost of 5s. each from the Secretary 
of the Institution, Mr. R. W. Dana, at 5, Adelphi- 
terrace, London, W.C.2. 





THE INSTITUTION OF CIVIL 
ENGINEERS. 


Presidential Address* by Str WittIam Henry ELLIs, 
G.B.E., D.Ena. 

I TaKE office as President. with credentials very 
different from many of my predecessors. I cannot 
lay claim to personal association with the production 
of any great reservoir or bridge or railway enterprise. 
The 47 years of my engineering life have been largely 
spent:in steelworks. dealing with the varied and difficult 
problems connected with the great development of 
mechanical engineering during the last 40 years, and, 
indirectly, I have associated with mining and marine 
engineering. After a varied apprenticeship in Leeds, 
coupled with considerable experience in this country 
and abroad in erecting plant, Iwas entrusted with the 
installation of oné of tlie very early plants for hydraulic 
forging, an, industry which appeared to me likely to 
develop, as it introduced into steelworks a class of 
engineering of an entirely novel description; and I 
was offered, and accepted, an engagement in one of the 
large steelworks taking up this type of work. 

In those early days opportunities for technical 
training for engineérs were very limited, and in the 
various steelworks engineering was-in the hands of 
good practical men who- could only with difficulty 
move with the times, owing to their lack of knowledge 
of the technical side of engineering. Low-pressure 
Lancashire boilers supplied steam to distant mill and 


‘machine-shop engines, with inevitable. waste in con- 


densation. The Bessemer process of steel-making was 
already in use, and the Siemens pro¢éess also to a smaller 
extent ; and these had: brought with them a consider- 
able demand for hydraulic. power,’ generally at about 
400-800 lb: per‘ square: inch... Electricity, so far as I 
know, did not exist in any of the large steelworks. All 
large machine todls were belt driven, without know- 
ledge, on the part of either maker or user, of the horse- 
power required, beyond the fact that a belt of a certain 
width and tightness would drive a machine carrying 
certain cuts. High-speed tool steel was unknown, 
except Mushet steel, which was used more for its power 
of holding a cutting edge against unexpectedly hard 
material, than as high-speed tool steel is now used, 
namely, for removing a heavier weight of material in a 
given time. 

The new problems caused by the more scientific 
development of engineering presented difficulties. to 
the works engineer of those days. He did not under- 
stand the principles of electricity, and failed to realise 
that, once understood, they would help him with 
many of his difficulties. He rather feared the intro- 
duction of higher steam pressure, not realising that 
safety depended on suitable design. He had to design 
his own structural work, instead of being able to send 
general dimensions to structural engineers with an 
efficient staff, who specialise in this class of work, as is 
the case to-day. Fortunately in those early days 
economic production was not as important as in our 
own competitive times. Our country had a good start 
both in railway development and shipbuilding, and 
there was comparatively little foreign competition, a 
very different state of affairs compared with the 
present time. 

The introduction of much higher steam pressures in 
steelworks, with water-tube boilers, and the advent 
of electricity, have been the two factors of the greatest 
help to steelworks engineers. The comparison, with 
modern practice, of the old method of driving cranes 
or machinery from boilers of 50 lb. per square inch 
pressure, with long steam-mains to engines in the 
different departments, each in turn driving long lines 
of shafting from which the machines were belt-driven, 
is indeed interesting; and I hesitate to attempt to 
set out the economic saving resulting therefrom. I 
have to thank my colleague, Mr. Maurice E. Unwin, 
M.Inst.C.E. (a kinsman of our honoured member Dr, 
Unwin) for preparing for me some comparative figures. 
I have compared what was common practice 40 years 
ago with reasonably efficient modern practice, and the 
result will no doubt appear grotesque to many of our 
members who have been brought up on our more 
enlightened methods. The comparison is, I believe, a 
fair one, and does not at all exaggerate the economy 
that modern engineering methods have brought into 
steelworks. 

I have assumed a calorific value of 13,000 B.Th.U. 
per pound of coal, which is a fair figure for Yorkshire 
coal, but is somewhat higher than the average quality 
used in power stations throughout the country. 

Thirty years ago, with low-pressure boilers, long 
steam mains and line shafts, and inefficient prime 
movers, the energy available for useful work was only 
1-5 per cent, of the total energy in the coal consumed. 
With a modern central power-station of moderate 
size, electric transmission, and motor drives for indi- 
vidual machines, the useful energy obtained has risen 
to 10-43 per cent. In a third case it was assumed that 


* Delivered on Tuesday, November 3, 1925. Abridged, 
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the power is derived from one of the latest and most 
efficient super-power stations in this country, giving, 
according to the Commissioners’ Returns, an overall 
thermal efficiency of 20-33 per cent. Allowing for 
cable and motor losses, as before, we find.that. 17-38 
per cent. of the heat energy of the coal consumed 
could be delivered to the machine tools. 

The saving in fuel which has been effected requires 
no emphasis, but, as engineers, we ‘cannot yet feel 
satisfied, for, even under the most modern conditions, 
we are only able to transform less than one-fifth of 
the thermal energy of coal into useful work of. this 
description, 

The great strides and progress of marine engineering, 
requiring larger horse-power, and the introduction of 
turbine driving, have brought many new problems to 
the steelworks engineer. Large-diameter shafts have 
required larger hydraulic presses for their manufac- 
ture, and the Parsons turbine, and subsequently gear- 
rims therefor, caused the introduction of hollow rolling. 
Up to the time of the 8.8. Lusitania, turbine-drums 
were nearly all welded, and I can assure you that this 
was very difficult work, causing not a little anxiety ; 
but it was my good fortune to be able to apply a 
precess of punching and hollow rolling, until then 
used only for tube-making, to the much larger problem 
of producing weldless hollow rolled drums in some 
cases: more than 30 tons in weight. A mill specially 
designed for this purpose was installed ; it has revolu- 
tionised this important industry, and the results have 
been entirely satisfactory. What has always been 
wanted for this purpose has been a satisfactory ingot, 
cast hollow. I am interested at present, with my 
engineering and metallurgical colleagues, in experi- 
ments in this direction by means of centrifugal casting. 
It is certainly a most fascinating process, with many 
difficult problems not yet entirely solved; and [ 
mention it as an instance of the importance of the 
metallurgist and engineer co-operating in the various 
steelworks in the closest possible. way. 

The very powerful engines now required for warships, 
ocean liners, and electric power stations, have also 
brought many interesting problems to the engineering 
staff. in a steelworks. Also the introduction of much 
higher boiler-pressures, which was alluded to in one 
of our papers last session, brings with it important 
questions requiring careful attention on the part of 
engineers engaged in this class of work. Under normal 
circumstances .the usual tests of steel in the cold state 
may be regarded as representing the physical condition 
of the steel when at work, but at the temperature 
corresponding to 500 lb. per square inch, pressure, and 
superheat, a figure of 750 deg. F. and even more may 
be reached, and at this temperature the physical 
properties of steel begin to change. I am carrying 
out some research on this point with my metallurgical 
colleague, Dr. W. H. Hatfield, and we are making a 
series of tests at different temperatures, the results 
of which will be useful to engineers who are dealing 
with these very high steam pressures. If still higher 
pressures, with their corresponding temperatures, are 
introduced, it may even be necessary to use alloy steels, 
the physical properties of which are only affected at 
much higher temperatures. 

On the subject of the use of special qualities of steels 
it is very necessary for engineers to realise how delicate 
some of the high-stress alloy steels are, and how 
carefully heat-treatment must be applied to them. 
They believe, quite rightly, that the addition of nickel, 
chrome, or other alloys, will give them a quality of 
material better suited to their requirements, but they 
do. not always realise that such additions, without 
exact. heat-treatment varied accurately according to 
the analysis, will give unreliable results, inferior even 
to those of ordinary carbon steel, and will introduce 
dangers of cracking and uncertain physical results 
unknown in ordinary mild. steel. Consultation on 
these questions is, therefore, most desirable. 

A considerable amount of research work is being 
carried on by steel works metallurgists on the production 
of qualities of steel able to resist corrosion in sea water, 
and.I have sent forward valuable data on this subject 
to Mr. Maurice F. G. Wilson, M.Inst.C.E., the Chairman 
of-our Special Committee. This is a question, I think, 
of great importance to those of our members who are 
concerned with sea works. One further point before 
I leave this subject. The handling without accident 
of large weights of molten steel, 70 tons to 80 tons, 
excluding the weight of the ladle, and the carrying about 
for forging purposes of 80-ton to 100-ton ingots, 
involving, with porter bar, a weight of nearly 200 tons, 
are matters of considerable responsibility for the steel 
works engineer, and it speaks well for his training and 
for the careful design and maintenance of the machinery 
in his charge, that we have to go back many years to 
find any serious accident involving loss of life. 

I want to speak of mining engineering in its wider 
aspect. I find it is more than twenty years since a 
president alluded to this subject in his address; and, 


this branch of the profession, I should like to speak of 
the progress of recent years, in which I have to some 
extent been associated. We must all hold these 
members in respect, for no engineers are more definitely 
entrusted with the lives of their subordinates. How 
very varied is the knowledge required by these engineers, 
for it includes surveying, pumping, ventilation, elec- 
tricity, maintenance of permanent way and of thousands 
of main-line wagons, house-building, chemistry in its 
many applications to by-products, mechanical en- 
gineering—also involving winding and underground 
haulage—and design and maintenance of screening 
plant, in addition to the variety of circumstances met 
with in mining operations. I have, in a paper I gave 
recently to a mining society, pointed out how difficult 
it is for the mining engineer of a large colliery to be 
conversant with, all the modern developments in 
mechanical engineering, for, in addition to his purely 
technical subjects as mentioned above, he has labour 
matters and commercial questions also in his hands. 
Immense progress has been made in recent years in 
colliery engineering, but more remains still to be done, 
and with such a diversity of matters to be dealt with by 
the mining engineer the task of maintaining colliery 
engineering at the same level of precision and efficiency 
which other branches, such as marine and electrical 
engineering, have attained, is indeed a severe one. 
Having pointed out somewhat fully the very varied 
and responsible duties of the mining engineer, I want 
to urge the desirability of introducing well-trained 
mechanical engineers on to his staff. They will not 
touch purely mining matters, but they can be of immense 
help to their chief in preparing and working out in 
detail various mechanical improvements, for the study 
of which their training should especially fit them. In 
any large colliery plant the presence of a first-class 
mechanical engineer taking charge of the machinery, 
and thereby relieving the mining engineer in this respect, 
must result in economical maintenance of plant and 
will fully justify the expense involved. 

Electricity has, as yet, been introduced only to a 
limited extent, and the question of how far in-bye it 
may be taken is still uncertain, and must always vary 
according to the individual colliery and its liability to 
outbursts of gas. No doubt electrical engineers may 
aid its use by further reducing the liability to sparking. 
The immersion of the switches in oil in closed boxes is 
no doubt a considerable safeguard, and the well- 
thought-out design of main cables now in use appears 
to me to afford great security against risk of short- 
circuiting in cases of falls of roof. 

Electric haulage in the workings has largely replaced 
the very uneconomical and undesirable practice of 
having engines on the surface with haulage ropes in 
boxes down the shafts. Electric winding is being 
introduced and is making considerable progress. This 
method has many points in its favour, and efficient 
means of control and deceleration are being adopted ; 
but with my limited knowledge I do not feel competent 
to discuss it, Efficient winding machinery is, of course, 
a matter of great importance, and the problem is an 
interesting one. Taking a typical instance, a load of 
30 tons is started from and brought to rest in 60 seconds, 
travelling a distance of 2,250 ft. and reaching maximum 
speed of more than 50 m.p.h. The acceleration and 
deceleration are of an unusual nature. 

The starting of a 30-ton load from rest with rapid 
acceleration naturally produces a series of diagrams 
similar to those of a locomotive starting:a train from 
rest. The steam is shut off entirely at about two-thirds 
of the run, Although the engine is not reversed in its 
running at this point, the steam is immediately put 
against the piston for retarding purposes, and produces 
what is really a negative indicator diagram, a steam 
pressure of about 50 Ib. per square inch being put 
against the engine, representing about 600 h.p. of 
braking effect. This method is not, of course, the 
most economical way of lifting this load from a steam- 
consumption point of view, but it is in common use 
because of the importance of raising in a limited time 
as large a quantity of coal as possible, to avoid the 
inevitable congestion at the bottom of the pit caused 
by uneven deliveries of coal from the various working 
faces. 

In this pit 3,200 men and 3,500 tons of coal are wound 
every 24 hours, and the running of the cage, owing to 
wire-rope guides, instead_of the old type of wooden 
guide, is as steady as that of a train running at 60 m.p.h. 
on good permanent way—in fact, steadier than the 
running on some railways I could mention. These 
loads of men and coal are dealt with day after day 
with hardly ever an accident or breakdown, although 
the conditions as to dust above and below ground, and 
dampness in the shaft, are very unfavourable. I am 
told that statistics show that the fatal accidents 
arising out of winding men in this country are only 
1 in 40,000,000. Such results certainly reflect great 
credit on our mining engineering colleagues. 

Before leaving this subject I should like to add a few 


causes entirely beyond the control of the mining 
engineer do happen in collieries—falls of roof, sudden 
outbursts of gas and water—and there is still con- 
siderable loss of life from these causes. The heroism 
of the mining engineer, and indeed of all the workmen, 
at these tragic times, is well known and honoured by 
all. I have been down collieries twice under such 
circumstances, and was filled with admiration for the 
calm’ and dignified courage shown by all, there being 
only the one desire, to take every possible means 
to save the lives of those in danger and ignore the 
personal risks which at such times are inevitable. 

I am aware that the question of the training of 
engineers is rather controversial, and any views | 
express must be regarded as entirely personal opinions. 
I should like our Students’ Examination to be more a 
test of high level of general education, with little 
reference to technical subjects. I feel that the Associate 
Membership Examination is the real test of their 
fitness for membership, and that admission to student- 
ship should be open to all boys who satisfy us that 
they have reached a high level of general education. 
The Oxford and Cambridge Higher Certificate Exami- 
nation represents what I mean—an examination 
within reach of boys only of exceptional ability, who 
are likely to make good in any walk of life. I favour 
accepting such qualifications as admitting to student- 
ship without ascertaining what aptitude they may 
have for technical subjects at this early age. 

I assume technical training will be represented by 
a course at some University, and that practical training 
will be obtained ina works. Which is to be taken first ? 
The University professor will, quite rightly, say: 
“Give me the boy direct from school, before he has 
thrown his books aside and his mind is still in a 
receptive condition for taking up new subjects. With 
reasonable application he will take his qualifying 
examination easily in his first year and honours in 
his third or fourth year.” I agree with him, but 
then we find we are up against a difficulty, as I will 
explain. The student leaves the University already a 
man, and there is great difficulty in his obtaining 
practical training in a works because of his age. 
Practical training is desirable, not only to familiarise 
ourselves in the use and output of various tools, the 
progress of manufacture, and the various uses of 
machinery, but also to enable. us to understand the 
psychology of the workmen. This is more easily 
absorbed by the boy going directly from school into 
the works, when, owing to his age, he is really an 
apprentice. The workmen teach him willingly, talk 
freely with him about their work and their domestic 
life, and such knowledge is invaluable to the boy in 
after life, when he is in a position of authority over 
large bodies of workmen. In the workshop a boy will 
meet men of very fine, and some of rough, character, 
but the experience thus gained will be of the greatest 
value to him in after life. He is able to understand 
their point of view, and many troubles are avoided 
because of this fact. Many disputes are caused from 
lack of sympathy and understanding of the difficulties 
underlying the question. On principle I lean to some 
practical training being taken directly after school 
life, say at- 18, when a boy has had an opportunity 
of reaching a good position at:a public school, and, 
as I have said earlier, expediency points to this practice 
as the more desirable. I favour maintaining our 
Associate Membership Examination at the present 
high level, but the increase in technical and scientific 
knowledge is so great that, in view of our Institution 
embracing so many branches of engineering, the papers 
must contain questions covering a wide range of 
technical subjects. The object of such an examination 
should be to ascertain how much a candidate knows 
rather than to prove, by setting too difficult questions, 
how limited and specialised his knowledge may be. 

Sir John Wolfe Barry’s name will live long in the 
minds of engineers, not only for his professional work, 
but as the man who had the courage and energy in his 
late years to inaugurate the British Engineering Stan- 
dards Association, now carried on with the assistance 
of many eminent engineers under the able chairmanship 
of our Vice-President, Sir Archibald Denny. It has 
been my privilege to be his colleague in this work for 
several years, and, although I rejoice at the progress 
made, I am conscious there is still much to be done. 
Sir John Wolfe Barry brought the subject before 
the Council of our Institution in 1901, and from the 
small committee then formed of eight members, the 
organisation has grown enormously, and now has 475 
committees and 2,300 members. Engineers have shown 
great public spirit in giving time and attention to this 
great work, entirely on an honorary basis, proving, 
I think, the great importance they attach to the develop- 
ment of the work, The engineering and steel firms 
throughout the country have generously supported 
these efforts by contributions to the funds, but this is 4 
severe tax on industry in the present state of things, and 
it is earnestly hoped that some measure of Government 
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more fully to meet the requirements of the coun- 
trv. The Association, however, does not believe in 
waiting for this, and is itself widening both the basis of 
its work and its method of appeal to the industries of 
the country. There can be little doubt that the mcre 
rapid adoption of standard specifications as understood 
by the Association would do much towards helping 
industry at the present time, and this alone would 
justify any Government in giving prompt and adequate 
support. In addition to the preparation and issue of 
British Standard specifications dealing with great 
industries of the country, substantial aid has been given 
to our export trade by translating and disseminating 
in large numbers the principal specifications, for use in 
foreign countries. This work has lately to a con- 
siderable extent had to be abandoned owing to lack 
of funds, but special efforts are now being made to 
revive it, in view of the great importance it has in 
bearing on our export trade. Already great progress 
has been made in the preparation and issue of speci- 
fications dealing with general engineering products, 
and especially in electrical matters, leading to con- 
siderable simplification and substantial economy ; but, 
when we come to consider the broader aspects of stan- 
dardisation, the value of this great co-ordinating autho- 
rity is apparent, and it has proved itself to be a neces- 
sity in the interests of the public. In many areas there 
exist differences in gauge of track and of voltage which 
prevent direct communication between the various 
towns in the same area and lessen the possibility of 
providing electric power economically from one large 
central station. Further, the electrification of the 
various main lines, and the grouping of the railways, 
are factors which emphasise the necessity for uniform 
practice. In Australia and Africa at the present time 
the presence of three gauges is causing difficulty in 
communication between different areas. These diffi- 
culties point to the desirability of some co-ordinating 
authority, and although to a great extent we deprecate 
Government interference, the convenience of the pub- 
lic should be the first consideration on the part of engi- 
neers ; and general rules for uniformity arrived at by a 
yovernment Department, after consultation with the 
leading engineers on the technical requirements, should 
be accepted and adopted by the engineers in charge of 
the different railway and tramway systems, even 
though they may not embody precisely their own views. 
A new section of the British Engineering Standards 
Association has just commenced to deal with colliery 
specifications, where there is much variation in design 
of an entirely unnecessary nature. Many of the 
differences are merely those of detail dimensions 
embodying no question of engineering importance, but 
the lack of uniformity hinders the introduction of any 
change, and means unnecessary expenditure in draw- 
ings and patterns. Further, the introduction of an 
article of new design on American and German railway 
or tramway systems is much easier than on a British 
railway, not because of unwillingness on the part of 
British railway engineers, but because of lack of uni- 
formity of design in use on each railway or tramway. I 
would urge that, where no principle or question of 
safety is involved, a spirit of compromise would do 
much to assist the adoption of new productions which in 
many cases have already proved their merits in service. 
The introduction of alloy steels for use in engineer- 
ing has opened up new possibilities, and we have not: 
yet reached the limit of strength for a given weight of 
material. This is a matter of such interest to engineers 
designing bridge-work and machinery that I must 
enlarge a little on the question. The metallurgy of 
steel is a new science only recently developed, and I 
attach great importance to close co-operation between 
the engineer and the metallurgist in drafting the speci- 
fications, embodying on the one hand the requirements 
of the engineer, and, on the other, the possibilities of 
the steel-maker. The higher horse-powers and steam- 
pressures previously referred to, now required for 
marine and electrical engineering, have brought with 
them practical manufacturing difficulties which require 
careful study, and suitable modifications in design 
can only be arrived at by close consultation between the 
metallurgist and the engineer. The best instance I 
know of this co-operation is illustrated by the high 
level of efficiency which the Admiralty has achieved 
and the satisfactory immunity from failures and 
breakdowns which has resulted. I believe this to be 
largely attributable to their practice of consulting the 
works engineers and metallurgists who have the work 
to produce, and agreeing on a specification which meet 
their requirements, and at the same time avoids the 





introduction of unnecessary manufacturing difficulties. 
Tue Ratrway Centenary Exuririon. —It is 
announced that the Railway Centenary Exhibition at 


the Science Museum, South Kensington, London, of 
which we gave some particulars on page 484 of our 
issue of October 16 last, is to remain open until the 
end of the year, the period being extended on account 
of the interest taken in the display, 


LABOUR NOTES. 


At the moment, unfortunately, friction is developing 
among the rank and file in a number of industries on 
matters which, strictly speaking, do not belong to the 
category of Labour questions. Strong efforts are, 
for instance, being made completely to ‘ unionise”’ 
certain shops—in some cases whole areas—and where 
non-unionists are unwilling to line-up with unionist 
threats of strikes are not uncommon. Strikes on such 
a question are, of course, unfair to employers, and, 
if they are persisted in, there will be trouble over 
much wider areas than are at the moment dreamt 
of in Labour circles. Employers are under no obliga- 
tion to ask—and, as a matter of fact, do not ask— 
men whom they desire to employ whether they belong, 
or do not belong, to trade unions. The only test 
applied, in addition to that which has for its object 
the ascertainment of general character, is whether 
men are, or are not, capable of carrying out the duties 
of the vacant posts. Moreover, most unions are 
under agreement with the employers of their members 
—it is so, at any rate, in engineering—not to refuse 
to work with non-unionists. In these circumstances 
strikes, or threats of strikes, on the question of non- 
unionism are not “cricket,” and the fact that they 
are not, ought strongly to be impressed on local bodies 
by executive councils. The obvious way out of the 
difficulty is for the aggressive organised worker to 
make his union irresistibly attractive to non-unionists. 
To attempt to get them in by intimidating employers— 
for that is really what it amounts to—is bad business 
from two points of view. It secures only unwilling 
adherents for one thing, and it leaves the root of the 
trouble—lack of attractiveness on the part of unions— 
untouched, for another. 





The strike of wire-drawers at Bradford, near Man- 
chester, seems to go to show that Trade Unionism 
can be singularly short-sighted where the better 
interests of industry are concerned. The employers, 
Richard Johnson and Nephews, Limited, found that 
they could only succeed against the prevailing keen 
foreign competition by re-adjusting the proportions 
of work allotted, on the one hand, to its newer 
machinery, and, on the other, to-its less modern 
plant. The men replied to the effect that if the 
newer machinery, which was more productive, got 
the bulk of the work to do, unemployment would 
be increased, and, in view of the present state of the 
labour market they demanded such a relationship 
of the proportions of work allotted to the new and the 
old plants as would prevent that happening. The 
logical effect of the men’s argument would be, of 
course, to bring about an even greater increase of un- 
employment than is possible under the employers’ pro- 
posals, and it shows singular short-sightedness for this 
not to be evident. If British industry is ever to revive, 
trade unionists will have to take much longer views 
than some of them are, at the moment, indulging in. 





At a recent meeting of the executive committee of 
the National Union of Railwaymen, the organisation’s 
representatives at the railway staff conference reported 
that the companies refuse to allow the question of 
casual labour to be discussed at the Central Wages 
Board. Assurances were, however, given by Mr. 
Clower, on behalf of all railway companies, that it 
was their intention to reduce the employment of 
casuals to a minimum. It was further noted that the 
companies agreed to submit to the union a statement 
showing the number of casual staff employed on the 
individual railways at the present time in comparison 
with past periods. The executive committee decided 
to instruct the general secretary to press the companies 
to supply this document in accordance with the promise 
made. 





The National Executive Committee of the Metal 
Workers’ Minority Movement has decided to get out a 
leaflet for distribution in factories and union branches 
giving the unofficial organisation’s programme, and 
also particulars regarding affiliation and associate 
membership fees. Special efforts should be made, the 
Committee say, to enrol shop stewards as associate 
members, and district committees—district com- 
mittees of the Minority Movement, that is—should 
call periodical meetings of these stewards to discuss 
the problems of the industry, and with a view to 
extending the influence of the Minority Movement in 
the factories and unions. 

The programme of the Metal Workers Minority 
Movement now includes, according to the Worker, 
the following: (1) an increase in wages of 20s. per week 
on all existing grades, with an ultimate demand for 
4l. per week; (2) the establishment of a 44 hours’ 
working week and the abolition of overtime; (3) the 
establishment of Factory Committees representing all 
grades of workers in the factory or workshop; (4) the 





rebuilding of the unions with every metal-worker a 


trade unionist ; (5) the complete {organisation, inside 
the unions, of all women in the metal trades; (6) the 
control by the unions of all youths and apprentices ; 
(7) the collaboration of all unions in the engineering, 
shipbuilding and iron and steel trades, and the con- 
tinued existence and extension of the present joint 
national negotiating machinery of the metal trades 
unions for securing the united demands of the workers 
and for united industrial action; (8). amalgamation of 
all unions in the industry into one union for metal- 
workers. 





The Ministry of Labour states that on October 26, 
1925, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,232,400—995,100 men, 36,800 boys, 172,400 women, 
and 28,100 girls. On October 19, 1925, the number 
was 1,238,158—996,590 men, 35,350 boys, 177,541 
women, and 28,677 girls—and on October 27, 1924, it 
was 1,203,229—910,495 men, 35,665 boys, 225,107 
women, and 31,962 girls. 





A circular has been issued to the executive councils 
of affiliated organisations by the National Federation 
of Building Trades Operatives intimating that the 
policy of the Federation is to withdraw labour from 
all housing schemes where there is an attempt to 
undermine the agreed national conditions negotiated 
by the National Allied Building Trades Employers 
and the Federation. The decision of Glasgow Corpora- 
tion to suspend the operation of the Fair Wages Clause 
is described as a direct contradiction of the spirit and 
letter of the clause. ‘‘ We understand,” the circular 
proceeds, ‘‘ that meetings are being held of the various 
local authorities in Scotland with a view to the over- 
throwing of the general policy of the Building Trades 
Operatives. The idea appears to be that an order for 
4,000 houses will be given and distributed to the 
various local authorities, and it is understood that the 
authorities are preparing seriously to challenge the 
Nationa] Federation of Building Trades Operatives.” 
The fact is recalled that the Trades Union Congress 
at Scarborough unanimously gave support to the 
contention of the Federation that there should be no 
deviation from the general conditions in the industry 
on any substitute methods of building. 

The strike of railwaymen at the Great Western 
Railway Company’s Paddington goods depot graphi- 
cally illustrated the danger which is inherent in 
advanced movements like that represented by the 
Metropolitan Area Show Card Day Committee. Some 
years ago it was agreed between the Company and the 
men’s organisations that union notice boards might 
be placed in railway depots for the purpose of exhibiting 
official notices, subject to such documents being first 
approved by the Company’s officials. In this instance 
notices threatening reprisals on non-unionists were 
displayed on the notice boards without permission 
being obtained from the Company. The men’s repre- 
sentatives were informed that the exhibition of these 
notices could not be sanctioned, and were given until 
nine o’clock on the following morning to remove them. 
If by then the notices were not removed they would, 
it was added, be taken down.. They were taken down, 
but one of the men’s representatives replaced them, 
He was suspended, and his colleagues immediately 
left work. On the facts, the men were clearly in. the 
wrong, as they will be rather often, it is to be feared, 
unless these rank and file forward moveménts are 
carried out with stricter regard for agreements. 





In the trouble which arose at the Wolverton 
works of the London Midland and Scottish Railway, 
the men were also in the wrong—so far in the wrong, 
indeed, as to make it difficult for headquarters to 
support them. The demand of the men was that 
an assistant foreman appointed by the company in 
January last, who generally supervises work in the 
finishing shops, and who until recently has dealt 
principally with the machine section, should be 
restricted to that section. The reason given by the 
men’s representatives to the company’s local officer 
was that, on personal grounds, the foreman was 
unacceptable to the men.. Complaint as to the fore- 
man’s conduct was made to the superintendent for 
the first time at this interview, but no evidence was 
given in support, and the company refused to pronounce 
the man guilty and mete out punishment to him 
before even a charge against him had been definitely 
formulated, or the man had been given an-opportunity 
of making his defence. The assistant foreman has 
been connected with the works at Wolverton for 
more than twenty years, having served at the bench 
in the very shop in which he is to act as foreman; 
and his father before him, as well as two brothers, 
have worked at that place for very many years, The 
railway company resolutely and very properly declined 
to allow interference with their decisions regarding the 





management of their workshops, and, particulatly, to 
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remove a man who had proved himself to be an 
efficient and capable servant. 





The immediate nominal cause of the dispute at the 
Fort Dunlop Works of the Dunlop Rubber Company 
was an alteration of a method of production designed 
to save time, but actually the trouble arose out of 
efforts of the Transport and General Workers’ Union 
to induce the company’s workers to throw over existing 
machinery for the regulation of labour affairs and 
join that organisation. According to a special corre- 
spondent of The Times, a considerable number of 
rubber workers were in 1921 members of various 
trade unions—chiefly the General Workers’ Union. 
In that year, however, a secret ballot of the workers 
showed a large majority to be in favour of with- 
drawing from the unions and adopting a system of 
collective bargaining within the works by means of 
a factory council. The organisation, which was duly 
constituted, is a joint body consisting of management 
members on the one side, and of operative members 
of both sexes selected from the rubber manufacturing 
and general departments. The operative members are 
elected by ballot by voting divisions into which the 
Birmingham mills are divided, and the basis of repre- 
sentation is one member for each 150 employees in a 
division. The council meets once a quarter and may 
also be called together at any time by either side 
to deal with urgent matters. The operative members 
elect each year from among themselves not more 
than 16 representatives to a Joint Works Committee, 
and sub-committees are also elected for dealing with 
such matters as welfare work and the administration 
of canteens and the sick and benevolent fund. Larger 
questions dealing with wages, hours and conditions 
of work have to go before the full factory council. 
The executive, or joint works committee, meets 
monthly and at short notice on request. Speaking 
generally, the comprehensive scheme of conciliation 
and co-operation devised in 1921 worked smoothly 
after it was set up, and seemed to have provided an 
effective instrument for an avowed object of estab- 
lishing relations between management and employees 
on the ‘distinct and durable basis of mutual under- 
standing and confidence.” It seems to be a pity to 
scrap such a scheme—which, on its face, is much more 
promising, from the workers’ point of view, than 
anything Mr. Bevin’s organisation can offer. 





The opinion of the man in the street will probably be 
that the wireless operators who have been on strike for 
two or three days this week were unduly precipitate 
in their action. Their employers, the Marconi Wireless 
Telegraph Co., Limited, gave notice on Saturday last 
to nine operators whose services were no longer required, 
and because the company declined to discuss the ques- 
tion of the discharges with representatives of the men’s 
trade union and referred them to the Engineering and 
Allied Employers’ London Association, the other 
operators ceased work. The union contended that it 
was unaware of the company’s connection with the 
Employers’ London Association; but that, obviously, 
was no reason why when the fact was made known to 
them, they should not approach the association as other 
unions do. In the end, they negotiated with the 
Association, and on Wednesday the matter was so far 
adjusted as to permit of a resumption of work. The 
terms of the settlement were as follows:—‘ A con- 
ference between the Engineering and Allied Em- 
ployers’ London and District Association, representing 
the company, and the Association of Wireless and 
Cable Telegraphists, representing the operators con- 
cerned, to be held within 48 hours of the resumption of 
work of the operators who ceased work. The nine 
operators over whom the dispute has arisen will return 
to the pay roll of the company at their respective 
remunerations as at October 31, 1925. The terms of 
reference for the conference to be as follows: ‘To 
consider the difficulties arising out of the agreement of 
March 22, 1924, with a view to considerable adjust- 
ments.’ ” 





Contracts.—Messrs. Metropolitan-Vickers Electrical 
Company, Limited, of Trafford Park, Manchester, have 
secured an order in co nection with the extension of 
the Amagasaki Power Station, in Japan, for the supply 
of a 40,000-kw. turho-a'ternator set running at 1,800 
r.p.m. and delivering current at a frequency of 60 
periods. Further two 35,000 kw. sets running at 
1,500 r.p.m. and supplying current at 50 periods have 
been ordered for the new Tsurumi Station, situated in 
the Tokio district of Japan.—The Westinghouse Brake 
and Saxby Signal Company, Limited, of 82, York-road, 
King’s Cross, London, has received an order from the 
Southern Railway Company for the supply of the 
whole of the power-signalling apparatus required for 
the equipment of Charing Cross and Cannon-street 
Stations.—Messrs. Cammell, Laird and Co., Limited, 
of Nottingham, have received orders from the High 
Commissioner for India for 220 hroad-gauge steel 
coaches for the Indian State Railways, for service on 
the North Western Railway and the East India Railway 
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plates, where they represent le. each. 
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Notz.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of the 
London Metal Exchange for “ fine foreign” and “ standard’ 
for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted for steel 
plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel plates, are 
for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron prices are for 
East Coast hematite and Cleveland iron, both of No. 1 quality and for home consumption. The price of 
quicksilver is per bottle, the contents of which vary from 70 lb. to 80 Ib. 
per standard box, but in other cases the prices are per ton. : 
a market-day, and the horizontal lines represent 11. each, except in the case of the diagram relating to tin- 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official, Reports of London Metal Markets.) 
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metal, respectively. The prices shown for lead are 


The price of tin-plates is 
Each vertical line in the diagram represents 








PERSONAL.—Since 1919, The British Electric Plant 
Company, Limited, of Alloa, Scotland, has been closely 
associated with The Harland Engineering Company, 
Limited,.of Salford, Manchester, both companies having 
a common directorate. It has now been announced 
that henceforth the entire business of both companies, 





which includes the manufacture of numerous types of 
electrical machinery, in addition to centrifugal pumps, 





power and lighting installations, &c., will be earried on 
under the name of The Harland Engineering Company, 
Limited, only.—The English Electric Company, Limited, 
has opened a northern area branch office at 196, Deans- 
gate, Manchester, with Mr. P. H. Symonds in charge. 
—Messrs. Foster Engineering Company, Limited, Morden 
Works, Wimbledon, London, have opened a branch 
office at 1408, Victoria-street, Bristol. 
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SIX-HEAD SOLE-BAR DRILLING MACHINE. 


CONSTRUCTED BY MESSRS. CROSSLEY AND CO., 


ENGINEERS, MANCHESTER. 








SIX-HEAD SOLE-BAR DRILLING 
MACHINE. 


In our issue of February 27, 1925, we described a 
three-head radial drilling machine, manufactured by 
Messrs. Crossley and Co., of 6, St. Mary’s Gate, Man- 
chester, to the order of the South African Government. 
Above we illustrate a machine for somewhat similar 
work, manufactured by the same firm for one of the 
British railway companies. The principle feature 
of this machine is that each saddle is fitted with 
a self-contained motor and gear-box. This arrange- 
ment results in increased efficiency, as compared 
with multiple-head machines. of the older type, as 
the horizontal driving shaft and gears, employed 
in the earlier designs, are eliminated. The weight 
of the complete machine is 20 tons, and the main 
bed, to which the six heads are fitted, is 63 ft. long. 
This bed is mounted on seven. box beds, which are 
extended to form supports for the work, as shown 
in the illustration. The box bedg also serve to carry 
a short flat-top table, which is portable. This table 
may be used for occasional work, and increases the 
adaptability of the machine. The beds are provided 
with T-slots, and also with rollers for facilitating the 
loading and unloading of the machine. 

The drive for each head is direct from the vertical 
motor, shown in the illustration, to the gear-box, the 
electrical control being arranged on the back of each 
arm. Two of the heads are fitted with double gear, 
the speed of these heads being suitable for trepanning 
holes of 3 in. in diameter. The motors for the double- 
geared heads are of 7} h.p., and for the four remaining 
heads are of 5 h.p. All six motors run at a speed of 
1,000 r.p.m., and are suitable for a 250-volt direct- 
current circuit. The spindles are 1{ in. in diameter 
and have a 12-in. self-acting feed. They are carried in 
hardened steel sleeves, and are balanced by a com- 
pensating spring device. The thrust on the spindle 
and feed worm is taken on ball bearings. The pene- 
trating capacity of the machine with a §-in. diameter 
drill is 4 in, per minute, and with a 14-in. diameter 
drill is 3in, per minute. The deadweight of the saddle 
is taken on ball-bearing rollers, facilitating easy move- 
ment of this unit along the arm.’ Quick adjustment is 














provided for the spindles. All driving shafts and gears 
are manufactured from high-tensile carbon steel. At 
points where plain bearings are adopted, phosphor- 
bronze bushes are fitted. A centrifugal pump supplies 
lubricant to each drill. The pump is driven by a 
3-h.p. motor, and draws its supply from a central 
sump, into which the lubricant drains after use. 





THE HANDLING AND TRANSPORT 
OF FISH. 


For a long time past doubts have been expressed as 
to whether the abundant supplies of fish that are 
harvested, are used to full advantage. The subject 
has for some time been under the consideration of the 
Food Investigation Board set up by the Department of 
Scientific and Industrial Research, and some obser- 
vations made for the information of the Fish Preser- 
vation Committee of that Board have now been 
published.* 

In the report of these observations Mr. Griffiths gives 
the results of a survey of the conditions of transport in 
Great Britain, undertaken in the summer of 1923, 
and Mr. Heron, a member of the Committee, deals 
with corresponding provisions made in France. The 
effect of Mr. Griffiths’ survey is to confirm the belief 
that considerable waste goes on in the processes of 
handling and transport. Part of this waste appears 
to arise through mere slovenliness. in the use 
of dirty boxes, &c. The greatest part, however, 
of the damage which is done in transport is probably 
due to the imperfect measures taken to prevent 
the fish from deteriorating. For the time being 
the only preservative measure known to practice is to 
keep the fish at a sufficiently low temperature. What 
this temperature may be is doubtless a question for 
biologists; but whatever it is, Mr. Griffiths’ report 
contends that no adequate measures are taken to 
maintain it. 





* The Department of Scientific and Industrial Re- 
search, Food Investigation Board. Special Report, 
No. 25. Handling and Transport of Fish, by Edgar 
Griffiths and_Crawford Heron. H.M. Stationery Office. 
Price 9d. net. 





On board the trawlers, by which the majority of the 
fish supplies are brought in, an abundance of ice is 
usually found, although it is thought likely that in 
parts of the hold the temperature is liable to rise after 
the ice has thawed out. Refrigerating plants have been 
tried, though they are no longer in service at the ports 
inspected. No mechanical difficulty seems to have been 
found in their use, but they were found liable by 
inadvertence to freeze the contents of the holds into a 
solid block. But for this defect, it is thought that 
their use would be more economical than the present 
system, as the expense in ice seems to be considerable. 
This question of preventing refrigeration from going too 
far, is the more worth the attention of designers because 
it is one that appears likely to become important for 
more purposes than the conveyance of fish. It has 
been found with meat that the efficiency of the refriger- 
ating or chilling system turns not only on the tempera- 
ture not rising above a maximum, but also on its not 
falling below a minimum. For the time being the 
determination of what in practice should be these 
maxima and minima is under the investigation of the 
biologists, but it seems probable that before very long 
it will be possible to get trustworthy figures for 
these limits. It will then be the not too easy business 
of designers of refrigerating plant to devise simple and 
effective measures for maintaining temperatures 
throughout holds, within these limits. 

The directions in which improvement seems possible 
include measures that are rather of manipulation, than 
of construction. The French trawlers are said to 
fish mainly the same areas as the British, but by 
reason of their more systematic washing, icing, and 
storing, and with the help of measures taken in packing 
to exclude air and the direct contact of melted ice 
from the fish by means of parchment paper and other- 
wise, very much better quality is delivered to French 
consumers than English consumers often obtain from 
the same fishing grounds. The provision of efficient 
insulation appears to be much less common in British, 
than in French practice. This deficiency is found in 
many British trawlers, and, it is stated, in many of the 
vans appropriated to the fish traffic. The design of 
British vans is said to. have been determined largely 
by that required for the fresh-meat traffic, and 
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accordingly they cannot be filled with a dense load, such 
as fish, without danger of overloading. ' As a rule, less 
than one-third of the volume of the van is said to be 
occupied, and this, of course, adds considerably to the 
difficulty of preventing the temperature from rising. 
In France the use of insulated vans is far more general. 
Some of them are arranged with ice bunkers at each 
end, and have provision for circulating the air between 
the packages, very satisfactory results being obtained. 
Whatever the method of cooling may be, its use is 
obviously inefficient if adequate insulation is not pro- 
vided. Whether, with such insulation, a larger and 
more judicious use of ice would be the most satisfactory 
and economical means of keeping the temperature 
down would remain to be seen. Good results certainly 
appear to have been obtained in France by this means. 

At the present time most of the measures for main- 
taining the necessary low temperatures required in fish 
traffic seem to be left to the freighters, and they have 
certainly not made a particularly good job of them. 
It is unlikely that any great improvement will occur 
without the co-operation of the railway companies. 
Even on the present traffic, it is possible that it might 
be worth the while of the companies to go a certain 
length in improving their fish service, . Its volume is 
certainly more considerable than the French, and the 
French companies are understood to have no’ reason 
to regret the measures they have taken to safeguard 
the fish they carry. Whatever might be done on the 
railway would, however, be only ‘partially effective if 
similar improvements were not made simultaneously 
by those who send and those who receive the con- 
signments. 





A NEW FORM OF AIR COMPRESSOR.* 
By Dr. H. S. Heve-Suaw, F.R.S., and 
T. E. Beacuam, B.Sc. 
Some twenty years ago one of the authors invented 
a rotary oil pump, of which there are now many thou- 
sands in use, and attempts were made a few years later 
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to adopt the same principle for an air compressor. The 
practical difficulties, however, up till quite recently 
prevented such a compressor being a success. By 
introducing certain features, which will hereafter be 
described, the initial difficulties have been overcome, 
and a small compressor, which is shown to-day in 
operation, was made and exhibited at Wembley last 
year. An order was placed by the Admiralty and 
subsequently several orders by the Air Ministry, and 
we were happily able to secure the manufacture of 
these compressors by the well-known firm of mining 
engineers, Messrs. Holman Brothers, Limited, of 
Camborne. 

General Design.—The compressor is of the rotary 
type, the chief features beiag a central fixed cylindrical 
valve round which a cylinder body rotates. Pistons 
working in the cylinder body are forced inwards by 
an eccentrically running ring, which ring formed an 
all-important feature of the original invention, being 
a contrivance called a ‘ floating ring,” as this eccentric 
Ting rotates freely with the cylinder body, although not 
fixed to it. Although owing to the eccentricity there 
is a slight relative movement at the point of connection 
of the pistons with the eccentric ring, whether by rollers 
or slippers, the floating ring, which is carried on ball 
or roller bearings, is free, and the relative movement 
of the rollers or slippers with this ring is so slight that 





* Paper read before the Institution of Mining Engi- 
neers on November 4, 1925. Abridged. 











a very high speed of rotation is possible, a common 
speed in practice being 1,000 r.p.m. 

For a considerable time it has been realised that this 
type of mechanism would form an excellent air-com- 
pressor if the practical difficulties both of lubrication 
and sealing could be overcome. As a result of 
suggestions of one of the authors of this paper 
details were worked out which have proved entirely 
successful in overcoming these difficulties, and have 
enabled compressors to be constructed running con- 
tinuously at speeds which apparently have hitherto 
been considered quite impracticable for air compressors. 















































are reciprocated by means of gudgeon pins and rollers 
by the eccentric floating rings F, F, the air being drawn 
through the suction inlet A into the low-pressure 
cylinder and discharged through the intercooler I, 
passing thence to the high-pressure cylinders and 
being discharged from the final cooler Y through the 
eliminator and out through the outlet O. Both the 
intercooler and the final cooler are water jacketed. 
One end is secured to the casing by a key, which 
prevents the valve rotating, whilst the other end at 
H, Fig. 3, is carried on a roller bearing housed in the 
driving shaft. Air enters the valve from the venturi 
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An essential feature of the new compressor is the 
saturation of the incoming air with oil, this oil operating 
to lubricate both the central valves and pistons. The 
oil-saturated air is cooled by a special water jacket, 
the oil finally being extracted from the air by a special 
device which has been called an ‘‘ eliminator.” From 
the bottom of the eliminator the separated oil is forced 
back through a passage in the central fixed valve to 
openings in the form of circular grooves, in order to 
effect the sealing of the valve. Ultimately the oil 
escapes either into the cylinders or back to the base 
chamber, in each case continuing to be circulated in 
the system both for sealing and lubrication. 

Figs. 1 and 2 show longitudinal and cross sections 
of the general assembly of a 50 cub. ft. compressor, 
the chief component parts of which are described 
below. 

Cylinder Casting.—There are four cast-iron cylinders, 
two of which are low pressure and two high pressure, 
the sides of the cylinders having slots cut in them, in 
which the gudgeon pins work. The centre of the 
casting is bored to fit the central valve. The ports 
in the cylinders are conical in form and have their 
centres displaced from the cylinder axis, those of the 
low pressure being to the left of the centre line and 
those of the high pressure to the right. Figs. 3 to 5 
clearly show the construction of the valve. In this 
machine there are four cylinders, two low pressure 
C, C, and two high pressure, D, D (Figs. 1 and 2). 
The cylinders are driven by the shaft, and the pistons 





fo enna eccacaaacdddaadadaddadddaaaaaaada 

, ieee: cdiamantsrsnease 

Yyyys a 
Yj dd L/) {ROSS 

- * 


YG 
ee AL UTA LLL 











Y 
titidiidiitae 


ike 
i ca zzz, 


Y Y 
“ne OU 










“Uy 
Yj UY LUIMMULLLLLLLLTOLL LLL LLALLLILLLODY, 
G, Vs; 
4M 





aM 


Lizz 





eens 


5 “ENGINEERING” 


tube at J (Fig. 5), and passes into the first-stage 
cylinders by port K. It is discharged through port 
L into the intercooler. By means of port M it enters 
the second-stage cylinders, from which it is delivered 
to the aftercooler through’N. Water passages, W, 
W (Fig. 4) are formed in the valve, through which the 
circulating cooling water passes. 

There are three narrow oil grooves, P, Q, R (Fig. 3) 
cut in the valve, which are connected by }-in. holes 
to an oil hole in the valve. The oil hole is supplied 
with oil under pressure from the eliminator. From the 
drawings it will be seen that the valve is a most intricate 
casting. No trouble, however, has been met with in 
the manufacture, and when made, the working of this 
valve has given every satisfaction. Owing to the 
large supply of oil under pressure to the valve surface, 
there is little possibility of metallic contact with the 
cylinder casting, which has been proved by the fact 
that, although the compressor has been running almost 
continuously for over three months, no appreciable 
wear has taken place. 

Pistons.—The gudgeon-pins fit in large bosses, and 
are secured in position by tapered pins. Two 
piston rings are fitted to the high-pressure pistons, 
and one to the low-pressure pistons. A notable 
feature of the latter is the conical projection at the 
base (Figs. 1 and 2), formed to fit into the similar 
shaped holes in the cylinder casting in order to reduce 
clearance volume. About half-way down the sides, 
grooves are cut, which pick up any oil which may be 
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on the cylinder walls, and by suitably drilled holes 
supply it to the gudgeon-pins bearings. 

Gudgeon Pins.—In order to cut down overall dimen- 
sions the gudgeon pins have grooves milled in them 
so as to clear the cylinder when the pistons are near 
the end of their stroke (see Fig. 2). Holes are drilled 
at the ends and connect the bearing surface with the 
grooves in the piston, thus enabling the pins to be 
lubricated. The pins are carried in steel rollers, which 
are lined with white metal or gun-metal bushes. 

Floating Rings.—These are carried on ball bearings 
and are placed eccentrically to the axis of valve, the 
eccentricity being equal to half the piston stroke. 

Driving Shaft—This is secured to the cylinder 
casting by a number of screws. It is bored at the 
end to receive the roller bearing which supports the 
valve, and has holes drilled in it to permit of the suction 
air passing to the valve ; small holes are also provided 
to enable the ball bearings to be lubricated. 

Casing.—A cylindrically-shaped casing encloses the 
rotating parts. It is of cast iron and is provided with 
a water jacket. One of the floating rings is carried on 


Fig. 8. 
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it by ball bearings, the other ring being similarly 
supported by the end cover, which also carries the 
driving-shaft bearing. The intercooler and aftercooler 
with their covers are bolted to the right-hand end. 

Intercooler and Aftercooler—The two coolers are 
formed in one aluminium casting, and differ greatly from 
the usual type of coolers of the pipeform. Aluminium 
is chosen as the material owing to its high conductivity, 
the coolers being formed in one disc. On Figs. 6 and 7 
the position of the inlets and exits to and from the 
coolers are clearly marked; thus, the lower portion 
of the casting serves as the intercooler and the upper 
part as the aftercooler. The cooling of the air is 
obtained by water passing through the space between 
the cooler and casing. Small baffles are provided in 
this space to direct the flow of water, so that as far as 
it is practicable the coolest water is in as close contact 
as possible with the coolest air. 

Oil Eliminator.—The object of this is to remove all 
the oil which is in the air, and to supply it to the central 
valve, thus forming an oil seal and making the valve 
air tight. The oil-saturated air enters the eliminator 
from the aftercooler. It first passes through a bafile 
plate with 3-in. diameter holes, and then enters a nest of 
smal! vertical wires 4,-in. in diameter (see Figs. 1 and 2). 
This nest is of square section, measuring 44 by 4} 
by 12 in. long, and contains in all about 800 wires. 
The particles of oil in the air strike these wires, on 
which they collect, and passing down them enter the 
oil sump, from which sump the oil is delivered through 
® small-bore pipe and filter to the central valve. The 
object of the small-bore pipe is to throttle down the 


oil pressure, as it is found that 30 Ib. per square inch 
is quite sufficient to provide satisfactory sealing of the 
valve. Leaving the nest of wires, the desaturated air 
leaves the eliminator, on which is fitted a non-return 
valve. Two oil-level test cocks are fitted at the exit 
end. By means of these, the correctness, or otherwise, 
of the oil level in the sump can be determined. At the 
lowest point of the sump a drain cock is provided for 
drawing off any water that may have accumulated. 

Venturi T'ube.—This is the name which, owing to its 
shape, is given to the suction pipe. The air enters 
through a perforated cover, and passing along the 
converging part of the tube increases its velocity and 
thus decreases its pressure until it reaches a neck. On 
entering the diverging portion, it begins to regain 
pressure, the diverging portion of the tube being made 
gradual to prevent eddies being formed, as such eddies 
would cause a lower final pressure with a resulting 
lower volumetric efficiency. A pipe connects the neck 
of the tube to a point on the end cover, which is about 
1} in. from the bottom of the casing pump. Owing to 
the reduced pressure at the neck, oil in the casing above 
the 1}-in. level is drawn through the oil pipe to the 
tube, where it mixes with the suction air and passes to 
the cylinders. 

Non-Return Valve.—It was found during the experi- 
ments made that the mechanism of the compressor 
was so free that if the machine was stopped under 
load it would rotate in a reverse direction from that 
when it was delivering air, and so drain the receiver. 
Owing to the above reason, a non-return valve on the 
discharge was found to be necessary. This valve 
cuts off air before reaching its seat, and so entirely 
prevents any hammering action. 

Torque Curves.—The torque curves for the low- 
pressure or first-stage cylinders, and the high-pressure 
or second-stage cylinders for this type of compressor, 
when combined, show a very even torque for the 
machine. In practice there is practically no vibration, 
which bears out the resultant torque curve. It was 
found that a coin could be balanced on edge, and 
a pencil stood on its end, on the casing, when the 
compressor was running at 1,000 r.p.m. 

On Fig. 8 the results of tests at 700 r.p.m. are shown 
graphically, to a base of delivery pressure. 

Volumetric Efficiency—It is seen that the volumetric 
efficiency is practically constant for delivery pressures 
up to 140 lb. per square inch gauge, and is much 
higher than that obtained with the usual type of 
compressor. It appears that the cylinder clearance 
space is full of oil at the end of stroke, and that the 
small loss of efficiency is due to the air being heated 
by contact with the valve during the suction stroke. 
Another reason for the high volumetric efficiency, 
though of small consequence, is the fanning action of 
the air during the suction stroke. When the ports 
open, the air molecules, due to centrifugal force, fly 
towards the piston, and a slightly higher pressure 
exists there than at the inlet port. Thus a greater 
quantity of air is drawn in than would fill the stroke 
volume if the compressor were non-rotary. The gain 
may be only small, but ‘“‘ every little helps.” 

Isothermal Efficiency.—This efficiency is practically 
constant over the whole range of delivery pressures. 
The falling off at the lower pressures is due to the air 
being compressed above the delivery pressure in the 
second-stage cylinders, owing to the action of the 
mechanically-operated valve, and then being released 
suddenly. It will be seen, however, that although 
the ports in the valve were set for a delivery pressure 
of 120 lb. per square inch gauge, the loss of work due 
to discharging the air over a large range of pressures 
is not appreciable. 

The Effect of Suction Oil-Spray on the Volumetric 
Efficiency when the Compressor was changed from 
Double-Stage to Single-Stage—The second-stage pistons 
were taken out and the high-pressure inlet port 
blocked, the low-pressure air being led away from the 
intercooler. Tests were run with and without oil 
supply to the suction air. 

Fig. 9 shows graphically the results obtained. 
Spraying oil into the suction serves two purposes, 
namely, on entry to the cylinder it is thrown by 
centrifugal force on to the piston, forming there a thin 
film, which fills the clearance space at the end of the 
discharge stroke, and so gives an exceedingly high 
volumetric efficiency; secondly, it absorbs heat 
from the air during compression, thus bringing the 
compression curve nearer the isothermal, which is 
to be desired. The fall of delivery above 60 lb. per 
square inch with oil spray is probably due to leakage 
past the piston, to which is fitted but one piston 
ring, since the normal intercooler pressure is only 
30 lb. per square inch. The increased volumetric 
efficiency with oil spray is clearly marked. 

The Hele-Shaw Beacham compressor has almost 
perfect balance at all speeds, owing to the fact that the 
reciprocating movement between the cylinder and 
piston is merely relative and not absolute. Further, 
the oil which is necessarily employed for lubrica- 











tion acts as a packing not only for the pistons but as 
a seal for the central valve, which valve, although 
it ensures positive action with good efficiency curves, 
would otherwise involve considerable loss by leakage 
slip. 

These points are more or less due to the mechanical 
design, but the two features which are believed to be 
new and on which discussion is invited are— 

(1) The low temperature of delivery of the com- 
pressed air owing to oil-saturation effect ; and 

(2) The high volumetric efficiency at all pressures, 
due partly to the small clearance and even more so 
to the oil filling the clearance spaces. 





NOTES ON NEW BOOKS. 


In “Modern Practice in Steam Condensing Plants,” 
published by Messrs. Crosby Lockwood and Son, at 42s. 
net, Mr. A. R. Wright, A.M.Inst.C.E., has collected 
together numerous and, in the main, excellent examples 
of modern practice in the design both of jet and of 
surface condensers, and their accessories: Many 
practical rules are given for the proportioning of parts, 
and the author’s large experience affords warrant of 
the reliability of these. The application of these rules 
and formule is, moreover, illustrated by a number of 
worked out examples. The jet condenser is taken first, 
and the arrangements adopted by a number of different 
firms are described. Ejector condensers are next 
dealt with, and the discussion of these is illustrated by 
further examples drawn from practice. This is suc- 
ceeded by a chapter on evaporator condensers, to 
which is added an account of cooling towers, a variety 
of types being illustrated. The discussion of the 
surface condenser is then undertaken, and the practical 
notes on design are supplemented with illustrations of 
some fine examples constructed by different firms. In 
the opinion of the present reviewer, however, not all of 
the examples shown represent good practice, one or 
two fads being illustrated in addition to the rational 
designs. The important question of air pumps and 
circulating pumps is next taken up. Both the recipro- 
cating and jet types of the latter are dealt with at length. 
The illustrations are numerous, and the engravings are 
exceptionally good. Asa word of warning to prospective 
readers, it should be added that the first two chapters 
of the volume fall below the standard of the rest. 
This is unfortunate as “first impressions’? may 
prevent a purchase of the work by some to whom it 
would have proved of very material yalue. 





Though cellulose is insoluble in the strict sense, 
inasmuch as theré is no solvent for the material 
from which it can be re-precipitated unaltered, cellulose 
is soluble in zinc chloride, in cuprammonium, and as 
viscose or xanthate in caustic soda and carbon disul- 
phide (when the caustic is present in excess), and 
these are utilised in the manufacture of artificial 
silk. But most of the so-called cellulose solutions 
are really solutions of cellulose esters. Of these 
esters, only two are important, the nitrate and the 
acetate. The explosive nitrate, more generally known 
as nitrocellulose, is soluble in ether-alcohol, and the 
solution is called collodion. For technical purposes 
this solvent is too expensive ; for this reason cellulose 
varnishes were scarcely used before amyl acetate, 
acetone, butyl alcohol, and butyl acetate (originally 
required for the manufacture of artificial rubber), 
were found to be good solvents. These latter chemicals 
are also solvents for the second cellulose ester 
mentioned, the acetate. The cellulose acetate was 
not manufactured in this country before 1914. The 
war created a demand for varnishes for making the 
textile fabrics of aeroplanes taut and weather- 
proof. The cellulose nitrate was found to be less 
suitable as raw material for dopes than the acetate, 
because it is highly inflammable, and it has to be 
applied in thicker layers. Acetone was, however. 
required in the manufacture of cordite; the war 
thus stimulated the preparation of butyl alcohol and 
its derivatives by fermentation processes. The 
industry declined again after the war. Meanwhile, 
however, the importance of the varnish industry, for 
protective and ornamental purposes, has increased, and 
“ Cellulose Ester Varnishes’’ by Mr. F. Sproxton, F.I.C. 
[London: Ernest Benn, Limited; price 15s. net], 
is sure of a good reception. There is a very large 
amount of literature on cellulose and its derivatives, 
but it consists mostly of disjointed papers. The 
long bibliography lists given by Mr. Sproxton, who 
is connected with the British Xylonite Company, 
Limited, and his treatment shows that he has made 
thorough theoretical as well as practical study of 
the subject, and manufacturers as well as students 
will find his book useful. The main sections deal 
with the nitration and acetylation of cellulose, the 
properties of solutions of the esters (in which viscosity 
plays so important a part that it is easy to understand 





why so many papers have been written on the viscosity 
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of cellulose esters) the ingredients of the varnishes, and 
their applications. Among the applications we notice 
varnishes for dopes, for metal coatings, for motor-car 
enamels, for imitation and real leather, cements, &c. 
The precautions to be observed in the use of these 
varnishes and dopes are not overlooked. The volume 
. belongs to the series of ‘‘ Oil and Colour Monographs,” 
edited by Dr. R. 8. Morrell. 





The fifth edition of ‘‘ Der Hisenbeton, Seine Bere- 
chnung und Gestaltung (which literally translated 
means: Ferro-concrete, its Calculation and Moulding), 
by Professor Rudolf Saliger, Dr. Ing., of the Technical 
High School, Vienna [Leipzig: Alfred Kréner; price 
20 marks], follows the fourth edition, which was 
practically a new book, within five years. The volume 
has again been enlarged, especially as regards 
tabular matter, and partly been rewritten. As 
before, the main sections discuss the preparation 
of concrete, its properties and strength, and the 
making of ferro-concrete. The second section deals 
with the behaviour of ferro-concrete under stress, 
the author’s particular domain, and takes up half 
of the whole volume. The last section is con- 
cerned with simple ferro-concrete structures, girders, 
beams, floors, roofs, arches, cupolas, frames, quay 
walls, silos, reservoirs, &c., but does not describe the 
application of ferro-concrete in structures of great 
height or depth; those uses are left for a second 
volume. The 633 pages end with a good index. 





Mr. A. C. Hardy is one of the more energetic of the 
younger generation of technical writers on marine 
subjects, and the book that he has just published, 
entitled ‘‘ Motorships”’ [Chapman and Hall, 15s. net], 
will certainly find a large class of readers. Motorships 
are now taking so important a position in sea transport 
that it is necessary for many non-technical] men to 
make such study of them as will give general ideas 
on their qualifications and limitations. For such as 
these Mr. Hardy’s book will be useful. It is well 
written, well illustrated with plans and photographs, 
and covers a wide field. The book has certain very 
obvious faults. The glossary is good as far as it 
goes, but might have been extended to twice its 
dimensions with great advantage, while the index is 
quite inadequate for the book and does it very poor 
-justice. On the historical side there are one or two 
slips and some important omissions. In praise, how- 
ever, of the book, much might be said. It covers 
the ground as well as could be expected in a volume 
of its size, and is conveniently divided into four 
parts—dealing respectively with construction, arrange- 
ment, evolution and operation. It concludes with the 
glossary, two appendices and the index. In the main 
sections the ground is covered admirably for the class 
of reader for whom the book is intended. It is, of 
course, impossible to treat the subject of the book 
in a useful way without some introduction of technical 
matter, but this is presented in a manner which a 
careful general reader should have no difficulty in 
following, especially in view of the assistance which is 
rendered by the admirable illustrations. The book is 
on the whole an excellent production. 





The introduction of electric welding made the de- 
velopment of many new methods of working possible. 
Not merely are some of the processes suited to repairing 
broken machine parts, but there are possibilities of 
effecting savings by their use in dealing with the 
manufacture of many articles of commerce. To the 
onlooker electric welding appears to be a simple process, 
and this gives mse to confidence in people, with 
but little experience in tackling what is really a 
specialist’s work. This is all the more to be regretted, 
because failures, which might never have occurred 
if the work were done by qualified people, give rise 
to erroneous views on the value of the processes. 
Certainly, as far as are welding is concerned, 
the main requirement of success is a conscientious 
workman, but it must also be owned that the 
type of electrodes used, the current, whether alter- 
nating or direct, and the means of control may 
affect the speed and economy with which the work 
is done, to an appreciable extent. To the litera- 
ture of the subject Mr. L. B. Wilson has added an 
introductory work on the methods, equipment and 
applications of some of the electric welding processes. 

is was recently published at 5s. net, by Sir Isaac 
Pitman and Sons, Limited, of Parker-street, Kingsway, 
London, W.C.2. In this book, which bears the title 
“ Electric Welding,” the arc, resistance, Cyc-Arc and 
percussion welding processes are briefly described. 
It seems unfortunate that, apart from automatic 
are welding, the author has only seen fit to deal with 
one arc process, making use of metallic electrodes. 
There are many of great importance which he has not 





even mentioned in any way, and some of them have 
the approval of Lloyd’s Register of Shipping, a recog- 
nition involving the passing of rigorous tests, the 
demands of which have in cases been greatly exceeded. 
Another omission from this book, which must be 
regarded as serious, is the absence of any reference to 
the excellent alternating-current machines used in 
obtaining a. supply of electricity under suitable con- 
ditions for effective work. The part of the volume 
devoted to the resistance method of welding is the 
most interesting and informative. 





To compile a history of industrial chemistry and of 
the workers in that field, is a very ambitious task 
even if the writer has nearly 500 pages placed at 
his disposal. M. Matagrin makes this attempt in 
** [? Industrie des Produits Chimiques et ses Travailleurs”’ 
[Paris: Librairie Octave Doin, price 12 francs]. The 
volume belongs to the Bibliothéque Sociale des Métiers, 
edited by Professor Georges Renard, who lectures on the 
history of labour at the Collége de France. The 
author’s main object is to present an idea of the condi- 
tions of workers in the different periods. He deals 
with the Past (pre-industrial Middle Ages and chemical 
industry up to 1914); the Present (the modern factory ; 
operations in oxygen, nitrogen and other gas works, 
not including coal gas; and factories of inorganic, 
organic and pharmaceutical products); industrial 
organisation (the State and industry, finances, adminis- 
tration and the personnel, scientific workers and 
labourers); and the Future. There are a few illus- 
trations in the volume—very general views of works, 
and diagrams of some pumps, condensers, gas masks, 
&c. The book draws attention to the dangers of 
chemical manufacture, to pollution of the atmosphere, 
to hygiene and general welfare, social status and wages. 
It discusses national and international industrial 
problems, referring also to the clauses of the Treaty 
of Versailles. The author ends by expressing the hope 
that the adjustment of wages to capacity will contradict 
the conclusion which Pierre Hamp drew from the 
study of twenty centuries of labour: ‘‘ La misére est 
une mine d’or.” 





A book entitled ‘Smoke Prevention and Fuel 
Economy,” was written by the late Mr. W. H. Booth 
and by Mr. J. B.C. Kershaw. Itis with the title “‘ Fuel 
Economy and Smoke Prevention,” by Mr. Kershaw, 
that this new volume [London: Constable and Co., 
Limited ; price 16s. net], the third edition of the work, 
has now been published. The title, it will be noticed, 
has been reversed, and the original five chapters have 
been increased to sixteen. Some of these, though 
good, might be longer with advantage. Most of the 
new matter has been collected and published by Mr. 
Kershaw within recent years in English and American 
journals. Mr. Kershaw claims for his late colleague 
and himself that they were, in 1904, almost alone 
in their advocacy of scientific methods in the boiler- 
house. He is quite aware that scientific methods are 
now used in all up-to-date power plants of England and 
America. He refers also to Continental practice, 
among other things, to the Krupp magnetic ash 
separator and the Hamburg bonus system of boiler 
control. Reference is also made to coal washing by 
flotation and to pulverised fuel. About some of these 
matters one would like rather more information. 





In this year of celebration of the centenary of railways, 
the interest of all has been centred on the significance 
of the work of the pioneers in locomotive traction, and 
the effect that it has had on the promotion of the 
material welfare of the people of the world. Not only 
have engineers found much that appeals to them in 
the survey of progress, made possible by the organising 
of the displays at Darlington and Manchester, but it 
must be recognised that the engineers of the future, the 
boys of to-day, have been greatly impressed by infor- 
mation these celebrations afforded on the great devel- 
opments that followed on the use of the inventions 
and enterprise of Stephenson and his associates. In 
“The Wonder Book of Railways,’ published by Messrs. 
Ward, Lock and Co., Limited, of Warwick House, 
Salisbury-square, London, E.C.4, at a price of 6s. net, 
Mr. Harry Golding has succeeded in getting together 
a great amount of information that will appeal to the 
engineer-in-embryo, and he has told the story of the 
development and progress of locomotive traction 
in a clear and interesting way. Not only are steam 
locomotives dealt with in this work, but there are 
chapters on signals and signalling, mountain and tube 
railways and electric traction. The lad to whom this 
book is presented, will be fortunate indeed, for he will 
learn from it much that will fascinate him and 
encourage him in his liking for things mechanical. To 
those who have the welfare of boys at heart, this 
well-illustrated volume may be recommended as a 
present that will be long cherished. 





THE AEROGRAPH PISTOL SPRAY. 


THE recent touring car exhibition at Olympia was 
remarkable for the unusual number of entirely new 
cars to be seen on the various stands, and the attention 
of visitors was naturally concentrated on the design 
of these vehicles, to the exclusion of developments of 
minor importance. Amongst the latter, the increasing 
use of cellulose enamels for finishing the bodies was to 
be noticed, a development which is of considerable 
interest to the large body of motorists who attend 
to their own cars. The surface obtained by the use 
of this material does not show the fine scratches 
produced by cleaning off grit with an insufficiency of 
water; and, in consequence, the car can safely be 
rubbed down with an ordinary dry cloth. A further 
advantage is that deeper scratches, or more extensive 
injuries, are susceptible to local treatment. The 
expensive process of repainting a complete panel, or 
even the whole car, to restore a uniform appearance 
after such injuries, is thus rendered unnecessary. The 
cellulose coating is also practically impervious to oil 
or petrol. 

One of the firms who have taken a leading part in 
this development, both for motor bodies and for other 
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classes of work, is the Aerograph Company, Limited, 
of 43, Holborn Viaduct, E.C.1. We illustrate here- 
with the latest design of pistol spray introduced by 
this firm. This instrument, known as the “G.P.” 
model, is particularly suitable for cellulose enamels, 
but may also be used for general purposes with ordinary 
paints and varnishes. The air supply is admitted 
through the passage in the centre of the handle, the 
enamel being contained in the receiver screwed into 
the top of the sprayer. As will be seen from the 
illustrations, there are two valves, the upper being the 
cellulose, and the lower the air valve. Both valves 
are operated by the movement of the trigger. The 
coupling between the control-lever and the upper 
valve will be clear from the section, but it may be 
explained that the lower valve is operated by an out- 
side shackle. This shackle is not clearly shown in the 
illustration, but connects a pin on each side of the 
trigger with the outer end of the valve spindle. The 
air leaves the annular space surrounding the nozzle 
through a ring of fine holes, catching up the enamel 
leaving the central orifice, and converting it into 4 
fine spray. ; 

The resulting finish on the surface being treated is 
exceedingly flat and uniform. The tool is carefully 
balanced, and is therefore not tiring to operate. It 18 
of simple construction, eliminating the necessity for 
complicated adjustments, and rendering it easy to clean. 
Owing to the latter feature, it is very suitable for 
quickly changing from one colour to another. There 
is no likelihood of Clogging, as the colour passages 
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are of ample proportions. We may mention in con- 
clusion that the company supply a range of inter- 
changeable nozzles for the spray, suitable for different 
materials. 





ANGLO-SPANISH TRADE. 


THE prominence given in the daily Press to Spain’s 
Moroccan problem would suggest that this at the 
moment is that country’s chief concern, and has done 
not a little to influence the British business world, 
perhaps unconsciously, in thinking that it is a waste of 
time to attempt much just now in the way of trade 
development. 

The valuable report recently issued by the Depart- 
ment of Overseas Trade on the Industries and Commerce 
of Spain,* by Captain U. de B. Charles, C.B.E., should 
do much to correct this attitude and to draw attention 
to matters of interest to the British trader both as 
vendor and as a competitor, The report contains 
voluminous particulars of all kinds of imports and 
exports, from which, in the first capacity, he may 
derive much information, while, in the second, details 
of the activities of rival trading nations will give 
him much to reflect upon. 

The report opens on an optimistic note as regards 
Spain herself, from which it is evident that the country 
is now not only settling down (as proved by a steady 
reduction in both trade and budget deficits), but 
that expansion and vigorous development will be in 
sight as soon as an understanding is arrived at in 
Morocco. 

In the notes on banking in Spain an interesting 
reference is made to the growing popularity of the 
British chartered accountant, though this will now have 
to be read in connection with the recent Royal Decree 
regulating the professional practice of aliens. Although 
Spain experienced an economic crisis in 1923, the 
improvement, small as it was, made in 1924 is additional 
proof of her reviving powers. The home textile 
industry was depressed, with the result that a combine 
has been formed to make a strong bid for the South and 
Central American markets. If this succeeds, and the 
suggested Government bonus of 15 per cent. should 
help to that end, it may result in an increase in imports 
of textile machinery, of which trade a share, it is 
hoped, will be British. The iron and steel industry 
has been kept busy by orders from the railways, and a 
number of new industries are being developed. 
Although the report was written in March, 1925, it 
has only been possible to give in it the trade statistics 
for the first six months of 1924. Totals and values, 
then, are not provided, but there are abundant data 
concerning a variety of products. Perhaps the best 
way of illustrating this is to indicate the extent to which 
Great Britain participated in the imports to Spain. 
We give below a table showing certain selected com- 
modities from which the value of the market to us, and 
also some of our shortcomings, may be gathered. This 
does not pretend to be either complete or classified, 
and, of course, gives no indication of actual monetary 
values :— 

State of Total Percentage 


Trade com- Quantity of of Imports 
pared with Commodity supplied by 


Commodity. Same Period imported in Great 
in Previous Six Months. Britain. 
Year. Tons. 

Pit coal +e -. Increase 430,000 99:9 
Briquettes as .. Decrease 31,800 99-3 
Tinplate - -. Increase 5,980 99-0 
Light petroleum .. Increase 2,650 98-0 
Steam boilers .. .. Increase 180 77-0 
Tubes and pipes, non- 

ferrous <p .. Increase 142 68-0 
Machine tools .. -. Land D. 3,232 65-0 
Tool steel, in bars .. Increase 542 50-0 
Agricultural machinery I. and D. 760 32-8 
Textile machinery .. Decrease 2,200 30-9 
Iron and steel plates .. I. and D. 9,540 25-5 
Internal-combustion en- 

gines, oiland gas .. I.and D. 1,828 25:0 
Elevating and conveying 

machinery .. -. Increase 1,046 23-0 
Hoop iron a a: ec oe 1,950 20-0 
Mineral oils .. -. Increase 54,700 15-1 
Hosiery machinery .. Increase 303 11-8 
Pig-iron ~ .. Decrease 4,440 8-7 
Dynamos, electro-motors 

and other electrical 

machinery .. .. Increase 1,970 8-3 
Tubes and pipes, ferrous Increase 3,309 8-2 
Lam p oils op .. Increase 9,900 6-5 
Lubricating oils .. Increase 11,000 6-1 
Firebricks and tiles .. Increase 3,600 6-0 
Bolts and screws .. Inerease 2,652 5-2 
Iron and steel rails .. Increase 21,850 4-9 
Electrical cables and 

wire Over 1 em. dia- 

mheter a .. Increase 256 4-8 
Motor cycles .. .. Increase 59 3-9 
Electrical meters .. Increase 95 3-1 


Where the letters I and D appear, an increase in 
certain classes of the commodity has occurred, while a 
decrease in others is noted. Naturally, coal heads this 

t, and it is satisfactory to note that this trade has 


—_— 





increased over that during the same period in 1923. 
But if this is to be maintained, close attention must be 
paid to the situation, as the Spanish coal-mine owners 
have made a strong appeal to the present Directorate 
for the development of their own industry, and a com- 
mission has been appointed to consider the question. 
Some of the recommendations, if passed into law, would 
impose a very heavy handicap on the British coal 
trade. The figures given for agricultural machinery do 
not include all the classes, and local manufactures are 
being developed. These products, however, are stated 
to be of poor quality. The small share we hold of the 
trade in bolts and screws, and in motor cycles, is worth 
noticing. 

The figures in many instances confirm indirectly a 
strong statement made in the report to the effect that 
lack of demand for British goods, and high prices, are 
not such important factors as a general apathy in 
meeting the desires of purchasers. Trade, it is stated, 
is there for those who are willing to study and accept the 
special conditions. Compared with 1923 the total 
value of the United Kingdom exports to Spain has only 
risen by about 71,0001. in. a total of 11,389,8901., while 
our imports from that country have increased in a 
greater proportion, with the result that there is a trade 
balance in favour of Spain for 1924 of 8-31 million, as 
compared with 8-25 million in 1923, and 5-77 million 
in 1922. 

France has done much better, she has increased the 
trade balance in her favour by nearly 100 per cent. 
since 1922. Her trade in automobiles is rapidly ex- 
panding, the increase due to this source alone in 1924 
being 89 millions of francs. Germany is barely holding 
her own in general trade, but the significant fact must 
not be lost sight of that she is steadily increasing her 
hold on Spanish industry by becoming associated with 
the leading shipbuilding and mining groups. As an 
example, Messrs. Krupp have, in conjunction with the 
well-known Compania Trasmediterranea, formed a 
company called the Union Naval de Levante, with a 
yard at Valencia ; Messrs. Blohm and Voss are reported 
to have been investigating possibilities at Cadiz. 
Important agreements have been entered into in the 
mining industry, chiefly in the direction of technical 
guidance, and it is certainly desirable that British 
firms or groups should proceed on similar lines while 
there is yet time. That it is practicable is evidenced 
by the fact that a Leeds company is collaborating with 
a newly-formed organisation in the manufacture of 
special steels, and that one or more British firms are 
co-operating with existing Spanish factories for loco- 
motive building, though on the technical side only. 
These opportunities will become scarcer as the country 
develops, for there is every indication that Spain intends 
to make herself independent of foreign support as early 
as possible. Thus, in the aviation concessions granted 
in 1924, clauses are to be found specifying that the 
navigating staffs are to be Spanish after the first year, 
and the aeroplanes of Spanish manufacture after the 
second year. 

The United States has displaced in Spain, at least, 
one small British industry, for an American petrol 
motor for the trawlers and drifters of the Vigo districts, 
sells at the rate of 30 to 40 per year, the makes hitherto 
offered by this country being considered at once too 
heavy and too expensive. 

A somewhat difficult position is arising with regard 
to the British companies operating railways in Spain, 
owing to the Royal Decree of July 12, 1924, by which 
the railways are to be gradually nationalised, their 
working in the meantime being administered by the 
companies, with the State as co-partner and providing 
all the capital for new construction, improvements, and 
rolling-stock. To provide this capital, proposals have 
been made to the Superior Railway Council for the 
expenditure of over 46,000,000/. It is expected that a 
good deal will be done in the way of new construction 
in the next ten years or so. Already a 250-mile line, 
contracted for with an important British group is 
being laid down between Santander and Valencia. In 
this direction, although normally Spain would have 
been practically self-supporting, she is bound to be 
in the market shortly for the excess over her own pro- 
duction, and British firms, if they can but reduce their 
prices to the level of their German and Belgian com- 
petitors, should have a chance of securing some orders. 

Shipping in Spain is, at present, at a very low ebb. 
As an illustration, it may be pointed out that in the 
traffic with the River Plate, Spain only maintains two 
steamers, against Germany’s 24. France has 22 on 
this route, Italy and Great Britain each 20, and 
Holland 4. Great reluctance is shown in breaking up 
old tonnage, and consequently the shipping companies 
are burdened with obsolete vessels, the percentage of 
ships over 20 years old being 52-27, as against an esti- 
mated average of 21-72 for the rest of the world. To 
combat this handicap, owners are, as in many other 
industries, petitioning the Government for “ protec- 
tion.” As regards the shipbuilding industry, no figures 
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are available for 1924, but there has been very little 





done, at all events, on new construction. The activi- 
ties of the German firms above referred to may, however, 
be taken to indicate an expected revival. 

Harbours are under the State in Spain. There are 
several schemes of development afoot, including work 
at Vigo, Cadiz, Huelva, Santander, &c. It is to be noted 
that the tendency to place contracts for such works 
with firms of the country, is much stronger than it was, 
and in any case, their tenders are given a 10 per cent. 
price-preference over foreigners, whose offers, more- 
over, must be presented by a Spanish subject. 

Several concessions have been made for air services, 
and an all-Spanish aeroplane, the A.M.E., with a 
300-h.p. Hispano motor, is now manufactured. An 
interesting machine which is able to land vertically, 
the ‘“ Auto-Giro,” has recently been demonstrated 
successfully in this country and was described in our 
issues of October 23 and 30, pages 521 and 549. 

Apart from coal, to which reference has already 
been made, there seems to be a general revival in 
mining; new pumping machinery is being installed 
in the lead mines of Murcia, and many of the smaller 
copper mines have been re-started. It may be of 
interest to the British steel industry that machinery 
is being put down in two provinces, by means of which 
it is hoped to produce some 50 tons of cobalt per month. 

There is at the moment little being done in the 
direction of new hydro-electric enterprises. Current 
work has been but slowly proceeded with. Concessions 
have been granted altogether for some 4,413,980-h.p. 
Of this, plants, representing some 1,261,118-h.p., are 
in operation, and others representing 2,160,000-h.p., 
under construction. Few new schemes have been 
brought forward lately. Here again, foreign enter- 
prise is hampered by new regulations regarding con- 
cessions, which are only made upon an undertaking of 
strict compliance with the special requirements regard- 
ing the purchase of Spanish material, &c. 

Referring to industry in general, it would appear 
that nearly every trade and enterprise has shown an 
improvement on the previous year, and that the 
country is now enjoying a feeling of greater security 
and stability. 








Ratbway TrRAcK DISPLACEMENT BY Heat. — On 
August 9 last, a train was derailed between Haldenstein 
and Chur on the Swiss Federal Railways, fortunately 
without personal injury. The accident was at the time 
ascribed to track displacement by solar heat, and this 
explanation has since found support (Schweizerische 
Bauzeitung, October 17). Owing to slight movement of 
a few sleepers, the track had not been in very good con- 
dition for some years; but several hot summers had 
passed without accident. This year repairs were pro- 
ceeding. Two sleepers had been temporarily removed 
in several places ; many of the new sleepers were still 
lying on the surface and the rails probably became hotter 
at these places than in other parts where they were laid 
in the ballast. Two trains had passed after 2 p.m. on 
the date in question; the driver of the third train, at 
2.45 p.m., noticed that the track had been displaced, and 
applied the brakes, but part of the train left the rails. 
The track had become bent in an S-shaped curve, the 
maximum deviation from the straight line amounting to 
1 m. over a length of 130 m. 





METALLIC Corroston.—At a meeting of the Institute 
of Marine Engineers, held recently, a paper entitled 
‘* Metallic Corrosion ”’ was read by Mr. W. 8S. Patterson, 
M.Se., A.I.C. The author laid special stress on the 
influence of oxygen. He stated that if, for any reason, 
one part of a metal surface was not as freely supplied 
with oxygen as another, the part which was most 
aerated became cathodic, whilst that which was shielded 
became anodic. This resulted in electrolytic action, 
and the part to which oxygen had least access, became 
corroded. Water-line corrosion was mainly due to 
differential aeration. Above the water line the metal 
surface was freely aerated, while below the water line 
the surface was shielded by the electrolyte. Corrosion 
was localised and the anodic area of the corrosion cell 
developed at a point just below the water line. In the 
corrosion of iron and steel the carbon dioxide theor 
and the formation of soluble ferrous bicarbonate whic 
was oxidised to rust by dissolved oxygen, was still 
considered as a source of prolific corrosion under certain 
definite circumstances. Corrosion might be started by 
carbon dioxide and be further intensified by electro- 
chemical action. The de-aeration of feed water was, 
therefore, of great a a ge in boiler aga for 
oxygen was without doubt the driving force behind 
almost all cases of corrosion. The attack of a metal 
surface by acid media was governed largely by the 
presence of impurities. A practical example of this 
form of corrosion ‘was often found on the external 
surfaces of economiser tubes. Here the acid was formed 
because the products of combustion contained sulphur 
dioxide and moisture, which mixture along with excess 
air yielded sulphuric acid. A deposit consisting of 
ferrous sulphate, tar, and soot was obtained, the tubes 
rapidly becoming pitted either locally or over a wide 
area. Dry sulphur dioxide alone did not attack iron. 
The practice of always keeping the inlet temperature of 
an economiser above a certain figure was to prevent the 





dew point of the flue gas being reached, with the conse- 
quent deposition of moisture and formation of acid. 
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THE DESIGN AND CONSTRUCTION 
OF ELECTRIC CRANES.* 
By Dantet Apamson, M.I.Mech.E. 

Introduction.—These notes, being the result of 30 
years’ experience, are submitted in the hope that they 
will be of service to members interested in the construc- 
tion and maintenance of electric overhead travelling 
cranes. 

The President pointed out to the author, when the 
question of a paper on the subject was discussed, that 
over twenty years had passed since the subject had 
been dealt with in the Proceedings of the Association, 
and it is nearly thirty years since the present author 
read a paperf before the Association in which results 
of tests were given of the first electric cranes to be 
put to work in this country with electric motors 
for each individual motion. 

Electric lifting appliances are so universally used 
now for all loads from a few hundredweights to 
hundreds of tons, that no argument is needed to urge 
the advantages of this example of electric power trans- 
mission. For one thing, electric power lends itself 
admirably to the adoption of safety devices and to 
facility of control. An example of its advantage over 
all previous methods of crane operation may be cited 
from Worcester, Mass., where the installation of an 
electric crane with lifting magnet for handling steel 
billets enabled one crane driver to do the work of 
66 men. (The Iron Age, August 7, 1924, page 308.) 

Steam cranes and hydraulic cranes may be said 
almost to have joined the square-shaft crane and the 
rope-driven crane as examples of forgotten practice, 
except, perhaps, where electric power is not easily 
obtainable. These notes will, therefore, be devoted 
to points of detail of electric overhead travelling cranes, 
such as main structure, wheels and axles, gearing, 
ropes and hooks, with some reference to electric motors 
and controllers. 

Three Classes of Cranes.—As pointed out by the 
author in an article published in The Electrical Review 
for October 19, 1923, cranes may be divided into 
about three classes, according to the situations in 
which they are required to work :— 

Class 1.—Power-house cranes, which are only called 
upon when repairs to the plant are to be made. The 
apparatus of such cranes must therefore be so simple 
as to call for a minimum amount of attention, and yet 
they must be reliable, because they are generally used 
in times of extreme urgency, more or less frequent, 
according to the condition of the machinery they serve. 

Class 2.—Cranes in machine shops and foundries, 
which are not usually loaded to their full nominal 
capacity, are nevertheless in continuous operation 
during the whole of the working day. The operators 
being generally experienced men, more care is taken 
of this class of crane than of the others, but the 
mechanism must be designed for regular operation 
without demanding undue effort on the part of the 
operator. The speeds of the various motions are 
generally required to be faster and delicacy of control 
is essential so that time may be saved on the shop 
floor. It is a great advantage in machine shops and 
erecting shops to control the smaller cranes directly 
from the floor, so that the operator can see exactly 
what is required, instead of depending upon signals 
from the erector to the driver on the crane. 

Class 3.—Cranes in steelworks working 24 hours 
per day, making the maximum possible number of 
lifts per hour and generally under full load the whole 
time, must be of more substantial construction, and 
the proportions generally such as to ensure a reasonable 
length of life and freedom from breakdown. 

As steelworks cranes are worked by two or three 
different drivers in the course of 24 hours, minor 
adjustments are often neglected, with consequent 
increase in repair bills unless everything is made of 
simple and robust design. 

Structure.—The structure of a crane must be designed 
to take not only the vertical loads due to the weight 
of the crab and load on the hook, but allowance must 
be made, in fast-running cranes, for the acceleration, 
and particularly the retardation, of the load, especially 
on dipping cranes for oil tempering, e.g., to lower at 
500 ft. per minute and ‘o stop the load in 1 ft. would 
double the stresses due to the normal action of gravity. 

The horizontal loads which arise when starting and 
stopping the crane, should be taken at not less than 
10 per cent. of the moving weight, this figure corre- 
sponding with the adhesion normally obtainable 
between runner and rail. Assuming the crane is to be 
brought to rest in 10 ft. from 500 ft. per minute, 
this lateral load would be 10 per cent. of the moving 
load, 

The question often arises as to whether plate 





* Paper read before the Manchester Association of 
Engineers, October 23, 1925. Abridged. 
+ Electric Power Transmission in Works, by D. 


webs or lattice webs should be adopted. The box 
girder, with double plate webs, is well devised for resist- 
ing both the usual vertical loads and also the hori- 
zontal loads which come into action at the stopping 
and starting of the crane. The advantages of lattice 
girders are that, for situations exposed to the weather 
and consequent corrosion of parts, the girders are open 
for inspection and repainting and the open type of 
construction offers less resistance to wind pressure. 
The virtue of lightness, claimed for lattice girders, is 
often more apparent than real for two reasons: (1) 
the upper flange must be made sufficiently substantial 
to carry the wheel load of the crab between the points 
of support of the diagonal and auxiliary member con- 
nections, and (2) lateral stability must be ensured by 


Fig.1. CURVES SHOWING SAFE STRESS 
IN PLATE GIRDER WEBS. 
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d+t 
fs = Intensity of vertical shear in tons per square inch 
of section. 


d= Depth of web between centres of main angle 
rivets, in inches. : 
t = Thickness of web, in inches. 


of struts it will be found that, as already stated, the 
claim for lightness is not often justified. When design. 
ing lattice girders it is advisable to adhere to B.E.S.A. 
standard sections, taking care to choose sections that 
will reduce deflection to a minimum. No section less 
than 3 in. in thickness should be adopted, to allow a 
margin for corrosion. 

The following proportions of depth to span of box 
(double plate. web) girders may be of use to designers ; 

Depth in centre, one-sixteenth of span up to and in- 
clusive of 20 ton cranes; one-fourteenth up to 60 
tons and one-twelfth up to 100 tons. The depth of the 
ends is generally about four-sevenths of the depth at 
the centre, and for economical reasons the depth of the 





Fig. 2. 
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the addition of outrigger girders, although this is often 
overlooked by designers. The first condition involves 
heavier top flanges than would be necessary with plate 
webs, and the second is objectionable because the deflec- 
tion of the main girder under full load is not accom- 
panied by a corresponding deflection of the outrigger 
girder and so the relation of the two is distorted. 

In some designs of lattice girder lightness is attained 
at the risk of safety by ignoring what is considered 
good practice as regards ratio of length of struts to 
least radius of gyration (K) of the section used. For 
example on some cranes there will be found struts of 
2 in. by 2 in. by } in. angle perhaps 6 ft. (or 7 ft.) 
long, giving a K ratio of 180 (or 210) to 1, instead of 
the limit of 120 to 1 that is asked for in standard girder 
specifications (or as an alternative 160 to 1 with a 
maxim length not exceeding 40 times the least 
width of section). Even these limits are high for 
single angles secured by rivets through one web only 
and thus not symetrically loaded. This means that 
for a diagonal strut 6 ft. long no section of less than 
24 in. by 2} in. by 3 in. should be considered, what- 
ever the calculated load thereon may be, and it will be 
found that this proportion agrees with the published 
tables of ‘properties of sections” issued by steel 
mills. If, therefore, girders of lattice type are designed 





Adamson, see Trans. Manchester Assoc. Eng., 1896. 








with some regard to our knowledge of the behaviour 
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ends and the corresponding depth of the end carriages 
should be maintained at about the same figure for 
similar cranes. The end carriages should be at least 
12 in, deep for cranes up to 36 ft. span; 15 in. deep for 
48 ft. span and 18 in, deep for 60 ft. span. The width 
of the flanges should be about two-fifths of the depth 
at the centre. The proportion of width to thickness 
must be such that there is no appreciable deflection in 
the flange plates between the webs. The proportions 
named will give girders having a horizontal strength to 
resist inertia loads equal to one-fifth of the vertical 
strength or, assuming that the top flanges and one-half 
of the webs only.take the horizontal loads, the power 
of resistance would be 10 per cent. of the vertical 
load, corresponding with the figures named above. 
Cranes of over 30 tons capacity by 50 ft. span, or 50 
tons capacity by 30 ft. span, require stiffeners on the 
vertical webs where the shear stresses increase towards 
the ends of the girders. If these are fitted internally, 
bulkheads or diaphragms connecting the two webs 
of box girders provide an excellent means of giving the 
required stiffness. 

The proper design of the plate webs of crane girders, 
perhaps, leaves more to the intelligent imagination of 
the designer than any other part of the crane, and 
the following suggestions may be of interest to members. 
The formula by the late Mr. Theodore Cooper for 
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thickness of web plates, limits the shear stress in 
tons per square inch of cross section of web to 
fs = 5 + {14+ (@ + 1,500 2)} 

where d = depth of web between the rivet centres 
and ¢ = the thickness of web plates, both in inches. 

Another formula by Mr. Graham Gribble, using the 
same symbols, limits the shear stress per square inch 
to 


Ss = 5°5 + {1 + (d + 10,000 #)} 


This will be found in Broughton’s ‘* Handling of 
Materials,” vol. ii, p. 53. 

It must not, however, be overlooked that crane 
girders differ from stationary girders in that allowance 
must be made for the horizontal forces arising from 
acceleration and retardation of the crane and its 
load. These forces increase the stresses in the web 
plates to an extent that, while being indeterminate, 
must nevertheless be allowed for. Bearing this in 
mind the present author suggests the following 
formula :— 

fo = 5 + {1 + (a + 5,000 2)} 


Fig. 1 shows three curves resulting from the formule 
quoted. The formula suggested is based upon the 
assumption that adequate web stiffeners will be 
provided along the span of the girder at intervals not 
greater than the depth of girder. 

A factor that is frequently overlooked in the design 








of cranes is the proportion of wheelbase to span; 
this should never be less than one to five, and even 


Fig. 5. Fig. 5a. 
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this or any other proportion is useless if care is not | 
taken to construct the crane so that all axles are 
parallel to each other and the wheels at each side 
mounted at right angles to the axis of the crane. 

The attachment of girders to end carriages - (see 
Fig. 2) deserves more attention than is generally 
realised. 

Wheels and Azles. 





A a! Wheel : Axles. 

Capacity} Diam. of Width of “> beg Diameter of Bearings. 
of Crane | Runner bearing | tons at 
in tons. | Wheel. on Rail. |50ft. Span} Inner. Outer. 














Ft. In. In Tn. Tn. 

3 : ae 1} 4} 2 24 
5 1 6 14 6 2 | 2 
10 2. 6 2 9} 2 3 
15 2 0 2 12 24 4 
20 2 0 2 16 24 Ps 
25 2 6 2 194 a, t.. 4 
30 2 6 2% 224 3 5 
40 2 6 2% 29 3 5 
50 © 28 2% 36 4 | 6 











| 





The author adopted, with the first cranes he built 
thirty years ago, gusset plates to reduce the tendency 
to cross-winding of the crane structure when travelling 
along the gantry, due to varying adhesion of greasy 
rails, or to the load being carried at one end of crane, 
and this idea has been followed by him continuously 
during this period, and has been approved and applied 
similarly by other designers in the interval. This 
arrangement, which makes an effective cover plate 
over the joint between the end of the girder and side 
of the carriage, especially when only the top flange of 
the plate of the girder overlaps the end carriage, ensures 
that the connecting bolts are in shear, and therefore 
less liable to failure than when used in combined 
shear and tension, as was the previous practice of 
many established crane makers. (See Fig. 2a.) 

_The arrangement recommended also permits the 
girders being finished to the exact length required, 
by adjustment of the thickness of the endplates, thus 
ensuring a mechanical fit between the sides of the 





carriages and the ends of the girders, and preventing 





distortion of the end carriages and disturbance of 
the ‘‘ tracking’ of the wheels. ° 

Wheels and Aales——The author adopted the dia- 
meters given in the preceding table for longitudinal 
travelling wheels and axles on cranes of ordinary span 
over twenty years ago. (See Fig. 3.) 

These dimensions. correspond with the following 
figures for stresses,in axles:and° pressures on rails 
and in bearings :—*., * i" 

The maximum stress #* axles due to bending lies 
between 4 and 5 tons’ pémquare inch. The allowable 
rail pressure per inch: of width; of tread on rai! varies 
as the diameter of :runners.and width of tread and 
inversely as the wheel load andthe revolutions per 
minute thus :— y 


Wheel load a x R.M.P. _ Wheel. diameter 





X tread (both in inches). 


The dimensions given will require to be inereased for 
cranes of extraordinary speeds of travel. Also it 
must not be overlooked that smaller cranes travel 
further and carry proportionately heavier loads than 
heavier cranes and should therefore be designed on 
more generous lines than slower moving heavy cranes. 
The area of bearings should be such that the load per 
square inch in pounds when multiplied by the square 
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Nominal 
Load D. R. F. B. b. h. 
in Tons. 
3 1} 1} 23 1 2 
5 1g 1g 2 rd at 
10 3 2} 3h 22 1} 43 
15 2 24 3% 34 2 5 
20 3 22 4} 4} 2 58 
25 34 3 4f 43 25 64 
30 32 3} 58 5 24 6 
40 4 3g 54 6 3 4 
60 5 43 7 8 3 11 























root of the rubbing velocity in feet per second does 
not exceed 900. 

Thus load per sq. inch x ,/velocity in feet per sec. 
> 900. 

The usual construction for longitudinal travelling 
wheels is to adopt rolled steel tyres on cast iron centres 
with machine cut spur rims of steel bolted to centres, 
in preference to keying spur wheels on to the axles. 
This arrangement avoids the use of keys at a point 
where there is considerable risk of failure due to the 
frequent reversals of the crane. 

The author’s preference is for revolving axles in self 
lubricated bearings, see Fig. 3, rather than fixed axles, 
but if fixed axles are adopted, care must be taken to 
provide bosses of equal length on each side of centre of 
track, see Fig. 4, otherwise the short end of bearings 
wears more rapidly than the other and destroys 
alignment. This is illustrated in Fig. 5 and 5a. 

For the past 25 years it has been the usual practice to 
place the longitudinal travelling motor in the centre 
of the span to equalise the starting effort between the 
two ends of the crane.’ The stress in the shaft across 
the crane must be kept lower for long span cranes so 
as to reduce the torsional deflection and ensure both 
ends of the crane starting simultaneously when the 
load is at one end of the crane. A maximum torsional 





stress of 4,000 lbs. per square inch and a torsional 
deflection not exceeding three deg. represent the 
author’s practice. 

Crab Runners.—The following sizes for crab runners 
and axles have been found to be satisfactory after 25 
years’ experience. 





| Maximum 





Crane. Wheels. Axles. | Load per Wheel 
| in Tons. 
Tons. Inches. Inches. ’ 
' 12 2} 1} 
5 12 2 13, 
10 12 2 3} 
15 14 34 aay 
20 14 st af 
25 16 3 8; 
30 16 4 oF | 
40 18 44 124 
50 18 5 15} | 














Crab Sides.—The preferable-construction for crab 
sides, is to use double steel plates with the ‘bearings 
riveted between them, thus ensuring’ correct original 
alignment and permanence for the ‘position of the 
bearings. (See Fig. 6.). By the use of plate sides 
of this type deflection under load is minimised and the 
gearing is enabled to work at correct centres, irrespective 
of the load on the hook, as distinguished from crabs 
built up of standard sections with loose pedestals. 
The following thicknesses for the plates are recom- 
mended :— 


Up to 10 tons fin. plates 2 in. apart. 


15 tons .... J in. plates 2 in. apart. 
20/25 tons .... ¢in. plates 2 in. apart. 
30/35 tons... x in. plates 2 in. apart. 
40/50 tons .... $in. plates 2 in. apart. 
60 tons ... fy in. plates 2} in. apart. 
75 tons ... in, plates 2}in. apart. 
100 tons .. in. plates 4 in. apart. 


Hooks.—To obtain some guidance as to the propor- 
tions of hooks the author had samples tested to destruc- 
tion in 1903/1906 and Prof. John Goodman’s conclusions 
drawn from these and other tests were published in the 
Proceedings Inst. C.E., 1906-7. . 

Fig. 7 illustrates Professor Goodman’s formula given 
below applied to crane hooks, and with the figure are 
given dimensions representing the author’s practice. 


oleae a ae 
o= ¥(2)m-T ett!) 


p 
T = maximum tensile stress. 
C = maximum compressive stress. 
W = working load. 
A = area of principal cross-section in square 
inches. An approximation of this: 
0-482 (B + b) h. 
p = radius of curvature of the “central line’ 


’ 


in inches. 
Yc = 0°538 h approx. y;: = 0-462 h approx. 
K yt A : _, /#® 
= To pe m=1l+hly K= 7 


The maximum stresses in these hooks, calculated 
according to the formula given by Professor Goodman 
run from 11 to 14 tons per square inch in tension, and 
from 4 to 5 tons per square inch in compression. 


(To be continued.) 





HOT-WIRE ANEMOMETER FOR 
MEASURING AIR-FLOW THROUGH 
ENGINE RADIATORS. 


In connection with tests of aeroplane radiators 
conducted at the United States Bureau of Standards 
on behalf of the National Advisory Committee for 
Aeronautics, a portable instrument was required to 
measure the average flow of air through radiators 
mounted in different positions on aeroplanes. The 
hot-wire anemometer which was developed for this 
purpose is described in Technologic Paper, No. 287, of 
the Bureau of Standards. This paper may be obtained 
from the Superintendent of Documents, Government 
Printing Offices, Washington ; the price is 5 cents. 

The instrument is a grid of platinum wire, which is 
heated by the electric current from a storage battery. 
The resistance of the wire, and hence its temperature, is 
kept constant by varying the current, the energy 
input required giving a measure of the rate of cooling 
and of the flow of air past the wire. The frame of the 
grid is a rectangle of 74 in, by 8 in., made of iron strip, 
Zin. by % in. A single platinum wire, 153-3 cm. long 
and 0-046 cm. in diameter (6 in. and 9-018 in.) is 





strung in zig-zag fashion across the frame. The two 
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TREE-FELLING BAND-SAW. 


CONSTRUCTED BY MR. JOHN T. PICKLES, ENGINEER, HEBDEN BRIDGE. 





Fia. 1. 


wire ends are silver-soldered to leads of brass, insulated 
from the frame; at the suspension points the wire is 
carried over glass beads attached to Monel wires and 


- small threaded brass rods, which pass through formica 


bushings inserted in the frame. In the tests the 
wire] resistance was maintained at 1-2 ohm, corre- 
sponding to 96 deg. C. In the first instance the formula 
of L. V. King, which is based upon Boussinesq’s 
differential equation for the conduction of heat in a 
moving fluid, was accepted as correct. According to 
this formula the heat loss H per unit length of a 
cylinder is 
H=K0+20 /rKSpAV, 

where K is the conductivity of the fluid, S its 
specific heat, p the density, V the velocity of the 
stream, A the radius of the cylinder, and @ the tempera- 
ture difference between the cylinder and the stream. 
The quantities under the root with the exception of V 
being assumed constant for a given fluid and cylinder, 
the formula may be written H = 6 (K +b ./V). 

The anemometer was calibrated ina 36-in. air tunnel 
with a wall plate in the throat of the tunnel. Runs 
were made at air speeds of 15, 30, 40, 50, 60, 70, 80, 
90 and 100 miles per hour, the air temperature being 
kept constant within 1 deg. C. 

The results showed that the anemometer could not 
be used as an absolute instrument on King’s equation. 
It could be used, however, by calibrating itin a uniform 
stream of known velocity, and for temperature changes 
not exceeding 20 deg. C., the heat dissipated was 
proved to be directly proportional to the temperature 
head. Instrumental errors would arise from incorrect 
power values and incorrect temperature heads. The 
former were found to be insignificant, the latter to be 
more serious, and it was concluded that low-temperature 
heads (10 deg. C.) were unsuitable, and that accuracy 
could not be counted upon with heads of less than 
50 deg. Further errors might arise from the dust 
deposited on the wire ; to test this point the wire was 
thinly coated with black shellac, but no appreciable 
difference in the heat dissipation was observed, which 
is rather surprising. Strain in the wire would also 
affect the resistance, and the air blast itself would pro- 
duce strain; by corrections, these errors were limited 
to 3 per cent. of the anemometer readings. The next 
question investigated was the most suitable position 
of the anemometer. In these experiments the ane- 
mometer was mounted against the front of the radiator, 
against its back, or at distances behind the radiator of 
3, 6, 9 and 12in. With the grid mounted against a 
radiator, the wires would actually be # in. away from 
it. The air flow was checked by Pitot tube measure- 
ments, the speeds ranging from 30 miles up to 140 miles 
per hour. It was then ascertained that air velocities, 
true within 5 per cent., were observed when the 
anemometer was placed immediately in front of the 
radiator or at least 12 in. behind it. In intermediate 
positions the readings indicated too high a flow, owing 
to turbulence. 





TREE-FELLING BAND-SAW. 


Ir waste of labour and of timber are to be eliminated 
in tree felling, it is. necessary that the cut be taken 
as close as possible to the ground, and that it must 
have a flat gurface, while a power drive and easy 
portability must also be characteristics.of the equip- 


ment. Mr. John T. Pickles, of Mytholm House, 
Hebden Bridge, has recently applied a continuous 
band-saw to this work, illustrations of which are given 
in Figs. 1 to 4 on this page. The appliance may, in 
addition to use in tree felling, be put to service in 
cross cutting and, within limits, as a log saw. 

The saw frame consists of a bent steel section, the 
middle portion of which has the form of a sickle. At 
its ends are centred two aluminium band-saw wheels. 
For the drive of the first drum a small petrol engine is 
provided. This is of the motor-cycle type and is of 
34 h.p. or 5 h.p. The band-saw blade is made of 
steel 19 W.G. in thickness and, in addition to 
passing round the two main wheels, is run over a 
jockey pulley, at the end of a spring-strained lever and is 
also passed between guide pulleys, Fig. 4, in order to 
twist it into proper line for the actual work. As is 
seen from Figs. 1 and 3, the band-saw will be in a 
vertical position for all its circuit, except when passing 
through the trunk of the tree and a certain distance to 
each side. From the main frame, projecting arms 
provide support for the deflecting wheels, and as these 
are some distance from the main wheels, or drums, the 
change in the inclination of the band is effected in a 
very gradual way and thus does not prevent the 
continuous running of the saw at the reasonably fast 
speed of 2,500 ft. per minute. The frame is centred 
on a trunnion at the end where the drive is arranged, 
and the other end of the frame is supported on an arc- 
shaped bearer. At the forward end of this there is a 
small pulley over which a feed rope passes. One end 
of this is connected to the frame. The standard J.T.P. 
band-saw tree-feller leaves a saw gap of less than 4; in., 
and trees of diameters up to 4 ft. may be cut through 
with it in a few minutes. After cutting, the trunk 
is left standing vertically on the stump. There is a 
distinct absence of vibration in the saw, due to the use 
of light wheels and the support of the frame at each end, 
while the machine weighs only 2 cwt. The actual cut- 
ting is carried out soas to leave a stump only 6in. high 
projecting from the ground. 

When the equipment is used for log sawing, the saw 
frame should be mounted on a four-wheeled trolley, 
running on a portable light railway track alongside 
the log to be sawn. The setting of the band-saw 
may be accomplished by the removal and replacement 
of the support for the guide wheels. Diagonal setting 
of the saw frame on the trolley allows a vertical adjust- 
ment sufficient to saw logs from 16 in. to 40 in. high 
from the floor, and therefore, with a top clearance of 
24 in. to the frame, enables a log of 64 in. diameter to 
be converted economically into transportable dimen- 
sions. 





EXPLOSION OF A TRAWLER 
BOILER. 


In a recently published Report of a Preliminary 
Inquiry, compiled by Mr. J. M. Binmore on behalf of the 
Board.of Trade, -particulars are given of the circum- 
stances attending the explosion of the main boiler of the 
steam trawler Girard which occurred on April 14 last, 
whilst the ship was engaged in fishing in the White 
Sea. The boiler, the property of Messrs. F. and T. Ross, 
Limited, of Myton-street, Hull, was constructed by 
Messrs. Charles D. Holmes and Co., Limited, of Hull, 





in 1918 and was of the cylindrical, multi-tubular marine 
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type, of 13 ft. 9 in. inside diameter and 10 ft. 6 in. 
length. Three plain furnaces were provided, each 
3 ft. 23 in. in diameter and 6 ft. 103 in. long. Fitted 
with 67 stay tubes , in. in thickness and 119 tubes of a 
thickness corresponding to No. 8 B.W.G.—all of 3} in. 
externa] diameter—the boiler had the usual mountings 
attached, including double safety valves of the direct 
spring-loaded type, adjusted to lift at a pressure of 
200 lb. per square inch. The water-gauge fittings 
consisted of a hollow column of 1} in. diameter, com- 
plete with top and bottom gauge glass cocks and a 
drain cock. Two test cocks were mounted at the 
port side of the column at the levels of the centre and 
the bottom of the gauge glass. A copper pipe, of 
1} in. bore, connected the bottom of the column to a 
valve of similar diameter attached to the lower part 
of the boiler end-plate, whilst the column top was 
connected by a copper pipe of 1} in. bore to a cock 
attached to the top of the boiler shell. The plug of this 
cock was clearly and correctly marked to indicate the 
direction of the passage through it. 

The boiler was last surveyed on June 5, 1924. The 
explosion, though not of a violent nature, resulted in 
serious leakage from around the ends of the upper smoke 
tubes in the port and starboard back tube plates. The 
plates were buckled whilst in an overheated condition 
due to shortage of water in the boiler and, in con- 
sequence, the smoke-tube ends were loosened from 
their settings. The leakage was of such extent that, 
owing to loss of water, the steam supply could not be 
safely maintained. 

The first sign of trouble was observed on April 3, 
when it was found, on sweeping tubes, that 10 of them 
were blocked by salt and ash deposit due to leakage 
was occurring at the ends. On April 10, 40 tubes were 
found blocked, all in the port combustion chamber. 
They were left in that condition as the attendant 
thought clearing might increase the leakage. During 
the afternoon watch on April 14, the pipe connecting 
the bottom of the water gauge to the shut-off valve on 
the boiler gave out due to internal corrosion. The 
bottom valve and top cock for the water gauge were 
then shut in order to stop the leakage and enable the 
defective pipe to be replaced by a spare one. As 
steam was still issuing, however, from the leaky pipe, 
the plug of the steam cock was moved so that the mark 
was at 45 deg. to the vertical. It was stated by the 
engineman that the leakage then ceased. After the spare 
pipe had been fitted the water-gauge valve was opened 
and the mark on the steam cock set to the horizontal, 
which position, whilst it indicated the shut-off one, 
gave the best flow of steam. From this time onward 
no reliable indication of the amount of water in the 
boiler was obtainable. . Finally, the vessel had to be 
taken in tow. The defects, states the Report, should 
have suggested shortness of water, and the explosion 
could have been avoided if the water gauge had been 





properly tested. 
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THE BEHM ECHO DEPTH-SOUNDER. 


A METHOD of sea-sounding, by measuring the 
time required for a sound wave, artificially gener- 
ated at the sea surface, to travel to the sea bed and 
back to the surface, has been discussed for a number 
of years, and inventors all over the world have 
devoted their time to the solution of the problem. 
The chief difficulty arises from the shortness of 
the time-intervals that must be accurately measured. 
For instance, when the depth of water is 50 fathoms 
(or 300 ft.), the time taken by the sound wave in 
travelling the double journey from the surface to 
the bottom and back, is only one-eighth of a second ; 
and hence, in order to measure the depth to an 
accuracy of half a fathom, the measurement of the 
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and the direction of propagation of the sound wave 
is horizontal instead of vertical as at sea. The 
front wall of the factory forms the reflecting surface 
and takes the place of the sea bed. The Behm 
outfit is employed to measure the time interval 
required by a sound wave to travel from the point 

















Fig. 2. GENERAL View OF INSTRUMENT. 
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A modified type of Behm Sounder was carried on 
the Zeppelin ZRII on her trial flights over Germany, 
and satisfactory soundings were taken when the 
airship was flying at a height of 600 ft., and a speed 
of 60 miles per hour. A general view of the Behm 
Sounder mounted on the Zeppelin is shown in 
Fig. 1, and a separate view of the instrument in 
Fig. 2. 

Behm has worked on this problem for more than 
12 years, his investigations covering the laws of 
reflection, refraction, transmission, &c., of sound 
waves generated under water, and many entirely 
new problems, such as the reflecting properties of 
slime and thin ooze, heavy growths of seaweed and 
other formations which obtain at the sea bottom. 
He reproduced impressions or shadowgraphs of 
underwater sound waves and their echoes in a 
long series of photographs. These are now of 
academic interest only, but on account of their 
ingenuity and attractiveness, two are reproduced 
here. In these particular instances, the experiments 
were carried out in a small laboratory aquarium. 
The sound wave was generated by means of a spark 
between two screened electrodes under water. By 
an ingenious arrangement, a second (illuminating) 
spark was produced, externally, about 1/10,000 
second later, and a shadowgraph was thereby 
impressed on a sensitised film suitably disposed. 

Fig. 3 shows the echoes obtained from a corrugated 
metal grating. The direct wave, spreading out in a 
circle about the centre of propagation, is seen at 
C. D is the echo from the upper surface of the 
water, and is, of course, the exact reflection of the 
missing segment of the circle C. E“ and E® are the 
echoes from the tips of the corrugations. That 
part of the sound wave which has travelled through 
the openings in the grating is also clearly reproduced. 
Fig. 4 illustrates the reflection of sound by a sheet 
of blotting paper, B. The photograph was taken 
some time after the production of the first spark, 
and the original sound wave is not shown. C is the 
echo from the surface, whilst D is the reflection of 
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time interval must be correct to 1/800th part of a 
second. 

In England, the Admiralty have carried out a 
large amount of work on the subject ; Hayes and 
Fessenden in America have obtained successful 
results, and in France, a method has been developed 
by Marti and Langevin. Probably, however, the 
earliest practical solution of the problem was due to 
Behm, a physicist of Kiel. A number of his outfits, 
known as the Behm Echo Depth-Sounder, are in 
practical operation; among the purchasers may 
be mentioned the British, German, Japanese and 
Danish Navies, the Hamburg-America Line, and the 
Compagnie Générale Transatlantique. 

Messrs. Kelvin Bottomley and Baird, Ltd., of 
Glasgow, have given demonstrations at their 
London Works at Hither Green, during the past 
eight months, with one of these outfits. Their 
methods of demonstration on shore are interesting ; 
generally the atmosphere is the conducting medium, 
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source to the reflecting surface, and back to the 
receiving microphone. The sound wave is gener- 
ated by firing a percussion cap, and the sound-wave 
path is varied from 2 to 50 yards. The principle 
is essentially the same as that employed when 
taking a sounding at sea, and the consistency of 
successive readings taken under the same conditions 
has been most marked. 

An outstanding feature of the Behm Echo Depth- 
Sounder is its extreme compactness. It is no 
exaggeration to say that one man could walk 
aboard a ship with all the essential parts of the 
outfit made up into a parcel. It was its compact- 
ness among other attributes that enabled Amundsen 
to carry the elements of a Behm outfit with him on 
his attempted aeroplane journey to the North 
Pole, and to Behm, the honour belongs of providing 
the first acoustic sounder to be used in the Polar 
Seas. Amundsen appears to have taken two 





soundings, recording 3,750 m. on each occasion. 





In WateER REFLECTED FROM BLOTTING PaPER. 


C at the blotting paper. Similarly, the echo from 
the tank bottom is shown at FE, and F is the reflection 
of E at the blotting paper. G is the echo of the 
original sound wave from the blotting paper. 
The first echo depth soundinrs at sea were taken 
with a photographic apparatus, in which the depar- 
ture of the sound wave and the return of the echo 
were registered photographically on a moving strip 
of sensitised paper. Simultaneously, the trace of 
a tuning-fork of known frequency was recorded on 
the paper. The whole record was developed, fixed, 
and ready for inspection 15 seconds after the 
sounding was taken. Ingenious as this method 
was, it could scarcely be regarded as suitable for 
service conditions, and the practical arrangement 
finally adopted by Behm is shown in Fig. 5. The 
time interval] recorder, T.I.R., is, as its name 
indicates, the instrument on which the time intervals 
are measured. For the purposes of explanation, 
this instrument may be regarded as an extremely 
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accurate stop-watch which is stopped and started 
electrically. 

I and E are microphones inside the ship, bolted 
hard up against the skin. It is the change in the 
electrical resistance of these microphones caused 
by a sound wave, which respectively starts and 
stops the time-interva] recorder. When a sounding 
is to be taken, a small cartridge is placed in the 
firing head FH, which is fixed at the side of the 
vessel, On pressing a button at the time-interval 
recorder, the cartridge is fired electrically and a 
detonating charge is shot out into the water, where 
it is exploded by a time fuse at a depth of a few 
feet below the surface, thus creating the sound wave. 
This sound wave travels outwards at the rate of 
1,435 m. per second, and as it passes the micro- 
phone I, causes a momentary change in resistance, 
which starts the time-interval recorder. Having 
travelled to the sea floor, the sound wave is reflected, 
and the echo, travelling upward, reaches the micro- 
phone E and, effecting a change in its resistance. 
stops the time-interval recorder. The reading on 
the recorder is therefore the time required for the 
sound wave to travel from I to the sea floor and 
back to E, and is a measure of the depth of water 
below the microphones. From the moment the 
cartridge is placed in the firing-head the whole 
operation is completed in a few seconds. 

It will be noticed that the arrangement is such 
that the echo microphone E is shielded from the 
direct sound wave by the hull of the ship, in order 
that the strength of the direct sound wave from S 
when it reaches E shall not be sufficient to stop the 
recorder. In other words, the great bulk of the 
ship casts a more or less defined sound shadow 
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behind it in respect of sound waves emanating from 
a point source such as S, and advantage is taken to 
place E as far as possible in the shade, As the 
the depth of water increases, however, it is necessary 
to use a larger detonating charge, and in the case of 
narrow-beam vessels it may happen that the direct 
sound wave reaches E in sufficient strength to stop 
the recorder and thus give a false reading. In 
order to overcome tis, an automatic delayed- 
action device has been introduced, by means of 
which the echo microphone is cut out of circuit 
until the direct sound wave has passed round the 
ship and away. Then the echo microphone is 
switched into circuit again ready for the arrival of 
the echo. By means of this device, any depth up 
to the capacity of the time-interval recorder can 
be sounded with perfect safety. 

A diagrammatic view of the time-interval recorder 
is shown in Fig. 6. D is an accurately balanced 
disc delicately pivoted about an axis O, and carrying 
an iron armature A. When the instrument is set 
ready for taking a sounding, the arrangement is as 
shown in Fig. 6. The rubber-faced brake B is pulled 





off the disc against the force of the spring BS by 
the electro-magnet EM. The armature A is held 
hard up against the stop in the face of the electro- 
magnet IM, and, at the same time, the sapphire 
bead fastened to the disc at SN is in contact with 
the leaf spring IS, putting it into tension. The 
stop at IM determines definitely the zero position 
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Fig.6. DIAGRAMMATIC VIEW _OF THE TIME INTERVAL RECORDER. 
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of the disc and the amount of tension put on the 
spring IS. 

When the sound wave arrives at the microphone 
I, it causes a momentary change in the electrical 
resistance of the microphone circuit, which is 
communicated through the transformer T,, causing 
a reduction in the magnetising current in that 
circuit. Consequently, the magnetic pull on the 
armature A is reduced, and the spring IS imme- 
diately relieves itself of tension and, at the same 
time, sets the disc in rotation at a speed which 
depends only upon the inertia of the disc and the 
strength of the impulse spring. Similarly. as the 
echo passes E the magnetic pull on the brake is 
reduced, and the spring BS causes it to fly against 
the roughened edge of the disc and thus clamp it. 
The angle through which the disc has turned is a 
measure of the time interval which has elapsed 
between the release of the disc and the fall of the 
brake. The disc will remain in this position until 
the brake is again removed in preparation for the 
next sounding. It is possible, therefore, to re-check 
the value of the last sounding at any time until 





the brake is lifted immediately before the next. 
reading is to be taken. The spring S is provided in 
order to return the disc to zero when the brake is 
lifted ; it is very weak, and does not impose any 
serious restraint on the freedom of the disc. 


(Z'o be continued.) 








THE FUEL RESEARCH BOARD. 


Stnce its formation the Fuel Research Board 
of the Department of Industrial Research has had 
so much to do that it never properly acquired 
the habit of presenting an annual report, and for 
the last five years it has dropped out of that 
respectable practice altogether. As yet, however, 
the Board is too young a body to have made away 
with its conscience. It has seen the gravity of 
this omission, and has announced its intention to 
do better in future. : 

As an earnest of its effectual conversion it has. 
now produced a report for the period ending 
December 31, 1924,* in which it not only gives 
an account of last year’s work, but takes stock 
of the present situation as developed since the 
inception of the Board in 1917. With this is 
coupled a report by the Director of Fuel Research, 
dealing in some detail with each branch of the 
work. In future, it is intended to issue a general 
progress report annually. 

In common with other branches of the Research 
Department the Fuel Research Board’s programme 
was for some time held up for lack of funds. The 
need for economising in public expenditure was 
enforced on research work, for which workers had 
to be accumulated or trained, in the same way as 
it was on work for which there was an adequate 
supply of workers. The programme had conse- 


quently to be modified year after year so as to 


give effect to the desire for economy; and it was 
not until 1923, when much of the value of the 
preliminary work, and even of the Fuel Research 
Station itself, would have been lost if the scale 
of work were not somewhat enlarged, that increased 
provision was made for future years. Last year, 
indeed, at the instance of the Secretary of Mines, 
the Government itself recogmsed the importance of 
pursuing the Survey of National Coal Reserves 
and the investigations into low-temperature car- 
bonisation to the utmost extent compatible with 
obtaining proper value for the expenditure. In 
these investigations, therefore, it was possible to 
revert to the full original programme, subject to 
the delay involved in finding a sufficient supply of 
workers with the necessary combination of qualifi- 
cations. 

It may be said, therefore, that. only now is the 
Board in a position to make a report 01. the progress 
of the work for which it was actually instituted ; 
and though it is able to describe important work 
done, and an imposing volume of investigations 
in progress, the industrial consequences would 
doubtless have been greater had the original plans 
been carried out without interruption. The work 
was planned by the late Sir George Beilby, a 
conspicuous example of the type of man distinguished 
alike in science, technical industry and business, 
by whom such a scheme could be framed with the 
assurance that from each of these aspects it would 
be effective and thrifty. The present report begins 
by recording the fact that his colleagues and 
successors have found the original programme a 
solid foundation for their operations up to the 
present time, and it is a matter of satisfaction that 
under his own advice Sir George Beilby should 
have been succeeded as chairman by Sir Richard 
Threlfall, another member of the Board with a 
combination of qualities similer to his own, and 
as Director of Research by Dr. C. H. Lander, 
who had been Deputy-Director during Sir George's 
absence from England for some time before his 
resignation. The report gives a general view of 
the lines that the Board’s researches have taken 
up to now, and are intended to take in future. 
In addition to an outline of the present situation 





* Department of Scientific and Industrial Research. 
Report of the Fuel Board for the period ending gow 
ber 31, 1924, with the Report of the Director of Fue 
Research. H.M. Stationery Office. Price ls. 6d. net. 
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of fuel problems from the national point of view 
it makes reference to the many special reports issued 
by the Board, which have already been noticed in 
these columns. It is, in fact, a useful reminder 
of the enormous scope of the work that has to te 
done if the Board is to achieve its purpose. 

The Director’s Report appended to that of the 
Board develops the same theme in greater detail. 
It begins with a short history of the Board, quoting 
in extract from its first report in 1917, which has 
not hitherto been published, in which the field 
to be covered by fuel research is sketched out. 
The development of the Board’s work has followed 
very closely on the lines there indicated. In 
particular, the erection and equipment of the Fuel 
Research Station has done much to make the 
execution of this programme practicable. The 
present report gives a plan of the station, with 
indications of its equipment and separate’ views 
of various essential parts. These show, even more 
clearly than the descriptions previously published, 
how the station has managed to combine the 
functions of a laboratory with those of a works 
fitted up for exact test, and has enabled much 
work to be done on the scale of a works unit 
with an accuracy approaching that of the labo- 
ratory. 

The station is, of course, intended to be used for 
a variety of purposes, and among them is some part 
of the work to be done on the Physical and Chemical 
Survey of the National Coal Resources that is now 
being made. This survey is complementary to 
that of the Geological Survey. It is concerned not 
merely with the existence and position of the various 
deposits, but also with the qnalities of the coal in 
their seams, or even in some instances in different 
parts of their seams. For the purpose of obtaining 
information on such investigations as do not need 
to be made at the Research station, committees of 
coal owners and others interested have been formed 
in the Lancashire and Cheshire and the South 
Yorkshire areas, and are in process of formation in 
other parts of the country. Practical results have 
already been obtained from these intimate investi- 
gations, as, for example, the location of sulphur in 
a seam that for metallurgical work had been con- 
demned owing to its high content in that element, 
and was found to be quite suitable when the narrow 
band in which the sulphur turned out to. be concen- 
trated was left underground. Microscopical methods 
are also being studied, which may lead to results 
of importance. The largest of these investigations 
is being made by the Lancashire and Cheshire Coal 
Research Association at the Lomax Palaeo-Botanical 
Laboratory, where a large number of seams have 
been studied, and sections and micro-photographs 
taken and preserved for reference by those who 
are interested. For the time being it remains to 
be seen whether the method will have an industrial 
as well as a scientific interest. By another micro- 
scopical method, devised by Mr. C. A. Seyler, it 
seems likely that not only the structures of coal 
can be investigated without the labour and skill 
required for cutting sufficiently thin sections, but 
also that the intrusion of inorganic impurities—such, 
for example, as arsenic—may be detected rapidly 
and easily. 

Another group of work in which the Survey is 
specially interested, but which is of importance to 
all who have to examine coal, is the formulation of 
standard methods of sampling and analysis. Up to 
now nothing worth speaking of has been published 
on sampling, but some progress seems to have been 
made in analysis. The recommendations of the 
Committee on Analysis have been adopted by the 
Institution of Civil Engineers in their standard 
forms of test for heat engine and boiler trials, and 
it is to be hoped that they will be adopted generally 
by analysts throughout the country, so that results 
may be comparable. At present no great progress 
seems to have been made—certainly none appears 
in any publication of the Board’s—in coming to 
an agreement on standard methods of sampling. 
The fact that it is difficult to work down a truck- 
load or a train-load of coal into a sampie of a size 
Suitable for analysis does not make elaboration of a 
Suitable method the less desirable, though it neces- 
sarily prolongs the time required for finding such a 
method. 








The work done by the Board in connection with 
the gas industry is well known. It began with the 
recommendations on which the Gas Regulation Act 
of 1920 were framed, and the therm adopted as 
unit of charge. One consequence of this Act was the 
possibility of increasing the make of gas per ton of 
coal and its aggregate thermal value by steaming 
during carbonisation, at the expense of its calorific 
value per cubic foot. The Board has reported on 
the results of steaming with various types of coal, 
and has been able not merely to give an accurate 
statement based on large-scale work of the results 
obtained from each of them under given conditions 
of steaming, but also to ascertain the optimum 
conditions that can be obtained by modifying the 
treatment. ‘The report summarises, in a table, 
some of the main results of treating eight different 
coals, giving for each coal the make and quality of 
gas, its thermal efficiency, and the yields of tar and 
sulphate of ammonia. Special researches have been 
made on the production of gas of high calorific 
value, the effect of introducing air during carbonisa- 
tion, and other subjects. Experiments are in 
progress with the object of determining the distri- 
bution of temperature in coal as it passes through 
vertical retorts, and the stages of carbonisation 
reached at various levels. 

An incidental result of these investigations, the 
full importance of which may not have been recog- 
nised, was obtained when on relining the retorts, 
fireclay plugs were substituted for the cast-iron 
linings and shutters of the sight holes. The total 
heat value of the fuel gas previously used for heating 
the setting varied from about 10 therms to 20 therms 
per ton of coal carbonised. The substitution of the 
fireclay blocks for the cast-iron fittings effected a 
saving of no less than 7 therms; an extraordinary 
result, which, as the report remarks, shows to what 
extent economy might be effected in practice by 
paying due attention to insulation and the reduction 
of heat losses by radiation, &c. 

The station is heated by a Humphreys and Glasgow 
water-gas plant, on which observations have been 
made; an account of the Board’s report on them 
was given in these columns. Advantage is taken 
of the considerable number of cokes produced at 
the station in large-scale carbonisation experiments 
to try them both in the water-gas plant and in the 
producer plant with which the Station is equipped. 
These trials have thrown light on the differences in 
gas cokes in respect of their suitability for making 
water gas and producer gas. The differences appear 
to be due mainly to the variation of the nature and 
amount of the ash content, and the effect of ash and 
clinker on the refractory linings of the generator is 
being studied. 

The second of the two main lines of investigation 
for which the Fuel Résearch Station was started 
deals with methods of low-temperature carbonisa- 
tion. These methods offer, as the report remarks, a 
possible, and probably the only possible, means of 
so treating the coal as to obtain a source of oil fuel 
and motor spirit together with a solid smokeless 
fuel that can be burned in any domestic grate. 
Oil fuel is now used in the Navy to the almost total 
exclusion of coal, and is being used increasingly in 
internal-combustion engines and otherwise both 
in the mercantile marine and on land. Motor 
spirit, moreover, is in increasing demand both for 
road and air transport, though even now mechanical 
road transport has not nearly reached the extended 
use that is made of it in the United States. The 
economic burden of having to import practically 
all the country’s oil fuel and motor spirit, and the 
direct and indirect cost and mischief of the pollution 
of the atmosphere by the smoke of the domestic 
hearth, makes the practical solution of the problems 
of low-temperature carbonisation an object of the 
highest importance if such solutions can be found. 

The Board continues to adopt the cautious atti- 
tude that it has taken throughout about the pros- 
pects of founding such an industry. In Sir George 
Beilby’s last report on the subject he stated that, 
while a final answer could not be given to the 
question of whether such an industry could be 
established. it seemed likely that an answer would 
be reached before long, and that some ground 
existed for expecting that the answer on the tech- 
nical side would be affirmative. Further progress 
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has undoubtedly been made since this opinion was 
expressed, but the report still lays stress on the 
difficulties that remain to be solved, and the subse- 
quent economic questions that would arise if 
methods for utilising coal not at present in general 
demand were put in general practice, and the price 
of such coal was therefore raised to the level of 
other coal. The question is still therefore not 
definitely answered, and it appears to be extremely 
fortunate that the Board’s interpretation of the 
results that have been obtained remains as con- 
servative and prudent as it has been hitherto. 
Meanwhile, the experimental investigation of the 
subject proceeds vigorously, and the Board is 
undertaking to investigate and report, without 
charge, on the technical efficiency of suitable plants. 

Tie Gray-King assay apparatus designed at the 
Research Station has verified the considerable 
expectations that were formed regarding it, and 
not only has it been recommended as a standard 
method of examining coal for all purposes, but it 
also has been found a valuable means for ascertain- 
ing the suitability. of a coal for gas making, and in 
particular for the purposes of low-temperature 
carbonisation. 

In addition to a description of the investigations 
that have been already made both in horizontal 
and in vertical retorts, the Report gives a short 
account of the setting of four cast-iron vertical 
retorts based on the Scottish shale practice, which 
have been erected at the station and a diagram 
showing their construction. These retorts appear 
to be working continuously with a minimum of 
attention, and both with briquettes and with 
carbonised, crushed and blended coal have given 
and are giving good results. 

Other work that has been carried out or is in hand 
includes experiments on steam-raising, carbon- 
dioxide recorders, pulverised fuel, petrol mixtures 
and producer gas for internal combustion engines, 
power alcohol, peat, and domestic heating, in addi- 
tion to a variety of laboratory and small and inter- 
mediate scale work in the Fuel Research Station. 
In the last category is included a formidable pro- 
gramme of investigations into fundamental pheno- 
mena, for which hitherto no sufficient staff was avail- 
able. The Board is also co-operating with profes- 
sional and industrial bodies in investigations into 
questions such as production of metallurgical coke 
and the design of furnaces. The Research Station. 
has ‘been used not only for the purposes of private: 
manufacturers, for whom the Department under- 
takes to test low-temperature carbonisation plants, 
but also for those of Dominion or Colonial Govern- 
ments. Among the special problems to be investi- 
gated are the purifying of coal by washing or some 
dry process, and the production of oil from coal by 
means other than carbonisation. The Director 
and the other officers are also serving on a number 
of committees of other departments and _ bodics 
with objects similar to those of the Board. 

As a whole, the Report appears. to have succeeded 
in its purpose of taking stock of the situation. 
It shows that the Board has done a great volume: 
and variety of work, and is in close touch with what 
is being done elsewhere. What, however, is even 
more impressive is the extent and variety of the work 
that is ahead of it, as shown in its programmes of 
both special and fundamental investigations. 





MULTIPLE-SPINDLE AUTOMATICS. 
By JosrrH HORNER. 
(Concluded from page 407.) 


HiruHERTO in this series of articles we have dealt 
with horizontal spindle machines. Another variety 
of machines, also designed with the object of 
operating simultaneously on a number of pieces 
of work, is represented by the type v ith spindles 
arranged vertically. In some respects these 
machines present advantages over the horizontal 
pattern, especially as regards chucking. The design 
combines the principle of the vertical spindle, and 
chuck of the vertical boring and turning mill, with 
the multiplication of -spindles, and extensions of 
tooling functions. An English machine of this 








type is made by Messrs. Thos, Ryder and Sons, 
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Limited, Bolton, and was fully described and 
illustrated in ENGINEERING, vol cxviii, page 399. 

The Bullard Vertical Spindle Machine.—The Bul- 
lard Machine Tool Company, of Bridgeport, Conn., 
U.S.A., apply the trade term ‘“ Mult-au-matic” 
to a vertical spindle chucking machine, which 
turns, drills, bores, reams, faces, grooves, forms, 
and threads. This is illustrated in Fig. 58. It is 
built with chuck capacities of 8 in., 12 in., and 16 in. 
diameter. The work spindles with their chucks 
are carried in a rotating turret below, and rotate 
with the turret. The tool holders overhead are 
aligned with the spindles. There are six spindles, 
and the work is loaded by a man at a fixed station 
without arresting the action of the tools at the other 
spindles. The spindles carry three-jaw chucks, and 
are set in positions equidistant from each other, 
and from the centre of the turret. The positions are 
indexed, and the tooling is performed simultaneously 
at five different stations. It is therefore continuous, 
except during the brief indexing from station to 
station, 

The turret is mounted on the lower part of a 
column, which is secured ‘in the base of the machine. 
The mechanism for indexing is contained within the 
base. The column is prolonged above in an 
hexagonal section, to the faces of which the inde- 
pendent tool-carrying heads are attached. The 
feed and driving mechanism is carried in a mounting 
secured to the head of the column. This construc- 
tion ensures the alignment of chucks, spindles, and 
tool-carrying heads. 

The spindles are fitted with two cylindrical 
bearings in sleeves which are secured in the turret. 

ach spindle head is formed as a face plate, to which 
three-jaw chucks, or any special work-holding 
fixtures, are bolted. They are rotated by means of 
gears, and when indexing is being done, the driving 
pinions are automatically disengaged from the 
receding spindle gears in the turret. When indexing 
is concluded, they are again engaged with the gear 
of the next spindle, thus completing the driving 
train. The indexing of the turret and the action of 
the tool heads are entirely automatic. An automatic 
driving clutch disengages the drive to the spindles 
prior to indexing, so that there is no engagement of 
gears in motion at that stage. The meshing of the 
pinion at each station with thespindle driving gears 
as they are presented at that station, provides for the 
same respective spindle speeds at all times. But 
by means of change gears in the feed mechanism at 
the top of the column, widely variable, selective, 
independent speeds may be obtained at each work 
station. In standard machines, which are not 
specified for any special services, eleven changes of 
both speed and feed are available at each station. 
In the smallest machine built, with 8 in. chucks, 
the speeds range from 33 to 500 r.p.m., and the 
feeds per revolution of spindle from 0-0067 in. 
to 0-060 in. 

The tool-carrying heads are mounted on five 
of the faces of the hexagonal] column, and consist 
each of a main slide which is gibbed to the column, 
and on which a tool slideis mounted. To the latter 
the tool combination can be secured. The tool slide 
may be swivelled to 90 deg. in either direction, and 
rigidly located at any angle. As the tools are 
attached to this, the range of angle is a matter 
of the highest value. For straight turning, 
boring, or reaming, the entire head is locked and 
moved perpendicularly, until arrested by a stop, 
and returned. For taper turning, boring or facing, 
the tool slide is set to the angle required, and when 
it comes into action the main slide is brought to rest 
with a stop, and locked. The action is then taken 
up by the tool slide, which is actuated by a rack and 
pinion, and is fed to the distance required, brought 
to rest by a stop, and returned. The feed for any 
particular operation is determined for each tool 
head independently of that at any other station. 
As the feeds and the work spindle revolutions can 
each be varied through eleven changes, all tools 
can be operated at their highest possible efficiencies. 
Also since the main slides and the tool slides are 
provided with positive stops, the repetitive produc- 
tion of parts to limits is provided for, and sim- 
plified. Each tool head is also under manual 
control, so that at any point in its advance the feed 
may be disengaged and re-engaged. 
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Fic. 60. GEAR BLANK—SEMI-STEEL. Fic. 61. Commutator Rinc—Cast-Iron. 
Ist Station. Chuck, special jaws through holes in web. Ist Station. Chuck. 
2nd a Drill, rough turn outside diameter. 2nd _isés,, Rough face two surfaces. 
, en Rough face hub, straddle face rim. 3rd Bore larger diameter, turn outside diameter, 
ahi “ss Finish turn outside diameter, turn hub, and and chamfer. 
bore. 4th Finish face two surfaces. 
Sth 5s Finish face hub, finish straddle face rim. 5th ,, Rough bore smaller diameter. 
6th an Ream. 6th = Finish bore two diameters, and chamfer. 
Production time, 38 seconds. Production time, 58 seconds. 
Fig.63. 2"° STATION. 37° & STYSTATION. 4™ STATION. 6™STATION. 
ILL HOLE&ROUGH TURN ROUGH,& FINISH FACE. ROUGHBORE HOLE, FINISH BORE, 
OUTSIDE DIAMETER. & FINISH TURN. COUNTERBORE, 
OUTSIDE DIAMETER. &CHAMFER HOLE. 
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TRIPLE-GEAR BLANK—FoORGED STEEL. 
First Chucking. 


Fie. 65. 
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TrreLeE-GEAR BLANK—FORGED STEEL. 
Second Chucking. 


Fic. 66. 





























Ist Station. Chuck. Ist Station. Chuck on expansion arbor. 
find ys Drill first half, rough turn outside diameter 2nd _,, Rough turn outside diameter of smallest 
—two diameters. gear. 
ae Drill second half, second rough turn outside 3rd __s,, Rough face top and second gear, part 
diameter—two diameters. clearance. 
4th. ~« Rough face rim and hub, part clearance. 4th ,, Finish parting cut. 
bth ,, Finish face rim and hub, and chamfer. Sth ,, Finish face top and second gear. 
6th ,; Finish turn outside diameter—two dia- 6th ,, Finish turn outside diameter—two dia- 
meters—ream, and chamfer. meters—and chamfer. 
Production time, 45 seconds. Production time, 38 seconds. 
Fig. 
“eo --- 06 ---> 
— . 
- 
(9193. N, t “ENGINEERING” 
Fic. 68. Brevet-GEAR Rina BLANK—STEEL Forerna. 
First Chucking. Second Chucking. 
Ist Station. Chuck, three-jaw universal. Ist Station. Chuck in locating and clamping fixture. 
2nd _sés,, Rough face rim, straddle face web. ae Rough bevelled face, first half. 
ad % Rough bore, recess, chamfer. 3rd_sséys Rough bevelled face, second half. 
hin Finish face rim, finish straddle face web. “th . ss Rough bevel turn, bore. 
5th ,, Finish bore, and chamfer. Sth , Finish bevelled face. 
6th ,, Finish recess. 6th = —,, Finish bevel turn, bore, chamfer. 
Production time, 1 min. 35 sec. Production time, 61 seconds. 
All the movements of spindles and tools| base. An upper compartment forms a reser- 
are derived from a main shaft, driven from a| voir for oil, with the circulating pump, which is 


single pulley at 760 r.p.m. in the 8-in. machine, 
or by a 10 h.p. motor at the top of the column. 
The main shaft is always in motion. The spindles 
are driven through a multiple-disc friction clutch 
operating automatically in conjunction with the 
indexing of the spindle-carrying turret. Manual 
clutch control is also provided for use when setting 
up work. Mechanism for rapid advance and the 
return of tool heads is directly connected with the 
main drive shaft, which runs at a constant speed, 
irrespective of the speed of the work spindles, or 
the rate of feed of the tool holders. 

The provision made for lubrication and for 
cooling embrace separate compartments in the 





driven from the main shaft. The oil passes through 
a filter at the top of the machine. It is then led 
to a distributing reservoir in the top plate, or motor 
base, whence it is fed by gravity to the gears and 
bearings. A lower compartment of the base forms 
a reservoir for the cutting compound, and has a 
circulating pump, connected with the main drive. 
The compound is forced through ducts, and delivered 
to the tools through adjustable nozzles. Itis then 
returned through channels, with the chips, to a 
separating and settling tank located at the discharge 
chute whence it is returned clear to the reservoir. 
It is easy to change from wet to dry operation and 
vice versa. 
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62. Smati PuLttEy—SeEm1-STEEL. 
Chuck, three jaws, inside of rim, driving 
pin through hole. 


Fia. 
Ist Station. 







ina... Drill hole, and rough turn outside diameter. 
ass Rough face hub and rim. 4 
4th ‘ss Rough bore'and finish turn outside diameter. 
5th “a Finish face hub and rim. 
Cth ,, Finish bore, counterbore, and chamfer. 
Production time, 45 seconds. 
ag Mf----- — 3-401 
Fig.64f° 3406 
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Fig. 64. Bati-Beartna Rrve—ForGeEpD STEEL. 
Ist Station. Chuck, three-jaw. 
2nd_ sé; Rough bore. 
3rd, Rough face top and bottom, 
4th v Finish bore. 
Sth ,, Finish face top and bottom. 
6th ia Form groove and chamfer. 
Production time, 45 seconds. 
Fig.67. 
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Fic. 67. GENERATOR Bopy—MALLEABLE Cast Iron. 
Ist Station. Chuck from inside on self-centring fixture. 
Gnd (a. Rough face top surface, bottom edge, and 
cut lower recess. 
3rd_ssis, Turn outside diameter, first half, and rough 
bore. 
4th os Finish face top surface, bottom edge, and 
shoulder of recess, undercut centre 
bearing, and chamfer. 
5th Pe Turn outside diameter, second half, finish 
bore, and chamfer. 
6th ee Ream. 


Production time, 41 seconds. 


The tools employed are simple points, cut from 
plain bar without forging. Although the setting-up 
is sometimes tedious, occupying perhaps a day, 
yet the output when compared with that of the 
ordinary machines is so large that the cost of 
setting-up may be recouped in a few days. Though 
these machines are built primarily for mass pro- 
duction, they are economical for moderate quanti- 
ties. In some motor firms several are grouped, 
working constantly on one job. Some of the 
standard tool holders are shown in Fig. 59. Not 
only are successive operations performed on a piece 
of work, but in many cases two or more cutting 
tools operate at each station. Under surfaces, 
where chucking is not interfered with are tooled 
at the same time as top surfaces. And, as the work 
is generally of small dimensions, the tool holders 
are designed to bring the tools close enough to reach 








the adjacent surfaces. 

The tools shown in the group, Fig. 59, are all made 
right- and left-handed. In this figure A represents 
a tool inset for turning and boring, B a tool for 
straight boring and turning, C a right-hand facing 
tool for straddle work. An offset section carries 
the lower tool. The shank of the holder is 
splined to receive a collar, in which the upper 
tool is carried. A key in the collar fits into the 
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Fic. 69. DirFERENTIAL Pinion Houstnc—MALLEABLE 
Cast Iron. 

Ist Station. Chuck, three-jaw universal, with special 

top jaws. 


er Rough bore three diameters. 
3rd ss Rough and finish face flange. 
4th a True bore three diameters. 
Sth, Ream two larger diameters. 
6th __i,, Tap. 
Production time, 50 seconds. 
Fig.72. 
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Fie. 72. Rear Hus—STeeL Forcina. 
First Chucking. 
Ist Station. Chuck, three-jaw universal. 
ae Drill first half. 
3rd os Face hub, boss, and flange. 
4th + Drill second half, recess, and shoulder. 
Sth = ,, Taper ream, size shoulder, and chamfer. 
6th ,, Taper ream, and sweep recess. 
Production time, 70 seconds. 














Fre. 75. UNiversat Joint Hovustnc—MALLEABLE 
Cast Iron. 
First Chucking. 
ist Station. Chuck, three-jaw, universal. 
2nd _é,, Rough bore first half. 


ard (l,, Rough bore second half. 

ae True bore. 

Sth i, Ream, 

6th ,, Turn outside diameter, and chamfer. 


Production time, 42 seconds. 


spline groove in the shank to prevent it from 
turning, and a set screw in the collar secures it 
to the shank in any desired position of spacing. 
D shows the splined shank for a left-hand tool. 
E is a tool for outside under-facing, while F is 
an offset tool for turning and boring. 

The illustrations, Figs. 60 to 77, represent pieces 
tooled on the Bullard machine, and give the times 
occupied in the actual production. The dotted 
lines adjacent to portions indicate the locations 
of tooling, and the number of cuts that are taken 
for roughing and finishing. A leading dimension 
enables the.size of the piece to be visualised. In 
several cases it will be observed that a first rough 
cut is only taken at one traverse over half the length 
to be tooled, leaving the full traverse for the finishing 








Fig. 71. 
Fic. 70. Gear Hovustinc—MALLEABLE Cast IRon. 
First Chucking. on Miia 


Ist Station. Chuck, three-jaw universal, special top jaws. gnd,, 
2nd_is,, Rough face rim flange and ring, rough 3rq__s, 
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GEAR Hovustnc—MALiEABLeE Cast Iron. 
Second Chucking. 
Chuck on special locating fixture. 
Rough face sleeve end and seat. 
Rough bore smaller diameter. 








cut only. This is done in order to reduce the time 


face sleeve end. _ Gh + Finish face sleeve end and seat. 
ord, Rough bore larger diameter. ; oe Finish bore smaller diameter, and size hub 
4th re Finish face rim flange and ring, finish face ring. 
sleeve end. Cth  , Tap. : 
Sth .» Finish bore larger diameter. Production time, 1 min. 48 sec. 
6th ,, Size ring and chamfer, ream hole. 


Production time, 2 min. 5 sec. 








Wt 


Fic. 73. Rear Hvus—Steet Forerne. 
Second Chucking. 

Ist Station. Chuck on arbor fixture. 

a ae Turn outside diameter, two diameters, and 
shoulder. 

Rough face flange on both sides, rough face 
and groove hub. 

4th ve Finish face flange both sides, finish face hub. 

5th ‘i Finish turn hub two diameters, chamfer 

edge of wheel. 
6th ,, Sweep radius of fillet, chamfer hub. 
Production time, 55 seconds. 


3rd +“ 
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Fie. 76. UNIvERSAL Joint Hovustnc—MALLEABLE CAST 
Tron. 


Second Chucking. 


Ist Station. Chuck, special three-jaw chuck, with driving 
pins, and locating plug. 


and. Rough bore. 

3rd_i,, Rough turn first half of cup. 

ath ,, Rough turn second half of cup. 

5th ,, Finish turn cup outside diameter. 

6th _s,, Second finish turn cup outside diameter, and 
chamfer. 


Production time, 35 seconds. 


of cutting as closely as possible to one limit, 
namely to that of the portion which takes the 
longest time. If this were not done, it would be 
necessary to hold up the work at other stations 
until the completion of the long cut. This is one 
example, among many, of the value set on the 
economy of moments in mass production. 

Fig. 60 illustrates an example of straddle 
turning, both rim and boss being faced on 
opposite sides simultaneously. The three dotted 
lines in the bore indicate drilling, boring, and 
reaming. In the work shown in Fig. 61, two 
bores are roughed and finished, besides facing 
and turning. A disc drum is shown in Fig. 62, 
turned, bored, and faced. The tool set-up for this is 
shown by Fig. 63. In the second station where 

















Fic. 74. SPROCKET BLANK—SEmMI-STEEL. 
lst Station. Chuck, inside of rim, clearance in jaws for 
lower facing tool. 


Sad, Rough turn outside diameter, and core 


drill. 

3rd Me Face hub both sides, face rim both sides, 
and groove. 

4th - True bore. 

Sth ;, Finish face hub both sides, finish face 


rim both sides, and finish groove. 
Finish face hub, face, turn outside diameter, 
and ream. 
Production time, 63 seconds. 


6th » 





i 
V Za 





















(9/93.W) “ENGINEERING* 
Fic. 77. DIFFERENTIAL GEAR CASE. 


Ist Station. Chuck, three-jaw universal standard top 
jaws, with driving pins. 


2nd, Rough face flange both sides, face male 
ring, and rough face gear seat. 

3rd mA Rough turn outside diameter, size male 
ring, rough bore spherical bearing surface, 
shaft bearing, and chamfer edge of gear 
seat. 

4th ,, Finish face flange both sides, finish face 
male ring, finish face gear seat. 

Cth ss Finish turn outside diameter flange, 
finish turn ring, ream shaft bearing. 

6th as Finish bore spherical surface. 


Production time, 4 min. 29 sec. 


seen with its driving pin; the drilling of the hole 
and turning the outside diameter are also indicated. 
In the third, and fifth stations respectively, the 
face of the hub is roughed and finished, and the 
edges of the rim are straddle faced. In the fourth 
station the hole is bored, and the outside diameter 
finish-turned. In the sixth, the bore is finished 
and counter-bored, and the hole is chamfered. 

Fig. 64 illustrates a common ball bearing ring, 
which has to be bored and faced to fine limits. 
Figs. 65 and 66 illustrate the first and second 
chuckings, and sets of operations on a forging that 
includes three gear blanks. This was formerly built 
up of three separate pieces, but is now produced in 
one with advantage. The whole piece is tooled in 
two chuckings in 83 seconds, a very noteworthy per- 
formance. In this, as in other cases, of which Fig. 62 
is an example, where both turning and drilling 
have to be done with a large difference in the dia- 
meters, the tool head is equipped with a drilling 


the tooling commences, one jaw of the chuck is / spindle supported in bearings in the head, and rotated 
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from a main drive at the top of the machine. The 
turning and drilling are then done simultaneously, 
but each at its appropriate speed. Without this 
provision, either the drill would be run too slowly, 
or the turning speed would be much too rapid, 
depending upon for which tool the rate of revolution 
was set. 

Fig. 67 illustrates a generator body which is 
turned, faced, bored, and reamed. Fig. 68 shows 
the first series of operations on a ring bevel gear 
blank, the tooled parts being clearly indicated. 
On the second chucking, the bevelled face is turned 
with two rough cuts, extending only half way 
across, a finish cut taken, and the rim is turned 
with two cuts. Fig. 69 shows a differential pinion 
housing, which is bored, faced, and tapped. First 
and second chucking operations on a gear housing 
are shown by Figs. 70 and 71; the dimensions in 
this case are within fine limits. Figs. 72 and 73 
illustrate the first and second series of toolings 
on a rear hub, Production in this case amounts 
to 16,130 in an 80 hour week. The drilling is 
done in the solid, one half the length at a 
time, while at some stations, two tools are working 
on external parts. Fig. 74 represents a timing 
sprocket blank, the bore of which is to fine limits. 

Figs. 75 and 76 illustrate a case of spherical turning 
with single point tools only. At the second chuck- 
ing, the outside of the globular portion is rough 
turned in two stages, and finish turnedinone. There 
are two tools mounted at each station, in pivoted 
holders which swing about a centre of rotation, 
so that the effective radius of the tool points is 
equal to the radius of curvature to be imparted to 
the work. Racks mesh with pinions keyed to the 
back end of the pivot. As the tool holder feeds 
down, the racks cause the pinions to rotate, thus 
swinging the tools over the spherical surface of the 
housing. The work being rotated at the same time, 
a perfect spherical surface is produced. When the 
tools have completed their cut an eccentric mech- 
anism moves the tool point away, to avoid risk of 
damage to the finished surface by the dragging of 
the tool. Fig. 77 illustrates a differential gear 
case, on which spherical boring is done, and 
straddle facing. 





LauncH oF THE Twin-Screw Mororsuip “ MyRTLE- 
BANK.’’—Messrs. Harland and Wolff, Limited, recently 
launched from their Govan Shipyard the twin-screw 
motorship Myrtlebank, which is being built to the order 
of Messrs. Andrew Weir and Co., Limited. The vessel, of 
5,200 tons gross, is of the shelter-deck type and has a 
length of 434 ft., a breadth of 53 ft. 9 in., and a depth of 
37 ft. Seven watertight bulkheads extend to the upper 
deck, whilst five holds and fore and aft peak tanks are 
fitted. One of the holds is arranged for the carriage of 
ordinary oil cargo, as required, whilst a double bottom is 
available for the carriage of water ballast, oil fuel, or fresh 
water. The cargo hatches will be served by twelve 5-ton 
capacity steel derricks and one of 25 tons capacity. Twelve 
cargo winches and a windlass are driven by steam gene- 
rated in an oil-fired donkey boiler. The latter also pro- 
vides steam for the fire-extinguishing installation fitted 
throughout the ship and for heating and scouring the 
oil-fuel tanks. Electrically-operated telemotor — 
gear will be supplied. The propelling machinery wil 
comprise Harland-Burmeister and Wain oil engines. 
Both engines and ship will comply with the requirements 
of Lloyd’s highest class. 





ORIENTATION OF ELECTROLYTIC METAL DEPoSsITS.— 
Submitting electrolytic metal deposits to X-ray examina- 
tion by the method of Debye and Scherrer as modified by 
Polanyi, Mr. R. M. Bozorth, of the Bell Telephone Labora- 
tories, New York, has found, according to The Physical 
Review for September that some metals show a distinct 
orientation. This orientation is most marked in iron and 
nickel and less in cobalt ; it is weak in silver, and prac- 
tically absent in copper, zinc and cadmium, The 
orientation appears to be connected with tension. The 
oriented crystals are harder than others, and the orienta- 
tion resembles that acquired by drawing or rolling, as 
was observed by Polanyi. According to Kohlschiitter, 
hydrogen is present in hard oriented crystals, the hy- 
drogen being in the deposited metal; as the deposit gets 
thicker, the hydrogen diffuses out and leaves the layer 
nearest to the kathode in a state of stress. Kohlschiitter 
certainly observed that nickel expanded in the cell when 
hydrogen was electrolytically deposited on it, and con- 
tracted again when the circuit was broken. Bozorth 
also found that thick nickel deposits showed greater 
orientation and smaller grain than thin nickel films. 
The application of an external magnetic field had no 
apparent effect on the orientation in special directions. 
We may mention in this connection that spattered films 
of nickel have been found to be non-magnetic when ex- 
tremely fine and not heated. This point was dealt with 
on page 137 of our issue of July 31 last. 





FRENCH RAIL SPECIFICATION. 


A RAIL specification applicable to all the railway 
systems of the country is now in force in France, 
following an earlier standardisation of the rail 
sections. Previous to drawing up the final speci- 
fication, a draft was submitted to the French steel- 
works, and the observations made by them were 
taken into consideration in deciding upon the 
various conditions to be demanded. Three grades 
of steel are provided for, based primarily upon the 
tensile test figures. The three grades correspond 
to minimum tensile strengths of 65, 70 and 80 kg. 
per square millimetre (41-27, 44-44 and 50-79 tons 
per square inch). The Midi Railway before the 
war used for their ordinary tracks rails made of 
the 50-79-ton grade of steel, whilst the other 
railway systems selected this quality for their 
switches and crossings only, their ordinary track 
rails being of a quality intermediate between the 
41-27 and 44-44-ton grades. 

A clause in the new specification allows the rail- 
way systems, when giving an order, to specify the 
process to be followed in the manufacture of the 
rail steel, viz., either Thomas (basic Bessemer), 
Bessemer, Martin (open-hearth), or other process, 
it being understood that the steelworks cannot be 
compelled to employ the Thomas process for steel 
rails of the 50-79-ton per square inch quality. 

The Revue Générale des Chemins de Fer, from 
which we take our information, adds that French 
opinion is far from being unanimous in regard to 
the relative value of the different processes for the 
manufacture of rail steel. Notwithstanding the 
above reservation with reference to the 50-79-tons 
per square inch grade, which was introduced in 
the specification at the request of the steelworks, 
several firms have supplied rails of this quality 
made of basic Bessemer steel. The order for rails, 
apart from specifying the process to be followed, 
leaves details of the manufacture of the steel to 
the works. Further investigation, however, is being 
carried out in regard to two matters which have 
given rise to considerable discussion, namely, total 
or partial recarburation by anthracite, and the 
addition of aluminium in the ingot mould. 

The steel used is required to be of uniform com- 
position; every heat has to be analysed by the 
steelmaker with a view to determine at least the 
carbon, manganese and phosphorus contents. If 
requested by the railway’s inspecting engineer, 
more complete analysis must be furnished, there 
being at the most one such complete analysis for 
every 100 tons of rails to be supplied. Unlike most 
of the preceding specifications, the one now in 
force does not mention any percentage limit for 
certain metalloids, such as phosphorus and sulphur. 
In this connection our contemporary remarks that 
such limits form no reliable data as to quality, 
since, for example, a percentage of phosphorus that 
should be prohibited in a steel having certain carbon, 
silicon and manganese contents, may be allowed 
for another steel of a different composition. By 
limiting in advance the percentage of such metal- 
loids there is a risk of either rejecting rails which 
would give excellent service, or, on the other hand, 
of accepting doubtful rails. Reliance is placed 
upon the impact test to reveal brittleness, which 
may result from a faulty chemical composition 
of the steel. The comparison of chemical analyses 
with the results of impact tests has not so far 
shown that it is necessary for very strict limits of 
the percentages for metalloids to be adhered to. 
The chemical composition of the steel, considered 
alone, is not, therefore, likely to lead to rejection. 

The specification makes no stipulation with 
reference to the casting of the ingots, and it has 
not been found possible to embody clauses on the 
observance of specific teeming temperatures and 
methods. These questions continue to receive a 
great deal of attention both from steelmakers and 
railway engineers. A clause states that in no case 
shall the ingot have a section less than twenty times 
that of the rail, and no ingot shall be placed in a 
horizontal position previous to complete solidifica- 
tion. The final rolling temperature is required to 
be as low as possible. The top discard from the 
rolled ingot is to be such as to make it possible to 
cut from it a length of rail of 0-700 m, (27} in.) for 





the impact test, and is never to be less than 12 per 
cent. of the total weight of the ingot. Instipulating 
a definite amount of discard the railway companies 
may appear to be putting difficulties in the way of 
securing benefit from improvements which the steel- 
maker might introduce in what constitutes his own 
speciality. Itshould be remembered, however, that 
this 12 per cent. discard is less than that (18 per 
cent.) generally worked to at the present time by 
the rail steelmakers of the country, and it leaves 
them a good margin for improvements in the 
furnace and casting operations. At the opposite 
end of the rolled ingot the discard is to be such as 
to permit of cutting out a piece 0-300 m., (11} in.) 
in length for making tensile test specimens, There 
is no reference in the specification to casting ingots 
with the large end upwards. 

Cold straightening of the rails is to be carried 
out as usual by gradual pressure. Certain rail 
fractures appear to have been traceable to injuries 
received by the metal during cold straightening, 
which our contemporary points out is quite possible, 
in view of the local strains to which the steel is 
subjected in the course of the operation. Railway 
engineers become aware of such injury only when 
it is apparent on the surface. In drawing up the 
specification it was not found possible to enter into 
details on this point, and researches are to continue 
with a view to effect the detection of these internal 
injuries if and when produced ; the investigations 
will also include an examination of cold-straightening 
operations and may lead to the prohibition of 
certain machines and processes. 

The normal weight per unit of length of rails of 
any section is determined on the basis of a specific 
gravity of 7-840, this being the average specific 
gravity as deduced from the records of several of the 
French railway systems. The plus and minus 
allowances on dimensions at a temperature of 
15 deg. C. (59 deg. F.) are 2 mm. (0-078 in.) in 
length for rails 18 m. (59 ft.) long and under, and 
3 mm. (0-118 in.) for rails over 18 m. and up to 
24 m. (78 ft. 9in.). The tolerance on the section is 
half a millimetre (0-019 in.) on condition that the 
actual weight is not over or under the normal weight 
by a greater difference than 2 per cent. 

An important innovation is the provision of one 
impact test per ingot. For this the tup must weigh 
300 kg. (660 Ib.), the weight of the anvil is to be 
not less than 10,000 kg. (about 10 tons), the height 
of fall is to be equivalent in metres to the weight 
of the rail in kilos per metre multiplied by the 
following coefficients: 0-10 for the 65 kg. per 
square millimetre grade, 0-095 for the 70 kg. per 
square millimetre grade and 0-090 for the 80 kg. 
per square millimetre grade. The length of rail 
to be tested measures 0-700 m. (274 in.) and it 
is to be supported, head downwards, on two supports 
rounded on the top, placed 0-500 m. (19 in.) apart 
between centres, rigidly fixed to the anvil. A 
round notch must be previously cut by a 100 mm. 
(34§ in.) milling cutter in the rail head, in the middle 
of the test specimen, the depth of the notch being 
two-fifths the height of the rail head. The test 
specimen must withstand this test without breaking. 
The standard tensile and hardness tests are also 
required. The minimum tensile strengths are those 
quoted, namely, 65, 70 and 80 kg. per square 
millimetre, the minimum elongation on 100 mm. 
(34§ in.) being for the three grades 10, 9 and 7 
per cent., respectively. As compared with one 
specimen per ingot tested under impact, the tensile 
test is to be carried out on every heat only, and, as 
above stated, the tensile test specimen is cut from 
the part of the rail corresponding with the foot of 
the ingot, whilst that for the impact test is taken from 
the end corresponding with the top of the ingot. 
No special stipulations are made with regard to 
the ball hardness test, nor, apart from the impact 
test, are any tests required intended to reveal defects 
traceable to segregation in the ingot. 

Among the marks with which the rails have to 
be branded are the letters T. B. or M. (Thomas, 
Bessemer, or Martin), indicating the process followed 
in making the steel, and an arrow, the point of 
which is to be directed towards the extremity corre- 
sponding with the top of the ingot. The rails 
have to be guaranteed’ by the maker for a period of 
ten years from the date of manufacture. 
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PORTABLE ELECTRIC LOCOMOTIVE | make it possible to run an engine in over one or 
HOISTS. either of the beams. In this case the beam is 


set so as to drop into a pit, and carries on its 
WuereE structural, or other conditions, such as|upper side short lengths of rails corresponding 
expense, prohibit the installation of an overhead crane | with the shop-fioor track, over which the engine 
for lifting locomotives, lifting jacks or hoists serve|is moved. The wheeled hoists are spring sup- 
as a very useful substitute. Several types of such | ported, and as soon as the load is applied the 
hoists have been developed. In some cases they | base settles firmly on to the floor. 
are fixed, but more conveniently they are of the port-| The suspension of the cross beams has been 
able design, and can be moved about an erecting shop | more than usually well-thought out. The sus- 
to any locomotive which has to be lifted for stripping, | pension screws are in tension, instead of com- 
wheeling or other work. In some cases the hoists | pression, as is sometimes the case in such hoists, 
consist merely of large screw jacks with footstep | and both the screw and the cross beam are hung 
brackets, which are placed under the frames. In other | on gymbals so that no inconvenient straining 
cases a pair of hoists is connected by means of a lifting | and jamming can arise from slight unevenness 
beam of I section, which is placed across the engine | in the flooring with consequent incorrect setting. 
under the frames. Commonly, the jacks are operated |The standards are of lattice construction, the 
by hand crank, but in many cases power can be advan- | main members being of channel and the bracing 
tageously used. A recent type of power hoist for this | of flat bars. At the head are two cross channels 
class of work is illustrated in Figs. 1 to 27, herewith, | providing bearings for the trunnioned crosshead 
and on pages 603 and 610. It is made by Messrs. |shown in Figs. 12 and 13. This crosshead is 
Ransomes and Repier, Limited, 32, Victoria-street, | notched on the upper side, and supports the 
S.W.1, and embodies a number of features which make | knife edge shown in Figs. 14 and 15. The 
the design of more than ordinary interest. suspension is well illustrated in Figs. 26 and 27. 
The general arrangement of these hoists may be} Between this and the large nut on this end of 
followed from Figs. 1 to 5, on this page, while the | the hoist-screw is a ball thrust bearing. Each 
views, Figs. 23 to 25, page 610, show them under | hoist has its own motor, which may be seen just 
various conditions of use and testing. A set consists | below the head. The drive is from the motor 
* of four hoists of the type illustrated in Fig. 5, though | shaft to the worm shown in Figs. 8 to 11, thence 
commonly one pair is supplied without wheels, as| tothe worm wheel, in the same casing, on a 
shown for the far pairin Figs. 23 and 24, or the right- | vertical shaft, at the upper end of which is the 
hand pair in Fig. 25. The last of these three figures, | pinion shown to the left of Fig. 9. This gears 
it may be pointed out, sows the longitudinal arrange- | with a large wheel keyed to the hoisting screw. 
ment of the set, the 60-ton load representing a loco-| The beam is suspended in the manner shown 
motive with frames extending in the direction of the | in Figs. 6 and 7. On the inner faces of the main 
deep girders, which are supported on the cross (hoisting) | channels are riveted two bearings for the knife 
girders shown in the end views, Figs. 23 and 24. Figs. 2 | edges of the short sleeve illustrated in Figs. 16, 
and 4 again represent cross or end views, while Figs. 1|17 and 18. This piece again on its under side 
and 3 show part longitudinal elevations, the loco-|has knife edge notches for bosses on the long 
motive frames and wheels being dotted in in Fig. 1.|sleeve nut shown in Figs. 19, 20 and 21. The 
The wheeled hoists are arranged on four double- | latter is threaded internally to take the hoisting 
flanged wheels rurning on narrow-gauge rails flush with | screw. The screw-thread is shown in Fig. 22. 
the shop floor. The locomotive is placed so that the | This suspension will be seen to provide freedom 
beam for the fixed pair of hoists is in the correct | of movement in two directions at right angles, 
position. The two-wheeled hoists are then brought | and, with the gymbal arrangement at the upper 
in at the other end and the beam placed between them. |end of the standard makes it impossible for 
Figs. 3 and 4 illustrate a modified form arranged to! anything but direct tension to come on to the Fie. 5. 
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suspension screw, in spite of small want of level or lack 
of perpendicularity in setting up. In illustration of 
this, attention may be directed to the fact that in 
Fig. 5 the beam is shown slightly tilted and swung 
over to one side, so that the two screws of the pair of 
hoists do not hang perpendicularly. Again, in Fig. 24, 
a wide difference in level will be seen to produce no 
inconvenience owing to the freedom of the suspension, 
which also facilitates wheeling, when it is often neces- 
sary to push the engine over to one side or the other, 
so as to get the horns to enter the axle boxes. 

All motors are controlled from one switch board, 
which may be seen in Figs. 23 and 24, each machine 
being provided with a main double-pole switch and 
fuses, an ammeter and shunt field rheostat. There 
are, in addition, a voltmeter, main fuses, &c., and a 
single controller, which can be employed for starting, 
stopping, and reversing the motors, either separately 
or together. It is possible to increase or decrease the 
speed of any motor as compared with that of the others, 
80 as to maintain a level lift, in spite of unequal loading. 
The normal hoisting speed is about 4 in. per minute. 
Direct-current motors are usually provided, for 220-volt 
supply. Three-phase motors can be furnished if 
the supply is alternating current, while if there is 
no supply of energy a small petrol-electric set is made 
to go with the hoists. The hoists are made in three 
sizes of 60, 90 and 120 tons capacity, respectively. 
Messrs. Ransomes and Rapier have recently received 
orders for three sets of these hoists of 90 tons capacity 
for the Sorocabana Railway, Brazil, and a set of 120 
tons capacity for the South Manchurian Railway. 
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THE EVOLUTION OF IRON AND 
STEEL BRIDGES. 


Tux evolution of iron and steel bridges was well 
described in the course of a lecture delivered before 
the Society of Engineers and Metallurgists on the 
evening of October 20 by Professor F. C. Lea, of the 
Department of Mechanical Engineering, University of 
Sheffield. It was not until late in the eighteenth 
century, he stated, that the day of modern bridge 
building dawned, and the era of wood and stone gave 
place to that of iron and steel. In the year 1778, 4 
bridge was urgently required over the River Severn, 
near Coalbrookdale, and the Shropshire coalowner 
and ironmaster Wilkinson suggested that it could be 
constructed of cast-iron. He consulted a Shrewsbury 
architect, who fell in with the proposal, and plans for 
an arch bridge of 100-ft. span were made. The ribs 
of the bridge were cast at the Coalbrookdale Works, 
and the bridge was successfully erected and put into 
commission. It has since been recognised that the 
only defect in this structure lies not in the design of 
the arches, but in the insufficiently-massive abutments. 
Nevertheless, the bridge still stands. 

Following the construction of this bridge, said Pro- 
fessor Lea, a number of cast-iron bridges were built 
by Telford and others; these, however, were all 
of the areh typo, and thus attempts were being made 
to use cast-iron in the same way that the earlier builders 
had used stone. A departure from this method occurred 
when Telford, after making tests of the strength of 
wrought-iron, designed the Menai Straits suspension 
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bridge, thus introducing another epoch in structural 
engineering. Iron was to be used in tension instead 
of in compression, and, probably for the first time in 
the history of constructional engineering, every part 
used in the structure was subjected to a definite 
proof stress before being embodied in the work. 
During the early days of railway construction, when 
head room was small, cast-iron girders were used, and 
in many cases wrought-iron tie rods were added to 
strengthen the lower or tension booms. In the case 
of the High Level Bridge erected over the River Tyne, 
Robert Stephenson combined the compression-resisting 
properties of cast-iron with the tensile strength of 
wrought-iron, the thrust of the cast-iron arch being taken 
by wrought-iron tension rods. Stephenson, in 1841, had 
to consider a road bridge over the River Lea, in which 
there was little head room. He suggested the use of 
shallow girders of the cellular type built up of plates 
and angles, but, probably due to Fairbairn, the bridge 
was eventually made of wrought-iron plate girders. 
In the same decade, Stephenson was faced with the 
formidable problem of carrying the Holyhead Railway 
across the Menai Straits. He first proposed two cast- 
iron‘arches of 350 ft. span, but the Admiralty rejected 
the design on the ground that shipping would be too 
seriously interfered with. Stephenson then contem- 
plated erecting a tubular bridge partially supported by 
suspension chains. Fortunately, he solicited the help 
of William Fairbairn, an experimentalist and engineer 
of rare genius, and also of Professor Hodgkinson, a 
mathematician. The latter had given consideration to 
the stresses in beams and finally reduced Fairbairn’s 
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experimental work to rational formule based upon 
the mathematical investigation of Navier, who, in 
1825, had solved the problem of the distribution of 
stress in an elastic beam. Experiments were carried 
out on circular and elliptical tubes, but it was finally 
decided to use the rectangular form, with the upper, 
or compression, flange made of cellular form so as to 
be stable under compressive stresses and sufficiently 
large to permit the train to run through the tube. 
The conclusions from mathematical theory, experi- 
ments on models, and the practical wisdom of the 
two engineers resulted in a remarkable structure being 
built; one which not only met the needs of that 
day but successfully carries the much heavier and 
faster modern trains. 

By 1850, wrought iron was established as a suitable 
material for use in bridge construction, but it was 
destined in the course of the next twenty years to 
be replaced almost entirely. It was of interest to 
note that the growth of the science of the strength 
and testing of materials very considerably helped in 
giving that confidence necessary for the adoption of a 
new material for such an important purpose. Tests 
of. wrought iron had indicated the properties of 
materials required for constructional purposes, and 
the suitability of the new material could be gauged 
with considerable certainty. Soon, however, despite 
the suitability of iron and steel, bridges of the beam 
type, whether plate or lattice girders, were found to 
have their limitations with regard to span. Increase 
in span and the more economical use of material 
were desired. The suspension bridge that had been 
developed by Telford, made very large spans possible, 
though the lack of rigidity of the suspension chain 
made it necessary to introduce stiffening girders, and 
thus such structures became a combination of the 
suspension and beam types. The success achieved 
was not wholly complete; such tragic failures as 
that of the Tay Bridge on Christmas Eve, 1879, 
serving to remind engineers that undue risks should 
not be run. In this case, all the evidence seemed to 
show that although the first Tay Bridge was possibly 
strong enough to carry the vertical loads, insufficient 
consideration had been given to lateral loads due to 
wind pressure. 

The development of girders that would be stable in 
the compression flanges made it possible to take full 
advantage of the tensile and compressive strength 
of wrought iron and mild steel. From this develop- 
ment, it was recognised that economies of material could 
be effected in large-span structures by using mild steel 
for the construction of arches, and that a much more 
rigid structure than the suspension bridge could be 
obtained. The theory of arch construction had also 
been developed, and it was possible to calculate, with 
considerable precision, the stresses that would be set 
up in large arches when loaded in a specified manner. 
Although in this country no steel arch of very large 
span has been constructed, both on the Continent and 
in America a considerable number have been. 

As a sequel to the Tay Bridge disaster, designs pre- 
pared by the same engineer for a bridge over the Firth 
of Forth were abandoned, and the whole scheme 
reconsidered. Sir Benjamin Baker was entrusted with 
the design of a new structure, and the now famous 
cantilever type of bridge was duly constructed. 
It was proposed to erect a similar one over the River 
St. Lawrence, at Quebec, to have a span of 1,800 ft., 
but the story of this work is one of disaster. Sir 
Benjamin Baker realising the difficulty of making the 
compression elements of the great cantilevers of the 
Forth Bridge stable, constructed them of tubular 
section, but American engineers, to obtain a cheaper 
form, made the large struts of plates and angles 
connected by bracing elements. The first cantilever 
had been cgmpleted when one of the struts failed, and 
the structure collapsed, several thousand tons of steel 
falling into the river. New designs were then pre- 
pared, careful experiments made and work again 
begun and two cantilevers being successfully com- 
pleted. The central span was built on barges and 
towed to the centre of the river to be lifted 150 ft. 
high into position. While the 5,500-ton girder was 
being raised, however, a faulty casting broke, and the 
structure fell into the water. A new central span 
was later placed safely in position. 

Thus, the story of the evo'ution of the iron and steel 
bridge during the last 150 years, is one of metal- 
lurgical developments greater than in any similar 
period in the world’s history, of the development 
of the art of fabricating materials, of the science of 
testing materials, and of the theory of elasticity 
and the theoretical principles underlying the design of 
structures. 





Tue InstrrvcTion or AERONAUTICAL ENGINEERS.—We 
are informed that the offices of the Institution of Aero- 
nautical Engineers have been removed from 60, Chancery- 
lane, W.C.2, to 34, Broadway, Westminster, 8.W. 1, 
to which all communications should now be addressed. 





FLOW OF FLUIDS IN CURVED 
PASSAGES.* 
By Proressor J. Evstice. 

Tue author’s experiments, which show by coloured 
filaments the motion of water in its flow through 
curved glass pipes, although originally undertaken for 
the purpose of ascertaining the causes of increased 
resistance to flow due to the curvature of the pipe, are 
now used to explain peculiarities which have been 
observed in the resistance to flow in pipes of various 
diameters when they are connected by bends. The 
following paper gives a brief account of recent experi- 
ments on the flow in rectangular passages, and includes 








total loss of head apparently bears some relation to the 
ratio of the radius of curvature R to the diameter D. 
Coloured filaments show that, during steady flow in 
pipes of circular section, the filaments which enter a 
curved pipe from a tangent pipe, bend towards the 
centre of curvature in a curve which commences as 
soon as the filaments leave the tangent pipe. Many of 
the filaments appear to reach the surface of the curved 
pipe remote from the centre of curvature and then to 
follow a spiral path towards the centre of curvature. 
Illustrations of this action were given in a paper* by 
the author, from which Fig. 1 is reproduced. The illus- 
tration gives several views of a circular U pipe through 
which six coloured filaments are shown entering the 


Fig.2. 
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left-hand limb of the pipe. The device used 
for the introduction of coloured water is similar 
to that shown in Fig. 2. At velocities less 
than the critical velocity, the flow in the 
curved part of the pipe is not strictly laminar. 
The vortices show that there is motion close 
to the surface of the curved pipe and quanti- 
tative experiments demonstrate that the ratio 
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of the resistance of the curved part is greater 
at velocities below the critical than when the 
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flow in both straight and curved parts of 
the pipe is turbulent. Whilst it is not 
possible to map out the vortices by filaments 

















0 as clearly when the flow is turbulent as it 
. rs - #0 ad $0 is when the flow is steady, the coloured 
aiaad R/D onesnc —filaments and matter suspended in the fluid 


an explanation of the occurrence of the peculiarities in 
resistance which have been observed in pipe bends 
used by engineers. 

The total loss of head which occurs when a fluid is 
flowing in the curved part of a pipe, is made up of 
frictional losses caused by the flow close to the surface 
of the pipe together with the losses caused by centri- 
fugal force which, in a circular pipe, generates vortices 
in the fluid and these vortices augment the effect of 
viscosity ; or expressed in another way: If a curved 
pipe is interposed between two straight pipes, the 
increased resistance to flow appears to be due to a loss 
of momentum consequent on changes in direction of 
the motion of the fluid in the curved part of the pipe, 
vortices being formed which, after the fluid leaves the 
curved pipe, continue in the straight tangent pipe. The 





* Paper presented to Section G of the British Associa- 
tion at Southampton, on September 1, 1925. 





i 


show that the same kind of vortex motion 
is taking place. This visual demonstration in circular 
pipes points to an explanation of the periodicity of 
resistance to flow, dependent on the ratio of radius 
of curvature to diameter of pipe (R/D), which several 
experimenters have shown does take place in curved 
pipes of circular section. This explanation is given 
below. 

In striking contrast with the spiral action or vortex 
motion observed in circular pipes, recent experiments 
by the author on the flow in small curved passages of 
rectangular section, demonstrate that the filaments, 10 
their flow round the curved part of the passage, keep 
in their relative positions as shown in Fig. 2. his 
diagram illustrates the results obtained in low-velocit y 
experiments where the effect of centrifugal force is not 
sufficient to overcome viscosity; at higher velocities 
it is possible to produce vortices similar to those 





* Proc. R.S. (A), vol. Ixxxv, 1911, page 122. 
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produced in circular pipes. The passage, measuring 
2 cms. by 0-125 cm., and having transparent faces, is 
connected to a water tank by means of a circular metal 
pipe, flattened at one end to coincide with the passage. 
The coloured filaments are introduced through nipples 
and perforations in a small stream-line tube placed 
across the metal pipe near the entrance to the rect- 
angular passage. The inlet supply water which passes 
the stream-line tube carries the coloured filaments into 
the straight tangent passage whence it flows into the 
curved portion. The water supply, from a tank, 
enters the circular pipe at A, and the coloured water, 
from a small cistern, enters the nipples at B and B’. 
The outlet end of the rectangular passage is similar to 
the inlet end. 

An average curve from the results of experiments 
made by several investigators on circular pipes from 
2 in. to 6 in. in diameter is shown in Fig. 3, in which 
the abscisse. are numerical values of R/D. The 
ordinates are lengths of straight pipe equivalent to 
the excess loss due to curvature expressed in diameters 
of the pipe (L’/D). A curve similar to the lower 
part of Fig. 3 was published in “‘ Water and Water 
Engineering,’ September, 1924. After drawing the 
curve, the author was impressed by the fact that the 
maxima and minima of L’/D did not occur at equal 
intervals. He was unable, however, to find any 
published explanation for the occurrence of such 
maxima and minima or for their positions, and he 
now suggests that the explanation is probably to be 
found in the disposition of the vortices with reference 
to the outlet end of the curved pipe. This may be 
illustrated in the following manner: If an elastic 
particle travelling along the centre of the straight 
pipe impinged on the outer curve of a bend connected 
to the straight pipe, as at A’B’, Fig. 4, there would 
be a change of direction of motion at the point of 
impact B’, and the path followed by the particle 
would be along the line B’ C’ D’ E’ F’. At the 
points C’ and K’, the particle would be moving along 
the centre line of the curved pipe. Similar changes 
of direction would take place in the case of particles 
not in the centre line of the straight pipe, and there 
would be repeated rebounds in a curved pipe when 
R/D was large. Whilst a single particle would be 
free to move in the manner indicated above, a series 
of particles in a fluid would impinge on one another 
after entering the curved pipe. It is reasonable to 
assume that, at some parts of the curve, the average 
motion of all the particles would be more nearly 
coincident with the direction of the pipe than it is 
at other parts of the curve. Thus the positions shown 
by C’ and E’ illustrate minimum values, whilst D’ 
and F’ are maximum values. If the join with the 
tangent pipe, shown by dotted lines, were at E’ the 
particle would pass along the centre of the outlet 
pipe. After a series of calculations based on the 
foregoing assumptions, it was found that, for right- 
angled bends, the results which agree most closely 
with the experiments are obtained when the line AB 
is drawn as a tangent to the inner circle of the curved 
pipe and continued as at A, B, C, D, E, Fig. 4. If 
the join with the tangent pipe is at E, the fluid passes 
along the straight pipe with a minimum resistance. 
This is illustrated, for right-angled bends, in Fig. 3, 
cases 2, 3,4, 5and 6. In each of the cases 2, 4 and 6, 
where the lines BC, DE and FG, respectively, are 
tangent at the outlet, there is a minimum. In each 
of the cases 3 and 5, where the lines BCD and DEF, 
respectively, cut the curve at the outlet, there is a 
maximum. A comparison may be made with the 
lower curve which is from the average of a number 
of experiments. 

To obtain numerical values for right-angled bends, 
let R. be the radius of curvature, a the radius of the pipe, 
9 the angle AOB (O being the centre of curvature), and 
? the angle of the complete curve (AOE in Fig. 4). 
If ¢= 8, then for a right angle n @=7/2 and 0=7/2n. 
It will be seen that, for whole numbers, » is even for 
a minimum and odd for a maximum. 
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from which the values of R/D given in the following 
table are obtained :— 
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There is experimental evidence of changes in the 
positions of maxima and minima dependent on whether 
the flow in the straight inlet pipe is steady or turbulent, 
and in both types of flow there are probable changes 
due to changes in the mean velocity of flow. Hence 





the foregoing should be taken as an explanation of 
the cause of the periodicity of maxima and minima 
rather than as a means of fixing their exact positions. 
It gives a reason why readings of pressure taken very 
near the outlet of a curved pipe may not be true 
indications of the loss of head in the curve and also 
shows that it is advisable, where possible, to use pipe 
bends of which the values of R/D are at, or near to, 
the values which offer a minimum resistance to flow. 





HIGH - TEMPERATURE INSULATION. 


RapDIraTIon losses from furnaces and heating equip- 
ment were, until comparatively recently, considered to 
be unavoidable. Developments in furnace design, 
howéver, and a more accurate understanding of furnace 
efficiency, coupled with efforts to reduce overhead 
charges and costs of production have, for some years 
past, directed the attention of engineers to the subject 
of heat losses. The lagging of steam pipes was perhaps 
the first real attempt to reduce heat losses. This deve- 
lopment has received extensive application and, at the 
present time, the majority of steam pipes are covered 
with insulating material of some kind. Heat losses 
from furnaces have been shown, by various authorities, 
to amount, in many cases, to a fairly large portion of 
the total available heat. That this loss can, in a great 
measure, be prevented has become increasingly appa- 
rent and, during the past ten or fifteen years, a con- 
siderable number of experiments have been carried out 
with a view to obtaining satisfactory insulation at high 
temperatures. 

The fact that the heat, which escapes into the air 
from the exterior of a furnace, increases rapidly with 
rise of temperatures was demonstrated in 1913 by Mr. 
C. R. Darling, who prepared a curve showing heat losses 
from a furnace wall at various temperatures.* At 
160 deg. F., for instance, the heat given off by the steel 
casing of a furnace is given as 200 B.Th.U. per square 
foot per hour; at 360 deg. F., the loss amounts to 
1,000 B.Th.U. Mr. Darling’s curve is quoted, and much 
data dealing with heat transmission and methods of 
insulation, are given in a pamphlet compiled by the 
Celite Products Company, of Los Angeles, California, 
U.S.A., and entitled ‘‘ High-Temperature Insulation.” 

Strength and resistance to abrasion are among the 
foremost qualities required of a high-grade refractory. 
Ability to prevent heat losses through radiation and con- 
duction are also very desirable characteristics in such 
a material. In view, however, of the primary demands 
made on refractories, this latter property is difficult to 
realise. In order, therefore, to prevent excessive loss 
of heat, furnace walls must either be constructed of 
great thickness, which, besides being disadvantageous 
in many ways, causes a considerable proportion of the 
heat to be stored in the mass and so to remain unproduc- 
tive, or some form of lagging or insulating material 
must be built into the furnace between the refractory 
lining and the outer wall. The rate at which heat is 
transmitted through a material depends not only on 
its composition but also on its physical constitution. 
A material which has a low apparent density, due to 
the presence, within its mass, of a large number of 
small air “cells,” is usually a good insulator, as these 
interstices effectively impede the transmission of heat. 

An insulating material termed Sil-O-Cel, made by the 
Celite Products Company, and obtainable either in 
powdered form or made up into bricks, has given 
satisfactory results when used in American boiler 
plants, coal-gas retorts, hot-blast stoves and mains, 
soaking pits, lime, cement and brick kilns, glass-making 
equipment, and other installations in which high-tem- 
peratures are involved. The material, which is practi- 
cally pure silica, has a high melting point, namely, 
2,930 deg. F. From figures given, it is shown that, 
whereas the conductivity of a fire brick varies from 
6-7 B.Th.U. per square foot per unit thickness per hour, 
at 400 deg. F. to 10-6 B.Th.U. at 1,600 deg. F., that of 
a Sil-O-Cel brick varies but slightly between the same 
temperatures and remains well under 1 B.Th.U. It is 
stated that 85 per cent. by volume of the material con- 
sists of infinitesimal air cells, which figure accounts for 
its low conductivity. While the crushing strength of 
the material, in brick form, is given as 400 lb. per square 
inch, it is pointed out that it is not intended as a sub- 
stitute for a refractory; it should only be used for 
insulating purposes. As will be readily understood, 
its physical constitution is not such as will enable it to 
withstand a great deal of abrasion. 

The saving in fuel, while one of the principal, is not the 
only, advantage of insulation. The temperature within 
an insulated furnace is usually more uniform, and is 
also more easily controlled than is possible with un- 
insulated equipment. The uniformity of temperature 
thus secured is of importance in the majority of indus- 
trial processes, but it is especially valuable in the case 
of equipment used in the heat-treatment of steel, glass 
and other manufactured products. 





* See ENGINEERING, xcvi.,:page 643. 





THREE-CYLINDER 225-H.P. WOR- 
THINGTON TWO-CYCLE OIL 
ENGINE. 

THE engine which we illustrate in Figs. 1 to 12, 
on Plate XXXIV and on the opposite page, em- 
bodies a number of original features, and is of 
somewhat exceptional interest on this aceount. It 
is of the two-cycle, solid-injection type, and has 
been manufactured by Messrs. Worthington-Simpson, 
Limited, of Queen’s House, Kingsway, W.C.2. The 
Worthington engine was the first American oil- 
engine operating without compressed air for spray- 
ing the fuel oil, and without mechanically operated 
spray valves requiring accurate adjustment ; and these 
features have been retained in the engine illustrated, 
which has been built at the firm’s works at Newark- 
on-Trent. The most important feature of the engine 
lies in the form of the combustion chamber. This is 
in two parts, separated by an orifice. The upper 
part consists of a cylindrical chamber of fixed dimen- 
sions, while the lower is comprised by the usual combus- 
tion space above the piston. The fuel is injected into 
the upper chamber, which contains only sufficient 
air to combine with a small proportion of the oil, the 
main process of combustion taking place in the cylinder. 
It will be evident that the rate at which the cylinder 
combustion takes place will depend upon the rate at 
which the mixture of fuel and air passes through the 
orifice. This will, in turn, be governed by the pressures 
on the two sides of the latter, which depend on the 
design and dimensions of the various parts. It will thus 
be seen that the rate of combustion is independent of the 
rate at which the fuel is injected into the upper chamber 
by the pump. Actually the combustion is slow and 
graduated, and the indicator card shows an effect very 
similar to that obtained in an ordinary Diesel engine. 

Apart from the two-part combustion space, the 
form adopted for the space in the cylinder proper 
is of considerable interest. The underside of the 
cylinder cover is flat, with the exception of a dome- 
shaped recess at the centre, and as the top of the piston 
is also flat, practically the whole of the compressed air 
is concentrated into the dome. Both the underside 
of the cover and the top of the piston are machined 
to permit of their making close contact on top 
dead centre. As a result of this construction, the 
distance which the fuel has to travel from the orifice, 
to completely penetrate the air, is very small, and 
this factor has a marked effect in tending to promote 
complete and even combustion. 

Having summarised the principle of action of the 
engine, we may now turn to the details of construction, 
as shown in the illustrations. The form of the two- 
part combustion space is shown in Figs. 1, and 2, 
The same illustrations show the design of the cylinder 
heads, which are symmetrical, with the exception of 
the slight modifications necessary to incorporate the 
valves. This construction reduces the likelihood of 
the head cracking, due to unequal expansion; and the 
possibility of trouble in this direction is further reduced 
by making the head in two parts, so that the cooler top 
wall of metal does not restrain the lower hot one. 
A further advantage, resulting from constructing the 
head in two parts, is that it enables the whole 
of the jacket space to be readily accessible for 
inspection and cleaning, which in turn, reduces 
the likelihood of over-heating, due to the neglect 
of deposits caused by bad water. In the larger 
sizes the pistons are oil-cooled, the oil being supplied 
to, and returned from, the space under the crown 
through passages in the piston-rod, in a manner which 
will be described later. The construction of the 
cylinders will be clear from Figs. 1 and 2, from which 
it will be seen that the upper section of the jacket is 
removable, the arrangement adopted providing an 
expansion joint between the inner hot walls, and the 
relatively cooler outer, or jacket, walls. At the same 
time, the removal of the top section gives access to the 
jackets for cleaning, as in the case of the cylinder covers. 
The flanges of the cylinders are recessed into the frame, 
the latter being machined at the same setting as that 
employed for boring the cross-head guides, to ensure 
perfect alignment. The position of the scavenge and 
exhaust ports can be seen in Fig. 2, and it may be 
mentioned at this point that the scavenge air receivers 
are formed by the space below the piston, which is 
entirely separated from the crank-case, together with 
the space behind the cross-head guides. The air 
valves, which are of the maker’s feather type, can be 
seen at the top of this chamber in Fig. 2, and are also 
shown in Fig. 12, which illustrates a number of details. 
The valves consist of a series of strips of spring steel 
working on cast-iron seats, with ground faces. The 
volume of the receiving spaces is arranged to give a 
scavenge pressure of between 3 and 4 lb. per square 
inch. The admission port to the cylinder is shown in 
section to the left in Fig. 2, and it will be observed 
from this figure that the shape is such as to direct the 
entering air upward, and away from the exhaust port, 
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thus rendering a deflector on the top of the piston 
unne ° 

The stuffing-box for the piston rod is also shown in 
Figs. 2 and 12, and it will be noticed that it is 
carried in a removable cover, centred into the 
top of the frame, the cover constituting the top 
enclosure for the crank-case. The box is provided 
with metallic packing rings, and these serve to catch 
the majority of the oil carried up by the piston-rod. 
A scraper ring is provided above the packing, so that 
any oil which may pass the latter is scraped off, and 
collects in the chamber shown in the cross-section of 
the engine, from which it drains back into the crank- 
case. The piston-rod, shown in Fig. 12, is a steel forging, 
flanged at the lower end for bolting to the cross-head. 
At the upper end it is tapered and fits into a flange 
bolted to the piston. The arrangement adopted 
allows the piston, piston-rod, and stuffing-box to be 
drawn through the top of the cylinder when required. 
The cross-head is of the cylindrical guide type with 
detachable slippers, which are provided with shim 
adjustments for wear. The connecting-rod, shown in 
the same figure, is a steel forging, fitted with a solid 
bronze bush at the small end. The large end is of 
the marine type, and is lined with white metal. The 
crankshaft, illustrated in Figs. 1 and 11, is a one- 
piece forging carried in four bearings. As will be seen 
from these two figures, it carries a series of cams and 
eccentrics at one end for operating the fuel pumps, 
and the flywheel at the other. As will be clear from 
Fig. 11, the baseplate is a single casting, bored and 
faced at one setting to receive the main bearing shells. 
The latter are lined with white metal, and can be 
removed by sliding them round the shaft after it has 
been raised slightly. A sump for the lubricating oil 
is formed in the lower part of the baseplate, which 
will be referred to again later in connection with the 
lubricating system. The frame, like the baseplate, 
is also cast in one piece, and is secured to the latter 
with fitted bolts, in addition to the usual connecting 
bolts. Adequate inspection doors are provided. 

The engine is provided with two entirely separate 
lubricating systems, one for the cylinders, and the 
second for the various bearings. Cylinder lubrication 
is effected by means of a mechanically-operated sight- 
feed oil pump, driven off the fuel pump, with separate 
sight feeds for each cylinder. The lubricator delivers 
oil to check valves on opposite sides of each cylinder, 
from which it passes through holes in the walls to « 
circumferential groove, cut round the inside of the 
cylinder wall. This groove is at such a height that it 
is always covered by the piston. Any excess of oil 
drips down and collects in a pocket in the scavenge air 
space. A cock is provided for draining off the oil 
from the pocket, and gives a ready means of indicating 
an excessive oil supply. The lubricating system for 
the various bearings is combined with the oil-cooling 
system for the pistons. A geared oil pump, driven 
from the crankshaft, draws oil from the sump through 
a strainer. This pump may be seen in Fig. 3, 
and is also indicated on the extreme left in Fig. 7. 
The oil is delivered to a cooler, from which it passes to 
a header provided with a pressure gauge. From the 
header a branch is led to each main bearing, which is 
drilled as shown in Fig. 1, to lead the oil into an 
internal circumferential groove. From this groove the 
oil flows to each end of the bearing, and drops directly 
into the crank-pit. A throw ring is provided at the 
outer end of the flywheel bearing, to throw the oil into 
the end cover, from which it drains into the pit. Oil 
escaping from the bearing at the other end of the crank- 
shaft passes into the casing containing the fuel pump 
mechanism. A constant oil level is maintained in this 
casing by means of an overflow pipe, which can be 
observed in Fig. 6. The excess oil passing through 
this pipe is returned to the sump. From the main- 
bearing grooves, the oil has an alternative path, through 
oil ways in the shaft, to the big ends, and from thence 
through passages in the connecting rods, to the interior 
of the pistons. From these points it returns, through 
second passages in the connecting rods, to the cross- 
heed, from which it is discharged through a nozzle 
inserted in a slotted pipe, being finally conveyed by 
the latter back to the sump. 

The engine control gear is shownin Figs. 2 and3 and 5 
to 8. Aneccentric and a cam for each cylinder are keyed 
to the crankshaft, the former being for the fuel pump 
drive, while the latter operates the starting air valves. 
The fuel is pumped from the main storage tank, to 
the closed suction tank shown in Fig. 5, by means of a 
horizontal plunger pump, shown in Fig. 9, driven by 
an eccentric on the crankshaft, and inside the control 
box. The oil enters the suction tank from the top, 
passing through the strainer shown in the figure. A 
vent pipe is provided to carry off any bubbles in the fuel. 
The fuel pump, shown on the left in Fig. 5, has a body 
machined out of a solid steel forging. The discharge 
valve is at the top, and immediately below is the by- 
pass valve, which will be referred to again later. The 
fuel pump plunger is on the left in the figure, The 
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action of the fuel pump is as follows. It will be ob- 
served from Figs. 6 and 7 that the eccentrics operating 
the fuel pump plungers are provided with rollers at the 
top, and that in certain positions these rollers make 
contact with push rods, which serve to lift the plungers. 
A horizontal lever is pivoted on the push rod at one 
end, and rests on a cam at the other. The push rods, 
for operating the by-pass valves, rest on the centre of 
this lever. The suction stroke of the pump-plunger is 
actuated by the spring, shown surrounding the plunger 
in Fig. 5, the plunger following the roller on the eccen- 
tric until it is brought to rest by a stop. The plunger 
then remains stationary, with the pump chamber full of 
oil, for the greater part of a revolution. When the 
main engine crank is at a point about 16 deg. before 
top dead centre, the roller comes into contact with the 
push rod, and the fuel is forced through the discharge 
valve. After the pump plunger has been raised a cer- 
tain distance, the suction valve is opened, owing to the 
movement of the horizontal lever, and injection ceases. 
The exact point at which this action occurs will depend 
on the position of the cam on which one end of the lever 
rests, and this is controlled by the governor, through the 
system of levers shown in Figs. 6 and 8. On full 
load, injection ends when the pump-plunger has com- 
pleted about half its stroke; and at lighter loads, the 
suction valve is lifted at a correspondingly earlier 
point. The spraying valve is shown at the top of the 
injection chamber in Figs. 1 and2. Asin the case of the 
fuel pump. the barrel of this valve is machined out of 
the solid from a steel forging. A check valve, which 
is arranged behind the spraying valve serves to 
prevent the cylinder gases entering the fuel system 
when ignition takes place, and serves to keep the oil 
supply pipe full of oil. The screw-down valve at 
the top is a hand-vent, or bleeder, which is opened 





before starting the engine, and indicates, by the flow 


12. 


of oil from an opening at one side, that priming is 
complete. The injection chamber member also 
carries the starting air check-valves. 

The engine is started in the usual way on compressed 
air. A hand lever, shown below the fuel-pump plunger 
in Fig. 7, is provided for lifting the plunger for each 
cylinder to permit of the discharge valves, the pipe 
connections, and the spraying nozzles being filled with 
fuel oiJ, and all air removed from the system, before the 
engine is started. The air receivers are charged from @ 
Worthington-Simpson compressor driven by a separate 
engine. The cams which operate the mechanically- 
operated distributing air valves, mounted on the 
crankshaft and within the control chamber, have 
already been referred to. The action of shutting off 
air at the master valve automatically throws the cams 
out of action. Fig. 10 shows the hand lever for con- 
trolling the admission of air to the engine. 





Execrricity’s Progress AND Prospects.—The in- 
formative and exhaustive supplements on various 
industries and commercial ventures which from time 
to time form such useful additions to issues of the 
Financial Times constitute a development in ae 
journalism, the interest in which is not confined to purely 
financial circles. A recent supplement contained in the 
issue of the Financial Times, dated October 19 om 
is entitled ‘‘ Electricity’s Progress and Prospects, Rs 
comprises a ten-page collection of some twenty articles, 
each written by a recognised authority, on —— 
industrial pursuits connected with electricity. Broac ° 
casting, Cheap Power, Coal Economy, and Electricity in 
England are some of the titles written under, together 
with Electrical Farming, Electrical Heating, and Electric 
Railways. Notes headed Steam Turbines, Super-Power, 
and Transmission of Power, are included, and also ° 
article entitled ‘“‘ Iron and Steel Industries.’ The pub- 
lication well merits the attention of the engineer and those 
concerned with the subjects discussed. 
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STREAM-LINE FILTER FOR OILY BILGE WATER. 


CONSTRUCTED BY THE STREAM-LINE FILTER COMPANY, LIMITED, ENGINEERS, WESTMINSTER. 


Fig.1. 
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STREAM-LINE FILTER FOR OILY 
BILGE WATER. 


ALTHOUGH the operation of the Oil in Navigable 
Waters Act has done something to ameliorate the 
effect of the discharge of water contaminated with 
oil from the tanks of naval vessels and merchant ships 
using liquid fuel, the troubles have been by no means 
eliminated. Oily bilge water may still be discharged 
outside the three-mile limit, and the oil so discharged 
is eventually deposited on the foreshore, where it 
diminishes considerably the amenities of health resorts, 
and is also destructive of certain forms of marine and 
bird life. That the nuisance is a serious one is generally 
admitted, so that any effective method of avoiding it 
should be of interest, not only to those who suffer from 
the trouble, but also to those responsible for its pro- 
duction ; the latter, it may be added, have to pay for 
the oil which is wasted, so that they are naturally 
anxious to avoid the loss, if apparatus is available that 
can be installed and operated at a cost commensurate 
with that of the oil recovered. The difficulty is, of 
course, that the water discharged contains only a 
small proportion of oil, so that the recovery of the 
latter involves the treatment of a comparatively large 
volume of water. Moreover, the treatment must be 
of a very thorough character, since small traces of oil 
discharged in the congested waters of important 
shipping routes, by accumulating and drifting in- 





shore, will eventually give rise to the nuisance above 
referred to. 

A number of separators for eliminating the oil from 
water discharged overboard have been designed and 
constructed, both for use in ports and on board the 
vessel, and some of these have been referred to in our 
columns on previous occasions. We now propose to 
describe one just introduced by the Stream-Line Filter 
Co., Ltd., 64, Victoria Street, Westminster, S.W.1, 
which we saw in operation at the works of the company 
on Tuesday last. The apparatus, which we illustrate 
in Figs. 1 to 4, annexed, has been designed as the 
result of « series of experimental investigations carried 
out by the company, and has been patented jointly 
by Dr. H. 8. Hele-Shaw and Mr. A. Beale. From the 
half-tone engraving, Fig. 4, it will be seen that the 
apparatus consists of a horizontal cylindrical tank 
with two rectangular chambers mounted above it. 
The internal arrangements are shown in the sectional 
drawings reproduced in Figs. 1 to 3, on which the 
main dimensions are given, so that they need not be 
repeated here. Referring first to the longitudinal 
section, Fig. 2, it will be seen that the mixture of oil 
and water, containing usually from 3 to 5 per cent. 
of the former, is supplied through a pipe connection 
at the left-hand end of the cylindrical vessel, where 
three compartments are formed by baffle plates. The 
compartments are connected by 6 in. holes, arranged 
as shown in Figs. 1 and 2, and holes are also formed in 









Fig.3. SECTIQN B.8. 
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the top of the shell of the cylindrical vessel so’ that 
each compartment communicates with the rectangular 
chamber above. It will be readily understood that as 
the oily mixture passes through the three compartments, 
its velocity is reduced sufficiently to allow the greater 
part of the oil present to rise through the upper openings 
into the rectangular chamber, which, at first, is com- 
pletely filled with water, as also is the whole of the 
remainder of the apparatus. Actually, about 95 per 
cent. of the oil originally present escapes directly from 
the three compartments into the upper chamber, 
while the water, now containing only about } per 
cent. of oil, passes on through a nest of 121 horizontal 
tubes, 6 ft. in length, provided in the cylindrical 
vessel, as shown in Figs. 2 and 3. 

These tubes, which form a particularly interesting 
feature of the apparatus, are of galvanised gas stock, 
14 in. in diameter internally, and their ends are ex- 
panded into tube plates, as shown, to make water-tight 
joints. In the upper surface of each of the tubes, and 
6 in. from the inlet end, a 1 in. hole is drilled, this 
being followed, at 2 in. intervals, by two }-in. holes and 
ten 4-in. holes, then, at 1 in. intervals, by twenty 3-in. 
holes and finally by twenty }-in holes. The velocity of 
the mixture flowing through the tubes is well below the 
critical, being about 6 ft. per minute at the rated 
capacity of the plant, viz., 10 tons per hour, and this 
low velocity permits the minute globules of oil present 
to rise as they travel along the tubes, and escape 
through the holes into the still water with which the 
cylindrical chamber is filled! Three circular holes in 
the top of the latter, shown in Figs. 2 and 3, enable the 
oil which collects to pass up into the rectangular 
chamber on the left, where it joins that collected from 
the baffle chambers and whence it can be drawn off 
at intervals for use. A steam coil is fitted in the oil 
chamber, as shown in Figs. 1 and 2, so that the viscosity 
of heavy oils can be reduced sufficiently to enable them 
to flow readily. 

In passing along the perforated tubes just described, 
practically the whole of the oil is eliminated, the 
proportion present in the water as it emerges from the 
ends of the tubes being less than 1 part in 100,000. 
Actually, we understand, the proportion could be 
reduced to any desired extent by increasing the length 
of the tubes, but practical considerations, of course, 
limit the length it is possible to employ. Even the 
small proportion mentioned would be a possible source 
of nuisance from the cumulative effect of the discharges 
from a large number of vessels in congested waterways, 
so that, to reduce the oil finally discharged to an abso- 
lutely negligible quantity, the water is passed through 
a filter contained in a second rectangular cham- 
ber, shown in section in Figs. 2 and 3. From the 
former it will be seen that the water from the outlet 
ends of the perforated tubes flows from a compartment 
formed in the end of the cylindrical vessel into the 
bottom of the filtering chamber and passes upwards 
to the final outlet through a bed of filtering material 
pressed between two grids formed of mild-steel plates 
pierced with 1 in. square holes. The filter, it should, 
perhaps, be explained, is not of. the stream-line type 
now associated with Dr. Hele-Shaw’s name, in which 
the filtrate flows between sheets or discs of paper, 
while the solid matter is retained on the edges, but is 
composed of a number of flat fibrous sheets of sodium- 
calcium-aluminium silicate. This material, being 
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inorganic, is of a permanent character, and is uninjured 
either by the oil collected, or by the steam used for 
cleansing it. Steam for the latter purpose is supplied 
at intervals through the cock indicated by dotted lines 
on the left-hand side of the filter chamber in Fig. 2. 
An inclined plate, also shown in the _ illustration, 
leads the steam, with the oil that has been retained 
by the filtering material, to an outlet near the bottom 
of the chamber. Steam connections to other parts of 
the apparatus are provided as shown to enable all 
parts of it to be cleaned when necessary. 

At the demonstration above referred to, water 
containing 5 per cent. of heavy fuel oil was circulated 
through the apparatus from the tanks shown in the 
background of Fig. 4, by means of a centrifugal pump, 
both oil and water being continuously drawa from and 
returned to the tank. The rate of flow was indicated 
by a Vee notch in the side of the upper tank, and 
samples of the water discharged from the filter chamber 
were taken at intervals. These appeared to be per- 
fectly clear, and showed no traces of oil on the surface ; 
neither could the presence of oil be detected by the 
taste. If these results can be obtained under practical 
working conditions, as there appears to be no reason 
to doubt, the adoption of the apparatus will certainly 
do much to mitigate the nuisance caused by oil pollu- 
tion of coastal waters, and also to prevent the wastage 
of oil, a point which cannot well be neglected now that 
economy of working is of such vital importance to the 
shipping industry. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday, 


The Coal Trade,—Conditions in the Welsh steam coal 
trade have been of a more encouraging nature during 
the past week. Heavy outward chartering, especially 
for South America, North America and the Mediter- 
ranean, coupled with a freer arrival of shipping, has 
placed a number of collieries in a more comfortable 
position than has been the case for at least three months. 
At the same time, operations at the docks, too, have 
been brisker, and whereas it has been the rule to have 
loading berths vacant daily, varying from 20 to 30, 
at present there are only 11 berths unoccupied at the 
Cardiff, Penarth and Barry Docks, while 9 large-sized 
steamers are actually waiting for berths to load. At 
Newport, 5 berths are vacant, but at Swansea and 
Port Talbot 11 boats are waiting for tips, while there 
are no vacant berths. Shipments of coal as cargo in 
the past week amounted to 413,500 tons compared with 
417,580 tons a week ago, and 498,560 tons in the corres- 
ponding period of last year. Shipments from Cardiff 
were reduced from 250,180 tons to 237,530 tons, at 
Newport from 58,150 tons to 56,770 tons, and at Swansea 
from 70,200 tons to 70,120 tons, but at Port Talbot 
they were increased from 35,880 tons to 43,450 tons, 
and at Llanelly from 3,170 tons to 5,630 tons. Of last 
week’s total 131,660 tons were despatched to France, 
57,340 tons to Italy, 41,200 tons to Argentina, and 
22,050 tons to the United States. The British Admiralty 
are inviting tenders for their requirements over next year. 
No definite quantities are asked for, but the collieries 

uote for varying amounts, and it is of interest to 
mention that supplies aggregating about 400,000 tons 
are estimated to have been taken by the Admiralty 
during the current year. The Soviet Government are 
also inviting tenders for about 30,000 tons of best 
Admiralty large coal for early shipment to North Russia, 
while the Central Argentine Railways have placed 
contracts for a fairly substantial quantity of second 
Admiralty large for delivery over next year, at 21s. and 
21s. 6d. f.o.b. The Algerian Railways have also con- 
tracted for about 30,000 tons of Welsh patent fuel. 
Meanwhile, prices generally are steady for ordinary dry 
large and second Admiralty large, while dry nuts are 
searce and firm, with best steam smalls less freely 
offered and steady at 10s. 6d. to 1lls., which is from 
6d. to ls. above the price commanded a week ago. 
Best Admiralty large, though more fully booked, is still 
available in sufficient supply to meet requirements, 
while Monmouthshire large is in ample supply, the 
former ranging from 23s. to 23s. 6d., and the latter 
from 18s. 6d. to 19s. 6d. 


The Boilermakers’ Rota.—Plating work in the South 
Wales ship-repairing yards has been brought to an 
almost complete standstill by the desire of the boiler- 
makers to introduce a rota work-sharing scheme. The 
employers object to the adoption of this system, as 
they wish to retain the privilege of selecting their men, 
a right which is granted to them in an agreement reached 
between the owners and the men at the end of 1920. 
The owners have instructed their foremen not to take 
any notice of the rota, and to select men as has been 
done in the past, while the men have been instructed 
by their organisation not to present themselves for work 
except through their Union. Two joint conferences of 
the parties concerned have been held, but no agreement 
has been reached. 





Royat Instrrution.—The hundredth annual course 
of Christmas lectures for young people at the Royal 
Institution will be delivered this year by Sir William 
Bragg, and will be entitled ‘Old Trades and New 
Knowledge.” The first lecture, to be given on Decem- 
ber 29, will deal with the trade of the sailor, whilst the 
following five lectures will be on the trades of the smith, 
the weaver, the dyer, the potter and the miner, 





LETTERS TO THE EDITOR. 


CONNECTION BETWEEN MATTER 
AND ETHER. 
To tHE Epiror or ENGINEERING. 

Str,—So far experiments to discover a connection 
between matter and ether appear to have been carried 
out with the matter in a state of steady motion. They 
resemble the early experiments of Faraday to produce 
electric induction with steady currents. Faraday 
discovered the looked-for induction when he tried a 
varying current in the primary circuit, and it seems 
conceivable that the looked-for interaction might be 
found if the matter were violently accelerated. One 
might for instance, repeat the Lodge experiments by 
running the discs up to speed and then putting a brake 
on them to stop them as suddenly as possible, prefer- 
ably using heavy discs. Another method would be to 
fire bullets at a target from a machine gun and to 
endeavour to find etheric disturbance when the bullets 
hit the target. 

There certainly seems to be an interaction between 
matter and ether—assuming that there is ether—when 
matter changes its rate of motion, and some such 
experiments as those mentioned above might give 
results of interest. 

Yours faithfully, 
C. TURNBULL, 

County Borough of Tynemouth Electricity Works, 

North Shields. 

October 30, 1925. 
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Cement Sacks. By R. J. Morris. [Price 10 cents.] 
Washington : Government Printing Office. 
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EK. A. Hotsroox and T. Fraser. [Price 40 cents.] 
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OrHers. [Price 5 cents.] No. 380. Production of 
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By W. W. Apams. [Price 5 cents.] Washington: 
Government Printing Office. 
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No. 2. Machines for Ore Dressing. Spiral Separator. 
Its Theory and Design. By Professor L. B. LEVENSON. 
Leningrad: Institute of Ore Dressing. 

The Erection of Engineering Structures and Plant. A 
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By Harry Arkin, M.I.Struct.E. London: Chapman 
and Hall, Limited. [Price 9s. 6d. net.] 

Laboratory Experiments for the Engineering Student. Vol. 
I. By H. Turevratt, F.R.C.Se.I., M.Se. London : 
Chapman and Hall, Limited. [Price 6s. net.] 

Air Ministry. Meteorological Office. ‘T'he Observatories 
Year Book, 1922. Comprising the results obtained from 
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and Benson. In continuation of the former British 
Meteorological and Magnetic Year Book, Parts III and 
IV. London: His Majesty’s Stationery Office. 
[Price 32. 3s. net.] 





Farapay House OLp StTupENTS’ ASsSsocIATION.—A 
distinguished list of members and guests attended the 
seventeenth annual dinner of the Faraday House Old 
Students’ Association, the company including no less 
than eight past presidents of the Institution of Electrical 
Engineers and a past president of the Institution of Civil 
Engineers. The function took place at the Piccadilly 
Hotel, London, on the 6th instant, under the chairman- 
ship of Mr. H. W. H. Richards, M.I.E.E., the Electrical 
Engineer to the London and North Eastern Railway 
and President of the Association. The toast of “‘ Faraday 
House and its Old Students ’’ was proposed by Mr. R. A. 
Chattock, the President of the Institution of Electrical 
Engineers, who referred to the large number of old 
Faraday House men holding prominent positions in the 
electrical profession: while Dr. Alexander Russell, in 
replying, spoke of the re-equipping of the laboratories 
of Faraday House which has just been completed. 
Mr. G. W. Partridge, Sir John Snell, Dr. S. Z. de Ferranti, 
and Sir Charles Morgan also proposed or responded to 
toasts, the whole of the proceedings proving very 
successful and enjoyable. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Confidence in the future of the steel 
and engineering trades of South Yorkshire continues to 
spread, and though actual indications of an improvement 
are somewhat scarce, it is believed that the worst has 
been passed. The Government’s decision to appoint a 
Committee to inquire into the claims of necessitous 
areas, such as Sheffield, has been welcomed. It is 
thought that should the Committee decide that assistance 
should be given to these .areas, it will go a long way 
towards reducing rates, which, at present, contribute 
largely to the burden of overhead charges. These at 
present have a crippling effect on industry, and to a 
pronounced extent assist foreign competition. The 
contemplated scheme of the L.N.E. railway to spend 
1,880,000. on railway and rolling stock is appreciated 
here, and though the actual placing of the contracts is 
still to be settled, it is felt that Sheffield will benefit when 
they are allotted. The Sheffield City Council have 
confirmed the acceptance of contracts for the supply of 
50 new tramcars at a total cost of over 100,0001. All of 
the work will be carried out in this country, and the 
greater part in Sheffield. Mixed conditions prevail in the 
heavy steel trades. The demand for ship steel and 
marine castings is at a very low ebb, but the call for 
railway and rolling stock has improved, though wagon 
builders are operating at a low level. It is expected that 
until the coal export industry shows considerable improve- 
ment, this position will remain unaltered. Automobile 
steel makers are doing better with home users, but over- 
seas requirements are not sosubstantial. Inthe implement 
sections, the agricultural departments are experiencing 
brighter times. The Colonies are good buyers of all 
descriptions of farm and garden tools. Quarrying and 
road-making appliances are not in such good request. 
Stainless steel is ever becoming more popular in the 
engineering trades, and the demand is assuming larger 
dimensions, while in home needs its uses are boundless. 
In the tool trades business is fair, the demand being better 
than for some time past. 


South Yorkshire Coal Trade.—The optimism experi- 
enced in the steel industry has been reflected in the coal 
trade, but so far no appreciable improvement has been 
noticed. Steam coal is going away well on home account, 
but export requirements tend to diminish. Cobbles 
and nuts maintain recent improvement, but slacks are 
a weak section, the call for best and inferior qualities 
being poor. The colder weather has had a pronounced 
effect on housecoal, the demand being greatly improved, 
but, taken as a whole, the distribution is still below 
normal. Foundry and furnace cokes represent improved 
lines. Quotations: Best branch handpicked, 31s. to 34s., 
Barnsley best Silkstone, 28s. to 30s.; Derbyshire best 
brights, 24s. to 26s. 6d. Derbyshire best house, 23s. to 
25s. ; Derbyshire best large nuts, 17s. to 20s. ; Derbyshire 
best small nuts, 12s. 6d. to 14s.; Yorkshire hards, 17s. 
to 20s.; Derbyshire hards, 16s. 6d. to 20s.; Rough 
slacks, 9s. 6d. to 12s. 6d.; Nutty slacks, 6s. 6d. to 8s. ; 
Smalls 3s, 6d. to 5s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Cleveland pig-iron values 
are steadier, gradual expanding demand rendering price 
concessions less easy to secure, but quotations still 
vary somewhat, largely owing to continued cheap sales 
to Scotland. Recent sales to customers north of the 
Tweed are understood to have been numerous and rather 
large. Business with buyers nearer home is on a fairly 
good scale, but transactions for despatch to firms over- 
seas are still of only moderate dimensions. The outlook, 
however, is distinctly better than for some time past, 
and upward movement in quotations would cause no 
No. 3, g.m.b., 663s.; No. 4, 


surprise. No. 1 is 68s. ; g 
foundry, 65s. ; and No. 4, forge, 64s. 
Hematite.—Satisfactory and encouraging accounts 


continue to be given of the East coast hematite iron 
department. Demand, on both home and_ export 
account, continues quite good, and so well placed are 
makers that they are by no means keen to negotiate for 
further contracts at current rates. Sheffield users are 
reported to have purchased rather extensively ; while 
other home buyers have placed fairly good orders ; and 
export sales are for delivery over a very wide area. 
Nos. 1, 2, and 3 are quite 74s. 6d., and there are sellers 
who hold out for more. No. 1 is quoted sixpence above 
mixed numbers. 


Foreign Ore.—There is rather more doing in foreign ore, 
and though quotations are hardly altered, rise in freights 
has stiffened prices. Market rates are still based on 
best rubio at 20s. c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
fairly good request for local use, and quotations show 
an upward tendency. Good average qualities are in the 
neighbourhood of 19s. 6d., delivered to consumers In 
this district. 

Manufactured Iron and Steel.—There is still much room 
for improvement in the manufactured iron and steel 
industries, but what changes are noticeable are for the 
better. Inquiries for some descriptions of material are 
improving, and in one or two branches, a good deal of 
work is now being turned out. Shipbuilding requisites 
are still slow of sale, but constructional steel is consider- 
ably sought after, and there are more inquiries for rails. 
Sheet manufacturers are very busy, and heavily sold. 
Common iron bars are lll. 5s.; iron rivets, 12/. 15s. ; 
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steel bars, 8/. 7s. 6d.; packing (parallel), 8/.; packing 
(tapered), 11/.; steel billets (soft), 77.; steel billets 
(medium), 7/. 10s. ; steel billets (hard), 8/.; steel ship, 
bridge and tank plates, 7/.5s.; steel angles, 7/.; steel 
rivets, ‘12. 10s.; steel joists, 7/.; heavy steel rails, 
8l.; fish plates, 122.; and galvanised corrugated sheets 
(No. 24 gauge, in bundles), 16/. 10s. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade have changed little over the week, but more rolling 
mills are going into commission. A larger number of 
inquiries are in the market, but the translation of these 
into actual business is the difficult problem. Local 
prices are now very favourable, but a certain amount of 
nervousness still prevails on the part of buyers, who seem 
reluctant to enter into commitments of any size. This 
state cannot continue very much longer ; at least it is 
difficult to see how it can. Quietness continues in many 
industries, particularly shipbuilding, but the better 
feeling overall is, if anything, more pronounced, and some 
improvement in demand is anxiously awaited by pro- 
ducers. For black sheets of the lighter variety there is 
still a good sale, and order books are full up for some 
months ahead. The heavier gauges are not in such good 
demand but, nevertheless, there is a fair number of 
orders on hand. Galvanised sheets continue active, and 
employment in this department of the industry is 
excellent, the output being on a large scale. The general 
run of prices is slightly easier, and the following may be 
taken as the current quotations: Boiler plates, 11/. 10s. 
per ton; ship plates, 7/. 15s. per ton; sections, 7/. 10s. 
per ton; and sheets, ¥ in. to } in., 91. 7s. 6d. per ton, all 
delivered at Glasgow stations. 

Malleable Iron Trade.—In the West of Scotland 
malleable iron trade movement has been very limited 
during the past week. There has been a scarcity of 
fresh orders, and the tonnage of those on hand is not 
sufficient to ensure running with any degree of regularity. 
Inquiries at the moment do not give promise of any 
revival in buying. The re-rolling branches are only doing 
fair. ‘‘Crown” bars are still called 11l. 5s. per ton 
delivered at Glasgow stations. 

Scottish Pig-Iron Trade.—A slightly better feeling 
prevails in the Scottish pig-iron trade, and inquiries are 
better. Export sales have improved a little, but a more 
constant demand is badly wanted before the trade can 
be said to be on the mend. Some special grades have 
been selling a little more freely, but ordinary iron is still 
slow. Prices are inclined to be firmer, and the following 
are the market quotations: Hematite, 31. 18s. 6d. per 
ton, delivered at the steel works; foundry iron, No. 1, 
80s. 6d. to 83s. per ton, and No. 3, 788. to 80s. 6d. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, November 7, amounted to 1,037} tons. Of 
that total 987} tons went to foreign destinations, and 
50 tons coastwise. For the corresponding week of last 
year the figures were 632} tons overseas, and 35 tons 
coastwise, making a total shipment of 667} tons. 


Shipbuilding.—Messrs. William Hamilton and Co., 
Limited, Port Glasgow, have secured a contract to build 
a four-deck passenger steamer for Messrs. C. T. Bowring 
and Co., Limited, Liverpool. This vessel will be 350 ft. 
in length.—Messrs. Ferguson Brothers (Port Glasgow), 
Limited, have received orders to build three powerful 
dredgers of three different types for the L.M.S. Railway 
Company.—The Caledon Shipbuilding and Engineering 
Company, Limited, Dundee, have contracted to build 
two steam lightships, similar in size to the Abertay 
lightship, for the Elder Brethren, of Trinity House, 
London. 





TENDERS.—The Department of Overseas Trade of 
35, Old Queen-street, London, 8.W.1, has announced 
that the South African Railways and Harbours authori- 
ties invite tenders, which must reach Johannesburg, 
Transvaal, not later than December 31, 1925, for the 
supply of 7,000, or alternatively, 10,000 steam heating 
couplings.—The Municipal Council of Johannesburg 
invite tenders, to be presented by December 17, 1925, 
for high tension switchgear.—The Egyptian Ministry of 
the Interior invite tenders to be submitted not later than 
December 10, 1925, for machinery required in connec- 
tion with a waterworks scheme at Mellawi. The contract 
to be placed will provide amongst other things for the 
supply, delivery, and installation of two vertical three- 
phase induction motors of 45 h.p. directly coupled to 
centrifugal pumps having a maximum output of 30 
litres per second, together with connections and all 


accessories. A 15 h.p. horizontal three-phase induction }. 


motor is also required, as are also control panels for the mo- 
tor, low tension armoured cable, wooden cable troughs, 
cable end boxes, &c. Steel piping and water meters will 
be needed, whilst some machine tools and other work- 
shop equipment are required. ‘This material includes. a 
lathe, a drilling machine, an emery grinder, and be- 
sides a steel water tank, a coal bunker, a _ trans- 
mission shaft, outfits for a forge, turning, fitting and 
joinery shops, &c. Belting should be quoted for in the 
tender and also lubricating and cleaning apparatus.— 
The Borough Water Engineer’s Department of the Cor- 
poration of Durban, South Africa, invites tenders, to be 
presented by January 22, 1926, for the supply and 
erection of rapid water filtering plant at Northdene.— 
The Argentine’ Department of Navigation and Ports 
invite tenders, to be presented at Buenos Aires not later 
than January 22, 1926, for the supply of pile driving 
apparatus. ma 





NOTICES OF MEETINGS. 


THE INsTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupEents Section. To-night, at 6.15 p.m.-at Savoy 
Place, Victoria Embankment, W.C. 2. Opening Address, 
““Some Controversial Problems,” by Lieut.-Col. K. 
Edgeumbe, R.E. 


Tue Junior Institution oF ENGINEERS.—To-night, 
at 7 p.m., at 39, Victoria-street, S.W. 1. Annual General 
Meeting. Friday, November 20, at 7.30 p.m. Lecturette, 
“The De-hydration of Tar,” by Mr. G. E. Wills. 


THE InstiruTION OF ENGINEERING INSPECTION.— 
To-night, at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Modern Developments in 
Steels Resistant to Corrosion,’’ by Dr. W. H. Hatfield, 
M.I.Mech.E., F.Inst.P. 


THe Raitway Cius.—To-night, at 7.30 p.m., at 65, 
Belgrave-road, S.W.1. “The Restraint of Railway 
Development,” by Mr. W. A. Willox. 


Tue Institute oF TRANSPORT: NorRTH-EASTERN 
Loca. Section.—Saturday, November 14, at 3 p-m., 
at the Town Hall, Newcastle-upon-Tyne. “ British 
Main Line Passenger Train Services—Their Characteristics 
and Possibilities,” by Mr. Cecil J. Allen. 


THE KEIGHLEY ASSOCIATION OF ENGINEERS: Satur- 
day, November 14, at 6.30 p.m., at the Cycling Club, 
Cavendish-street, Keighley, ‘‘ Planing Machine Drives,” 
by Mr. J. E. Raistrick. ‘‘ Foundry Cupolas,” by Mr. 
E. Roper. ‘“ Boring Mills,” by Mr. R. G. Hewitt. 


THE BRADFORD ENGINEERING Society.—Monday: 
November 16, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture, ‘‘ Wrapping 
Machinery,” by Mr. Fredk. Grover, M.I.Mech.E. 


THE SHEFFIELD Socrety oF ENGINEERS AND METAL- 
LURGISTS —Monday, November 16, at 7.30 p.m., at 
the University, St. George’s Square, Sheffield. ‘‘A 
Metallurgical Examination of the Cutting Edges of 
Razor Blades, Knives, and Metal Cutting Tools,” by 
Mr. J. Ferdinand Kayser. 


THE Farapay Socrety.—Monday, November 16, at 
8 p.m., at the Chemical Society, Burlington House, 
Piccadilly, W.1. ‘“‘A Chemical Theory of Remanent 
Magnetism,” by Mr. E. D. Campbell. ‘‘ An Improved 
Form of Electric Vacuum Furnace,” by Mr. J. R. Par- 
tington and Mr. N. L. Anfilogoff. ‘‘ A Source of Error in 
the Mechanical Analysis of Sediments by Continuous 
Weighing,” by Mr. J. R. H. Coutts and Mr. E. M. 
Crowther. ‘“‘A Simple Method of Obtaining the Size 
Distribution of Particles in Soils and Precipitates,” by 
Mr. Donovan Werner. ‘‘ Co-ordination and Co-valence,” 
by Mr. J. A. V. Butler. “ Adsorption by Charcoal from 
Alcohol-Benzene and Acetone-Benzene Mixtures,” by 
Mr. F. G. Tryhorn and Mr. W. F. Wyatt. ‘‘ The Nature 
of the Interfacial Layer between an Aqueous and a 
Non-Aqueous Phase,”’ by Mr. F. L. Usher. 

THE INSTITUTE OF TRANSPORT.—Tuesday, November 
17, at 5.30 p.m.,.at the Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, W.C.2. Graduates 
and Students’ Lecture, “‘ British Main Line Passenger 
Train Services—Their Characteristics and Possibilities,” 
by Mr. Cecil J. Allen, 

THE InstTiITuTION oF CIvIL ENGINEERS.—Tuesday, 
November 17, at 6 p.m., at Great George-street, S.W.1, 
“The Mechanical Properties, of Steel,” by Professor 
William Ernest Dalby, M.A., B.Sc., F.R.S. Wednesday, 
November 18, at 6 p.m. Students’ Meeting. Address 
by the Chairman, Mr. Julius Kennard, B.Sc. 


THE Nortu-East Coast INstiTuTION OF ENGINEERS 
AND SHIPBUILDERS: MIDDLESBROUGH BRANCH.—Tues- 
day, November 17, at 7.30 p.m., at the Cleveland Scien- 
tific and Technical Institution, Corporation-road, 
Middlesbrough. “Tonnage,” by Mr. T. W. Butterwick, 


THE INSTITUTION OF AUTOMOBILE ENGINEERS: 
WOLVERHAMPTON CENTRE.—Tuesday, November 17, at 
7.30 p.m., at the Engineering Club, Wolverhampton. 
“The Requirements of the Military Motor Vehicle,’’ by 
Capt. R. K. Hubbard, O.B.E. 


Tue Society or Giass TECHNOLOGY.—Wednesday, 
November 18, at 2.30 p.m., at The University, Leeds. 
““Notes on Some Old Yorkshire Glasshouses,’’ by Mr. 
Wilfred R. Barker. ‘“‘Some Properties of Sillimanite 
Bricks and Kaolin-Sillimanite Mixtures,’’ by Mr. H. 8. 
Houldsworth, M.Se. ‘‘Some Experiments with Silli- 
manite Pots for Glass Melting,’’ by Mr. A. Cousen, M.Sc., 
Dr. S. English, and Professor W. E. 8S. Turner, D.Sc. 
““Note on a Design for a Glass Pot-Board,’’ by Mr. F. 
Winks, M.Se. “The Design of Tank Furnaces.’”’ A 
Criticism and Some Suggestions,’ by Mr. H. W. Howes, 
M.Se. ‘‘ Note on the Shot-Holing of Pots,” by Mr. 
Percival Marson. 

THE Royat METEOROLOGICAL SocieTy.—Wednesday, 
November 18, at 5 p.m., at 49, Cromwell-road, South 
Kensington, S.W.7. “On Correlation Co-efficients : 
Their Calculation and Use,” by Sir Gilbert Walker, F.R.S., 
and Mr. E. W. Bliss, M.A. ‘‘ Note on the Variations in 
Transparency of the Atmosphere Observed by means of a 
Projected Telescopic Image of the Sun,” by Miss 
Catherine O. Stevens. ‘‘ Notes on the Behaviour of 
Certain Plants in Relation to the Weather,” by Mr. 
N. L. Silvester, M.Se. 

Tue INSTITUTION OF CiIviL ENGINEERS: YORKSHIRE 
AssociaTion.—Wednesday, November 18, at 7.30 p.m., 
at the Royal Victoria Hotel, Sheffield. ‘‘ Laboratory 
Examination of Concrete,” by Mr. J. E. Worsdale, B.Sc. 

THE ASSOCIATION OF ENGINEERING AND SHIPBUILDING 


DRAUGHTSMEN: BIRMINGHAM AREA TECHNICAL CoM- 
MITTEE.—Wednesday, November 18, at 7.30 p.m., at 





Lecture: “The Design of Shafts for Bending and 
Torsion,” by Mr. F. H. Bodon, B.Sc. 


Tue Royat Socrety or Arts.—Wednesday, Nov- 
ember 18, at 8 p.m., at John-street, Adelphi, W.C.2. 
Ordinary . Meeting. ‘“‘The Furniture of Hampton 
Court,” by Mr. I. C. Goodison. Friday, November 20, 
at 4.30 p.m., Indian Section. ‘“‘ Recent Progress in 
Indian Forestry,” by Prof. Edward Percy Stebbing, M.A. 


Tue InstituTION oF MINING AND METALLURGY.— 
Thursday, November 19, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. ‘‘ The 
Influence of Superimposed Strata on the Deposition of 
Certain Lead-Zine Ores,’”’ by Mr. Robert A. Mackay. 
‘“*Economic Geology and the Mining Industry,” by Mr. 
H. C. Boydell. 


THe InstiruTion oF ELeEctrRicCAL ENGINEERS.— 
Thursday, November 19, at 6 p.m., at Savoy Place, 
Victoria Embankment, W.C.2. Ordinary Meeting. Lec- 
ture, ‘“‘ The Engineer : His Due and His Duty in Life,” by 
Mr. T. Carter. 


THE BELFAST ASSOCIATION OF ENGINEERS.—Thursday, 
November 19, at 7.30 p.m., at the Municipal College of 
Technology, Belfast. ‘‘ Some Characteristics of Station- 
ary Internal Combustion Engines,” by Mr. Cyril K. 
Edwards. 


THE Socrety or CHemicaL INDUSTRY: CHEMICAL 
ENGINEERING GrovuPp.— Friday, November 20, at 10 a.m. 
at the University, St. George’s-square, Sheffield. Joint 
meeting with the Institution of Chemical Engineers, the 
Institution of Gas Engineers, and the Midland Institute 
of Mining Engineers. Conference on Solid Smokeless 
Fuel. ‘The programme includes the discussion of the 
following Papers: (a) “Smokeless Fuel: The Present 
Position and Future Possibilities,” by Dr. C. H. Lander 
and Miss Margaret Fishenden, (b) ‘‘Solid Smokeless 
Fuels: Their Production, Properties and Use,” by 
Mr. Edgar C. Evans, B.Se., F.I.C., (c) “A Study of 
the Tars and Oils Obtained from Coal,” by Mr. F. N. 
Sinnott, M.Sc., and Mr. J. G. King, B.Sc., (d) “‘ Coke 
Production,” by the Research Section of the Woodall- 
Duckham Companies, London, (e) ‘‘ Coke Preparation,”’ 
by Mr. F. Falconer M. Birks, (f) ‘“‘ Coke Utilisation, 
by Mr. F. H. Arms. Dr. C. H. Lander will deal with a 
general résumé of Papers (a) and (b). Dr. E. W. Smith, 
“The Qualities Requisite in a Solid Smokeless Fuel for 
Domestic Use.” Professor R. V. Wheeler, ‘“‘ The 
Production of Free-burning Solid Smokeless Fuel at 
High Temperatures.” Mr. E, V. Evans, “ Combusti- 
bility and Reactivity of Coke.” Mr. Douglas Rider, 
“Coke Quenching.” Mr. F. M. Birks, ‘‘ Coke Handling, 
Screening and Breaking.” Demonstration of Coke 
Burning Apparatus in the Mining Laboratory between 
12 noon and 3 p.m. 

Tue InstiruTIoN OF MuNIcIPAL AND County ENGI- 
NEERS: West MipLanp District.—Friday, November 
20, at 5.30 p.m., at the Council House, Birmingham. 
“The Prevention of Deposit in Water Mains,” by Mr. 
W. Ransom, M.Inst.C.E. ‘The Strengthening of Two 
Historic Bridges in Worcestershire,” by Mr. C. 
Hammond. 

THE INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
November 20, at 6 p.m., at Storey’s Gate, S.W.1. General 
Meeting. ‘‘ Characteristics and Uses of Ground Gears, 
by Mr. H. F. L. Orcutt. 


Tuer INSTITUTION OF CIVIL ENGINEERS: BIRMINGHAM 
AND District AssociaTIon.—Friday, November 6, 
at 6 p.m., at the Chamber of Commerce, New-street, 
Birmingham. ‘Tests on Concrete,” by Mr. V. f 
Green. < 

THe Dieset Enorne Users Association.—Friday, 
November 20, at Caxton Hall, Westminster, 8.W.1. 
“Report of Committee on Heavy-Oil Engine Working 
Costs, 1924-5.” - 

Tue InstituTe oF BRITISH FOUNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SECTION.—Saturday, November 
21, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. ‘‘ An Elementary Study of Foundry 
Sands,” by Mr. R. Yeoman. 

Tue Hutt AssociaTION oF ENGINEERS.—Saturday, 
November 21, at 7.15 p.m., at the Technical College, 
Park-street, Hull. Lecture, ‘‘The Thermal Efficiency 
of Heat Engines,” by Mr. D. Maxwell Buist. 





Larce Hovsine Contract.—It has been announced 
by the Ministry of Transport that, in connection with 
the arrangements made for the erection of 24,060 concrete 
houses under the subsidy scheme, 4,606 houses have been 
completed and the remainder are in course of erection. 


Tue Equipment or SMALL WorksHors.—With the 
object of drawing the attention of owners of small 
workshops to a number of’ hand-operated and small 
bench power-driven tools likely to increase the efficiency 
of such shops, Messrs. Buck and Hickman, Limited, 
2, 4and 6, Whitechapel-road, London, E. 1, have arranged 
an interesting exhibition of such appliances on their 
premises at the above address. Lathes and drills of the 
normal type are not included, as it is assumed that all 
workshops would already have such tools installed, but a 
range of bench wood-working tools, including saw 
benches, planers, mortisers and band saws, is on view, 
as also is a special type of bench hand-drilling machine 
for work on very large objects. Other items include a 
hand-driven rotary shearing machine for sheet metal, a 
useful and compact t: of furnace operated by a 
paraffin blow lamp, and various special hand tools such 
as corner braces, angular ratchet braces, punching bears, 





the Chamber of Commerce, New-street, Birmingham. 


portable vice-stands, &c. 
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CYCLE SOLID INJECTION OIL ENGINE. 


3TON-SIMPSON, LIMITED, ENGINEERS, NEWARK-ON-TRENT. 


r Description, see Page 605.) 
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eo » fact that the above is our SOLE ADDRESS, 
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‘a arnal and any other pubiications bearing 
xj mewhat similar titles. 
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THE MILITARY SERVICE VEHICLE. 


Most engineers probably consider that the 
complete mechanicalisation of our army is a not 
very remote probability. The development of 
mechanical warfare between 1914 and 1918 was so 
_ | Fapid as to justify the saying that the upheaval 
of those years was an engineers’ war. Indeed, if 
we take the provision of munitions into account as 
well, it could be described as little else. But the 
very fact that changes then followed one another 
so quickly makes the future the more uncertain. 
History shows that many wars, entered upon in the 
light of immediate predecessors, have developed in 
totally unexpected directions. This was certainly 
the case on the Western Front. There is a tendency 
for people at home, who had this theatre of war so 
close at hand, and were in constant contact with 
men from the trenches, to imagine that the stag- 
nation there prevalent for so long will be typical of 
our future wars. This of course, is by no means 
certain, or even probable—especially in view of the 
fact that no really corresponding situation arose on 
other fronts though they ranged through practically 
all latitudes. 

In many cases our forces were engaged in what 
were essentially campaigns of movement, most 
involving movements which only mechanical 
transport made possible. The Western Front 
witnessed the greatest deadlock, but being close 
to the home base, at the same time afforded some 
scope for irnovations, and our forces there had the 
advantage of having their demands rapidly supplied. 
Thus when it was thought that some new develop- 
ment might be advantageously adopted, a compara- 
tively short period was necessary before it was 
possible to try out the idea, in the field, tentatively 





at first behind the lines, and then, in action. It is 
for such reasons that so many consider that experi- 
ence gained in this theatre is likely to controlfuture 
development and organisation. Yet it has to be 
remembered that with our far-reaching responsi- 
bilities it is quite as likely as not that the next war 
would see us involved in something totally different. 
This greatly adds to the difficulties now to be faced, 
and complicates the problems confronting the 
authorities, 

The latest edition of Field Service Regulations 
emphasises the point that infantry remains to-day 
the most important arm, and that the roll of other 
branches is to assist the infantry in forcing a decision. 
Yet the infantryman is still comparatively immobile. 
Even if he is transported by ’bus or lorry, as soon 
as he sets foot to earth again he becomes the slowest 
moving detail of the whole force. It is quite true 
that actions were rendered possible and won in 
several of the campaigns of the last war, solely by 
reason of the rapid concentration rendered possible 
by motor transport, but, while other arms are now 
being speeded up the problem of the infantryman 
appears to remain unsolved. If certain opinions, 
which, from wide experience, may be considered 
tc be at least to a degree authoritative, the attempt 
in the recent manceuvres to utilise mechanical 
transport for troops in action, only emphasised 
the difficulties to be contended with, and could 
hardly be considered a success in any sense. The 
columns pioved inconveniently long and the actual 
speed extraordinarily low. 

On the other hand, very considerable success 
attended the development in the last war of 
mechanical transport behind the first line. From 
rail head the distribution of stores and the move- 
ment of troops by lorries and other vehicles, proved 
of immeasurable service, and the lessons learned 
should bear good fruit in future years. Here, again, 
the authorities are confronted with difficulties 
about the best direction to work in. The intricacy 
of the problem is well brought out in a paper by 
Captain R. K. Hubbard, O.B.E., read recently 
before the Institution of Automobile Engineers. 
After pointing out that an army must ultimately 
be dependent upon the national form of transport, 
Captain Hubbard refers to the possibility of our forces 
being required to enter upon campaigns of a more 
varied nature than is the case with any other nation. 
The thought somewhat naturally presents itself of 
how we, with our confined area and restricted range 
of conditions at home, can here develop a suitable 
form of transport to meet the possible extremes of 
any suchsituation, Thespheres of action may range 
from the Arctic circle to the equatorial zone as they 
did in the last war. For any particular field a 
demand for mechanical transport may rapidly arise. 
In view of this diversity of requirements, it would 
appear decidedly doubtful if any mechanical trans- 
port subsidy scheme can really help us if the field 
should lie outside certain limits. 

If we consider the requirements for any possible 
sphere abroad, features unnecessary at home 
become advisable. A subsidy scheme here can only 
be successful if the departures from accepted civil 
practice are comparatively unimportant. 

A good deal has been heard lately of transport, 
for instance, in Africa, A report on the subject has 
been lately issued by the Empire Cotton Growing 
Association, and vehicles of the type with which it 
is partly, at least, concerned, were dealt with in a 
paper read before the British Association at South- 
ampton. Again, the military authorities are said 
to be paying attention to the possibilities of the 
four-wheel drive, while Captain Hubbard refers 
also to the six-wheeled vehicle, examples of which 
were illustrated in our last issue. None of the 
latter or half-track designs, however, could be 
expected to commend themselves to home users to 
an extent which would make a subsidy scheme in 
connection with them at all likely of success. The 
half-track vehicle is hardly needed here, while the 
four-wheel drive machine must be relatively expen- 
sive when compared with the more or less con- 
ventional design of lorry. Any subsidy which would 
counteract this would probably have to be on a 
prohibitive scale. 

The uncertainty of the probable field of action 
would thus appear to throw us back on an alter- 
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native. While it may be possible that for certain 
purposes in some of the spheres in which our forces 
might be called upon to act, a slightly modified form 
of the British lorry or light van might meet the case, 
the chances are that something quite different may 
be required. The Army itself seems to point the 
way toa solution. In the matter of tanks, &c., 
it is ‘generally understood that development is 
proceeding so rapidly, that standardisation is at 
present impossible. Sample tanks are, therefore, 
we believe, being experimented with and tried out 
exhaustively, with a view to their construction by 
mass production methods, should need arise. Some- 
thing much the same might be done with regard 
to mechanical transport. Typical machines, suit- 
able for different conditions, could be tested in parts 
of the Empire which would provide the conditions 
it was desired to investigate, and the evolution of 
the best design proceeded with. The provision, then, 
of complete sets of working drawings, giving limits 
and tolerances, would enable manufacturers at home 
to turn out very rapidly fleets of vehicles of the type 
desired, ranging over a variety far greater than 
would be possible with any but an extravagant 
subsidy scheme at home. Although special tools 
and jigs are used, most of the machines employed 
for motor vehicle construction are adjustable, and 
numbers of works could be quickly turned over to 
a particular design for which a demand might arise. 
We rely virtually on this process as regards arms 
and munitions. With well worked-out limits and 
gauges, the principle might be expected to prove 
equally effective for transport vehicles, which after, 
all, are now fairly ordinary engineering products. 

If, leaving the broader question, we may turn for 
a moment to detail, it is rather surprising that 
Captain Hubbard does not refer to the adoption of 
air filters for vehicles working in dusty and desert 
areas. A convoy in such a country usually moves 
in a perfect fog of dust. In very similar conditions 
in the Western States, the use of air filters has been 
found to add greatly to the reliability and life of the 
motors. Particulars of some tests in this connection 
were given in our issue of September 23, 1923, 
page 371. 





WATERLOO BRIDGE. 
ALTHOUGH the question of the fate of Waterloo 
Bridge is still undecided, the matter lately seems 
to have made some little progress ; indeed, at the 
meeting of the London County Council, on Tuesday 
last, it was announced that the final report on the 
subject had been completed and would be published 
shortly. In the meantime, the report made by 
Sir Edwin Lutyens, R.A., has been officially circu- 
lated. This report can only be considered as 
definitely in favour of reconstruction. Sir Edwin 
states that “‘no matter what the Council’s decision 
may be, the bridge, to be maintained, must eventu- 
ally be rebuilt.” That good engineering, as good 
design, always follows the most direct method, is 
also a sentiment with which we heartily concur, 
and we have no hesitation in stating that from the 
premises that greater accommodation for traffic is 
necessary at the Waterloo Bridge, &c., and that a 
large sum of money must in any case be spent, good 
engineering and good design could produce a satis- 
factory modern structure to meet the situation. 

We need not concern ourselves with most of 
Sir Edwin’s alternative suggestions. If they are 
intended as more than temporary expedients, they 
would undoubtedly destroy the harmony which it is 
desired to preserve. We also feel convinced that, 
considered judgment weuld most certainly condemn 
the corbelling out of footpaths on each side of the 
present bridge. To mar Rennie’s design to such an 
extent would be to reduce the arguments for its 
preservation to the ridiculous, and the Council might 
just as well settle down to the task of providing a 
new structure. Few of those who now ask for the 
preservation of the original would, we think, show 
any marked enthusiasm for the bridge in mutilated 
form. One part of Sir Edwin’s report deals with 
the possibilities of reconstruction, while retaining 
Renné’s general design, and at the same time meet- 
ing the demand for increased width of roadway. 
As previously pointed out in these columns, the 
present design owes much of its force to the pro- 
portion of the piers, arches and depth, or width of 





bridge. On the other hand, Sir Edwin points out 
that the base of the piers is now submerged to a 
depth probably never contemplated by Rennie. 
Sir Edwin suggests that, if reconstructed, the bridge 
might be raised a few feet, when an additional width 
would be possible without departing greatly from 
Rennie’s proportions. Additional headway would 
certainly be welcomed by the navigation interests. 
It is to be feared that this contribution from the 
architectural point of view will not end the con- 
troversy which has centred upon this notable work. 
Few people would deny that if its preservation as 
an historic monument is essential, work could be 
undertaken which would prolong its life indefi- 
nitely. This, however, is not all that is necessary ; 
a broader view of the needs of this great Metropolis 
practically compels one to admit that something of 
greater convenience and better value for the money 
to be expended, should be provided. If this should 
prove in the end the final verdict, the profession or 
professions involved will not, we are sure, be in- 
adequate to the occasion. 





THE RAILWAY SERVICE. 

WueEN Mr. Patchell, at that time President 
of the Institution of Mechanical Engineers 
asked Sir John Aspinall to deliver the twelfth 
Thomas Hawksley lecture, and suggested that it 
should relate to railways, he showed the discretion 
that the Institution has learnt to expect from him. 
From time to time many distinguished engineers 
have contributed papers on their own special 
branches of railway work, which still form valuable 
and interesting records of their experience in their 
respective branches. In a great body of knowledge 
and practice, in which much of the work is being 
done by the grandchildren of those who started it— 
and even some of the children of the pioneers are 
still active—the records of personal experience must 
be of more value than in any older-established arts, 
and papers embodying these records must always 
be welcome to professional institutions. Sir John 
Aspinall’s lecture, which was delivered on the 
6th inst., was, however, distinguished from those 
of most other eminent railwaymen by the fact 
that it was not restricted to a particular branch 
of railway work. It was put forward, indeed, 
rather as a collection of notes than as a systematic 
discourse, but its scope was that of the service as a 
whole. 

Sir John Aspinall became eminent originally as 
one of the leading locomotive engineers of his day. 
He has taken his full share in the development of 
locomotives and rolling-stock, and very much more 
than his share in the training of railway engineers. 
If his career had stopped with his achievements in 
this respect, it would still have left a very deep mark 
on the progress of the railway service. What, 
however, has been still more remarkable in it is 
that he has rendered and is still rendering, no less 
eminent service in the co-ordination of all branches 
of the service. He has been no less distinguished as 
a general manager than as a locomotive engineer, 
and the interest of his lecture lay largely in the asso- 
ciation of the speaker, not with one, but with all, 
branches of the service. 

The lecture was more welcome because, for many 
reasons, this conspective view of railway work has 
especial interest. In many arts demand has been 
stimulated by supply, and those who practice them 
are able, and even compelled, to go a long way 
towards perfecting their progress before there is 
any call for its application. Once, however, the 
railway service made a fair start, it had little chance 
to get ahead of the demand. It had constantly to 
be following a curve of pursuit, and had to put in 
by eye the probable expansions for which it would 
have to provide by the time the contemplated 
developments had been attained. The clear eye 
that can make such estimations with the least error, 
and can give due and not excessive weight to the 
several considerations of which account must be 
taken, is one of the rare gifts, rarer by far than the 
ability to carry on the development of an individual 
branch. When the history of the birth of railways 
is considered broadly, as it has been considered in 
particular during the present year, it may be 
questioned whether the chief claim to distinction 





of the great pioneers of that movement may not 
have been their extraordinary ability to contem- 
plate their service simultaneously from the points 
of view of these several branches. 

The railway system did not come into existence 
because George Stephenson was a great inventor, 
and Stephenson’s true claim to immortality lies 
far less in the invention of the locomotive, so far 
as he may be said to be its inventor, than in the 
creation of the railway service. This achievement 
involved more even than Stephenson’s extraordinary 
combination of civil and mechanical engineering 
ability. It required also the constructive imagina- 
tion that could enable a just view to be formed of 
the circumstances of an enterprise that had not 
yet been created. The rare ability to form such a 
view characterised the great railway pioneers pre- 
eminently ; and Sir John Aspinall, perhaps the 
only locomotive engineer who has been likewise 
the general manager of a great English railway 
company, is in the direct succession of those who 
have possessed and practised that invaluable 
faculty. 

To appreciate the full scope and extent of the 
collection of facts relating to old and new practice 
that the paper recorded, the original text must be 
studied. Like all contributions on railway work 
that deal with the service as a whole, it gave a fresh 
reminder of how almost miraculously modern the 
whole service is. About the end of the last century 
the general manager of one of the greatest English 
lines professed his belief that with all the energy, 
ability, and experience to be found collectively 
among his colleagues and himself, they were still 
no better than amateurs at the business, striving 
to arrive at bases for settled practice which had 
still to be defined by wider experience. Some thirty 
years earlier Sir John Aspinall was working as a 
locomotive fireman, and some of the experiences 
which he referred to in his lecture show that in im- 
portant respects the railway service was even then 
not far removed from its rudimentary condi- 
tion. Signalling, for example, was done habitually 
by hand-worked semaphores or still less developed 
methods. In some circumstances the use even 
of these would be omitted. A pilot engine, for 
instance, disconnected from a train at the top 
of a gradient, would sprint away past a pair of points 
leading to a siding into which it would back, while 
the train would follow without stopping, and pass 
the points without further control than the whistle 
of the first driver and the hand brakes on the 
tender and the guard’s van. The standard of com- 
fort in coaches had doubtless improved by then 
from what was adopted in the early history of the 
Lancashire and Yorkshire Railway, when it was the 
Manchester and Leeds, and when the third-class 
carriages or “‘ Stanhopes ” were open boxes without 
roofs or buffer springs, and the number of their 
passengers was said to depend upon the bulk of the 
““Stanhopers.” Yet it was not till much later that 
so apparently simple a problem as the lighting of 
railway carriages was reasonably well solved. 

Some of the solutions that were adopted, more- 
over, underestimated the future growth of the traffic, 
and left the systems restricted within rail, load, 
and structure gauges that might have been chosen 
otherwise if the actual dimensions of the traffic 
could have been foreseen. These and _ similar 
circumstances Sir John Aspinall illustrated, and 
many others, more gratifying, that both show the 
progress that has been made and the directions in 
which further progress can be sought. The remark- 
able safety with which railway traffic is conducted 
in this country is obtained by safety appliances 
which, as he pointed out, have been the direct 
result of intense density of traffic. The further 
increasing density will compel corresponding eX- 
pansion in the other possible directions. The wear- 
ing power of the mechanical parts of a locomotive. 
as distinguished from the boiler, far outlasts its 
capacity for haulage, which is ended by the increase 
of loads. The directions in which the limit of load 
can be raised in the presence of gauge and other 
restrictions, the tendencies which are to be expected 
in the design and working of locomotives, were 
discussed in the lecture in the same interesting 
detail as was devoted to various notable epochs and 
incidents of the development of the service. 
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AMERICAN INDUSTRIES. 


Tue Federation of British Industries have just 
published a report recording the observations made 
by Colonel the Hon. F. Vernon Willey and Mr. Guy 
Locock, ‘during a recent visit of inquiry to the 
United States. In this report attention is called 
to the predominant position now held by America 
in many essential industries. She raises 43} per 
cent. of the total coal mined throughout the world, 
and is also responsible for 52-7 per cent. of the 
copper supply. Her pig-iron production con- 
stitutes 60-2 per cent. of the world’s output, and 
she has almost an equal share of the steel trade. 
Her taxation is only-60 per cent. of our own, and 
a large reduction is expected in the near future. 
Since the railways have been handed back to 
private control, enormous economies and improve- 
ments have been effected. In 1919, under Govern- 
ment control, freight-train costs were 1,424 dols. 
per 1,000 gross ton-miles. They now amount to 
1,007 dols. Similarly the costs from loss and damage 
to freight amounted under Government contro] to 
119,000,000 dols. in 1919; the corresponding figure 
last year was 41,000,000 dols. During the last 
four years no less than 2,489,000,000 dols. have 
been expended in improvements, with the result 
that, with the same total number of employees, 
the turnover handled is 25 per cent. more than it 
was ten years ago. The American employer, it is 
said, believes in high wages, but expects that they 
shall be earned. Trade union restrictions are far 
less hampering than in this country, and it is noted 
as curious that the American Brotherhood of 
Locomotive Engineers, one cf the richest and most 
powerful of the trade unions in the States, owns 
a coal mine in West Virginia, which it operates 
entirely by non-union labour. There have, we 
believe, been troubles in the United States over 
demarcation of work in the building trades, but 
in some cities the difficulty has been solved on the 
lines of common-sense by ruling that any job that 
does not involve more than half an hour’s work 
may be done by anyone. 

Coming back to the report, it is interesting 
to learn that there has been an enormous extension 
of mail order business and of “direct” trading. 
This has been rendered possible by the greatly 
increased efficiency of the railways which, by 
facilitating the rapid distribution of goods, has 
released capital formerly tied up in maintaining 
stocks. It is believed by many Americans that 
this system of direct sale to the consumer will, 
by preventing stock accumulations, tend to mini- 
mise fluctuations in the trade cycle. In this 
connection reference may perhaps be made to the 
history of the pig-iron warrant market. In the 
eighties over half a million tons of iron were 
generally held in Connal’s Glasgow stores, which 
long met a decided need. This ultimately dis- 
appeared, and the stores, becoming superfluous, 
were closed. 





FRADE IN EGYPT. 


Ir the prosperity of a customer is a matter of 
consequence to the manufacturer who supplies 
him, as no one can doubt that it is, the present 
economical and industrial situation of Egypt 
should give satisfaction to-manufacturers in this 
country. With the exception of the United States 
most industrial countries have nowadays the same 
story to tell; they have not yet recovered from 
the burdens of the war, and the development of 
their resources is handicapped by their economic 
position. The situation of Egypt is much more 
favourable. The report by Mr. E. Homan Mulock, 
the Commercial Secretary at Cairo, on the economi- 
cal and financial situation, recently published by the 
Department of Overseas Trade, discloses a picture 
of almost unmitigated prosperity.* The excess of 
Egyptian exports over imports in 1924—some 
16,000,0007.—was more than double what it was 


in 1922; foreign investments have increased, | was estimated at 6 per cent. 


private bank deposits have grown, public deposits 


with the National Bank of Egypt are over distribution of import and export trade, and exhibit 


7,000,000/.—more than in the previous year. 
The banks, though on the whole they had a satis- 





factory year and some even increased their 
dividends, seem to have been the only enterprises 
which suffered through the country’s prosperity, for 


advances fell off. Banks had to compete for the 
privilege of making advances, with the natural 
effect on their profits, and had to place their surplus 
funds in non-industrial and less remunerative 
investments. The extent to which taxation is 
resented seems by no means to be greater than in 
other countries; yet, on a budget of about 
36 million pounds (assuming it to have been about 
the same as is estimated for the following year) 
there was an estimated surplus of nearly 6,000,000. 
at the end of 1924-25, and the reserve fund was 
computed at that date to be about 24,000,000/. 
It is to cotton that the increased prosperity of 
Egypt is mainly attributed, but the benefit of the 
improvement naturally is not confined to the cotton 
industry. The purchasing power of the country 
has increased, and the increasé has shown itself 
in a variety of ways. Imports have increased by 
10 per cent.; private houses, flats and shops, 
showrooms and offices are being erected on a large 
scale; the number of private motor-cars and 
commercial motor vehicles of all kinds is increasing 
both in Cairo and Alexandria ; at the end of May 
last all kinds of stocks and shares had appreciated 
in value, as compared with their price a year ago. 
The effect of this all-round enhancement of values 
is seen in the increased scale of public expenditure. 
Both first- and third-class railway passenger fares 
were reduced at the end of last year to only 50 per 
cent. above the pre-war level, and further reductions 
in these and in goods rates are in contemplation; 
but, nevertheless, as against a normal gross revenue 
of some 7,000,000/., an increased expenditure is. to 
be made on the railways to the extent of over 
1,000,0007., of which 267,000/. are to be devoted to 
new works. 
In all, the total credit for new works in the 
current year’s budget is over 4,000,000/., an increase 
of about 5 per cent. on the corresponding item in 
the previous year. About a fourth of it represents 
the normal annual expenditure on irrigation ; and 
it has now been decided to open a credit of 3,000,000/. 
in four annual instalments for the construction of a 
dam giving the same storage as that of the Assouan 
Dam, and a further credit of 2,500,000/. for another 
dam. The extension of Suez Harbour is estimated 
to have cost 930,000/. up to March 31 last, and to 
require a further 215,000/. to complete it, of which 
about ]158,000/. is provided in the current budget. 
Large sums are also being spent on roads and 
bridges, and a beginning is being made, though on 
a relatively small scale, with the introduction of 
compulsory elementary education. Various large 
schemes for State enterprises have been discussed, 
including the creation of a mercantile marine and 
an air force, but so far no steps to these ends have 
been taken. A possibly important measure, how- 
ever, has been the grant of a Government subsidy 
or loan without interest to the agricultural co- 
operative societies to the amount of 250,000/. 
The present railway situation is unusually inter- 
esting. The Egyptian Parliament considered that 
70 per cent. of the railway revenue was too high a 
proportion for expenditure, which in their opinion 
should not exceed 45 per cent. Nevertheless, the 
Zaghloulist Cabinet at the end of last year approved 
of a programme extending over three years, 
for spending over 3,000,000/. on abnormal renewals 
of track and rolling stock, in addition to normal 
renewals at the rate of over 500,000/. a year. Full 
details of this programme are available on appli- 
cation to the Department of Overseas Trade in 
London. The railway situation is in most countries 
a good barometer of the state of trade, and it is not 
surprising therefore to find that the situation of the 
Egyptian Railways is particularly sound. Their 
capital was estimated at the beginning of last 
year at just over 30,000,000/., on which the revenue 


Appendices to the report show in some detail the 


the country as one of the markets in which the 
United Kingdom, while still maintaining a pre- 


figures the total imports for 1924 were of the value 
of 51,000,000/:., of which the United . Kingdom 
supplied some 14,000,0007. and the rest. of the 


the demand both for industrial capital and for] Empire something under 4,000,000/. In 1923; on the 


other hand, the total imports were some 5,000,0001. 
less, and those supplied by the United Kingdom 
nearly 1,000,000 more. This decrease follows on 
other decreases in previous years, though that of the 
past year is accounted for in the main by a decline 
in imports of soft goods. In iron and steel goods 
the most remarkable position is taken by Belgium, 
which is supplying five-sixths of the bars and billets, 
the total imports of which amount to nearly 300,000/., 
and something like the same proportion of girders 
and joists, in each case having greatly increased its 
totals during the last year. A significant item is 
the increase in Belgian imports into Egypt of 
galvanised sheets, which, though only amounting to 
some 22,000/., or well under half the total imports, 
have considerably more than trebled themselves 
during the last year. The United Kingdom, on the 
other hand, continues to supply about two-thirds 
of the rails and fittings, including sleepers, but the 
Belgian figures under this head, though they are 
still only about a third of the British, are nearly 
five times as large as they were in 1923. In wrought 
iron pipes and fittings the imports from the United 
Kingdom are rather less than they were in 1923, 
though the total imports are about one-third more. 
The contributions of Belgium and Germany, on the 
other hand, are more than double what they were in 
1923, and that of France is nearly five times as 
great. The only important lines in iron and steel 
goods in which the United Kingdom has gained 
more than other countries are hoops and strips, and 
bedsteads, including brass. 

The decreases are attributed mainly to price 

conditions and high freights, which, coupled with 
cut-throat competition by low-currency countries, 
have not only tended to increase the total volume 
of imports, but also to place the United Kingdom at 
a considerable disadvantage. Part, however, of 
the decrease is attributed to the close relationship 
between contractors and foreign suppliers, parti- 
cularly in regard to building materials, and to the 
credit facilities that some firms, particularly Italian, 
seem able to offer. It is satisfactory to note, 
however, that the United Kingdom maintains a 
satisfactory position in the supply of internal 
combustion engines, beating their foreign rivals 
both in price and quality, and enjoying the benefit 
of a splendid organisation, which has secured the 
confidence of customers. 
A considerable advance is being made with 
municipal electrical undertakings, in which, however, 
manufacturers from the United Kingdom take less 
than their proper share. There has been an extra- 
ordinary increase in the import of motor-tractors for 
agricultural purposes, almost entirely from America. 
The position of British makers of machine tools 
remains satisfactory. The net effect of the report is 
to show that the country is a sound and should 
prove increasing market, well deserving the 
attention of British manufacturers. 





Tue Activities oF Messrs. VickERS Ltp.—So many 
and varied are the activities of Messrs. Vickers Ltd., that 
it would seem a difficult matter to describe them in an 
80-page booklet, but the task has been essayed with 
considerable success in a particularly attractive publica- 
tion recently prepared by the firm. To the general 
public the name of Vickers is, of course, best known in 
connection with the manufacture of armaments,. which 
formed the firm’s principal products prior to, and during 
the course of, the war. The effect. of the Washington 
Treaty, however, has been to render much of the plant 
previously used for the production of war material 
available to supply the requirements of peace. The 
volume referred to, aiter briefly explaining the firm’s 
work in the late war, gives an account of their history 
and development, and illustrates a number of their peace- 
time products, of which we may mention railway axles 
and tyres, marine crankshafts, pressings and forgings for 
motor cars, heavy forgings for shipbuilding, merchant 
ships and their propelling machinery, aircraft, hydyo- 
electric plant, filters, oil-well drilling equipment, machine 
and small tools, box-making machinery, sporting guns and 
rifles, motor cars, tractors, &c. This section is followed 
by views of interesting events and operations in the 
various works of the company, and in conclusion several 
pages of advertisements appearing in the technical press 
arereproduced. The publication is printed in large clear 
type and is profusely illustrated. It forms an excellent 








* HLM. Stationery Office. 2s. net. 


ground in recent years to other countries, In round 


dominant position, has on the whole been losing example of this type of publication, and will be appre- 


ciated by all having business dealings with the firm. 
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MECHANICAL TESTS AT HIGH TEM- 
PERATURES ON A NON-FERROUS 
ALLOY OF NICKEL AND CHRO- 
MIUM.* 

By H. J. Tapsstt, A.C.G.I1., and J. Brapiey, B.A., 

B.A.I. 


Introduction—The study of the mechanical 
properties of metals at high temperatures is now 
receiving considerable attention owing to the in- 
crease in the working temperatures at which many 
materials arenow used. In the course of the progress 
of aseries of tests at temperatures up to 1,000 deg. C., 
undertaken for the Air Ministry in 1917-18 (reported 
by Dr. L. Aitchison, on “ Valve Failures and Valve 
Steels”; Inst. of Automobile Engineers, 1919), 
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the importance of the rate at which the load was 
applied was soon realised, and great care was exer- 
cised in those tests to secure exactly similar con- 
ditions in each case. Owing to war conditions, 
the opportunity did not occur to proceed further 
with the matter at that time, but in 1921 during 
tests carried out at 600 deg. C., for the British 
Electrical and Allied Industries Research Associatiun 
the effect of creep or flow again became of impor- 
tance and was further investigated, and the con- 
clusion was formed that “the safe stresses that 
can be applied to the materials used are very low, 
and in all probability are below the values obtained 
for the limits of proportionality obtained at the 
arbitrary rate of loading adopted in the tensile 
tests.” 

Some of the results obtained are given in the 
following table :— 











Steady Stress. 
pe . 
Loading i emp. 
Material. Conditions. | gtress — deg. 
Ult. Stress, | Applied, | Fracture | ©: 
Tons/sq. in. | Tons. /in.2 | Occurred, 
Mins. 
Mild steel ee 14-1 10:8 32 600 
Stainless steel (1) 18-6 14-1 68 600 
* ” 20-7 12-3 139 600 
Nickel steel 18-2 10-25 33 600 
6-15 51 hrs. 600 

















Extensions obtained on the Stainless Steel (1) 
under a steady stress of 40 tons per square inch 
indicated no signs of decrease in rate of extension 
after 14 days. 

P. Chevenard has made a series of investigations 
on the “ creep ” of a number of materials, including 
a nickel-chromium alloy (22-6 per cent. Cr.) and 
these were published in Comptes Rendus in 1919 





* These tests form a part of an investigation into the 
properties of certain Non-Ferrous Metals and oys 
carried out in the Engineering Department, National 
Physical Laboratory for The British Non-Ferrous Metais 
Research Association. 











and 1922. The nickel-chromium alloy he used was 
annealed from 900 deg. C., whereas the material 
used in the tests to be described was in the ‘“‘as 
rolled ” condition. 

J. H. S. Dickenson published in ENGINEERING, 
September 15, 1922 and in The Journal of The 
Iron and Steel Institute, 1922, a paper on “ The 
Flow of Steels at a Red Heat,” in which he quoted 
some important and illuminating experiments 


showing the effect of creep in reducing the real 
strength of a material at high temperatures to a 
figure much below the value obtained at the rate of 
loading ordinarily adopted in a tensile testing 
machine. 

F. A. Fahrenwald in the Proceedings of the 





Society of Testing Materials, vol. 24, 


American 
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pt. 2, 1924, p. 310, states results of a large number 
of experiments on creep tests of Nickel Chromium 
Iron Alloys. 

F. C. Lea, in a paper before The Inst. of Mechani- 
cal Engineers, December 5, 1924, described a series 
of creep experiments, the results of which showed 
the importance of a knowledge of the creep limits 
of materials at high temperatures. 

The importance of the subject is also referred 
to by Mellanby and Kerr in a paper before the 
North East Coast Institution of Engineers and 
Shipbuilders, in February, 1925, on ‘‘ The Limiting 
Possibilities in Steam Plants.” 

A comprehensive study of the mechanical pro- 
perties of a number of ferrous and non-ferrous 
materials at high temperatures is now being under- 
taken in the Engineering Dept. of the National 
Physieal Laboratory, and at the request of Dr. R. S. 











Hutton, Director of The British Non-Ferrous 
Metals Research Association, an investigation has 
been made of the properties of a nickel-chromium 
alloy. Such an alloy was known to have high 
tensile strength at high temperatures, but many 
other of its properties, such as resistance to impact, 
fatigue, and especially its resistance to creep or 
flow under high temperatures were little or quite 
unknown. 

The present report gives the results of the mecha- 
nical tests made on this alloy, and it is hoped that 
the information available will assist in defining the 
scope of this material for engineering uses. 

Particulars of the Nickel Chromium Alloy Used.— 
The nickel chromium alloy used was supplied by 
Messrs. Wiggins and Co., to the instructions of Dr. 
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R. 8. Hutton. the Director of Research of the 
Association, and was of the form of | in. diameter 
bars, in the ‘as rolled ” condition. 

The chemical composition of the alloy as stated 
by the manufacturers was as given in Table I. 


TaBLEe I.—Chemical Composition of Nickel 
Chromium Alloy. 


(As stated by Messrs. Wiggins and Co.) 


Per cent. 
Nickel 79-7 
Chromium 19-04 
Carbon 0-09 
Silicon 0-10 
Iron .. 0-88 
Sulphur 0-012 
Magnesium .. 0-05 
Copper 0-13 


Nature of Tests——On the receipt of the nickel 
chromium alloy certain preliminary tensile tests 
were made to determine whether the contemplated 
full programme of tests should be made on the 
material as received or after a further heat treat- 
ment. It was suggested by the makers of the 
alloy that if a further heat treatment was given it 
should be an annealing at about 800 deg. C. in vacuo. 
The preliminary work, therefore consisted in making 
tensile tests at air temperature, 400 deg. C. and 
600 deg. C. both on the material as received, and 
on the same material after annealing at 800 deg. C. 
in vacuo, 

The results of these tests are given in Table II. 

It was decided, as a result of these tests, that, 
since no improvement in tensile qualities at high 
temperatures resulted from the heat treatment 
given, the investigation should be carried out on the 
material as received, i.e., in the “as rolled” con- 
dition. The full programme of tests included in 
this report, and made on the nickel chromium 
alloy in the “as rolled” condition therefore com- 
prises the following :— 

1. Tensile tests at various temperatures uy 
to 800 deg. C. at the ordinary rate of 
loading. 

2. Determination of limiting creep stresses 
between 500 deg. C. and 800 deg. C. 
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3. Torsion tests at various temperatures up to 
800 deg. C. under normal testing con- 
ditions. (Normal rate of application 
of torque.) 

4, Notched bar impact tests up to 700 deg. C. 

5. Hardness tests up to 700 deg. C. by impact 
hardness method. 

6. Fatigue tests under reversed direct stresses 
up to 700 deg. C. 

1. Tensile Tests at Ordinary Raie of Loading.— 
The form of specimen used for the ordinary tensile 
test was as shown in Fig. 1. The specimen was 
set up in a wire wound electric furnace, and special 
mirror extensometers were fitted for the purpose 
of determining the limit of proportionality and 
modulus of elasticity. After the specimen had been 





TABLE II.—ReEsvurits sHowine Errect or HEAT TREATMENT ON THE TENSILE STRENGTH 


OF THE NICKEL-CHR 


temperature, without resulting in ultimate failure, 
may be called the limiting creep stress at that 
temperature. 

For the purpose of investigating the “creep” of 
materials, under steady loads at high temperatures, 
special apparatus was used, in which steady loads 
could be applied to the specimen under test by a 
10:1 lever system. The test pieces used were of 
the form shown in Fig. 5, and a diagram of the 
arrangement of this testing apparatus is given in 
Fig. 6. Wire-wound electric furnaces were used to 
heat up the test pieces, and a special apparatus was 
devised to maintain the temperature within a few 
degrees of the mean temperature. When a steady 
temperature was reached weights were placed on 
the lever to give the required stress on the test 
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Alloy Tested as Alloy Annealed at 
Received. 800 deg. C. in vacuo. 
N.P.L. Eng. Dept. Test Mark. a! 
BWPI1B1.| BWP1B2. | BWP1B3.| BWP1B4. | BWP1B5. | BWP1B6. 
Diameter of test piece x oe ne oo) 0-4996 0-500 0-497 0-500 0-500 0-500 
Cross sectional area of test piece as es 8q. in. 0-1960 0-1963 0-1940 0-1963 0-1963 0-1963 
Yield stress ae e ton/in.2 32-2 27-9 28-1 36-9 31-6 24-1 
Ultimate stress .. ie Ae 49-1 45-6 40-3 54-4 46-0 34:3 
Elongation on 1 in. a =4 area) per cent. 45 —- 23 28 27 16 
Keduction of area ; ws on 56 = 22 42 35 16 
Temperature oe as ae . deg. C. Air 400 600 Air 400 600 
TABLE III.—Tensite Test REsvtts. 

N.P.L. Limit of Elongation} Reduc- Modulus 

Eng. Propor- Yield Ultimate on tion C7) Tempera- 

Dept tionality Stress. Stress. Length of Elasticity. ture. Remarks. 

Test Tons per | Tons per | Tons per | 4 4/ area. Area. Lb. per | Deg. C. 

Mark sq. in. sq. in. sq. in. Per cent. Per cent. | 8q. in. 
BWP2B2 24-0 36-7 §2-1 37 56 31-6 x 106 15 
BWP1B1 20-0 32-2 49-1 45 56 31-9 x 106 15 Repeat on different bar from above. 

See Table II. 
BWP2B1 21-1 39-3 50-3 33 52-5 | 30-8x106 100 
BWP2B3 21-6 35-1 48-2 39, 54:5 30-4 x 106 200 
BWP2B4 23-5 29-2 49-0 42 53 28-3 x 106 300 
BWP2B6 18-6 26-3 47-95 41 51-5 | 27-4+4106 400 
BWP1B2 15-6 27-9 45-6 -- _- ~- 400 —— on different bar. See 
able IT. 
BWP2B7 17-0 31-9 46-4 24 29 26-5 x 106 500 
BWP2B8 12-4 23-4 36-7* 17* 18* 25-4 x 106 600 
BWP1B3 -—— 28-1 40-3 23 22 -- 600 Re oe = different bar. See 
‘able 

BWP2B5 5-0f ot 29:3 8 12 -- 700 
BWP2B9 =< — 18-4 12-5 14 a 800 





























* Fractured at gauge mark; results possibly low. 
ft An approximate estimati 
The yields were small and rather indefinite. 


brought up to the required temperature, and the | 
temperature maintained constant for at least half- 
an-hour, the load was applied in steps up to a point 
just beyond the observed limit of proportionality,. 
and extensometer readings being taken at each load. 
The load was then increased rapidly until fracture 
occurred, the time taken being about 3 minutes. 
The arrangement of test piece, furnace and extenso- 
meters, &c., in the tensile tests is shown in Fig. 2 

The stress-strain curves have been plotted in 
Fig. 3. The values for the modulus of elasticity 
above 500 deg. C. are only approximate, since the 
modulus at the higher temperatures depends on the 
rate of application of the load, tending to an upper 
limit for very quick loading. The results of the 
tensile tests are given above in Table III. This table 
includes also the results of the tests on the alloy 
in the ‘‘as rolled ’’ condition obtained in the pre- 
liminary tests and as given already in Table II. 
Some of the results given in Table III are shown 
plotted against temperature in Fig. 4. 

The yields were small and rather indefinite. 

2. Determination of Limiting Creep Stresses 


on. 


Taste 1V.—Limiting Creep Stresses for Nickel 











between 500 deg. C. and 800 deg. C.—A short 
description of the phenomenon of creep at high 
temperatures will help in showing the importance 
of the tests under this section. The effect of creep 
or flow of materials under stress at high temperatures 
is to make the value of the ultimate tensile strength, 
obtained in the ordinary tensile test, depend on the 
tate of application of the load. Put in another 
way, it means that creep occurs under certain values 
of steady stress at high temperatures, which creep 
may persist for weeks until fracture occurs. This 
steady stress may be, at high temperatures, con- 
siderably lower than the stress the material would 
withstand if quickly loaded. The limiting value of 




















Chromium. 
a + 5 3 & za. 
®:. Ses: | Bag 3 ta Qe | S28 
Ae | gc |eedsl Ec. | gh 8s| 3'8e 
oS EP? | ase’. fog | aCe.) o-ma 
am BU | <5 3] Seue | Bee2| S238 
:B a+ a: 4 BOR SSS. 4.2 
Ae 28 a 8% e*2 Bess aee 
As sq | Ssea" & S Bani ss 
x ss) HH: = 2 Sa 
BWP7C1 .. 500 29-9 11-5 7) 
BWP7C5 .. 500 28-9 17- 
BWP7C8_ .. 500 25-25 47-0 24-0 45-0 
BWP7C13 ..| 500 24-0 | Stopped 
creeping | J 
BWP3C5_ .. 590 26-7 1-0 
BW P3C6 “ 590 25-95 1-5 
BWP7C12 590 20-0 2-5 
BWP7Cl17 .. 590 18-0 7-0 16-0 40-0 
BWP7Cl14 .. 590 17-0 13-0 
BWP7Cl14 .. 590 16-0 Stopped 
creeping 
BWP3Cl12 .. 650 18-4 hrs. 
BWP3C10 .. 650 16-1 10 hrs. 
BWP3Cl4 .. 650 13-2 3-0 
BWP3Cl6 .. 650 11-1 14°5 9-0 35-0 
BWP3Cls .. 650 9-9 22-0 a 
BWP7C16 ..| 650 9-0 | Stopped 
creeping 
BWP3CI5 .. 700 10-5 2°5 
BWP3C17 .. 700 8-4 3-5 
BWP3C19 .. 700 7°75 3-5 
BWP7Cl0 .. 700 6-95 11-0 6-0 30-0 
BWP7Cll1 .. 700 6-0 Stopped 
creeping 
BWP3C20 .. 800 5-55 1-0 
BWP7C3... 800 4°43 1-5 
BWP7C4 .. 800 3°35 2-5 
BWP7C7 .. 800 2-02 37-0 1-9 18-0 
BwPe7co .. 800 1-8 Stopped 
creeping 
piece. Extensometers attached to the test piece 


gave readings of the amount of stretch, or “ creep,” 
occurring each day on a 2-in. gauge length. 
The tests carried out consisted in fixing upon a 


certain temperature (between 500 deg. C. and 


at this temperature by stresses of decreasing 
amount. Those test pieces which were most highly 
stressed broke most quickly, and as the new stresses 
applied were of.decreasing value the test pieces 
held out longer before fracture. By employing 
still smaller stresses on further test pieces a point 
was reached at which a given stress, although giving 
rise to an initial creep, failed to maintain any further 
creep and the test piece remained unbroken. Thus, 
as shown by the results given, it was possible to 
estimate at several temperatures the maximum 
stress which, although indefinitely maintained, 
would not cause fracture, and this stress has been 
called the limiting creep stress at that particular 
temperature. 

In Table IV are given the results of the creep 
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tests, including the estimated values of the limiting 
creep stresses from 500 deg. C. to 800 deg. C. The 
ultimate tensile stresses for these temperatures (see 
Table III) are also given, and the relation between 
the tensile ultimate and the limiting creep stress is 
shown in the curve Fig. 7. 


(To be continued.) 


tC oe 





PRESENTATION TO M. GuitLET.—The many friends of 
M. Léon Guillet are desirous of making him a presentation 
to commemorate his recent election as member of the 
French Académie des Sciences. A committee, composed 
of some 30 scientists, industrialists, and university 

rofessors, representing France, England, America, 
Belgium, Sweden, Italy, and Denmark, has been formed 
and has issued an appeal for subscriptions. These may 
be sent to M. le Professeur Roszak, 8, rue Jean-Goujon, 
Paris (VIII). Subscribers will be advised, in due course, 
of the date on which the presentation will be made, and 








the stress which can be applied to a material at any 


800 deg. C.) and then stressing different test pieces 


the form which the latter. will take. 
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NOTES. 
Taz Swepisa AMERICA Motor Suip “ GRIPSHOLM.” 


TRIALS were conducted off the North-East Coast on 
Friday, November 6, with the motor ship Gripsholmy 
recently completed at the Armstrong Yard, for The 
Swedish American Line, by Sir W. G. Armstrong, 
Whitworth and Co., Limited. This vessel, which 
has a length overall of 574 ft. 6 in., breadth moulded 
of 74 ft. and depth moulded to the boat deck of 
76 ft. 6 in., has a gross tonnage of 17,300 tons. She 
was designed by the builders and constructed under 
the. supervision of Mr. Filip Lindahl of the 
Brostroms Lines Agency and Sir John Biles and 
Company, naval architects to the owners. Grips- 
holm is the name of an ancient castle in Sweden, 
and the principal public rooms of the ship have 
decorations and furnishings modelled on the 
styles and periods of the famous halls of the castle, 
In all,, the vessel has eight decks. There is 
a cellular double bottom extending the entire 
length of the ship, the various compartments 
in which are utilised to carry oil fuel for the 
engines, and water. A, swimming bath, 30 ft. 
in length and 15 ft. in breadth, is provided in 
the hold, and in association with this there is a 
comprehensive group of special baths, both electrica] 
and vapour, for health treatment. Amidships in 
the hold is installed the machinery, which consists 
of two Burmeister and Wain Diesel engines. They 
are of the four-stroke double-acting type, the 
cylinder dimensions of which are 53 in. diameter and 
59 in. stroke. In all, there are twelve cylinders, 
giving a total of 13,500 b.h.p. Forward of the 
main engine-room there is a compartment con- 
taining the auxiliary generating sets, air compressors, 
inter-coolers and various other auxiliaries. The 
steering gear is of the electric-hydraulic type of the 
Hele-Shaw Martineau design. With the speed of 
17 knots it is anticipated that the Gripsholm will 
be able to make the direct journey from Gothen- 
burg to New York in about 8 days. 


FRACTURES OF LOCOMOTIVE PaRTS. 


As the metals used in building machines for use 
in engineering works, railway locomotives, marine 
engines, turbines, motor-cars, and the many 
appliances needed in the industrial arts, must be 
produced at economical prices, it is essential that 
there should be a complete understanding by 
draughtsmen of what the possible variations in 
the characteristics of the metals might be. Without 
this knowledge the designer of a machine might 
decide upon dimensions for any part of it, which 
would prove quite unsuitable to withstand the 
simple, compound, or repetitive stresses to which it 
might be subjected. Because of this it is desirable 
to have a close association between the designers and 
the metal producers, each supplying the other with 
all possible data. This point was referred to by 
Mr. J. H. Haigh in a paper on ‘“‘ Fractures of Loco- 
motive Parts,” which he read before the Manchester 
Centre of the Institution of Locomotive Engineers 
on Friday, October 30. Owing to the fact that a 
locomotive moved in contact with fixed rails and 
was subject to a continued series of shocks, the 
actual stresses were not easily calculated. Fur- 
ther additions to the complications involved in these 
stress determinations were due to the relative motion 
of the separate parts and the conditions incidental 
to running round comparatively sharp bends. 
Experience of repeated failures of parts had added 
greatly to the knowledge designers possessed, and 
was made use of by the introduction into the design 
calculations of larger factors of safety. This proved 
that much was still to be discovered both about the 
stresses in a machine and the materials of which 
it was built. Reference was made by Mr. Haigh 
to the characteristics of fractures due to particular 
types of stresses, and consideration was given by 
him to the questions involved in the design of 
many details. After the consideration of a crank- 
pin which was found to have been slightly oval and 
to have failed at a distance of about 1 in. inside 
the boss of the wheel into which it was pressed, 
the author asked, as a problem for the steel-maker, 
whether a composite wheel centre could be cast, 
the hub being of harder metal than the spokes and 
rim. A pin driven home by pressure into the 





hole in the boss of a wheel may be pressed out, with 
as little as one-quarter of that pressure, showing 
that something contributing to tightness of fit had 
been lost, due to the opening out of the hole caused 
by abrasion while making the force fit. Although the 
provision of a slight taper for about half the length 
of a pin was now practised, to ensure that the 
tightness of hold would be uniform throughout its 
length or increasing towards the collar on the pin, 
no very definite information was available about the 
results obtained. 


Mepicat THERMODYNAMICS. ' 


In an article published under this title in our 
issue of September 4 last, we drew attention to the 
extraordinary views on thermodynamié¢s put forward 
in a presidential address to the Institution of Mining 
Engineers by Dr. J. S. Haldane, F.R.S. In the 
course of this we observed that when the uninstructed 
attempt to remodel a well-established science it 
commonly turned out that they had misunderstood 
the meaning of some technical term. That here is to 
be found a partial explanation of Dr. Haldane’s 
misconceptions is established by a paper read by him 
before the Institution of Mining Engineers on 
November 4 last. In this he says: ‘ Clausius and 
Kelvin left out of account the heat communicated to 
the working substance during adiabatic compression 
and again lost through adiabatic expansion.” If, 
for simplicity, we take the case of a perfect gas,* 
even a first-year student learns that an adiabatic 
compression is defined as one in which heat is 
neither added tc, nor subtracted trom, the working 
agent. What is added to the working agent 
during an adiabatic compression is mechanical 
energy, and this is returned to the exterior as an 
equal amount of positive mechanical work during 
the adiabatic expansion which occurs in a subse- 
quent part of the cycle. This process is necessarily 
what mathematicians call a conservative one, 
and in it energy is neither lost nor degraded. 
To speak of heat being added or subtracted 
during the adiabatic expansion of a perfect gas is 
equivalent to talking in the same breath of an 
irresistible force and an immovable object. The 
one assumption necessarily excludes the other, and 
by definition no heat can be either received or 
parted with during any isentropic process. Carnot 
was concerned with the conversion of heat energy 
into mechanical work and by definition, heat is 
added to the working agent only during its iso- 
thermal expansion in his cycle. 


TRRIGATION IN SoutH AFRICA. 


A number of interesting facts and features 
relating to irrigation problems in South Africa 
formed the subject of the Annual Graduates 
Lecture, delivered on Monday last, at the Institution 
of Mechanical Engineers. The lecturer was Mr. E. 
Bruce Bali, whose business connections have brought 
him into close touch with engineers and irrigation 
works in that part of the Empire. Mr. Bruce 
Ball’s lecture covered chiefly the broad question of 
impounding and controlling water supplies, but on 
the whole dealt perhaps more with the civil engine- 
ering works involved than with mechanical details. 
The lecturer discussed the several forms of dams, 
and showed photographs of the failure of an earth 
dam. Among the structures described and illu- 
strated were the Lake Mentz dam, the Harte- 
beestpoort dam, the Vaal River Barrage, &c. 
The subject of silting was also discussed and some 
interesting diagrams were given, showing the loss 
of storage which has been caused in some instances 
by this. The various measures now being taken 
in new works, and by means of alterations, in the 
older works, to cope with this problem were 
described by Mr. Bruce Ball. The lecture was 
throughout illustrated by means of excellent 
lantern slides, and it is greatly to be regretted 
that the class for which the lecture was primarily 
intended, was so poorly represented in the 
audience. When the trouble is taken to present to 
the younger members first-hand knowledge acquired 
through long experience in a field which they them- 
selves can know very little about, the least they 





* In the case of the expansion of a supersaturated 
vapour, an expansion may be adiabatic without being 
isentropic. 





can do is to show their appreciation by personal 
attendance. Further, the chances of life which 
switch men off into work of one kind or another 
are so uncontrollable that as wide an outlook and 
interest as possible should be maintained in the 
early years of professional life. Relatively few 
men ultimately follow the work which first awoke 
their interest. We trust that, as the President 
suggested, the hour chosen had more to do with the 
absence of graduates from Monday’s lecture, than 
actual indifference to the object of this annual 
function. 





LITERATURE. 





The Construction of Wells and Boreholes for Water Suppiy 
and the Elements of the Analysis and Purification of 
Water. By J. E. Dumbleton, Assoc.M.Inst.C.E., 
A.F.R.Ae.S. London: Messrs. Crosby Lockwood and 
Son. [Price 10s. 6d. net.] 

Tuts book is the result of an attempt to revise 
the Rudimentary Treatise on Wells and Wells 
Sinking, by the joint authors, Mr. J. G. Swindell 
and Mr. G. R. Burnells, but the necessary alterations 
to a work of some fifty years’ standing were found 
to be so considerable that the alternative of preparing 
a new book on similar lines was adopted. 

The new book under the above title has retained 
the object of the earlier volume, which was to 
condense into small compass and into a general 
practical form information on the many subjects 
connected with well work. The scope of the book 
is somewhat limited, but much essential matter 
has been included without entering into unnecessary 
detail. Practical principles are placed before the 
reader, rather than theoretical considerations. The 
volume should be of service as a text-book in 
technical classes. Estate agents and civil engineers 
will find in its pages many valuable hints on the 
choice of sites for well sinking where an additional 
or purer source of water is desired. The examples 
given include both well sinkings that have proved 
successful, as well as others which have turned out 
complete failures, through available geographical 
data not having been taken into consideration when 
the site was decided upon. 

So far as history is concerned, Mr. Dumbleton 
mentions wells referred to in ancient Greek and 
Hebrew writings. Reference is also made to the 
old wells of China where boring has been long 
practised, some of the wells sunk extending to 
depths of 1,500 ft. to 1,800 ft. In Europe, the 
art of boring appears to have been first developed 
in France, in the province of Artois, where early 
boring tools have been found. From this work 
our modern term of “artesian” well is derived. 
Public attention was called to this form of boring 
by the remarkable success of the artesian well at 
Grenelle, sunk by M. Mulot, confirming as it did 
the correctness of the accepted theory of the 
geological structure of the globe. 

In addition to its use in connection with water 
supplies, boring is, of course, of service in a variety 
of other ways, such as drilling for oil, proving of 
minerals, examination of ground for foundations, 
and piling. Where boring is resorted to with a 
view to an accurate examination of the ground 
being made, “core boring” is the only reliable 
means available. 

One chapter of the book is devoted to the 
theory of springs; the course of the water, rain, 
snow, and dew is traced onwards from its contact 
with the ground, and the after effect is shown of the 
character of the surface it first encounters. The 
many factors are discussed at some length, and 
results are recorded of actual experiments carried 
out bearing on ground water level. 

The site of borings or wells is dealt with under 
“The Yield of Wells,” for the latter is directly 
dependent on the former. Much time and money 
can be saved by a close study of simple natural 
indications, such as a difference in the colour of 
grass, the presence of gnats in columns, and the 
rising of mists from certain areas, all of which 
point to the presence of surface ground water ; 
but if it is known that the boring must necessarily 
be deep, the choice of sites largely resolves itself 
into a matter of experience and judgment. The 
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yield must of necessity be dependent on the under- 
ground reservoir, and the rate of flow of water 
through the strata, but several means by which 
this may be helped are dealt with. 

Two systems of boring are in common use, 
namely, the rotary and the percussive ; the 
former differs from the latter not only in principle 
but also in the form of cutting tools used, these 
being either diamonds or shot. Though the system 
requires more elaborate plant it is the only method 
by which a true section by means of cores can be 
obtained. The percussive method requires many 
different types of tool, and the author gives a 
clear description of each, together with illus- 
trations of the tools generally used in cutting 
through the different strata. It is obvious, 
however, that the names in one instance have been 
transposed. For the help of those undertaking 
medium-depth bore holes without the aid of skilled 
assistance, a few more details might well have been 
given on the best shape of cutting tools for hard 
ground. These should be thicker in the centre 
than at the edges, as the smith’s time is saved by 
this means in drawing out during the frequent 
re-sharpenings. Instead of this the author illustrates 
tools with flat sides. It may also be mentioned 
that it is advisable to keep a gauge to ensure that 
the tool is the correct size before being lowered 
into the bore hole. For a practical book a rather 
curious fact is the omission of the mention 
of methods of testing whether a bore hole is 
proceeding straight, or being deflected by the 
strata. A few examples of cutting speeds in typical 
ground under ordinary conditions would also have 
been instructive for comparison with new work 
undertaken. 

The author’s recommendation of the sinking of a 
well before commencing boring is good practice, and 
is to be commended, as, in addition to the advan- 
tages mentioned, the men working on the boring are 
far more protected from the weather than if working 
on a high scaffold. After dealing with pumps, 
the final chapters are devoted to the properties of 
waters and water analysis. Though actual chemical 
analysis and bacteriological inspection of waters 
must be left to experts, yet the method of taking 
samples and the treatment of the water after 
reports have been received are important. The 
several methods of softening and purifying the 
water are dealt with at some length, but without 
going too deeply into the chemical changes which 
take place. The whole book is readable, and should 
prove a convenient reference to have at hand. 





Aerial Surveying by Rapid Methods. By BENNETT 
Metvitt Jones, A.F.C., M.A., Francis Mond Pro- 
fessor of Aeronautical Engineering, and Major J. C. 
Grirrirus, B.Eng., Hon. B.Se. Cambridge University 
Press. 1925. [Price 16s. net.] 

Although two names stand on the title-page of 
this work, only Professor Jones is responsible for 
the form the book has assumed and the drafting 
of the conclusions drawn from the experimental 
enquiry. It will’ be remembered that Major 
Griffiths was accidentally killed while flying at 
Coventry, in October, 1923. Professor Jones 
explains that many of the ideas and most of the 
experiments were due to Griffiths, and that his 
name is rightly retained as joint author, his assist- 
ance, however, was not available in final revision. 
With the tribute which Professor Jones renders to 
the personality and enthusiasm of his late coad- 
jutor, we would respectfully associate ourselves. 

Of the making of maps there is no end, and the 
variety of purposes they serve is myriad. Hence 
rapidity of construction and facilities of production 
are much in demand. Photography was early 
pressed into the service and in Canada especially, 
large use was made of the method. But the 
process has not been generally employed; probably 
the accuracy was not equal to that of a trigono- 
metrical survey, while the labour of translating the 
details was scarcely less. With aerial motion, 
permitting the simultaneous view of a large expanse 
of the earth’s surface, the possibility of recording 
the features and constructing a map by the aid of 
photography is peculiarly attractive. In the earlier 
case, the method involved the use of a lens whose 
line of collimation should be horizontal, and 


required a camera constructed to define the deviation 
from horizontality. In the newer method of photo- 
graphing from aloft, the lens has to be used vertically 
and in addition is in motion with a velocity of 
about 90 miles an hour, while the observer and 
apparatus are subject to wind currents of unknown 
force and direction. The problem, therefore, is 
not a simple one, either in the aeroplane or in the 
computing office, but as a means of providing 
a series of pictures that can be utilised in supple- 
menting the work of a rigorous trigonometrical 
survey and furnishing trustworthy topographical 
details, the method is of the highest value. 

During the war aerial photography was invoked 
to construct maps of inaccessible country, and a 
system was evolved of sufficient accuracy for the 
purpose intended. Captain Hamshaw Thomas, 
who writes a preface to the present work, when on 
the Palestine front, claimed for these photographic 
maps the advantages of speed, range of action, and 
wealth of detail, but it was not decided whether such 
maps were sufficiently accurate and economical 
for civil use. Clearly it is a matter of great 
importance to determine the conditions under which 
aerial photography can be most advantageously 
employed. No definite answer can yet be given, so 
various are the objects for which maps are required. 
There are three prominent factors that have to be 
considered before any specific survey should be 
undertaken :—the degree of accuracy needed ; the 
economy of time and material ; and the presentation 
of detail. Generally, it is not possible to satisfy all 
three, but before deciding on the scope and practica- 
bility of aerial photography it is necessary to 
decide on the relative importance of the three 
factors in the general problem. If it is required 
to determine accurately the relative positions of 
points far apart from each other, it is unlikely that 
aerial photography will be of any value. If the 
object is to secure a survey of a flat, wooded country 
where travelling is difficult and impeded by obstruc- 
tions, but with clearings sufficient to permit the 
safe landing of aeroplanes, photography has its 
best chance. To decide between these extremes, 
an exact knowledge of the accuracy to be expected 
from the aerial method, at various rates of expen- 
diture per unit area, seems absolutely essential. 
One object of this work is to provide the data from 
which an estimate can be formed, but so many 
variables enter that a decision is not easy. 

Whatever general method of utilising photography 
is adopted, and several have been suggested, of 
which the authors discuss two, the collection of the 
material presents great difficulties. To cover a 
large area in an economical manner, it is necessary 
to make a series of straight parallel flights, of about 
100 miles in length, taking photographs at suitable 
intervals so as to secure overlapping fore and aft. 
The distance between the flights must also be 
arranged to permit of a lateral overlap. On the 
other hand, there must be no gaps or it will be 
necessary to make other flights, increasing expense 
and occasioning delay. To secure these conditions 
it is necessary that the aeroplane should fly straight 
at a uniform distance above the surface (about 
two miles is recommended). A trained staff is 
therefore essential not only for good work, but to 
avoid a disastrous failure from a commercial point 
of view. 

A series of pictures can, however, be obtained 
from which a map may be constructed, but all we can 
say here, is that very considerable ingenuity has to 
be exercised in forming a kind of mosaic, representing 
the earth’s surface and establishing the connection 
between definite points of control. Instrumental 
aid can be employed in the actual work of map 
construction, but the Auto Cartograph, the best- 
known device, is a costly and cumbersome apparatus, 
the testing of which did not come within the scope 
of the present work. The construction of a map of 
225 sq. miles in area is described with great care 
and will prove a valuable guide to later investigators. 
A discussion of the probable error shows that the 
position of any point on the map can be ascertained 
with no greater uncertainty than about 50 yards, 
while the maximum error will hardly éxceed twice 
that amount. These errors are applicable to the 
delineation of flat or gently undulating country, but 





that order of accuracy could not be maintained if 





the local variations in height exceeded about 5 per 
cent. of that of the aeroplane. With variations 
amounting to double that quantity the method 
would prove inapplicable. Only two flights of 
about three hours’ duration were necessary for 
taking the photographs from which the map was 
formed, but weather suitable for photography seems 
rare in the English climate. 

An alternative method is described, whose main 
feature consists in taking a series of inclined or 
“oblique ’” photographs, on which the horizon can 
be perceived. This plan has the advantage of 
covering the ground with great rapidity, affording 
approximately the same accuracy, and can be 
applied in a hilly country. If two points at the 
beginning and end of a flight are known, the position 
of the aeroplane at any instant can be fixed by 
assuming that the aeroplane travelled in a straight 
line with uniform speed. The ground is depicted 
by two series of long parallel flights, by means of 
three wide-angled lenses, reproducing the surface. 
features at sufficiently close range to distinguish the 
more important details. These photographs are 
used in the same manner as the “ plane ” table on 
the ground, each point being located at the inter- 
section of a number of rays drawn from the plumb 
points at the moment of exposure. In a trial over 
an area of 90 miles by 50 miles the probable error 
in position amounted to about } mie, and the abso- 
lute height of a well-defined object to within about 
100 ft. Either process seems very hopeful and will 
have the effect of suggesting alternate methods, 





ENGINEERING TRAINING AND 
EDUCATION. 


Norton and Gregory Engineering Scholarships, 1926.— 
A prospectus has recently been issued giving particulars 
of the regulations governing the award of two enyineer- 
ing scholarships, one value 100/. per annum and the 
other value 507. per annum, which are offered for 
competition in 1926 by Messrs. Norton and Gregory, 
Limited, manufacturers of surveying instruments, of 
Castle-lane, Buckingham-gate, London, 8.W.1. This 
firm provides two such scholarships annually, and 
these are tenable for three years at any university in 
the United Kingdom or British Dominions approved 
by the committee appointed for the purpose of adminis- 
tering the awards. Candidates who intend to compete 
next year must have attained the age of 17, but not 
the age of 19 years, on March 1, 1926. They must be 
domiciled in the United Kingdom, and are required to 
undertake to pursue a three years’ course in engineer- 
ing, with a view to adopting engineering as a profession. 
Persons desirous of competing for these scholarships 
must first submit on an official application form, 
which may be obtained from the Secretary of the Scho- 
larship Committee, c/o Messrs. Norton and Gregory, 
Limited, full particulars of their educational records 
and other qualifications. Satisfactory applicants will 
then be invited to sit an examination to be held on 
March 4 and 5, 1926. Papers will be set on English, 
mathematics, mechanics and general physics, and this 
qualifying test will be held at different centres. Final 
selection will be by oral examination in London. 
Application forms must reach the Secretary of the 
Committee not later than January 31. The names 
of the successful competitors will be published on 
May 14. 





PERSONAL.—Messrs. Walker Vehicles, Limited, of 
Clare House, Kingsway, London, W.C.2, manufacturers 
of electric battery vehicles, have appointed Mr. Raymond 
J. Mitchell, to be development engineer. Mr. Mitchell 
will be stationed at Clare House. 





THE INSTITUTION OF AUTOMOBILE ENGINEERS.—The 
sixth annual dinner of the Institution was held at the 
Connaught Rooms on Wednesday, November 4. The 
chair was taken by the President, Mr. H. Kerr Thomas, 
and a number of distinguished guests were present. In 

roposing the toast of “‘ The Institution of Automobile 
ingineers,”” Lieut.-Col. J. T. C. Moore-Brabazon em- 
— the necessity for foresight on the part of the 
eaders of the industry, and instanced the application of 
front-wheel braking as an example of the failure of this 
country to follow up an initial advantage. Amongst the 
more recent developments, he expressed the opinion that 
we were already behind other nations in the employment 
of superchargers, but that we held a leading position in 
the development of the light car. He envisaged a 
serious attempt on the part of foreign manufacturers to 
secure a footing in this field, and impressed upon his 
audience the necessity of leaving no stone unturned to 
retain our initial supremacy. The toast of ‘“'The 
Guests ’’ was proposed by Sir John Thornycroft, and 
replied to by Sir William Letts. The intervals were 
filled by a musical entertainment. 
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LABOUR NOTES. 

TuE official report issued after last week’s conference 
in London on the subject of the proposed industrial 
alliance only inadequately expressed the actual position. 
According to it, the draft constitution, with the amend- 
ments submitted, was considered, and a final draft 
arrived at which is to be circulated to the whole of the 
unions concerned for their consideration and for 
submission to their members. The provisional com- 
mittee which has been responsible for the draft con- 
stitution and organisation of the conference was re- 
appointed pending the calling of the next conference. 
It was added that in view of the changes necessary 
in the constitution of certain unions to meet the 
requirements of the alliance, the conference was 
adjourned for a period to allow the consultations of 
the unions with their own members to take place. 
At the next conference those unions that are in a 
position definitely to join will report, and the alliance 
will be launched. 

It will, however, be a much less ambitious scheme 
than was originally contemplated, in respect of both 
its constitution and adherents. As the Miners’ 
Federation, the Transport and General Workers’ 
Union, the Associated Society of Locomotive Engineers 
and Firemen, and the Electrical Trades Union were 
willing to accept the first draft, they are presumably 
agreeable to accept the revised document. The 
National Union of Railwaymen has, however, with- 
drawn from the negotiations, following upon the 
refusal of the other unions to make industrial unionism 
the basis of the alliance. Even if the other parties 
to the negotiations had adopted that proposal, it is 
doubtful that the N.U.R. would have stayed in, 
because they had a further suggestion on the agenda 
relating to Clause 9. Clause 9 seeks to give the 
alliance power to render assistance in an approved 
dispute by (1) negotiation, (2) financial support, 
(3) partial sympathetic action, (4) sympathetic action 
by stages, (5) complete sympathetic action. The 
N.U.R. proposed an amendment to the effect that 
the function of the alliance should merely be “to 
work in conjunction with the union or unions 
involved.” The new draft of the proposed constitution 
is not, therefore, to be submitted to the N.U.R. rank 
and file. Other interested organisations are also 
likely to be sustained by ballot votes in their oppo- 
sition to Clause 9, as most of them have always strongly 
insisted on retaining their autonomy. 


Last week Sir Arthur Steel-Maitland, Minister of 
Labour, received a deputation from the Miners’ 
Federation of Great Britain. The deputation put 
before him certain questions relating to unemployment 
in the coal-mining industry, and the refusal of unem- 
ployment benefit in certain cases to miners who have 
become unemployed. The Minister replied to the 
points raised, and made it clear that he had no power 
to interfere with the decision of the umpire on the 
admissibility of claims to unemployment benefit. 
According to Mr. Cook, the miners’ executive was 
very dissatisfied with the Minister’s reply, and decided 
to place the matter before the Trades Union Congress 
General Council and the Labour Party, with a view to 
arranging an early meeting with the Prime Minister. 

The committee asked, the miners’ secretary explained, 
for a re-hearing of those cases where men were idle 
and decision had been given against them in the 
matter of unemployment benefit. The executive 
also urged that the action of the Ministry of Labour 
in refusing unemployment pay was detrimental to 
the workmen because the Miners’ Federation could 
not agree to meet the employers to discuss mutual 
readjustments, even where these were possible, owing 
to the fear that they might prejudice the position 
of the men in regard to unemployment pay in the 
event of there being no settlement. The executive 
strongly urged the Minister to consider the position 
in view of the variations in price lists in the same 
seams, and the variations in the physical conditions 
in the pits. They also drew attention to the question 
of district rates, pointing out that other trade unions 
and industries had a district net rate. Because the 
miners had a percentage rate on basis rates differing 
from other national organisations, the Unemployment 
Act was working detrimentally to the miner. The 
umpire, the miners’ representatives pointed out, had 
ruled that a reduction in the percentage rate was a 
breach of the national agreement, while a reduction 
in basis rates, which might mean very much more, 
was no breach of the agreement. The executive 
pointed out the absurdity of the position, because 
a reduction in basis rates might mean as much as 
6d. a day, and a reduction in percentage rates might 
be only 1d. 





As a result of the secession of the Transport and 
General Workers’ Union from the National Transport 
Workers’ Federation, Mr. Ben Tillett has relinquished 





the post of Chairman of the latter body. Mr. Tillett 
was founder of the Federation, whose executive 
committee have passed a resolution expressing high 
appreciation of his services to transport workers at 
home and abroad. Mr. James Henson succeeds to the 
position vacated by Mr. Tillett. 





One of the sessions of the congress in London last 
week of the Labour and Socialist International was 
taken up by statements of the delegates of various 
nations, regarding the position co:cerning the eight- 
hour day in their respective countries. The Belgian 
delegates reported that the Belgian Government, in 
which the Belgian Labour Party takes part, has 
decided to give a lead, and proposes to introduce a 
Bill for the unconditional ratification of the Washington 
Convention on the eight-hour day as soon as the Belgian 
Chamber meets. According to the official report, 
‘the importance of this announcement was realised 
and greatly welcomed by various speakers, and it was 
generally recognised that the eight-hour day would 
not be secured for the workers of the various countries 
unless it was guaranteed internationally.’ Intensive 
propaganda and mass action are to be organised in 
several countries by the socialist parties and the trade 
unions in order to stimulate the movement in favour of 
the eight-hour day, and to make the ratification in 
Belgium the beginning of further realisations in this 
most important sphere. 





The executive of the Metal Workers’ Section of the 
National Minority Movement has passed a long resolu- 
tion containing elaborate instructions to shop stewards. 
Given logical effect, these instructions would obviously 
eventually destroy the existing democratic structure 
of trade unionism, and it is odd, in these circum- 
stances, to find trade-union executives taking so little 
official notice of them. To begin with, adherents to 
the N.M.M. are advised to secure election as shop 
stewards or delegates of their unions. Monthly or 
quarterly district meetings of shop stewards are a 
feature of this unofficial organisation, and for the 
consideration of these gatherings, factories and shops 
are invited to send in “ resolutions and suggestions ” 
which the shop stewards, being responsible to the 
district committees of their unions, would send on to 
these bodies. ‘‘ When there is only one shop steward,” 
the instructions run, “‘ operating in any given factory 
or workshop, the steward should get the consent of the 
workers to affiliate to the local Trades Council and act 
as their Trade Council delegate. When more than 
one trade union caters for the workers in any industrial 
establishment, our adherents in each union should 
act in exactly the same way; that is, get covered by 
a union credential, and then in conjunction with our 
adherents in the other unions form a Joint Shop 
Stewards Committee. A chairman or convener, with 
a secretary, should be appointed and regular weekly 
meetings held in the factory.” 





So far as the foregoing instructions are concerned, 
the trade unions are clearly the prospective victims. 
The idea is plainly to wreck the existing organisation. 
In a further set, a grouping of shop stewards is sug- 
gested which would mean, in effect, industrial unionism. 
Several industries are indicated as suitable. ‘‘ For 
example,” the resolution says, ‘‘ the stewards employed 
in any one Government department should not limit 
their activities to that department. The workers 
employed by the Minister of Air have the same grievance 
as those employed by the War Office, Post Office, 
Admiralty, Office of Works, Arsenal, Dockyards, &c. 
Their aim should be to treat the Government as a single 
employer and demand uniform terms of service and 
conditions of employment. Similar action should be 
taken by the workers employed in municipal or other 
services.’ The further advice is given to set up 
Utility Services Shop Stewards’ Committees ‘in every 
area, to cover such comparable utility services as gas, 
water, tram, ’bus, electricity supply, &c.,”” whether 
municipally owned or not. ‘‘ All such concerns,”’ it is 
added, ‘‘should be treated as one concern by the 
workers.” It is not difficult to see the hand of the 
Communist in these instructions. The community is, in 
this instance, the prospective victim. 





The Sub-committee of the National Federation of 
Building Trade Operatives and the National Master 
Builders, which has been considering the question of 
payment for wet time for building trade operatives, 
presented a report to a full meeting of representatives 
of both sides in London on Monday. The scheme 
suggested is understood to be on a joint contributory 
basis, and a fund is to be set up out of which workers 
will be paid for time lost through wet or otherwise 
inclement weather or other causes over which the 
workers have no control. No statement was issued 
to the Press at the close of the meeting. The scheme 





when finally adopted will, in all probability, be pri- 
vately circulated for ratification by both sides. About 
16,000 employers and 500,000 men are affected by the 
proposals. 





A meeting of the Joint Committee which is inquiring 
into the conditions of the shipbuilding industry, with 
special reference to foreign competition, was held in 
London on Friday last week, when consideration was 
given to the procedure to be followed in the second 
stage of the investigation—which is to deal with costs 
entering into the cost of the completed ship, but arising 
outside the control of the industry. Agreement was 
reached, it is understood, as to the lines on which the 
inquiry is to proceed, and as soon as the necessary 
information has been collected and collated, a further 
meeting of the Joint Committee is to be called. 





Considering that the wages question is to be dealt 
with at a meeting of the National Wages Board next 
week, Alderman Dobbie, the President of the National 
Union of Railwaymen, was not very happy in his 
speech, on Sunday, at Crewe. The National Union of 
Railwaymen was determined, he declared, to use the 
whole of its economic forces to prevent any reduction 
of wages or lowering, in any way, of the conditions of 
railwaymen. If the railways were not paying, it was 
time, he said, there was a scientific investigation of 
the finances of all the companies. A resolution was 
unanimously passed by the meeting expressing firm 
adherence to the main programme for definite improve- 
ments in current conditions of service, and affirming 
strenuous opposition to the railway companies counter- 
proposals. ‘‘ We are further satisfied,”’ the resolution 
continued, “‘ that the deficiencies now experienced in 
railway receipts are due to deliberate group competi- 
tion, extravagant official salaries and directors’ fees, 
the discharge of permanent staff, and the substitution 
of casual inefficients, with consequent goods traffic 
delays, the continued haulage of unoccupied first-class 
stock, and failure to recognise railway workshop manv- 
factured materials as superior and more economical.” 





On Saturday last, Birmingham Trades Council, by 
39 votes to 34—the total number of duly accredited 
delegates is over 300—passed a resolution embodying 
prominent features of the Communist Party’s pro- 
gramme. Mr. W. Brain of the Foundryworkers, who 
moved it, proposed that in order “‘ to enable the work- 
ing classes to advance further on the road to the con- 
quest of Capitalism,” the Council should endorse, 
amongst other things, “the formation of Councils of 
Action in every town and village, the organised and 
systematic carrying of working class ideas to the forces, 
a campaign to secure full political rights to soldiers, 
sailors, airmen and police, and the creation by all 
Trades Councils of Workers’ Defence Corps.” 





A joint deputation of the’ Engineering and Allied 
Employers’ National Federation and the engineering 
trade unions, met the Minister of Labour, on Tuesday, 
for the purpose of discussing the question of Govern- 
ment action with the object of securing international 
sanction to the Washington Eight Hours’ Day Conven- 
tion. At the close of the conference, Mr. J. T. Brownlie 
made the following official statement :—‘‘ A joint 
deputation consisting of representatives of the Engineer- 
ing Employers’ Federation and the unions concerned 
with the application for a national advance in wages, 
acting in accordance with the memorandum agreed to 
at the conference of the parties in July, met the Minister 
of Labour with reference to joint representations in 
regard to the hours of labour in this and in Continental 
countries. The deputation directed attention to the 
labour clauses in the Treaty of Versailles, which laid 
it down that the High Contracting Parties recognise the 
necessity of a uniform working day of eight hours as 
being essential for securing the peace and well-being 
of the people in all countries. The Minister, in reply, 
expressed his appreciation at meeting the joint deputa- 
tion, and said that, in view of the representations made 
in regard to the Versailles Treaty, he would give the 
matter his early and earnest attention with a view to 
arriving at a satisfactory understanding with other 
nations. The conference was adjourned on the under- 
standing that a further meeting would take place before 
Christmas.” 





The Ministry of Labour states that on November 2, 
1925, the number of persons on the registers of Employ- 
ment Exchanges in Great Britain was 1,207,700, 
viz.: 970,700 men, 36,100 boys, 172,000 women, and 
28,900 girls. On October 26, 1925, the number was 
1,232,396, made up of 995,036 men, 36,835 boys. 
172,387 women, and 28,138 girls; whileon Novem- 
ber 3,1924, it was 1,228,023, or 937,975 men, 35,399 
boys, 223,524 women, and 31,125 girls. 
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MESSRS. BROWN BAYLEY’S STEEL WORKS, SHEFFIELD. 


Fig.88. CROSS SECTIONAL ELEVATION A.B. 
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worked so as to give a slightly higher temperature | enabling those near the doors to be discharged when | the design of the recuperator it makes more smoke 
at the discharge doors over that prevailing nearer|in a suitable condition, and the remainder to be|than the furnace next constructed, which is the 
the furnace bridge. This is a matter of importance | brought forward in turn to be further heated up.| annealing furnace for No. 4 mill. 

when annealing a large number of small bars,!The furnace is found to be efficient, but owing to| This is shown in Figs. 85 to 93 on this and the 
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MESSRS. BROWN BAYLEY’S STEEL WORKS. 


Fig.91. FRONT ELEVATION. 
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Fig.92. SECTIONAL ELEVATION G.H. 





Fig.93 SECTIONAL ELEVATION J.K. 





opposite pages, and is the latest slack-fired anneal- 
ing or heat-treatment furnace in the works. It is 
designed for a maximum temperature of 800 deg. 
C., with a hearth 16ft. long by 3 ft. deep. In 
general construction it is similar to the other 
furnaces usual in the works, being built up of 
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steel channels and cast-iron plates, with an outer 
course of insulating bricks. It operates¥ with 
preheated secondary air and steam-blown primary 
air. The fuel used is rough slack or washed smalls. 
The secondary air is preheated by means of the 
special recuperator bricks shown, a design of the 





Farnley Iron Company, the air taking a double turn 
through the horizontal passages, and the waste 
gases dropping through the vertical holes to the 
chimney flue below. The preheated air is then led 
to a passage through the bridge wall, and out over 
the two fires through the special tuyere bricks shown. 
Two fire-boxes lead to a common combustion 
chamber, the bridge being carried up parallel with 
the roof and 6 in. from it. A uniform temperature 
is maintained from back to front of the furnace by a 
4}-in. arch, 18 in. long, carried from the bridge, and 
is maintained lengthways of the furnace by means 
of eight dampers (Figs. 88 and 89). The doors 
are of cast-iron lined with insulating brick slabs, 
and the opening gear consists of balance weights 
and chain passing over pulleys fitted with roller 
bearings. The doors are continuous along the 
whole length of the furnace, to permit of long bars 
being charged and discharged broadside on. The 
purpose of the dampers is to prevent any tendency 
for the flame, which is as wide as the furnace is 
long, from bunching locally in its travel across the 
width of the furnace. 

This furnace was lighted up for the first time at 
6 p.m. o’clock on September 1 for the purpose of 
drying the brickwork. By 10 a.m. on September 2, 
16 hours after the fire was lighted, the hearth had 
reached the designed temperature of 800 deg. C. 
at all points of its surface, and thereafter was main- 
tained at a uniform temperature with conspicuous 
ease. There was practically no smoke. It will be 
observed that the primary air is not preheated in 
this furnace, and that, in order to avoid carrying the 
weight on the long furnace arch, the recuperator 
elements are carried below the furnace instead of 
in the roof. 

(To be continued.) 





ZINC-RETORT RESIDUES. 


In the distillation process for the extraction of zinc 
from its ores, the finely crushed, calcined ore is mixed 
with coal and is heated to a white heat in fire-clay 
retorts. The oxide is reduced, with the formation of 
carbon monoxide, and the metal distils over as vapour, 
which is condensed in clay vessels known as receivers 
or adapters. Should any zinc sulphide be present in 
the original charge it remains behind in the retort, 
thus constituting a Joss. According to a paper 
recently issued by the United States Bureau of Mines, * 
retort residues, which consist of unconsumed coal and 
the non-volatile constituents of the ore, contain from 
5 per cent. to 15 per cent. of zinc together with varying 
percentages of other metals, such as lead, copper, iron, 
gold, and silver. That these residues are of great 
metallurgical interest is shown by the fact that they 
amount to from 25 per cent. to 75 per cent. of the weight 
of the original ore. 

Direct smelting in a lead blast-furnace for the 
recovery of lead, copper, and the precious metals has 
been attempted, but in the majority of cases the aim 
has been to concentrate the material in order to obtain 
an enriched product for subsequent treatment. It is 
interesting to note, in this connection, that the recovery 
of the unburnt coke contained in the residue, has in 
some cases proved profitable. In one installation the 
fuel is recovered by screening, and after mixing with 
20 per cent. fresh coal it is burnt under steam boilers ; 
in other plants the unburnt fuel, after separation by 
screening, is used as reduction fuel in fresh charges 
for the retorts. 

The electro-magnetic concentration of retort residues 
has given interesting results, but the process does not 
seem to have proceeded much beyond the experimental 
stage. On the other hand, the enriching, by wet 
concentration, of residues containing lead and silver 
has long been practised, and in recent years lead-free 
residues have been successfully treated in this way, 
for the recovery of the zinc and the unburnt coal. A 
complete concentrating mill is required for the purpose, 
and the capital outlay rendered necessary is con- 
siderable. It is pointed out, however, that the success 
of the process demands efficient apparatus, and that 
too much saving in the first cost of installation will 
preclude satisfactory results. 

The methods at present in use for the concentration 
and treatment of retort residues vary so considerably 
that no general rule as to procedure can be laid down. 
Different conditions require different methods, and 
processes which are a financial success in one plant may 
prove a failure in others. The question is, nevertheless, 
well worthy of the attention of those zinc smelters who 
do not, at present, treat the residues from their retorts. 





* Technical Paper 341, by B. M. O’Harra, published 
by the Government Printing Office, Washington. 
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THE DESIGN AND CONSTRUCTION 
OF ELECTRIC CRANES.* 
By Dantet Apamson, M.I.Mech.E. 
(Concluded from page 593.) 


Wire Ropes.—For some years past wire ropes have 
entirely superseded the use of chains for the hoisting 
motions on cranes on account of their greater reliability 
and the smaller space occupied on the crane barrel, 
especially when high lifts are required. These 
advantages, however, have sometimes tempteddesigners 
to presume too much upon the flexibility of the wire 
rope, with the result that too many “falls”? have 
been adopted, as well as pulleys and barrels too small 
in diameter. 
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'g.11. CURVES SHOWING THE RELATION BETWEEN 
WORKING LOAD & DURABILITY OF WIRE ROPES AS 
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DIAMS. OF PULLEYS. 





0 
(9290.K.) 


7200 


500 
Thousands of ‘Bends to Failure 7) ENGINEERING” 


plies has six bends in the rope, and the gears must be } 
designed to carry 25 tons at the periphery of the barrel. 
(See Fig. 8.) A 50-‘on crane with eight plies has 14 
bends in the rope and the gears would be designed 
to carry 12} tons. In the latter case the cranemaker 
saves cost in the gearing and leaves the customer to 
pay the rope bills. Except for the very heaviest 
cranes four “* falls ’’ where each rope carries one-quarter 
of the whole load, are as many as should be considered. 
The author showed in a paper on “ Wire Ropes for 
Lifting Appliances”? read before the Inst.Mech.E.., 
in 1912, the effect upon the life of a rope of the increased 
number of bends necessitated by increasing the number 
of falls, also the objection to negative or reverse bends 
which reduce the life ot a rope by one-half, and 
the advantage of increasing the diameters of the 
pulleys of the bottom blocks, for the reason that the 
rope is bent more frequently at the bottom block pulleys 
than at the barrel. Partial bends of 20 deg. are as bad 
as 180 deg. bends. Fig. 9 shows six plies, and Fig. 10 
shows four plies with a negative bend in the ropes. 
Shortly after the reading of the paper referred to in 
the preceding paragraph, the Institution of Mechanical 
Engineers appointed a Committee “To Report on 
the Conditions that affect the Durability of Wire Ropes 





* Paper read before the Manchester Association of 


For example, a 50-ton crane with four | 





Engineers, October 23, 1925. Abridged. 


used chiefly for the transmission of Power.’ This 
Committee has already prepared two Reports,* and 
is at present engaged on further investigations. Fig. 11 
shows some deductions made by the author from the 
results so far available. 

The attachment of the rope ends to the barrel should 
be such that even if all the rope be wound off the barrel 
the attachment would be strong enough to carry the 
load that would come upon it (see Figs. 12, 13, 14 and 
15, the former showing a correct method of attachment 
and the three latter objectionable methods). 

Drum Diameters.—The diameter of the drum itself 
should be not less than six or seven circumferences 
(or 18/22 diameters) of the rope, and the bottom block 
pulleys should be two circumferences greater than 
this. 
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An American engineer, J. F. Howe, in Iron and Steel 
Engineer, Pittsburgh, for August, 1925, recommends 
30 diameters (9} circumferences) for barrels and pulleys 
of steelworks cranes, and he recommends further a 
higher factor of safety as the number of falls is 
increased. 


























Rope Sizes, &c. 
Diameter 
~, Circum- Pitch of 
Capacity ° : Diameter | of Bottom 
of Crane. | one of ar of Barrel. Block- 
a = Pulleys. 
Tons. Inches. Inches. Inches. Inches, 
3 1} 9 11 
5 1% 43 11 12 
10 2} 14 14} 16 
15 2? 1 164 19 
20 3} 1y; 19} 22 
25 3¢ 1} 21 24 
30 4 1% 24 294 
40 4} 1Z 27 294 
50 5 2 30 314 
* “Wire Ropes Research.’’ Proceedings, I.Mech.E., 
October, 1925, p. 835, and ‘‘ Second Report of Wire 
Ropes Research Committee.’’ Proceedings I.Mech.E., 
December, 1924, p. 1193. 





The foregoing list of sizes of ropes for different 
cranes allows a factor of safety of not less than 8. 

All the above have four plies of rope to sustain the 
load. For larger cranes six plies may be used, with 
corresponding sizes of rope, ¢.g., six plies of 5-in. rope 
may be used on a 75-ton crane. (See Fig. 9.) 

It is common practice now to fit ball bearings under 
the hooks to facilitate turning of the suspended load. 

Gearing.—The strength of gearing is usually calcu- 
lated upon what is known as the Lewis formula. 


Lewis Formula. 


W = 8x Px Px. ¥, in whieh 

= Working load in pounds ; 

S = Safe working stress in material in pounds per 
square inch ; 
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Circular pitch in inches ; 

Width of face in inches ; 

Factor depending upon the form of the 
tooth. 

The above formula is based upon the strength of 
each tooth considered as a cantilever, and the con- 
fidence this formula has enjoyed during the past 
thirty years is sufficient proof of its reliability for low 
speeds, but latterly its originator has expressed some 
doubt as to the correctness of his factors for reducing 
the load as the speed is increased, and he is at present 
engaged on experiments in the United States to ascer- 
tain the effect of inaccuracy upon the additional load 
imposed upon gearing when running at high speeds. 

Pending the publication of these results members 
are referred to a paper on “Spur Gearing” which 
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the present author read before the ‘Institution. of 
Mechanical Engineers in 1916. 

In addition to the question of strength of gearing 
to carry a given load at various speeds, notice must 
be taken of durability and the most reliable informa- 
tion on this point indicates that the load should be 
reduced proportionately to the number of revolutions 
of the gearing during its useful life. This is not new. 
Reuleaux showed over 50 years ago that to ensure 
reasonable durability, the high speed wheels of a train 
of gearing should be made the same width as the 
slowest, and other investigators have confirmed this 
opinion, 

The author adopted the following formula 20 years 
ago :— 

R.P.M. xX pressure per inch of width in pounds 
must not exceed 174,000. 

Enclosed Gears.—The foregoing figures give very 
good proportions for open gearing on cranes in ordinary 
machine shops, but in foundries and steelworks the 
latest practice is to enclose in substantial gear cases 
the whole of the gearing, except the barrel wheel and 
pinion, and the corresponding last wheel and pinion 
in each of the trains that drive the horizontal motions. 
Under these circumstances the durability will be 
found to be superior to that on machine shop cranes 
with open gearing. The gear boxes should be so 
designed as to include the bearings for the shafts, 
on the lines of best motor-car practice, bearing in 
mind that the proportions must be more generous 
on account of the different conditions under which 
cranes have to work. The high-speed bearings in the 
gear-boxes should be provided with oil-ring lubrica- 
tion. Overhung wheels and pinions must be avoided 
if any consideration is to be given to reliability and 
durability. 

Accessibility.—Designers must never overlook the 
question of accessibility for the purpose of inspection, 
overhaul and renewals. Each part should be accessible 
and removable without serious disturbance of the 
remainder of the machine. 

Bearings.—All bearings should be bushed with 
renewable bushes and the following proportions may 
be helpful to designers. 

Thickness of bush 8, in. up to and inclusive of 5-in. 

shafts. 

3 in. for 6-in. shafts and over. 
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Axle bearings should, however, be somewhat thicker 
than this to avoid risk of “‘ spreading ’? under load :— 


? in. up to and inclusive of 4-in. axles. 


din. - ‘s », 5-in. and 6-in. axles. 


_ Brakes.—The question of brakes on cranes is an 
important one, and the improvements that have taken 
place of recent years have tended in the direction of 
improved durability by adopting larger wearing 
surfaces and using more durable material for lining 
the brake surfaces. Also the more modern designs 
are such that the braking surfaces are relieved from 
rubbing during the hoisting of the load (see Fig. 16), 
as compared with the old type of band brake, which 
never came off properly. (See Fig. 17.) 
_ When calculating the braking effort, allow for 
6 per cent. loss in each spur-gear reduction and 15 per 
cent. for barrel rope and bottom block. These are 
only approximate figures, but will be a useful guide. 

In 1913 the author had occasion to investigate the 
proper proportions of brake surfaces, and adopted the 
following proportions to ensure ‘reasonable durability, 
viz.: pull at periphery of brake drum should be about 
6 lb. per square inch of net area of brake blocks for 
rubbing velocities of 40 ft. per second for brakes on 
hoisting motions. These figures may be increased 
somewhat at the discretion of the designer, for brakes 
on the horizontal motions. 

Longitudinal travelling motors on the earlier cranes 
were quite satisfactory without brakes, but now a foot 





NDUCTORS FOR USE ON CRANES. 





brake, or its equivalent, must be provided to be worked 
by the operator on cage-controlled cranes, or an electri- 
cally operated brake to work automatically, when the 
crane is controlled from the floor. Similarly, with the 
hoisting motion it was only thought necessary to 


Fig.16. ELECTRO MAGNETIC BRAKE. 
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Fig.17. BAND BRAKE. 
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is such that the undoubted advantages of direct current 
justify the additional outlay. When lifting magnets 
are to be used direct current is necessary, and it is 
quite usual to mount a rotary converter on the crane 
for this purpose. 

Cranes fitted with direct-current motors, on the 
varied loads usually experienced in machine shops, are 
believed to be able to handle double the work in a 
given time for the same nominal horse-power capacity. 
For accuracy in handling the direct-current motor is 
also far superior to the alternating current. One 
feature of the alternating-current motor may, or may 
not, be considered an advantage. Owing to its lower 
starting torque when compared with a series-wound 
direct-current motor, it is impossible to overload a 
crane equipped with alternating current when the 
driver attempts to lift an excessive load, as in foundries, 
for example. 

All motors, whether alternating or direct current, 
must have split frames, covers, and bearings to facili- 
tate removal of the armature or rotor. Direct-current 
motors should be entirely enclosed so as to exclude 
the dirt. Alternating-current motors, having no work- 
ing parts corresponding with the commutator of the 
direct-current motor, may be of the open type, although 
the protected type is generally preferred. 

Motors working intermittently, as on cranes, differ 
in their duty from motors required to run continuously. 
They must be of greater mechanical strength in order 
to start frequently under full load, and the commu- 
tators of direct-current motors must be designed to 
work satisfactorily under these conditions of starting 
frequently in either direction under heavy load. The 
weight, and particularly the diameter, of the armature 
should be kept low to reduce the inertia effects when 
starting or stopping. The electrical conductors on the 
armature and the strength of the magnetic field of 
direct-current motors must be designed for sparkless 
working at the commutators. Sparkless running re- 
quires ample brush area and numerous commutator 
sections with interpoles for higher voltages. 

Controllers for Direct Current.—The modern methods 
of control also put more responsibility upon the com- 
mutators of direct current motors and make it essen- 
tial that the motors must be designed to run spark- 
lessly at high speeds. One advantage of direct current 
motors is that they lend themselves better to variable 
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provide a comparatively simple or meagre brake, 
but as loads and speeds increased, the electric brake 
had to be enlarged correspondingly, and more recently 
it has been necessary to devise some means by which 
heavy or light loads can be hoisted or lowered as 
delicately as required and with confidence. This 
problem was first apparent with ladle cranes for 
steelworks handling large ladles of molten metal, a 
failure on which would have serious, even fatal, conse- 
quences, or would at least delay production. 

To meet this requirement, what were called “‘ mecha- 
nical load”? brakes were adopted. The principle of 
this brake was that, though the hoisting motion was 
quite free in the lifting direction, pawls or ratchets 
came into operation when lowering and, through the 
action of the frictional surfaces of the brake, the load 
on the hook could be lowered at a speed corresponding 
with the amount of movement given to the hoisting 
motor. In other words, the load had to be driven 
down, and was therefore under the control of the 
operator as much as when lifting. 

Motors.—For the past twenty years or so the question 
of direct current versus alternating-current motors has 
been freely discussed amongst electrical engineers, 
crane designers, and purchasers. Where direct current 
is available the cranes will naturally be equipped with 
direct-current motors, but whether it is worth while 
installing direct-current generating plant or converters 
for the cranes alone where the usual supply is alter- 





nating will depend upon whether the service required 
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speed control. The development of direct current 
crane operation began with plain series control, which 
is still quite satisfactory in the majority of shops. 

Diverter Control—Additional slow speed points can 
be added to the controller in both directions for cranes 
engaged on foundry work, for the delicate handling 
of “‘top parts” and patterns. This is affected by 
means of a resistance connected in parallel with the 
armature of the motor on the slow speed points; thus 
the series field becomes separately excited. 

Rheostatic Braking—One of the earlier develop- 
ments from plain series control was an arrangement of 
connections by which the surplus energy of the falling 
load was absorbed in resistances. 

Dynamic Control.—Controllers for ladle cranes in 
steelworks usually have plain series control with two 
slow-speed points (diverter control) on the hoisting side, 
and in the lowering direction the first few points are 
arranged to give a braking effect, the last two points 
being “power” points. The connections are so 
arranged that braking is obtained dynamically by the 
armature being connected to the line while lowering 
loads and having its field separately excited. Any 
tendency to an increase of speed by the gravitation of 
the load tends to make the armature voltage higher than 
that of the line and return the power thus generated to 
the system, a small proportion being absorbed in the 
controlling resistances. The “‘ power” points are used 
to drive down the empty hook or light loads. 

Potentiometer Control_—These controllers usually 
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give plain series control with two slow-speed points 
(diverter control) when hoisting, and the connections 
are so arranged that, when lowering, every point of the 
controller is either a ‘“‘ power” or a ‘ brake” point, 
depending upon the load on the hook. One of the 
advantages of potentiometer control is that the con- 
troller gives an almost definite speed on any particular 
point whether motoring or generating: a better and 
more delicate control is thus obtained, and the heaviest 
loads can be safely lowered at full speed and gradually 
brought to rest. 

All the above controllers are used in conjunction 
with series-wound motors. 

Regenerative Control (with Compound Wound Motors). 
—Another form of control is used with magnet cranes, 
where loading and unloading scrap iron, &c., has to be 
carried out in a minimum of time and where delicate 
handling of the load is not required. The controller 
gives plain series working in both directions. The 
motor is compound-wound and is connected in such 
a manner that when lowering with the handle of the 
controller in the full ‘‘ on” position, the motor acts as 
a generator and returns current to the line, at the same 
time limiting the speed to a predetermined figure. 
This type of control is not suitable for ordinary use 
in the majority of shops. 

Alternating Current Control.—When only alternating 
current is available, the choice of motor lies between the 
slip-ring and the squirrel-cage type. 

Slip-Ring Motors.—The usual operation of slip-ring 
motors is by plain resistance control across the slip- 





twice full load torque, but this varies with different 


makes, and may in some cases rise to five times full load 
current. These figures may be compared with series- 
wound direct current motors, which give twice full 
load torque on about 1}? times full load current. No 
external resistance units are used for controlling these 
motors. The controller also is simplified as far as 
number of contacts is concerned but the remaining 
few require to be of heavier section to withstand the 
higher current flowing. 

Motor Sizes.—When calculating the sizes of motors, 
allow 10 foot-tons per minute to the h.p. for the hoisting 
motion, which corresponds with an overall efficiency 
of 66 per cent. For the longitudinal travelling 
motion estimate on 55 lb. per ton for starting 
and tractive effort which, being one-tenth of the 
number of foot-pounds per second per horse-power, is 
an easy figure to remember. For the cross traversing 
motion, owing to the jarger ratio of axle diameter to 
runners, allow 100 lb. per ton tractive effort. The 
hoisting motion has sometimes to lift heavier loads 
than it is intended for, while the longitudinal travelling 
motion and the cross traverse motion may be called 
upon to drag wagons at the shop floor level. For 
very high speed cranes the question of acceleration 
has to be provided for. 

Size of Conductors.—For the guidance of members, 
Fig. 23 shows the various sizes of hard drawn, high 
conductivity copper wire recommended for the bare 
conductors on cranes and along the gantry. For 
insulated conductors the author recommends steel 


TABLE OF WEIGHTS AND SPEEDS OF ELEcTRIC TRAVELLING CRANES. 








Working loadin tons ..| 3 4 5 6 74 | 10 | 123 | 15 | 20 | 25 | 30 | 40 | 50 | 60 | 80 | 100 | 120 
Span in feet ea --| 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 
Hoisting speed in feet 

perminute .. --| 20 | 26 | 20 | 18 | 20 | 16 | 18 | 18 | 12 9 10 8 6 7 5 6 5 
Longitudinal travelling 

speed in feet per minute | 250 | 220 | 200 | 190 | 250 | 250 | 220 | 190 | 230 | 190 | 160 | 200 | 160 | 140 | 140 | 110 | 95 
Cross traversing speed 

in feet per minute ..| 100 | 80 | 80 | 80 | 80 | 80 | 80 | 80 80 | 80 | 80] 70 | 60 | 60 | 60 | 60 | 50 
Load in tons of auxiliary 

hoist if fitted .. wf ope —}—o-}]—-—]—-—t]-—]e— 3 4 5 7% | 10 | 15 | 20 | 26 
Auxiliary hoist speed in 

feet per minute ef — fom} oem }y om} OH tl el KH] Or] MK | 80 | 25 | 20] 15 15 | 10 | 10 9 
Height of lift .. ..| 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30 
Headroom required --/410';54/;54/56);591/59/60/66|)/66/78/78]86;]86/,100/100/100 {110 
End clearance required..| 8 8 8 8 8 8 9} 9} 9} 10 10 10 12 12 13 13 14 
Approximate total 

weight of craneintons | 11 12 | 123 | 18 | 14 | 153 | 17 | 19 | 213 | 25 | 273 | 34 | 40 | 46 | 58 | 70 | 82 
Approximate weight of 

crab in tons oo] 12 | 22 | 22 | 2B | 28 3 34 44 | 5} | 6} 74 | 10 | 123 | 15 | 193 | 24 | 29 
Approximate extra 

weight if auxiliary 

hoist is required —_ _ _ _ — — — _ —_ 4} 5 54 6 7 7} 9 10 
Approximate increase in 

weight in cwts. per 

foot of span .. -| 5 5 5} 5t | 64 | 64 | 62 6} 7 83 | 8} | 92 | 13 | 14] 18 | 22 | 26 





















































rings of the motor, the resistances being cut out in 
successive steps. While the slip-ring motor is of very 
simple construction, when compared with a continuous 
current armature, the arrangements for control become 
very complicated if anything approaching the range 
of speed obtainable under all loads with continuous 
current is desired. The tendency of alternating 
current motors is to run at synchronous speed so that 
with light loads the speed cannot be brought down 
to what is required for delicate movement without trans- 
formers or resistances out of all reasonable proportion, 
and when heavy loads at low speeds, as in foundries, 
are to be lifted, the torque is so much less than is 
obtained with the direct current series-wound motor 
that enormous currents are called for. 

One variation of slip-ring motor control is known as 
reverse current braking. This closely approximates to 
dynamic control on direct current circuits. Under this 
system, when the load is being lowered, the driver 
releases the electric brake by means of a foot pedal 
and at the same time applies a limited amount of 
power in the hoisting direction. Thus, while the load 
is being lowered under the action of gravity, it is 
retarded by a torque acting in the opposite direction. 
This arrangement has, however, not found much favour 
in this country, except on large cranes fitted with 
contactor gear and current limit control. 

Squirrel-Cage Motors.—The squirrel-cage motor, in 
its usual form, can be dismissed at once as unsuitable 
for crane work. ‘Inching ’ and smooth acceleration 
are unobtainable without resistances in the stator cir- 
cuit, while at the same time very high starting currents 
are called for, which, on a crane as elsewhere, mean 
correspondingly greater expenditure in heavier wiring 
coupled with sudden demands upon the power generat- 
ing plant. There has been, however, a form of squirrel- 
cage motor, recently introduced, which gives every 
indication of superseding the slip-ring type. In prin- 
ciple, this motor is something of a compromise between 
the slip-ring and squirrel-cage typ2s and differs from 
the latter in having a permanent resistance in the 
rotor circuit, multiple end-rings and a special type of 
bar. The starting current taken is approximately 
three times full load current, when starting against 





braided cable of the highest. quality, cleated to 
boards, so that each individual cable can be traced, 
instead of enclosing the cables in steel conduit. 
The sizes of cable for various currents are given in 
Fig. 24. 

Gantries.—The crane gantries should be laid straight 
and level, and so nearly parallel that only a minimum 
side clearance is required between the flanges of wheels 
and sides of rails, otherwise the crane will ‘‘ coast ”’ 
from side to. side and undue wear will result. The 
joints of rails should be arranged to overlap the joints 
in the supporting joists by at least 1 ft. and the adjoin- 
ing ends of rails must be in line. Because of the forces 
required to start and stop the longitudinal motion of a 
crane the gantries must be securely fastened to the 
columns. Although the accelerating forces due to the 
cross traversing motion are not so important as the 
longitudinal travel, yet the gantry joists must be 
sufficiently substantial laterally to resist the horizontal 
forces involved by dragging loads from adjoining bays 
or minor shunting operations with railway trucks, as 
well as the forces involved in stopping and starting 
the crab in normal working. 

New Shops.—When building new shops with steel- 
framed roofs it is a simple matter to design one or two 
of the roof trusses slightly heavier so that parts of a 
travelling crane can be lifted directly from the roof 
when erecting or dismantling a crane. Some engineers 
go so far as to suggest a “sick bay ’’ about the middle 
of the length of the shop, where a small travelling 
crane can be installed above the ordinary roof line for 
readily overhauling travelling cranes brought under it. 
Another method is to provide a second crane gantry 
the full length of the shop, whereon are cranes that 
can pass over the heavier cranes on the lower gantry 
and so serve either end of the shop as required, and 
at the same time be available for the overhaul of the 
larger cranes. 

Table of Weights.—A list of weights and speeds of 
overhead travelling cranes of 3 to 120 tons capacity 
by 50 ft. span is given in the Table reproduced 
above, as likely to be useful when new machine 
shops are being designed or new gantries installed 
in existing shops. 





THE BARBER-GREENE VERTICAL 
BOOM TRENCH DIGGER. 


A PARTICULARLY complex piece of trench cutting 
recently expeditiously carried out at Miami, Florida, 
has served to show up to considerable advantage the 
type of Barber-Greene vertical boom trench digging 
machine which was described and illustrated on 
pages 396 and 397 of our issue dated September 28, 
1923. Before proceeding to give an account of the 
work it may be pointed out that the particular 
features of this machine permit it to excavate trenching 
to the full depth right up to an obstacle, such as 
a rock or a pipe, when the boom may be lifted vertically 
from the ground and sunk again on the other side 
of the obstruction, thus making unnecessary any 
hand labour to clear out banking. The operations 
at Miami comprised the excavation of some seven 
miles of cut in connection with the laying of dis- 
tribution lines by the Gas Department of the Florida 
Light and Power Company. The machine used 
belonged to the sub-contracting engineers employed, 
the John W. Rollins Company, Incorporated. Though 
at no point was this trenching less than 54 in. in 
depth, a working speed of over 400 ft. per day was 
accomplished in ordinary rock, consisting of a class 
of limestone and of coral rock. Though this figure 
represents maximum capacity in such a medium, as 
much as 1,200 ft. of cut per day in easy ground 
was possible, whilst at least 300 ft. per day could 
generally be attained in sections so hard that the 
machine was slowed down. 

Since the ditches requiring to be made were disposed 
in near proximity to houses—in fact, normally near 
the kerb of footwalks—a common obstacle in the 
path of the machine was the telegraph posts. Refer- 
ence to our earlier description of the machine will 
facilitate an understanding of the method of procedure 
adopted when a post was encountered. The operator 
first throws out the traction clutch, and starts up 
the power hoist of the boom. When the latter is 
clear of the ground, the crawlers are set in motion 
and the entire machine swings sharply round to the 
right or the left of the post, depending on the side at 
which the spoil conveyor is discharging material at 
the time. On taking up a new position in correct 
alignment on the far side of the obstacle, the boom 
can be sunk again at the rate of approximately 
1 ft. a minute. Whilst the boom is descending, with 
the trencher remaining stationary, 32 in. of new 
cutting is being made, and the total loss of time 
need not exceed five: minutes. The movement can 
be carried out in a space 20 ft. long and 8 ft. wide. 
Occasionally, due to the proximity of buildings to 
the line to be cut, it was found necessary to change 
the position of the cross swing belt conveyor from 
one side to the other. This was accomplished in 
two minutes, a winch being used in doing the work. 
The belt drive required to be reversed in direction, 
of course. To do this the operator changes, with the 
fingers, a spacer yoke in the gears. 

At certain points it was necessary to cut, at right 
angles to the main path, lateral ditches 35 ft. in 
length. In all cases two hours’ time was sufficient 
to enable each pair of these branches to be made and 
the machine to be brought back to the original track. 
In digging across streets it was usual to find the 
macadam surfaces covering hard coral rock; this, 
however, was successfully negotiated. Another duty 
imposed on the digger was the making of pole holes 
in connection with telephone and electric power 
transmission lines. Despite the hard limestone rock 
encountered, ordinarily involving dynamiting, as 
many as 40 holes were sunk in a day. 

In many ways this appliance thus constitutes a 
distinct advance in construction machinery commonly 
used in civil engineering and allied work. The record 
of the above operations certainly shows it to be very 
effective. The operating expenses, not including wear 
and tear, are reported to have run out at 20 dol. 
per day. Unfortunately we have no details as to 
how this figure is made up, but we have been supplied 
with details of other cases which are of some interest. 
In one instance, with the operator’s wages running 
out at 50 cents per hour, those of a helper at 40 cents, 
with oil and petrol at 20 cents each per gallon, the 
cost per foot of trench cut worked out at between 
5-7 cents and 6-99 cents on different jobs. These 
figures included allowance for repairs, depreciation 
and interest at 8 per cent. The cost in the cases 
covered was just about half that of hand work. 





LAUNCH OF THE MorTorRsHIP “ Nywava.”—Recently 
the launch took place at the Nakskov Shipyard, Den- 
mark, of the single-deck cargo motorship ‘‘ Nyhaug, 
which is being built to the order of the Norwegian 
shipowner Christian Haaland, of Hangesund. The vessel 
has alength of 350 ft., a moulded breadth of 51 ft. 3 in., 
and a depth of 27 ft. 3 in., and will be driven by a six- 
cylinder Burmeister and Wain 2,000 h.p. Diesel engine. 
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\L load is applied, ye a, the saetad: soit eae 
. uality during and after slipping. When the load is 
TUNING INDUCTANCE ’ RUGBY WIRELESS STATION. sa. a after slipping almost to fracture, the 
itting ’ metal shrinks elastically. 
a dav MESSRS. W. T. HENLEY’S TELEGRAPH WORKS COMPANY, LIMITED. The experimental evidence produced by the micro- 
e the a Oe ae : scope is briefly touched upon. Mention is made of the 
ging Wi : ; , quite recent and important evidence relating to slip 
1 on obtained by Professor H. C. H. Carpenter and Miss 
r 28, C. F. Elam, and by Professor G. I. Taylor. 
the Failure by slipping, however, gives no explanation 
cular of the remarkable phenomenon observed in all the 
thing records of the push-pull or torque-twist processes, 
h as namely, that, after failure by slipping. reduction of 
cally load is met by an elastic response. Reference is 
side made to the light thrown on the question by the recent 
any researches of Sir William Bragg and other workers in 
tions the school of X-ray analysis. A brief discussion of the 
even space lattice, its size for iron, and the problem of the 
dis- first slip leads to an endeavour to interpret the records 
rida by the aid of modern conceptions of the inner structure 
used of metal established by X-ray analysis. 
yed, Although, as already mentioned, after failure by 
ough slipping. reduction of load is met by an elastic response, 
. in the plastic contour shows that, with reversal of load, 
was the elastic property almost disappears, and that the 
class yield is of a plastic nature. It is suggested that a 
gure study of the plastic contour may give a clue to the 
\, as explanation of failures which have hitherto been 
und. regarded as mysterious, because after overstrain a 
ould metal is in the worst possible condition to bear a stress 
the opposite in kind to the last-applied stress. 
Manufacturing operations are not inevitably con- 
osed ducted so that the stress shall never exceed the elastic 
near limit of the material, and parts, both in structures 
the and in machines, which are overstrained in manu- 
fer- facture are not necessarily subsequently annealed. 
will Therefore, the metal is left in a condition in which 
lure failure may happen. The restoration of equal elastic 
ator Fia. 1. property in tension and compression is therefore of 
P y + = Finally, an outer protective covering of polished cotton Teepe: 
tion was applied. From this particular — of ap 
struction it follows that any wire in a given length o 
tr the cable passes through the same phases with regard THE BITUMINOUS SANDS OF 
at to the longitudinal axis as any — wire, so — = NORTHERN ALBERTA. 
ect impedances of all the wires are equal irrespective of the Wess thé: ciate sais at Ge tie 
om skin effect. The insulation of each wire, however, cen: tee ted rons of Moetharn Alienta: ie eat 
alee ci i nts which would : redier y 
ely peerenes ie conten Sree of potential progressing, attention is very properly concentrated 
ith b ; dif yg sg on i th also on the deposits themselves. The bituminous sands 
saul ATOR WIRES 5 ARNE, PRC: CES SES. TP | telly an ale Ae ae 1,000 sq. miles along 
me = b oe one pean ee ae d the Athabasca river and its tributaries for 60 miles 
an The cable, w nye wD ig —_ t + haad ony, from McMurray down. This estimate is limited to the 
de. —, $ Me ost Office raya * “| deposits of easy accessibility which are alone of imme- 
to _— fee of 163 kiloc seas Sa d Pep ns - diate interest. The Alberta and Great Waterways 
= of the Ru by station being 18 000 m. A total length Railways bas boon pushed from Edmonton 300 miles 
om of 2.200 fe er ri sagt to ita oanite d. and of this |2thward to Waterways, which is six miles from 
- , 600 ft ptt Presmcs i tx wk Oe may densélie de MacMurray; there shallow draught steam boats 
oa « hexagonal spirals ’’ on timber frames, nine of the S vale scum aunnaiemmaes oo 
he re — be ~ — Flags aga Nagy 7” also much swamp and muskeg in the valleys. In 
Fig. 2 dance ‘thes lod ta to trans orted b road ‘fin a. see oo a ne sapere 
cht > & ‘aca Henl wh Pant omgeg “th Woolwich to Rugby the Scientific and Industrial Research Council of 
n p\ SSTS. A > ; rH 
be and Fig. 1 shows two of the coils mounted on a special — a oa | mar = oe ng ae = a. 
nd CABLE FOR HIGH-FREQUENCY lorry ready for the journey. Incidentally, it may be bee pons Segnnaiee 3 aaa: Hoan nage 
k. CURRENTS. mentioned that, owing to the large size of the finished sections of the strata, cutting trenches, continuous 
he Tae well-known skin effect by which an alternating | Coils, it was necessary to cut away the brickwork at! so far as possible, and sank a shaft to a depth of 
is, current is distributed unevenly over the cross-sectional the end of the shop in which they were constructed in | 45 4. drilling tests are to be undertaken by the 
ty area of a solid conductor, the current density being | 0Tder to place them on the lorry. Mines Branch, of Ottawa. 
les greatest at the surface, although negligible at the fre- One of the facts which these researches have brought 
er quencies used for electric-power distribution, becomes out is that the oil sands are uniform in bitumen content, 
ck of considerable importance at the frequencies used in THE MECHANICAL PROPERTIES though they vary in mineral content and in their strati- 
as wireless telegraphy. It is necessary, therefore, when OF STEEL.* fication. The bitumen is a heavy dark brown oil of 
heavy currents at radio frequencies have to be con- 4 density 1-01 to 1-035; but lighter and heavier oils 
a ducted along cables, as is the case in some of the By Professor W1Lt1amM Ernest Datsy, F.R.S., are also found. The sulphur contents is always 
ly transmitting apparatus of high-powered wireless M.Inst.C.E. high, nearly 5 per cent. The sands are mostly very 
rd stations, to design the cables in a special manner in| Ty73 paper embodies the results of the author’s | fine and consist of quartz, mica flakes and dark nodules, 
y order to reduce the impedance to the minimum. researches on the mechanical properties of steel, which | Chiefly of marcasite (orthorhombic FeS,). There are 
ar An interesting example of a cable for high-frequency | aye been made with the aid of his photographic in adcition, clays and silt, and sometimes the hori- 
1. currents is illustrated in the accompanying illustra-| ecorders. These instruments are briefly described zontal bands are covered by salt incrustations (sul- 
[0 tions, Figs. 1 and 2, which show, respectively, parts| 4nd the processes of testing are defined. A group of phate of iron, manganese, sodium and magnesium). 
a of a variable inductance made by Messrs. W. T.|three records illustrates the three simple processes | Where salt crystals are found, oil seepages, otherwise 
t. Henley’s Telegraph Works Company, Limited, of| .hich mav be applied to test the quality of a metal], | not infrequent, never occur, There is no free flow of oil. 
g Holborn Viaduct, London, and North Woolwich, for | niagrams corresponding to selected variations of these | Water moving through the layers has washed out 
, the new Post Office wireless station at Rugby and a simple processes are discussed. They include looping | 8°M¢ of the oil and accumulated it in c2rtain spots 
e piece of the cable with which the inductances were |; tension push-pull, and torque-twist diagrams | Where semi-fluid bitumen oozes out when the brittle 
n wound. In Fig. 2 the end of the cable has been| yithin various assigned limits of strain. mass is broken up. 
e opened out to show the separate conductors, of which| ‘These diagrams establish the fact that a push-pull An oil containing 9 per cent. of bitumen is con- 
n there are 6,561 in all, connected in parallel by joining cycle or a torque-twist cycle on a metal gives a curve sidered rich and of commercial significance. The per- 
e at the ends. Each of the wires, which are of copper, | which is characteristic in shape and which maintains | °emtage varies little with the depth of the deposit, 
and 0-0076 in. in diameter, was coated with insulating | ;,, general shape as the cycle is repeated, but with which reaches to 100 ft. and more. Different bands, 
enamel and covered with a layer of cotton to protect slightly changing boundaries as cycle fellows cycle. lean and rich, may generally be distinguished ; but as 
the enamel, three wires then being twisted together to This curve is called the plastic contour of the metal. stated, the sand does not become richer in the lower 
y iorm a unit. Three units so formed were twisted | fystrations are given showing the effect of repeated strata. The oil sands crop out in many places. When 
\- together, and the operation repeated until 81 wires | tects on the shape of the plastic contour. they are covered by other ground this overburden is 
E had been laid together, when the strand was served From a comparison of the records it is concluded generally not deep. In the shaft sunk, oil sands were 
‘ with a covering of silk. These strands were then that metal fails by slipping, however the external struck at a depth of 15 ft., and the bitumen contents 
twisted together in groups of three to a total number of ‘ in the different strata fluctuated between 13 and 17 
- 81, the 81 strands of 81 wires each making up the 6,561| * Abstract of a paper to be read before the Institution | Pet cent., with 2 to 7 per cent. of water. At 42 ft. 
wires in the complete cable as previously mentioned, | of Civil Engineers on Tuesday, November 17, 1925. a clay containing 17 per cent. of water was met with. 
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The rich sands are hard and cliff-forming and show 
cleavage ; the lean sands are less compact and have 
little cleavage. Weathering hardens rich sands, but the 
change is quite superficial. Contractors have estimated 
that they could excavate the sands with the help of 
steam shovels at a cost of 10 cents per ton provided 
that not less than 1,000 tons were mined per day. 
Lenticular coal has been found in some parts under- 
lying the oil sands. 

So far the bitumen from the bituminous sands 
has only been utilised for road making. One experi- 
mental road has stood a winter well. The report 
does not give any new information on the subject of 
separation processes and plant. 





SPEED WAY PORTABLE ELECTRIC 
SA 


In the sawing of timber there are many types of work 
for which one of the best means is the use of a portable 
power saw obtaining its drive from a small electric 
motor supplied by current through flexible leads 
from a plug. Such a tool, known as the Speed Way 
portable electric saw, which is illustrated on this page, 
is made by the Electro-Magnetic Tool Company, of 
Chicago, U.S.A., and is handled in this country by 
B.E.N. Patents, Limited, 100, Victoria-street, London 
8.W.1. The total weight of the tool is only 15 lb., and 
it has a universal motor, which may be used on 
either alternating or direct-current systems. It can be 
employed for practically any type of work for which 
an ordinary hand-saw is suited, but with considerably 
increased production. Other materials than timber can 
be sawn by the Speed Way, such as fibre, asbestos 
boards, rubber, bone, light-guage soft metal and 
bakelite. 

The tool is provided with a base-plate, on which the 
casing of the small motor is carried, and which is 
further supported by means of the handle which carries 
the switch. The saw is of 6 in. or 7 in. diameter and 
receives its drive through bevel gearing from the electric 
motor. The shaft of the armature of the motor 
is carried on ball bearings at each end, while another 
feature that makes for easy working is the complete 
enclosure of the bevel gears in an oil bath. Substantial 
nuts on each side of the saw blade ensure a solid support. 
An effective guard is afforded for the saw blade above 
the work by a steel casing, and another feature of in- 
terest is the Cutler Hammer switch. For this spring 
clips are provided, between which connection is estab- 
lished by the forcing of a small copper disc between 
them, by the operation of the trigger. The switch 
has a rapid-break movement under the action of a strong 
spring, which comes into action immediately the pres- 
sure on the trigger is released. Supply for the motor 
may be taken from a plug or lampholder on any lighting 
system, and the full no-load speed for the saw blade is 
3,600 revolutions per minute. 





CATALOGUES. 


Relays.—Messrs. Nalder Brothers and Thompson, 
Limited, 97a, Dalston-lane, London, E. 8, have issued a 
catalogue of relays illustrating ten types suitable for 
various applications in power houses and sub-stations. 
An explanation of the action of each type is given. 


Electrical Machinery. — Messrs. Brown, Boveri and 
Co., Limited, Baden, Switzerland, have sent us a copy 
of their catalogue journal containing articles on testing 
flame-proof motors and the measurement of high-tension 
power, and also giving a list of 130 electric locomotives 
ordered from their various works on the Continent. 


Are Welding.—Two catalogues containing very full 
information on the subject of arc welding have reached 
us from the Metropolitan Vickers Electrical Company, 
Limited, Trafford-park, Manchester. One deals, in full 
detail, with welding equipment and its operation, while 
the other illustrates and briefly describes a large number 
of successful applications of the process. 


Non-Ferrous Alloys.—We have received from Messrs. 
McKechnie Brothers, Limited, Birmingham, a new 
edition of their catalogue, giving particulars of extruded 
rods, sections, stampings, pressings, chill cast bars, and 
ingots in non-ferrous alloys, and also of anti-friction 
metals, This catalogue cont: ins many tables of standard 
=— and some useful tables of weights, gauges, and other 
data. 


Cast Iron.—A small neatly-bound handbook describing 
the properties of various pig-irons and the effects of their 
constituents, with notes on mixing and foundry work 
and a table of the effects of some chemical elements on 
cast-iron, is to hand from the Staveley Coal and Iron 
Company, Limited, Chesterfield. There are also some 
historical notes which show how very slowly ancient 
discoveries and methods of work came into general use. 


Woodworking Machinery.—Messrs. A. Ransome and 
Co., Limited, Newark-on-Trent, have sent us two new 
catalogues. One of these deals with an improved band 
saw, with pressed-steel saw pulleys, sensitive straining 
device, scale indicator for various widths of saws, and 
with a canting work table. This machine is made in two 
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sizes, having 30-in. and 36-in. saw pulleys. The other 
catalogue deals with an over and under planer embodying 
several improvements. 


Rope-Making Machines.—Machines for making wire 
and hemp ropes and cables form the subject of a special 
catalogue issued by Messrs. George Crossley, Limited, 
Albion Iron Works, Cleckheaton. Machines for wire 
winding, wire stranding, closing or laying wire rope or 
cord, are illustrated and briefly described. The catalogue 
also deals with electric cable taping machines and appara- 
tus for measuring and cutting wire ropes, ete. Descrip- 
tions of rope-walk machines, reels and accessories are 
also included. 


Insulating Bricks, &c.—A catalogue of bricks, slabs, 
partition blocks, flooring blocks, &c., is to hand from 
Messrs. J. H. Sankey and Son, Limited, Essex Wharf, | 
Canning Town, London, E.16. The bricks, &c., are | 
made of special fireproof insulating materials, and are 
sold under the registered name of ‘ Fosalsil.”’ As 
compared with ordinary bricks they are about half the 





weight, while their conductivity is much less than a 
third as high. Many advantages are claimed for them, 
including low cost. 


Fuel Economisers.—A new edition of their catalogue 
of fuel economisers suitable for ordinary and moderately- 
high pressures, and others for the highest pressures in use, 
is to hand from Messrs. Goodbrand & Co., Limited, 
Stalybridge. The economisers for extra-high pressures 
are fitted with soot-blowers instead of scrapers. The 
standard sizes range in small steps from 16 tubes to 
720 tubes, and the catalogue was accompanied by a long 
list of firms and public bodies who have installed these 
economisers. 

Air Pre-Heater—A temperature chart, taken during 
the tests of a Lancashire boiler to show the economy 
effected by pre-heating the air supplied to the furnaces, 
has come to hand from Messrs. Howden-Ljungstro6m 
Preheaters (Land), Limited, 133, Helen-street, Govan, 
Glasgow. The effect, as summarised, is that the pre- 
heater recovered 70 per cent. of the total heat available 
in the flue gases and, by transferring this heat to the 
air fed into the furnaces, increased the boiler efficiency 
by 17 per cent. 

Safety Valves——-A comprehensive series of types of 
safety valves and low-water alarms is dealt with in a cata- 
logue received from Sir W. H. Bailey and Co., Limited, 
Albion Works, Salford, Manchester. These include 
spring, lever and deadweight types made to standard 
official designs and patterns, for use with locomotive, 
stationary, and marine boilers. Compound safety valves 
for high pressure and low water, hydraulic momentum 
valves, automatic exhaust valves, and other appliances of 
a similar nature are also described. 


Ships’ Telegraphs.—A new edition of their ships’ 
electrical telegraph catalogue, received from Messrs. 
Evershed and Vignoles, Limited, Acton-lane, Chiswick, 
London, W. 4, gives a general description of the instru- 
ment as a helm indicator and as an engine-room telegraph. 
The new design allows two or more indicators to be 
run simultaneously and provides for a permanent time 
record of the helm positions, if required. These instru- 
ments are now extensively used in the Navy and on some 
of the large merchant ships. 


Recording Instrument for Electric Railway Work.—An 
instrument giving a graphic record of the working results 
of electric railways is described by the makers, Messrs. | 
Evershed and Vignoles, Limited, Acton Lane, Chiswick, | 





London, W. 4, in a new catalogue recently issued. Five 
parallel records are made in ink lines on squared paper, 
viz., track voltage, brake applications, current consump- 
tion, station halts, and train speed. The paper runs at 
set speeds of } in. to 6 in. per minute, and a two-hours 
test record of a train can be made, from which the 
conditions of motors and track 1nay be inferred. The 
construction and application of the instrument are fully 
described. 

Air Compressors.—A catalogue of air compressors and 
vacuum pumps has recently been issued by Messrs. 
Tilghman’s Patent Sand Blast Co., Limited, Broadheath, 
near Manchester. It contains some instructive pages on 
air-compressing plant design, followed by descriptions of 
vertical, high-speed, two-stage, motor- or belt-driven 
air compressors of the single or double-cylinder types, 
and single-stage, double-acting, vertical single-cylinder 
compressors suitable for pressures up to 30 lb. and 60 lb. 
Other apparatus dealt with includes horizontal belt- 
driven compressors, air-washing apparatus, and air- 
governing valves. 

Oil Engines.—Messrs. Tangyes, Limited, Birmingham, 
have issued a new catalogue of heavy-oil engines in 
sizes varying from 12 h.p. to 500 h.p. The governing 
is by variable admission of fuel, which may be residual 
oil or any of the ordinary fuel oils or refined oil, while 
tar oils and alcohol can be used after some modifications 
have been made to the engine. The engines can also 
be arranged so that they can be changed from liquid 
to gaseous fuel. The single-cylinder series range from 
12 h.p. to 125 h.p., and the other series have two single- 
cylinders coupled, twin cylinders or four cylinders. 
The main parts are separately described and _ all 
dimensions and weights are tabulated. 

Electrical Machinery.—A further batch of catalogues 
and technical pamphlets has been received from the 
Westinghouse Electric and Manufacturing Company, 
East Pittsburgh, Pa., U.S.A. These include six sheets 
giving particulars of passenger, goods, and shunting 
electric locomotives constructed for the State railways of 
Brazil and Chile. All these locomotives work at 3,000 
volts, direct current. Another sheet deals with motors 
and controls for beater (paper-making) machines. An 
automatic regulator for motor-driven wood-pulp grinders 
is described in a further section of the catalogue and 
another illustrated pamphlet gives an account of the 
construction of a one-storey building in which all the 
structural-steel members are united by electric-are weld- 
ing. Included in the batch is a descriptive booklet of 
the electric power plant of Staten Island, written by Mr. 
C. A. Butcher. The last pamphlet in the list is a 
treatise on Super-power and the Railways by Mr. E. H. 
Sniffen. This deals with the establishment of great power 
zones, inter-connected and using 220,000-volt trunk 
transmission lines. 





Tue Late Mr. D. B. Mortson.—We have received 
from the family and executors of the late Mr. D. B. 
Morison a beautifully got-up little pamphlet containing 
a short and well written sketch of Mr. Morison’s career, 
which in its earlier stages included at least one perilous 
adventure when the ss. Austral was wrecked. As was 
but fitting, special note is taken in the memoir of his 
successful efforts to improve the status of naval engineers. 
Two excellent portraits accompany the text, which 
includes a reprint of the tributes paid to Mr. Morison 
by the directors and staff of his firm, both on his retire- 
ment and again when the news came of his decease. 
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NOTES ON NEW BOOKS. 


In “ General Physics,’’ of which a second edition has 
just been published by Messrs. John Wiley and Sons 
and Messrs. Chapman and Hall, Limited, at 20s. net, 
Professor E. §. Ferry, of the Purdue University, 
provides an excellent elementary course in physical 
science. The work has ‘a certain analogy with Ganot’s 
“ Physics,” which in its time and generation held 
an almost unique place. Professor Ferry demands 
from his readers nothing in the way of mathematical 
knowledge beyond elementary algebra and _ trigon- 
ometry. The volume opens with chapters on dynamics 
and statics. The succeeding section is devoted to 
sound. We have then three chapters on heat, followed 
by another six chapters on electricity and magnetism, 
and the remainder of the volume is devoted to light. 
An excellent feature in the volume is the provision 
‘of numerous problems by which the private student 
can test his understanding of the text at every stage 
of his progress. 


* Low Temperature Distillation,” written by Messrs. 
Sydney H. North and J. B. Garbe [London : Sir Isaac 
Pitman and Sons, Limited; price 15s. net, bound], is 
‘essentially a descriptive account in technical language of 

plants in which coal is submitted to low-temperature 
‘distillation, and the volume justifies its sub-title ‘‘ Home 
‘Oil Supply and the Utilisation of Waste Coal.” The 
introductory chapters deal with early experiments and 
the carbonisation and distillation of coal. With 
Chapter V, on the By-Product Coke Oven, which men- 
tions the Semet-Solvay-Piette ovens, but not in their 
most recent development, we come to the main 
sections, in which very little is described that could 
‘not be called modern. We find brief notices, or more 
frequently illustrated accounts, of the Caracristi, 
Freeman, Fusion, Lamplough-Harper, Hartman, 
Nielsen, Paulson, Tozer, and Universal, &c., retorts or 
‘processes. Reference is made to the researches of 
the Fuel Research Board; but on the whole the 
articles take the form of independent descriptions 
‘of the various processes with which they are con- 
cerned. The chapter on Liquid Fuels from Coal is 
almost entirely based upon the investigations of Harold 
Moore and Arthur Grounds, and is quoted from 
“Oil Engineering and Finance” (1922), of which 
Mr. North was editor. Mr. Garbe was. formerly 
Professor at the University of Louvain, and the 
chapters on briquetting deal largely with Belgian 
practice. The chapter on Oil Shales discusses general 
features rather than actual plant. The last chapters 
on Lignite and Peat are quite short. The appendix 
contains a good many analytical and other data, 
due to F. M. Perkin, Arthur Greene and others. 





The metallurgy of gold and silver, which in ancient 
‘days was not related to chemistry, has become very 
much a chemical industry in our days, because the 
stores of native metals are being depleted. It is also 
becoming more mechanical, because the engineer has to 
provide suitable means of carrying out the fairly- 
well understood chemical reactions. Like platinum, 
much of the gold produced is still mined in the 
native state, but many gold-producing districts have 
entirely to rely on compound ores. The silver mines 
of Broken Hill, still very important as sources of zinc 
and lead, were soon exhausted, but traces of gold and 
silver in some ores keep many a mineral industry afloat, 
and the “noble metals” of discarded jewellery, dental 
alloys and photographic residues are no longer thrown 
away. The chemistry of the “noble” metals finds 
adequate recognition in text-books. These metals are, 
moreover, generally classed with the “rare” metals, 
to which two excellent books we noticed last year— 
by Schoeller and Powell and by Smith Hopkins—were 
devoted. The mining of these metals has an ample 
literature. But there is little information published, 
outside the patent records and papers on electrolytic 
work and laboratory experiments, on the ways in 
which the chemical and electrochemical processes are 
actually worked industrially. That information, Mr. 
Wilhelm Laatsch attempts to supply in “‘ Die Edel- 
metalle’? [Berlin: Julius Springer; price 6 marks]. 
The author states that he has tested many processes, 
and we notice that he has devised a cell arrangement 
for the electrolytic refining of silver, after Moebius ; 
that he has modified the Dietzel process for dealing 
with copper-gold-silver alloys and employs plants for 
treating these by the Carl process. He asks for 
criticisms, in view of a future larger edition; but 
he gives in his hundred pages more information on 
the winning of gold, silver and platinum and their 
alloys, and on their separation and recovery from 
scrap and waste, than many a book of twice the size 
might contain. Quite a number of his diagrams 
illustrate furnaces and devices of the Krupp Gruson 
works. If the author had added an index to his 
volume, he might have corrected overlooked mis- 





takes, like McArthur Torrest (instead of Forrest) and 
Huttington (Huntington)-Heberlein. 





Under the title of ‘‘ A Graduated Course in the Strength 
and Elasticity of Materials,” Messrs. Scott, Greenwood 
and Son have published a treatise by the late Mr. E. P. 
Coston, B.Se. The author died whilst his work was 
still in the manuscript form, and it has accordingly 
been seen through the Press by his colleagues at Liver- 
pool University. It is published in two volumes, 
each priced at 10s. 6d. net. In the first the author 
deals with the simpler problems relating to the strength 
of beams and to the crippling strength of struts, 
and for this section the mathematical knowledge 
demanded is elementary. We find here a very neces- 
sary warning against the not uncommon assumption 
that the strength of a beam loaded unsymmetrically 
can be calculated from the corresponding modulus 
of the section. Many of the standard tables of steel 
sections are distinctly misleading in this regard, and 
have fostered the delusion that a tee and an angle 
of equal main dimensions have an equal resistance to 
bending in the ‘‘ vertical plane.”” The methods of 
dealing with such cases of unsymmetrical bending 
are explained in the second volume, which is devoted 
to more advanced problems, involving in many cases 
the use of the calculus. The opening chapters of this 
second volume are concerned with a general discussion 
of stress and strain. The deflection of beams is next 
considered, and in the succeeding section the theory of 
the resistance of a column to crippling is extended 
beyond the stage reached in the first volume so as to 
cover the more complicated cases. The theory of the 
helical spring is next developed. This is followed by 
a section on the strength of thick cylinders and of 
rotating discs. The remainder of the volume is devoted 
to questions of vibrations and of critical speeds. 
There are numerous worked-out examples in the 
text, which are supplemented by many the solution 
of which is left to the reader. 





In the third edition of ‘‘ Modern Practice in Mining,” 
Vol. I, ‘‘ Coal, its Occurrence, Value and Methods 
of Boring,” by Sir R. A. 8. Redmayne, M.Inst.C.E. 
{London: Longmans, Green and Co.; price 10s. 6d. 
net], the subject of boring takes up nearly two- 
thirds of the whole volume, as in the first edition of 
1908. But Sir Richard has added a new and very 
useful chapter on Recent Boring Practice. Otherwise 
there is little change, and the general scheme of the 
complete series of five volumes, dealing with shaft 
sinking, methods of working coal, mine ventilation, 
and colliery machinery, also remains unaltered. No 
general claim is made that the present volume has 
been written up to date. The first two chapters on 
the varieties, composition and occurrence of coal, 
and on the determination of the value of fuels, 
make very little concession indeed to modern coal 
research, and a so-called new table on the composition of 
ash in coal is taken from Vivian Lewes, 1912. Mention 
is made on page 183 of the MacGeorge clinograph 
method of boring, which was described in our own 
columns in our issue of March 13, 1885, and of the 
disadvantages of this apparatus; but there is no 
reference to the statement made in the added chapter 
that the difficulty, which the freezing of the gelatinous 
liquid used to cause, has been overcome. Some of 
the misprints of the former editions unfortunately 
remain uncorrected. Among the novelties mentioned 
are Oehmen’s photographic method of surveying bore 
holes and the Henry Briggs clinophone and clino- 
scope. The index, however, mentions neither of these 
names. 





Books like the one now before us, entitled “ Die 
Theorien der Radiologie,” we fear appeal to a very 
limited number of readers. This book, which con- 
stitutes the sixth and—for the present, at any rate 
—last volume of the ‘“‘ Handbuch der Radiologie,” 
edited by Dr. E. Marx [Leipzig : Akademische Verlags. 
gesellschaft, G.m.b.H.; price 40 marks], contains, 
however, a series of articles of exceptional interest, 
on the Motions of Free Electrons and Ions in Fields 
of Force, and the Passage of a and §-Rays through 
Matter, by M. von Laue; on the Zeeman Effect, 
by P. Zeeman and H. A. Lorentz; on the Application 
of the Quantum Theory to the Physics of the Atom, 
by A. Sommerfeld and G. Wentzel; on Excitation 
of Atoms to Light Emission, by G. Joos; on the 
Compton Effect, by M. von Laue; on the Aurora 
Borealis, by L. Vegard; and on the Theory of Electric 
and Magnetic Molecular Properties, by P. Debye. 
The articles are reviews of the present, i.e., 1924, 
status of these branches of science by leaders in 
these domains. Professor Laue has further added 
a long memoir on the Electronic Theory of the 
Galvanic Properties of Metals, by the late Professor 
Eduard Riecke (Géttingen), essentially in the shape 


in which Riecke left his papers in 1913, omitting, 
however, the chapter on photo-electricity, with which 
Hallwachs had meanwhile dealt in the same handbook, 
and adding some comments on the recent researches 
of Tolman and others; thus the theory appears more 
in harmony with the views of Drude and Lorentz, 
as outlined by Lorentz last spring in his May lecture 
(ENGINEERING, May 22, 1925, page 625). The volume 
of 800 pages is provided with a good index, and is 
much more physical than mathematical. 


Diatribes against what is alleged to be the materi- 
alistic character of modern civilisations have been so 
frequent that there is a special pleasure in meeting 
with a book like “ Hephaestus, or the Soul of the 
Machine,” which has recently been published by 
Messrs. Kegan Paul, Limited, London, at 2s. 6d. net. 
The author is Mr. E. E. Fournier d’Albe, who has the 
merit of really understanding what he is talking about. 
This advantage, or judging from the popularity of 
some of our more ignorant modern publicists, dis- 
advantage is singularly lacking amongst the con- 
temners of the machine, even when they write, or 
perhaps especially when they write, from an Oxford 
professorial chair. Those whose pose it is to denounce 
the materialism of the age, are apt to imply that some 
former civilisation was superior in this regard to our 
own. They in effect compare the lot of a machine 
minder with that of the cultured elite of Athens, but 
they say nothing about the conditions of the slaves in 
the Greek silver mines. Comparing like with like, 
however, there is no reason whatever for supposing 
that Einstein, for example, stands on a lower cultural 
and intellectual plane than Plato or Aristotle. Modern 
civilisation is, in point of faet, less limited by mere 
material considerations than any of its predecessors. No 
doubt there is a spirit of materialism abroad, but it is 
not to be found in the machines, but in those who 
fail to realise that mind is the main factor in the 
creation of wealth, and that, machines embody the 
thoughts of some very exceptional minds. This is 
the thesis emphasised in Mr. Fournier d’Albe’s little 
book. Where Ruskin could only deplore the spread 
of railways through ‘‘ bleeding landscape,” a piece of 
what Mr. W. J. Locke somewhere refers to as Ruskin’s 
“gorgeous nonsense,’’ Mr. D’Albe sees in the railway 
“*a symbol of a higher will and of a purpose transcending 
the puny sphere of the individual.”” Elsewhere Mr. 
d’Albe points out that the maxim that there is nothing 
new under the sun is not true so far as mechanical 
imventions are concerned. The shaft and its bearing 
have no analogue in nature, nor is anything there 
equivalent to the packing gland of a cylinder. Probably 
the maxim may be largely true as regards literature 
and art, where, in the course of sons, man has 
already said and thought almost everything possible, 
so that the author and artist of to-day can only 
refurbish old themes, and are compelled to claim credit 
not for the novelty of their thoughts, but for the style 
in which they express them. In science and mechanics 
alone does there appear to be ever something new to 
discover or to think. 


Under the title ‘‘ Principles and Practice of Industrial 
Distillation” Dr. E. Howard Tripp has given an 
English version of a German standard book of long 
standing on the subject, Die Wirkungsweise der 
Rektifizier- und Destillier-Apparate, by Dr. E. 
Hausbrand, of Berlin. The English volume before us 
[London: Chapman and Hall, Limited, price 21s. 
net] is a translation of the fourth edition of the 
original, the title of which means literally: mode of 
action of apparatus for rectification and distillation. 
Part 1 of the new volume deals broadly with the 
principles, Part II with practice; Part III, beginning 
with page 166—the total number of pages is 300—is all 
tabular matter; Part IV consists of charts, and the 
volume concludes with an index. The author’s use 
of sectional titles is somewhat peculiar. There 
being great gaps in our knowledge of the latent 
heat of mixtures, and of the relations between the 
composition of a mixture and that of the vapour, 
Hausbrand made certain assumptions, one of them 
being that the latent heat of a vapour arising from a 
liquid mixture at its boiling point is equal to the sum 
of the latent heats of the components of that vapour. 
That assumption was experimentally confirmed, with 
certain qualifications, for non-reacting substances 
by Dan Tyrer (Manchester) in 1911, as is shown by the 
tables. These and Part IT are concerned chiefly with 
mixtures of water with alcohols, acetone, acetic acid, 
nitric acid, and ammonia, of acetone with alcohols, 
of methyl and ethyl alcohols and of nitrogen with 
oxygen and argon. The translators have hardly 
made any additions to the original. The origiral 
work is of proved value, and the translation in which 
Dr. Tripp had the assistance of Drs. A. Rule and 





J. S. G. Thomas, has been well done. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


237,111. Aldridge and Ranken, Limited, West- 
xr, London, and T. A. Beaven, Bath. Gas 
Retorts. (5 Figs.) August 13, 1924.—The invention 
relates to means for connecting the retort mouthpieces 
and standpipes of gas retorts. According to the inven- 
tion, the connecting pipe a arranged between each retort 








(237) 


mouth-piece b and the stand-pipe d, is provided with 
spherical ends which enter suitable branch sockets c¢ 
on the mouth-piece and stand-pipe and co-operate 
therewith to form ball joints, the virtual centres of the 
spherical ends being located so as to allow of any desired 
range of movement. (Sealed.) 


237,354. J. C. Chater-Lea, London. Lubrica- 
tion Systems. (4 Figs.) April 26, 1924.—The inven- 
tion refers to lubrication systems for internal-combustion 
engines provided with overhead valve gear. According 
to the invention, a pump 10 situated in or adjacent to 
asump 11 is so arranged that it lifts the oil and delivers 
it through a pipe 15, to the chamber d of the overhead- 
valve gear at one side or end of the engine, after which 





the oil returns to the crank chamber 12 through a 
secondary pipe y formed around the pipe 15. Excess 
oil overflows from the crank-case 12 through an open- 
ing communicating with the sump 11. The opening 
is provided on the side of the ¢rank chamber, and an 
apertured cylinder or stud 17 mounted across the opening 
and at right angles to the axis of the main shaft is 
adapted to maintain constant the oil level in the crank- 
chamber. (Accepted August 6, 1925.) 


MINING, METALLURGY AND METAL 
WORKING. 


237,368. H. Sykes, Hillsbro’, Sheffield, and 
W. Kent, Neepsend, Sheffield. Furnaces. (6 Figs.) 
May 3, 1924.—The invention relates to furnaces of the 
type provided with inclined roofs and in which air 
chambers or passages are provided in the walls and 
fire-bridge of the furnace, with discharge openings adapted 
to deliver air heated by the furnace. A furnace made 
according to the invention has enclosed flues g, for the 
passage of secondary air, longitudinally at the side of the 

urnace chamber c, pasting from the rear to front and 
back again towards the rear, thence upwards as shown at 
h, and finally leading into the furnace chamber c through 
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the roof d at the rear of the furnace at k. Transverse 
flues m for the passage of secondary air are arranged in 


Figt ‘ 









the fire-bridge f, and lead from the side of the furnace at, 
or near, the bottom and emerge into the furnace chamber 
at the back of the firebridge near the top at g.—(Sealed.) 


236,286. H. B. Sheppard, Derby. Pit Tubs. 
(2 Figs.) April 3, 1924.—The invention relates to 
scotch block devices for stopping pit tubs. A device 
made according to the invention is characterised by a 
spring-pressed obstruction k adapted to lie in a normal 
position of obstruction transversely on the top of 
the rail a and to be withdrawn under the action of 
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fluid pressure. The obstruction block k moves in a 
guide c and is connected to the piston rod j of a fluid 
pressure cylinder d. The piston h is normally held 
towards the inner end of the cylinder d by a coilspringm. 
ois an inlet for the admission of pressure fluid for 
forcing the piston h outwards against the spring m. 


(Sealed.) 
MOTOR ROAD VEHICLES. 


237,429. E. S. Coward, Bristol. Brakes. (4 
Figs.) July 29, 1924.—The invention relates to brakes 
for motor vehicles of the kind comprising a pair of 
approximately semicircular brake-shoes 11, 12 pivotally 
supported at their abutment ends and conjointly actuated 
at their opposite ends, and wherein the respective shoes 
are connected at their abutment-ends with the straps of 
differently directed eccentrics angularly adjustable about 
the axis of a pin which carries both eccentrics. A pair 
of approximately semicircular brake-shoes 11, 12 is 
hinged together at one side of the brake-drum 13 so 





as to be adapted to bear outwardly against the inner 
peripheral surface of the drum when an oval cam, 
mounted, in a position diametrically opposite to the brake- 
shoe hinge, so as to rotate, is turned about its axis. The 
brake-shoe hinge-pin 15 has formed upon it, side by side, 
two oppositely directed eccentric sheaves 16, 17, each of 
which engages a block 18 or 19 on the end of the corres- 
ponding brake-shoe 11 or 12, each block 18 or 19 having 
@ concave arc-shaped surface which partially embraces 
the sheave so that the respective blocks partially over- 
lap one another. The pin 15 is mounted in astationary 
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bearing 20, so as to be capable of being turned about its 
own axis to cause the eccentrics 16, 17 to force apart 
the blocks 18, 19, and therefore also the adjacent ends 
of the brake-shoes 11, 12, to a greater or less extent, 
as may be required for the purpose of adjusting the 
shoes in opposition to the usual springs 23 which con- 
stantly tend-to withdraw the brake-shoes from contact 
with the inner periphery of the brake-drum 13.— 
(Accepted August 6, 1925.) 


PUMPS. 


237,323. H.S.Hele-Shaw, Westminster, London, 
and T. E. Beacham, London. Rotary Air Com- 
pressors. (5 Figs.) March 28, 1924.—The invention 
comprises a rotary air or gas compressor having @ pair 
of high-pressure cylinders C%, C4 and a pair of low-pressure 
cylinders C1, C2 on a carrier 27 rotating on a fixed cylin- 
drical valve of which the ports and passages are so. 
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arranged that air or gas from each low-pressure cylinder 
is discharged through a sinuous cooling passage 58 at the 
end of the compressor casing 20 into a high-pressure 
cylinder, and from each high-pressure cylinder through a 
second sinuous cooling passage 63 also at the end of the 
compressor casing 20. The cooling passage 63 leads tu a 
separator in which any contained oil is separated from 
the air. (Accepted August 6, 1925.) 


MISCELLANEOUS. 


236,737. Barr and Stroud, Limited, Anniesland, 
Glasgow, and A. Barr, Anniesland, Glasgow. 
Clock Work Mechanism. (4 Figs.) July 26, 1924. 
—tThe object of the invention is to provide a clockwork 
control for use specially when the driving element has 
to overcome a considerable resistance over and above 
that necessary to drive the escapement and other 
control gear. In the new or improved mechanism, the 
main driving spring A is made amply powerful to work 
the mechanism to be driven, for example, a recording 
drum, and also to drive a fly arrangement 9 which, 
for example, may consist of one or more arms attached 
to a rotating shaft 8. These arms are made to strike 
upon a secondary escapement wheel C, which, for 
example, may take the form of a dise with notches 
round the edge forming a number of flat teeth with a 
space between sufficient to let the arms of the fly 
through. The fly can then only revolve as the secondary 
escapement wheel revolves. The secondary escapement 
wheel is driven by a secondary spring D, which is 
wound up by the motion of the mechanism driven by the 


ZZ 














primary spring A. With a proper arrangement of 
gearing the secondary spring D is wound up as much as 
it unwinds in driving the secondary escapement wheel C. 
In gear with the secondary escapement wheel C is an 
ordinary escapement gear B, used to control its motion, 
and as it is driven by the secondary spring D, which is 
kept wound a virtually constant amount, there can be 
no extra driving power applied to it, though the resis - 
tance of the driving mechanism (the recording drum, for 
example) varies. The secondary spring D has then only 
the duty of driving the secondary escapement C, which 
is subject to friction by the action of the fly arms 9 
upon it and the ordinary escapement gear B. If the 
teeth of the secondary escapement disc are in the plane 
of the disc the friction may be considerable and variable 
on account of the torque applied to the fly gear. If, 
however, they are made sloping, they may be sloped 
at such an angle that the fly tends to drive the secondary 
escapement, and there is some angle between these two 
cases in which there is practically no power required 
to drive the secondary escapement disc whether the 





pressure of the fly arms be greater or less. (Sealed.) 
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THE BEHM ECHO DEPTH-SOUNDER. 
(Concluded from page 596.) 


THREE types of time interval recorder are made, 
which differ in range and in the method of indicating 
the angular motion of the disc, but in each case 
the principle of their action is as has been described. 
Before referring to the actual constructional details 
of these appliances mention may be made of the 




















Fic. 7. Hanp-Oprratep Firing Heap. 





capsule containing a detonating charge and time 
fuse. The complete capsule is shot into the sea, 
the time-fuse being ignited during the process. 
When the detonation takes place, the cartridge is 
not in direct connection with the ship, and in this 
way the sound wave is prevented from travelling 
to the microphones by way of the metal of. the 
hull. The empty case of the propelling charge is 
released by a wire pull, and falls outboard into the 
sea, 

Fig. 11 shows an external view and Fig. 12 an 
internal view of Type I time interval recorder. 





Fie. 11. Tyee I Time Intzrvat REcoRDER. 


firing-head. Two types of this part of the apparatus 
are made ; the simplest type in which each cartridge 
must be placed by hand, is shown in Fig. 7. The 
other type of firing-head is loaded from a cartridge 
despatcher located at the time interval recorder. 
Figs. 8 and 9 show the despatcher and firing-head. 
The cartridge is placed in the despatcher and 
blown through a tube to the firing head, and its 
arrival is signalled by the lamp shown on the 
despatcher. The cartridge, a full-sized drawing of 





which is shown in Fig. 10, consists of two parts, 
@ propelling charge, which is fired electrically 
when a button on the recorder is pressed, and a} 


This instrument will measure a maximum time 
interval of one-quarter of a second, which is equiva- 
lent to 100 fathoms of sea water. The scale of the 
instrument is not graduated in parts of a second, 
but reads directly in fathoms of sea water below 
the ship. In order to avoid increasing the size 
of the instrument, the scale has been divided into 
two parts, which are placed the one over the other, 
as shown in Fig. 11. The upper scale extends from 
0 to 46-5 fathoms, whilst the lower scale shows 
from 46-5 to 93 fathoms. The depth is indicated by 
a vertical line of light, which is not visible simul- 
taneously on both scales except at the common 








reading of 46-5 fathoms, thus precluding any 
danger of ambiguity. 

The instrument is operated from the four buttons 
seen below the scale. Button No. 1, counting from 
the left, is the main switch for the instrument. 
and must be pressed during the whole operation 

















Fre. 9. Frrmna Heap. 


Fig.10. SECTIONAL VIEW OF CARTRIDGE. 
(FULL SIZE) 
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Figi2. INTERNAL VIEW OF TYPE 1. 
TIME INTERVAL RECORDER. 
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of taking a sounding. This lights up the instru- 
ment and shows the indication of the last sounding. 
On pressing button 2, the brake is lifted from the 
disc by the electro-magnet EM, and ‘the line of 
light moves down to zero. Button 2 is then 
released, and the instrument is ready for taking 
a sounding. Pressing Button No. 4 fires the 
cartridge, and, about half a second later, the 
detonation is heard ; immediately the line of light 
jumps up the scale, showing the depth of water 
below the ship. The switch handle immediately 
below the scale controls the delayed switching 
device. If the handle is in the left-hand position, 
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as shown, the device is inoperative, and the echo 
microphone is sensitive during the whole period 
of the sounding. When the handle is moved over 
to the right-hand position, the echo microphone 
is not sensitive until a definite time has elapsed 
after the release of the disc. 

The internal construction of this Type I time 
interval recorder will be followed from Fig. 12 ; 
1 and 2 are the impulse and echo magnets IM-and 
EM of Fig. 6, respectively; 3 is the recorder 
disc, and 4 is the armature A of Fig. 6. The 
impulse spring which presses against the sapphire 
bead is indicated at 5. The object of the bead is 





Fria. 13. Typr If Time Inrervat REcoRDER. 


THE ARRANGEMENT OF TYPE Ill TIME INTERVAL 


RECORDER FOR DEEP SEA 
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tures are held by the same magnet, this ensures 
that both discs are released simultaneously. The 
disc 13 is smaller than the recorder disc, and so 
rotates at a much greater speed. As the disc rotates, 
the projection 22 opens the contacts shown at 10, 
and when the switch handle under the scale is in 
the correct position, the opening of these contacts 
operates a relay which switches the echo micro- 
phones into circuit. The amount of angular rotation 
of the disc is measured by the familiar mirror, lamp 
and scale method. Two mirrors are carried on the 
recorder disc axle, one above and one below the 





disc ; each mirror has its own lamp, and one lamp 


1g.44. SECTIONAL VIEW OF TYPE I. 
INTERVAL RECORDER. 
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merely to ensure a point contact, and to reduce 
any rubbing friction there may be at the contact. 
The brake is seen at 7. If the time interval is 
greater than the maximum value for the instru- 
ment, or if the echo is not sufficiently strong to 
release the brake, the disc will travel on until the 
nose carrying the sapphire bead comes up against 
the buffer at 15. This opens a pair of contacts, 
which are in the circuit of the brake magnet, 
and so releases the brake and clamps the disc, 
thus preventing the disc from swinging back 
down the scale, and being clamped in a false 
position, 

The small dise 13 operates the delayed action 
device. The wheel carries an iron armature 12 
which is operated from magnet 1. The disc is set 
into rotation in a manner similar to the main 





recorder disc, from spring 11. Since both arma- 
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and mirror work in conjunction with the upper 
scale, whilst the second lamp and mirror indicate 
on the lower scale. 

The Type II time-interval recorder intended for 
use with depths up to 400 fathoms, is shown in Fig. 
13, while the internal arrangements are illustrated 
in Figs. 14 and 15. The construction of Type I 
prevents the disc turning through an angle much 
greater than 90 deg. In order to increase the 
range from 100 to 400 fathoms, the time interval 
must be quadrupled, and the easiest method of 
obtaining this is to increase the amount of 
angular motion available. This has been done in 
Type II, where the disc makes very nearly a full 
revolution. 

The disc is shown at 5; 3 and 4 are the impulse 
and brake magnets respectively, and 23 is the brake, 
In this instrument, the armature is not on the disc, 








(9248. R.) 





but is fixed on the impulse spring at 19. This is an 
improvement, since it reduces considerably the air 
friction of the disc. The agate sphere 20 is attached 
to the rim of the disc, and when the armature is 
released from the magnet, the impulse spring strikes 
the sphere, thus giving the necessary impulse to 
the disc. ; 8 is the disc which operates the delayed 
action device. The switch for this device is turned 
by means of a key inserted at 12. 

The mirror-lamp scale arrangement for reading 
the angular movement of the disc becomes rather 
difficult when the angle exceeds 90 deg., and a 
different construction has been used in Type II. 


TIME Fig.15. INTERNAL VIEW OF TYPE I.TIME INTERVAL RECORDER, 









































Fig. 18. CONTACT OPENING DEVICE FOR USE WHEN 


DEEP SEA SOUNDING BY EAR. 
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The recorder disc 5 is glass bound with a toothed 
metal rim. On the circumference of the glass disc 
is engraved a degree scale, which is magnified and 
projected on to a ground-glass screen at the front 
of the instrument. The optical arrangement is 
clearly shown in Fig. 14, and Fig. 13 shows the 
appearance of the image on the screen. The push 
buttons are operated in exactly the same sequence 
asin the case of Type I. The readings on the instru- 
ment are given in degrees of angular rotation of the 
disc, and, to translate these into fathoms of sea 
water, recourse must be had to a calibration 
chart. 

Type III of the Behm Echo Depth-Sounder is 
illustrated in Figs. 16 and 17. ‘This type is intended 
for use up to 4,000 fathoms, and, in order to obtain 
the necessary time intervals, it has been arranged 
so that the disc may make several complete revolu- 
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tions. The recorder disc is shown at 1. The disc 
carries. two mirrors 2 and 3 which reflect on to the 
scales a and 6 respectively. Scales a and 6 are 
graduated to read directly in fathoms, when the 
instrument is used to measure small depths, up to 
120 fathoms. This is exactly the same arrangement 
as in Type I. The recorder disc is again of glass, 
and is engraved with a degree scale exactly as in 
Type II. This scale is projected on to the window 
c. The number of revolutions made by the disc 
is shown at the small window below c. The reading 
is, therefore, taken as so many revolutions, plus 
so many degrees, and this reading is easily converted 
to fathoms by means of a calibration chart. 

It will readily be understood that as the depth 
is increased, a larger detonating charge is required 
in order to obtain an echo of sufficient intensity to 
operate the brake. For depths not exceeding 400 
fathoms, the cartridge is quite small, and the sound 
of the detonation is not too great for comfort. 
When using Type ITI, however, much larger charges 
are required, and the resulting explosion might, in 
certain cases, be objectionable. To meet these 
objections, Behm has introduced a method of 
sounding by ear. The operator is provided with a 
pair of telephones which are connected directly 
to the echo microphones, and also with a contact- 
opener (Fig. 18) connected in the circuit of the brake 
magnet. The shot is fired and the recorder disc 
is started in the usual way. The echo microphones 
are then switched in, and the operator listens for 
the return of the echo. When this is heard, he 
pulls the trigger of the contact opener, thus re- 
leasing the brake, and clamping the disc. The size 
of charge required to obtain a definite and sharp 
echo in the telephone is little larger than that 
required to sound depths of 400 fathoms by the 
usual method. 

The method introduces the personal element, and, 
on that account, is not so desirable as the fully 
automatic method, but tests have shown that the 
errors involved are small. It is clear that a certain 
time must elapse between the sound of the echo in 
the telephone, and the opening of the contact 
breaker. The readings obtained, therefore, will 
always be too high. A device is fitted to this type, 
whereby it is possible to measure the personal 
equation of the operator. By this device the 
operator listens on the telephone until he hears a 
click ; on hearing this, he opens the contact breaker 
exactly as when listening for the echo. The click 
in the ’phones is really caused by the starting of 
the recorder, and if the personal equation of the 
observer were zero, the disc would be clamped by 
the release of the brake, at the instant of the click, 
and the indication would be zero. As this is never 
the case, the disc will have travelled a certain 
distance before being clamped, and this distance 
translated into fathoms of sea water, is the amount 
which must be subtracted from the readings of the 
depth, on account of the personal equation of the 
operator. 

Tests were made on three observers, and it was 
found that, in each case, the increase in the reading 
due to the personal equation was, approximately, 
40 fathoms of sea water. The amount of error 
introduced was, however, substantially constant ; 
in the case of the first observer, the variation in the 
personal equation did not exceed 7 fathoms, whilst 
for the second and third observers, the variation 
was even less. It would seem, therefore, that by 
taking a test of the personal equation at intervals 
the depth, as determined by the “ear” method, 
would not, after correction for personal equation, 
be in error by more than 10 fathoms, which amount, 
is negligible for depths of the order of 2,000 fathoms. 
The time required for taking a sounding of 2,000 
fathoms is about 5 seconds ; to take this sounding 
by the ordinary sounding machine method would 
require 30 minutes. 

Although the time interval recorder has here been 
described in connection particularly with sea sound- 
ing, it is not by any means confined to this use. 
It is a highly accurate measurer of short time 
intervals and, as such, it can be put to many other 
uses, as, for instance, measuring the time required 
for falling bodies to traverse a known distance, 
or for measuring the muzzle velocity of shells, or 
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the speed of motor cars on a racing track. 





THE PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 


Tue exhibition at the Royal Agricultural Hall, 
Islington, which was opened yesterday and will be 
closed on Thursday next, will serve a useful purpose 
if it impresses the municipal and other road authori- 
ties, including, and, indeed more particularly, 
members of urban and rural councils, with the 
efforts of the engineering industry to provide the 
plant required for the economical, scientific and 
expeditious making and maintenance of British 
roads. Before another similar exhibition will be 
held, present motor legislation may have been 
revised and new standards evolved concerning types 
of motor vehicles which are believed to be responsible 
for abnormal road wear. Changes on this score, 
however, will not curtail the need of most of the 
plant at this exhibition, though it may tend to 
change the importance of types of it and develop 
a new order ot road machinery. Compared with the 
last similar show in 1923, the exhibits do not indicate 
much change in individual categories of the plant 
concerned. The trend was then, and continues, 
towards lighter and more portable material- 
preparing units, a larger use of materials of the 
aSphalt or bitumen types which call for lighter, and 
for some selections, even a more or less specialised 
form of consolidating and finishing plant. Despite 
this trend towards lighter units, steam looks like 
holding sway over the combustion type for the 
heavier units, but the internal combustion type 
has the field to itself in what concerns the most 
interesting developments referred to. Small and 
efficient concrete mixers and surface dressing plant, 
capable of being trundled about single handed, are 
a feature of this exhibition, and point to an influence 
likely to be far reaching. 

For the purpose of this review it is necessary in 
some way to classify the plant to be dealt with. 
Owing, however, to the fact that some of the 
classes show more interesting developments, since 
the last exhibition, than others, it has been difficult 
to arrange any such classification as systematically 
as might be desired. We, therefore, have thought 
it better to deal with the several classes more or 
less independently, and without much regard to 
what might be thought the most logical sequence. 
In the present article attention is devoted mainly 
to the preparation of the mixtures, either of concrete 
or the asphaltic or bitumen classes, in which category 
quite a number of new and interesting plants are 
to be seen. Plant for the preparation of so-called 
asphalt mixtures is especially well represented 
and includes both ‘interesting machines built in 
this country and in America. The principal 
requirements in an asphalt plant are that the 
aggregate be first dried, and then properly mixed 
with the bitumen content and discharged promptly 
so as to ensure a continuous output. 

A notable British asphalt mixing plant is the 
** Nacopax,”’ which is manufactured and shown in 
Messrs. Davey Paxman and Co., Limited, Colchester. 
This plant was evolved in consultation with the 
Neuchatel Asphalt Co., Limited, and is capable 
of an output of 100 tons of bituminous macadam 
per working day, and more in some cases. It is 
designed to be easily transported; the elements 
requiring to be de-mounted, being in smal] sections 
not exceeding 2 cwt. This plant is illustrated in 
plan in Fig. 1, on page 632, in Figs. 30 to 34, on 
page 644 and by the two views reproduced in Figs. 5 
and 6, on Plate XX XV which accompanies our issue 
of this week. The plant consists of drying and mix- 
ing units with the necessary elevating gear, bitumen 
boiler and driving gear. The main part of the 
plant measures 22 ft. long by 7} ft. wide, and 
the maximum hauling weight is about 14 tons. 
For export, the plant is arranged for almost 
complete dismantling and re-erection without 
riveting. 

On arrival at a suitable site, on a flat-bottom 
trolley the main unit on a stout girder frame is 
raised by lifting gear fitted with self-aligning 
jack screws temporarily attached to it at four 
points. When raised on these to a certain height 
steel trestles are placed in position under the frame 
and bolted up. This assembly can be accomplished 
in less than eight hours by the operating crew, and 





the whole plant-can be made ready in working order 
in from 24 to 30 hours. 

At each side of the frame is a cold material chain- 
bucket elevator for sand and stone aggregate. 
These can be de-clutched separately or otherwise. 
Provision is made for adjusting the elevator chains, 
By these, the proportioned material is fed to a 
combined hopper with a chute, which, in turn, 
feeds it to one end of an inner drying drum, along 
which it is cascaded by fins, ultimately emerging 
into an outer drum, from which it is delivered 
dried and heated. The drying drum is heated by a 
furnace beneath it, and the drum is heat-jacketed 
throughout its whole circumference, by a lined 
casing which completely surrounds it. The arrange- 
ment of this feature and the carrying out of the 
details constitute it one of the most important 
parts of the plant. The drum rests on ball-bearing 
rollers, and being friction-driven is without the 
customary spur-gear ring. Moreover, it revolves 
on a horizontal axis, and is therefore without end 
thrust. The gases and aggregate are caused to 
traverse the length of the double drum, as will be 
gathered from the drawings given in Figs. 32 and 
34, page 644, in opposite directions, and aided bya 
fan of large capacity and a damper control, a 
contra-flow system of high efficiency is maintained. 
Marked fuel economy is claimed for this combination 
of effective heat distribution and jacketing. 

A chain elevator attached to one side of the 
plant raises the hot and dried aggregate to a revolv- 
ing screen at the top of the plant (Fig. 33), both 
members being wholly enclosed to conserve the heat. 
The screen, which feeds into storage bins, is con- 
structed with either perforated plate or wire mesh, 
to suit requirements. The bins are usually of 2 and 
4 tons capacity but can be sectioned to suit require- 
ments. The bins discharge into a weighing skip 
fitted with gates controlled by levers. The bitumen- 
weighing skip is of the tipping type with a scale 
suspended from a trolley. Bitumen is supplied 
to the skip from the boiler by an air-lift or some 
other type of elevator. 

The mixer, as will be seen from Fig. 34, is of the 
twin-shaft pug-mill type and is driven by spur 
gearing from the main-drive shaft. Self-aligning 
ball-bearings are used for all journals except the 
belt-driven fan spindle, and only gearing is used 
for the drive. Operating under normal conditions, 
it has been found that 18 brake horse-power is 
sufficient to drive the plant. The parts are designed 
to be interchangeable and adjustable. Dog clutches 
are fitted to the elevators, ahd a special self-relieving 
clutch is incorporated in the mixer drive. Power 
is furnished for the driving plant by a Paxman 
compound double portable steam engine, and there 
is asmaller portable engine for working the bitumen 
boiler agitator gears and the cold bitumen winch. 

A notable new asphalt mixer of the portable 
type designed and built for the British market 
primarily, is the Warren “ Utility” plant, which is 
being shown by the sole agents for Great Britain 
and Ireland, the British and Foreign Machinery 
Company, Friar’s House, 39-41, New Broad-street, 
E.C. The makers, Messrs. Warren Bros. Company, 
Boston, Mass., arealso one of the largest asphalt 
paving contractors, their “ Warrenite-Bitulithic ” 
pavement, it is stated, being used to the extent of 
6,300 miles of 30 ft. road width. The new plant 
is well illustrated in Figs. 7 and 8, Plate XXXVI, 
while Figs. 2 to 4 on page 632 show details. A 
lengthy description is, under the circumstances, 
hardly necessary. The chief features of the new 
plant—the first of which is being shown at this ex- 
hibition—are strength and neatness of the layout, 
unusual accessibility due to the adoption cf the 
unit-part system of build-up, moderate weight and 
girth, making it easy of transportation by tractor 
haulage, so that in effect the plant is kept always 
in close touch with the work in hand, thus saving 
time and expediting laying ; and the use of oil fuel 
for drying the aggregate and melting the bitumen. 
Of the new machine's numerous mechanical details, 
probably the drying and mixing drums and the 
oil-fuel layout are the most interesting. As regards 
the drying and mixing drums, it will be seen that 
these two are combined in a drum of two diameters, 
of which the longer and smaller portion is the dry- 
ing chamber, with the loading-end and _ oil-fired 
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Fig. 2, Warren “ Utinity’ Prant; Front Enp. 


furnace forward, and the mixing chamber and dis- 
charge chute at the rear. 

Fig. 4 shows a section of the drier and mixer 
chamber. In the drier part the material or 
aggregate is carried upward by the revolving motion 
of the cylinder and showered down through the 
hot blast from the combustion chamber. As the 
material is advanced towards the mixer by the 
spirals it is picked up by lifting trays A, arranged at 
the end round the inner circumference of the 
smaller drum, and is dropped on the reversing gate 
by which it is deflected back towards the centre 
of the drier. This action tends to equalise the 
depth of the aggregate in the drier. To empty 
the batch (800 lb.) from the drier into the mixer, 
after it has been thoroughly dried and heated, 











and after the previous 
batch in the mixer 
has been mixed and 
discharged into the 
wagon, the position of 
the gate at the junc- 
tion of the two dia- 
meters of the drum 
is reversed, and as the 
aggregate falls from the lifting trays on to the 
gate it is deflected into the mixer. 

In the mixer the spirals attached to the shell 
work the batch towards the discharge end of the 
chamber ; the interior spirals are set at an opposite 
angle, continually cutting the batch in the opposite 
direction, and the revolution of the drum thus results 
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| in additional turning over beyond that arranged for 


by the material falling down the sides. At the end 
the mixer mouth is provided with a reversing 
chute. When mixing, this is thrown over so as 
to deflect the material back into the drum. To 
discharge the mixer the position of this chute 1s 
reversed, and as the mixture is carried upward 
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Fie. 17. 10-Ton AspHaLtt PLant; Messrs. STOTHERT AND Pitt, Limitep. 

















Fig. 18. Opreratine PLatrorm or AsPpHaLT PLant; Mazssrs. SrorHert AND Pitt, Limtrep. 





by aseries of lifting trays inside and on the end B of 
the mixer, it falls on the inclined chute and slides 
directly outwards into a cart or truck. Deflecting 
plates riveted around the opening in the dia- 
phragm prevent the batch from falling back through 
the opening into the drier. 

The bitumen-loading, weighing and the control 
apparatus and a 400 gallon oil-heated melting tank 
are on the offside of the plant, together with the 
chain-bucket elevator and chute for loading the 
drying chamber. The chute it may be noted is 
made to hinge up out of the way for travelling. 
The necessary alteration is quickly effected without 
disturbing the ladder mechanism. The bucket- 
ladder is friction driven, the omission of the usual 
sprocket-drive being adopted as a safety device 
to prevent damage from a trapped stone. The 
barrel-hoist for the bitumen loader has a safety 
catch and the gear purchase is arranged to facilitate 
handling. 

Special provision is made for cleaning the bitu- 
men tank along its lower sides, by means of a pair 
of large, screw-threaded end caps, which project 
from the respective sides, and serve also to carry a 
pair of draw-off cocks for filling buckets. The oil _ 
burner and combustion chamber casing for the drier 
will be noticed in Fig. 3, projecting towards 
the front of the machine. Below and across 
the frame will be seen in Fig. 2 the circular fuel 
tank for the burner. At the near side corner of 
the front of the chassis is a four-cylinder vertical 
petrol engine of the normal industrial type, with 
valves at the side and enclosed governor, water 
pump, and h.t. magneto ignition with switch, 
and an assisted-fan cooled cellular type radiator. 
The engine is slow-running and remarkably 
silent under load. An enclosed clutch with lever 
alongside connects the engine with the whole of 
the plant; the various speed ratios, which, of 
course, are set, being obtained by spur gear, driven 
off a fore-and-aft line shaft which, however, is in 
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sections to facilitate removal of any section without 
having to disturb adjacent parts. On the off-side 
of the chassis is a two-cylinder Ingersoll-Rand air 
compressor (Fig. 2). This is belt-driven by a 
pulley from the main shaft. This and other parts 
likely to be injured by loose pieces when working 
which may form a possible source of injury to at- 
tendants, are carefully protected by removable light 
shields. The compressor-belt has a jockey pulley 
adjustment. The air receiver has a safety-valve 
set to lift at 50 1b. per square inch. Two wheel- 
valves control the air and oil feed to the burners, 
the bitumen-melting tank having much the same 
burner and oil-feed arrangements as the drier 
chamber. The oil is of normal fuel grade and is 
atomised in the burners which appear to be of a 
very simple construction, and easily accessible. 
The driving gear ring around the drier-mixer drum 
is built up of segments for easy replacement. The 
roller rings about the drum are of a very tough steel 
and the rollers on which they rest are of manganese 
cast steel, and are furnished with pressure (grease- 
gun) lubricators. 

The chassis is composed of rolled channel members, 
and is well braced. It is suspended on four semi- 
elliptic leaf-springs and carried on wooden wheels 
shod with single rubber tyres. The rear wheels are 
fitted with large internal-shoe brakes, and generally 
the structure is built to conform with British legal 
and other requirements. The gross weight of the 
plant is about 74 tons, and its capacity is 35 to 40 
tons of asphalt per working day. 

The “ Johnston ” improved asphalt plant, which 
is illustrated in Fig. 9, Plate XXXVI, is by the 
Road Plant Construction Co., Limited. It is to be 
seen at the stand of Messrs. Johnston Brothers, of 
79, Mark-lane, E.C. It comprises two units. Ona 
self-contained structure suitable for tractor haulage, 
there is the main drier and mixer; there is also 
an auxiliary unit drying plant, which is not always 
required. The main unit shown in Fig. 9 delivers 
the mixed material or aggregate at a height of 6 ft. 
from ground level. Its capacity is from 8 to 12 tons 
per hour, according to the class of material con- 
cerned, the temperature of the product being from 
300-400 deg. Fahr. The bitumen is liquified in a 
separator boiler of 300 gallon capacity, and is drawn 
off through a filter by a valveless rotary pump and 
forced to a measuring tank, graduated in half- 
gallons, on the operator’s platform. Thence it is 
discharged into the mixer and evenly distributed 
through the aggregate for about half the circum- 
ference of the mixer, which is kept hot by the waste 
gases from the furnace. The drying drum has internal 
blades, of a recently-modified form, and lifting 
plates, and by reducing the height of fall of the 
material within the drum, in conjunction with the 


slow rate of the drum’s rotation (3-75 r.p.m.), it 
has been found that the sharp corners of stones and 
chippings are undamaged, which adds to the keying 
effect of the material when laid. The drum is sus- 
pended by three chains, so that it is free to expand 
without detriment to the frame or itself. From the 
drum the aggregate is delivered by a chain bucket 
elevator into a conical screen in which it is separated 
into fine and coarse, falling thence into two weighing 
and measuring hoppers each of 4 cub, ft. capacity. 
It is next discharged into the mixer and mixed with 
bitumen or tar. 

The auxiliary drier forms a feeding machine for 
eliminating the main body of steam generated from 
very wet aggregate, and automatically feeds the 
main plant. Messrs. Johnston Brothers show, also, 
bitumen boilers with a new squeegee attachment, 
and Smart’s “‘ Midget ” patching outfit. 

Messrs. Stothert and Pitt, Ltd., Bath, show a porta- 
ble 10 ton per hour asphalt plant. The layout of the 
machine will be gathered from our illustrations, 
Figs. 15 and 16, Plate XX XVII, and the two repro- 
ductions of photographs given in Figs. 17 and 18, 
page 633. Cold aggregate is fed into a boot, whence 
it is elevated to a rotary drying drum, heated by 
gases aided by forced draught from a special fur- 
nace, the gases also passing round the outside of the 
drum. The hot material is then fed to an enclosed 
elevator which delivers it on to a revolving 








screen with two sizes of mesh. It is then dropped 
into a storage hopper, whence it is weighed into 
a small hopper on the platform shown in Fig. 18. 
It is then passed to a paddle type of mixer. The 
hot bitumen is pumped up to a weighing bucket 
with steel yard. After being mixed with aggregate 
the mass is discharged at a sufficient height (7 ft. 
clearance) into wagons or lorries. The plant is 
driven by a 25-h.p. engine, and has a two-speed 
gear, which enables the output to be increased 
when the aggregate contains a lower percentage 
of moisture. The drying drum measures 16 ft. 
long by 4} ft. diameter, and is fitted with fixed 
longitudinal lifting blades which subject the 
aggregate materials to the full effect of the hot 
gases during their passage through the drum. 
Special means provide for all sizes of material 
to take the same time in passing through the 
drum so as to ensure a uniform temperature. 
The major part of the drum passes through the 
furnace, and the rest is jacketed with a thick 
layer of asbestos and steel lagging. The ends of 








the drum are supported by gun-metal bushed 
cast-iron rollers, with which the mild-steel roller 
paths around the drum engage. The drum is 
driven by a machine-moulded cast-iron bevel gear 
train. 














The hot elevator is wholly jacketed to con-| 
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serve the heat. It is composed of malleable-iron 
chain buckets, the latter being mounted between 
double chains riding on jockey pulleys. Provision 
by means of springs is made to compensate auto- 
matically for shock and stretch of the elevator chain 
in course of its working. The paddle mixer is of 
the double screw-paddle type, and is of 9 cub. ft. 
capacity. The upper part of the mixer body is 
of mild steel, with renewable bottom plates of 
cast steel, thick and stoutly ribbed, and the ends 
are of cast iron, lined with renewable plates of 
mild steel. The paddles are of cast steel, mounted 
on mild-steel square shafts. A handwheel and 
quick-purchase screw are used to operate a sliding 
discharge door at the base. The furnace has a 
grate area of 32 sq. ft. The fan is driven by roller 
chain and sprockets. With forced draught no 
dust extractor is required for the drier, which 
enables the aggregate to be graded before drying. 
Only cold air passes through the fan, but if it is 
desired to withdraw the dust from the materials 
an induced-draught fan is fitted. The drive is by 
a 5 ft. by 9 in. pulley to run at 100 r.p.m. The 
operating platform, it will be seen from Fig. 18, is 
arranged with all controls conveniently at hand, 
the idea being that one man can control the 
functions of weighing, mixing and discharging. 

A further example of tar end bitumen plant 
designed for easy transport and re-erection and of 
considerable simplicity is that shown by Messrs. 
Roadways Equipment Limited, of 34, Victoria- 
street, London, S.W.1, who have their works at 95 
to 99, St. James’-road, Glasgow, and have introduced 
the plant shown in Figs. 19 and 20 on this page, 
and 21 to 23 on page 635. This exhibit comprises 
two independart units mounted on wheels as shown 
separately ready for transport in Figs. 19 and 20, 
and is especially intended for dealing with small 
contracts in remote districts or for the completion 
of a large volume of work, such as might only 
have been attempted previously with a large fixed 
plant. The first unit is the drying plant. This is 
provided as shown in Fig. 21, with a bucket type 
of elevator to feed the sand and broken stone 
into a feeding chute, through which it passes. into 
a revolving steel drum, heated on the outside by 
the gases from furnaces, housed in the outer 
casing. The fiues are all fireclay lined, and pro- 
vision is made to conduct the gases from the 
main furnace right to the back of the drier and then 
forward again before they emerge at the chimney. 
At times, when for instance, the materials to be 
charged have been exposed to rain, it may be 
necessary to have heating in addition to what can 
possibly be obtained by the use of the single 
furnace and, in consequence, an auxiliary furnace 
is provided at the back end of the drier.; :Oii 
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Fias. 21 to 23. Portaste AspHALT PLant; Messrs. Roapways Equrement, LimttTED. 


firing is fitted to the drier on show at the Exhibition, 
but the furnaces are equally suitable for burning 
coal, and the necessary change over may be effected 
quite easily and with little expenditure of time. 
Within the revolving drum there are skew and 
longitudinal feed angles to assist in carrying 
the material forward. At the discharge end of 
the revolving drum, the last section has the form 





of a perforated screen, through which the sand is 
delivered into one of the two compartments of a 
discharge hopper. All the stone tailings fall out 
at the end of the screen and are deposited into 
the second compartment of the hopper. Each of 
these sections of the twin hopper has a discharge 
door, the openings of which can be adjusted to 
permit any desired mixture of sand and stone to 





be obtained. From the discharge hopper the 
heated material is fed into a batch bucket, which 
is fitted with an adjustable gauge, so that its 
contents may be measured. This batch bucket 
is then elevated and its contents are discharged 
into the mixer at the top of the second unit in 
the equipment shown separately in Fig. 20. Sixty 
tons per day is stated as a conservative estimate 











636 





[Nov. 20, 1925. 





ENGINEERING. 








of the output from one of these drying plants, when 
the material leaves with a temperature of about 
400 deg. F. 

The mixer is provided with two parallel shafts, 
on each of which there are manganese steel blades, 
which not merely disturb the material in the casings 
they work in, but also sweep it from both ends to a 
central sliding door, through which the discharge is 
made, when required, on to a lorry backed into the 
space beneath. Air pressure is used to ensure the 
passage of the bitumen from the heating boilers, 
and a belt-driven, double-cylinder, air compressor 
is installed below the mixer platform for this 
purpose and for tank agitation. To ensure that a 
suitable quantity of bitumen is introduced into the 
mixer it is passed into a measuring bucket above 
the mixer, provided with hand levers for tipping 
and a lock to retain it in position, while it receives 
the charge of bitumen. For the purpose of the 
drive of the various parts of the equipment 
main and counter-shafts are provided, and these 
run in bearings, having ring oiling systems. The 
various components are driven off these shafts by 
pulleys, sprockets and clutches. For ease of contro! 
the necessary levers have been mounted together 
,on the large working platform. Large fixed type 
plants of similar duty to these portable sets, and 
also for the production of clinker asphalt, are also 
made by the firm, and their construction is illus- 
trated at the Exhibition by photographs. 

The new 4-ton ‘ Marshall-Cummer” asphalt 
plant is shown by Messrs. Marshall, Sons and 
Co., Limited, Gainsborough. It is illustrated in 
Figs. 24 and 25, on this page, and is claimed 
to embody the up-to-date experience of the 
pioneers of this class of plant. The new 
machine by reason of its having half the capacity 
of the hitherto smallest size Cummer plant, will 
interest a new class of prospective user normally 
not having the call or scope for the larger size 
plants. Though rated as of 4 ton per hour capacity, 
it is stated that one of this model has given an 
output of 5 tons to 7 tons per hour. The layout 
embodies what may now be called the normal 
principles of the up-to-date power asphalt plant. 
Such components as cold and hot elevators, 
means for hot drying the aggregate, bitumen boiler 
and the mixer, and the automatic weighing machine 
are now more or less common to this class of plant. 
There are, however, features special to the new 
4-ton machine. Among these the simplification of 
such details as the hot elevator, the screens and 
storage bin, rendering it unnecessary to dismantle 
these before the machine can be moved, is likely 
to be much appreciated by users. As regards the 
hot elevator, in the new machine this is centre- 
pivoted. This enables it to be swung from the 
vertical (operating) position to the horizontal 
position for travelling without further dismantling. 
The screen box is made so that it can be lowered 
quickly on to permanent skids provided for the 
purpose, which leaves the plant with an overall 
height of 13 ft. 8 in. from the ground level, low 
enough to enable it to pass under most bridges. 
The new plant weighs about 15 tons, being 25 per 
cent. lighter than the 8-ton machine. 

The general details of the Marshall-Cummer 
plant are now familiar to most engineers interested 
in this form of installation, so that it will suffice 
to note that the new machine has the usual cold 
elevator for charging the machine, and a jacketed 
hot elevator which takes the dried aggregate from 
the drier and discharges it into an enclosed screen, 
whence it falls into a storage bin large enough 
for an hour’s output, and capable of being divided 
to differentiate various screenings. A weighing skip 
suspended on a beam scale is placed under the 
storage bin. The material is discharged from the 
weighing skip into a pug-mill type double-shaft 
paddle mixer, whence in due course the asphaltic 
mixture is discharged through a bottom door into 
carts or trucks for laying down. The large output 
of the new machine is stated to be due largely to 
its exceptionally large combustion chamber. 

The asphalte and tar macadam making plant of 
Messrs, Sir W. G. Armstrong, Whitworth and Co., 
Limited, falls into two categories—type “A,” of 
5 ton per hour, is portable or fixed; while type 
** B,” of 10-ton capacity per hour, is a fixed plant. 
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Fic. 24. Marsnatyt-CumMer Pxoant, Drizr END; Messrs. MARSHALL, Sons AND Co., LIMITED. 

















Fie. 25. 


MarsHALt-CuMMER PiLant, MixER AND DELIvERy Enp; Messrs. MarsHALt, Sons 


AND Co., LIMITED. 


The type “‘ A” outfit is most compact and unusually 
neat. The frame is a rectangle of four posts, gusseted 
top and bottom and cross-corner braced to an upper 
and lower longitudinal frame member of channel 
section. The top-frame upper horizontal members 
are extended to the rear to form a platform for 
the mixing plant. The aggregate is lifted from 





a chute by a bucket ladder at the front end of the 





machine, and is fed into a special form of vertical 
hot drier. This plant was fully described in 
ENGINEERING for November 16, 1923 (page 620). 
In road-making and building plant probably there 
has been no greater development than that which 
concerns concrete mixers. From being almost solely 
associated until a few years ago with dock making 
and other big works involving deep excavation 
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Fie. 29. WetTerweicHt Concrete Mixer; Mzssrs RaNsoME MACHINERY 
Company (1920), Lumen. 


and filling in, there has been developed a large 
demand for, and use of, portable concrete mixers, 
and more recently concrete spreaders, which have 
shortened the time, if not in all cases curtailing the 
cost, of up-to-date road making. At the present 
exhibition a number of fresh models of mixers 
are being shown by well-known makers, increasing 
the range and practical advantage of this class of 
machine for road work. 

Messrs. Parker, Winder and Achurch, Limited, 
Broad -street, Birmingham, are showing the “ Em- 
pire” concrete mixer and “ Excelsior ” steel-bladed 





screens. The latter are made both in the flat style, 
for propping up inclined rearwards, and in the 
circular rotary type mounted on a carriage, and with 
a single-mesh or two and three-mesh screen. The 
rotary type is available in larger sizes with and 
without an elevating bucket ladder, but in both 
cases with belt drive. The smaller (one- and 
two-mesh) sizes are hand-gear operated. The 
prop-up or flat type has the screen replaceable, which 
enables various sizes of mesh to be used with a 
single frame. Fig. 10, Plate XXXVI, illustrates the 
No, 12 “Empire ” concrete mixer, It has a three- 








Fie. 28. 
FEATHERWEIGHT CONORETE Mixer; Messrs. RANSOME 
Maontnery Oompany (1920), Lumrrep. 


way turntable mounting for the barrel-type mixing 
drum, and is driven by a 2}-h.p. Lister water-cooled 
(hopper jacket) engine through a 3-in., rubber- 
covered, belt protected by a steel guard, on to a 
clutch-fitted cross-shaft, the drive being thence by 
chain and sprockets and a bevel-gear train. The 
turntable is mounted on a 30-in. diameter steel ring 
provided with a 1}-in. diameter centre pivot of 
similar design to the smaller pin used for the front- 
axle pivot. The mixing barrel is supported on 
stout, rounded-edge rollers, journalled on 1}-in. 
diameter pins carried on a special rocker bearing, 
which it is claimed eliminates friction. The driving 
chain has the new-style Ewart No. 55 standard links 
with rounded corners, and is adjustable for tension 
by jockey pulleys. Though the design may seem- 
unconventional, the lay-out shows much prevision 
as to what concerns maintenance and ease of 
handling. 

With the ordinary barrel type of concrete mixer, 
although the water to be added is commonly 
measured, a wetter mixture is essential than some 
users desire. This preference sometimes exhibited 
for rather less water has resulted in the development 
of the semi-dry concrete mixer exhibited by the 
Liner Concrete Machinery Company of Glasshouse 
Bridge, City-road, Newcastle-upon-Tyne. This is 
illustrated in Figs. 11 and 12, Plate XXXVI. Inthe 























second of these views the pan of a stationary plant 
is shown. To effect the turning over of the semi- 
dry material, blades are provided, and the two heavy 
rollers serve for the purpose of pressing the mixture. 
An easily moved door in the bottom of the pan is 
used to discharge the finished product. 

In its portable type, Fig. 11, the plant is mounted 
with the engine which drives it and a water tank, on 
a steel frame with a swivel fore-carriage. There is 
also provided a skip, which serves the purpose of 
hopper and chute. This, when hauled up the rails, 
remains set in such a direction that there is 
no loss of the material and, indeed, nothing falls 
out until the end of the run, when the small wheels 
passlover the bends at the top of the rails, the 
contents of the loading skip being then deposited 
in the pan of the mixer. The haulage of the 
loading hopper is automatic and is effected by means 
of wire ropes wound on drums on the driving shaft. 
The construction of the mixer is similar to that 
shown in Fig. 12, which illustrates the mixer of a 
stationary plant. The engine is a 5-h.p. Lister unit, 
with hopper cooling. The pan is set high enough to 
ensure that the concrete can be discharged direct 
into small wagons through an easily operated door 
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in the pan bottom. This machine has a capacity of 
10 cub. ft. In addition to the simple stationary 
machine with fast and loose pulleys and the port- 
able machine illustrated, there are other units made 
without road wheels and also electric motor-driven 
types. 

Messrs. Winget (1924), Limited, of Grosvenor 
Gardens, 8.W., exhibit a new 7—5 cub. ft. “ Road- 
ster”? all-purposes mixer, and a new form of the 
remodelled semi-spiral model, together with a 
“Winget” No. 3 automatic slab-making machine 
and a selection of crushing plant, including a 
combined clinker-screening and crushing set for 
clinker-slab work and a No. 2 crusher on a carriage, 
which will deal with hard or soft stone, &c. The 
7—5-cub. ft. Winget roadster illustrated in Fig. 13, 
Plate XXXVI, is mounted on rubber-tyred disc 
wheels of large size, and is equipped with an eleva- 
ting hopper and a paddle-arm form of mixer. It is 
guaranteed to mix concrete to any degree of moisture 
and to operate with any suitable material, including 
tar and bitumen compounds. The hopper of this 
machine is of batch design and combines accurate 
measurement with a quick discharge. The clutch 
mechanism is chain-driven from the engine, and, 
being mounted on its top shaft, obviates use of a 
cable drive. The pan is steel-lined for easy renewal, 
and the chain spades are of toughened cast-steel 
with renewable steel-lips. The pan discharges 
through a lever-worked swing door. Power is fur- 
nished by a 5-h.p. Lister petrol engine, with a 
cooling tank fitted with a measuring device which 
serves also as the supply source to the mixing pan. 
The transmission is by stout spur gearing, with a 
safety clutch interposed. The frame is of steel 
sections with under members of cast-steel. It is of 
a suitable height to permit of the discharge being 
made into a barrow or tip-cart, and the rubber- 
tyred wheels are free to swivel on a three-point 
suspension. The output ranges from 6 cub. yards 
to 8 cub. yards per hour, according to the consistency 
of the mixture. 

The new Winget semi-spiral concrete mixer is 
of 4 cub. ft. capacity and embodies the following 
features: the materials are mixed under maximum 
agitation, and are confined in their fall over the 
blade to a limited width but have a big fall (this 
prevents separation of the fine from the large 
constituents and ensures complete pouring of the 
mass into the centre of the agitator); the feeding 
side of the drum has a large opening to allow the 
material to run freely from the elevating hopper 
into the depth of the revolving agitator; and, 
correspondingly, there is a large-diameter discharger 
on the front side of thedrum. Its purpose is assisted 
further by the narrow width of the drum, which 
permits the discharge chute to be introduced into 
the heart of the mixing with a direct effect. Fig. 14, 
Plate XXXVI, illustrates this model. The power 
plant is a 3$-h.p. hopper-jacketed Lister engine 
with worm-gear drive in an iron gear case, the 
drum being driven by spur gearing. The roller 
rings and rollers are placed towards the centre for 
protection when working. A chain-driven operating 
control clutch is fitted to the top shaft, together 
with a trip gear and brake, and a water tank with 
measuring device is mounted over the drum, This 
provides a quick fan-spread flush into the drum, 
and is connected by a pipe to the hopper of the 
engine. The frame is wholly of cast-steel and has 
a three-point suspension on swivelling wheels of 
large diameter and rubber-tyred. The output 
ranges from 4 cub. yards to 6 cub. yards per 
hour. 

The display of Winget concrete slab-makers 
includes the new No. 3 automatic-power machine of 
25-ton pressure with an output of 160 to 240 
18 in. by 9 in. up to 4} in. (thick) concrete slabs 
per hour. 

A range of Featherweight, Lightweight and 
Welterweight concrete mixers is shown by Messrs. 
Ransome Machinery Company (1920), Limited, 
46, Victoria-street, S.W. The Featherweight and 
Welterweight models are shown in Figs. 26 to 28, 
page 637. Both machines are of the tilting mixing- 
drum type, and in workmanship and material 
they are well up to the Ransome standard. 
The new Featherweight mixer shown in Figs. 26 
to 28, page 637, is a self-contained motor-driven 





portable unit, on a combined steel gusseted 
frame, and two-wheel trolley, with handle for 
manual draught. It weighs under 7 cwt. and its 
breadth is narrow enough to permit of it passing 
through a 2 ft. 9 in. doorway. The usual loading 
skip is not required with this model because the 
mixing drum is at a height convenient for filling 
direct. The engine is British made, and of the 
four-cycle fan-cooled type, with a single cylinder. 
The rated output is 1} h.p. on petrol. It is placed 
within the frame and housed against damage from 
falling material, as well as safeguarded against injur- 
ing intruders while working. ‘lhe mixing movement 
only is power driven in this model, tilting of the 
drum for filling and clearing being effected by a 
hand-operated spur gear, a feature in this connec- 
tion being that the drum is balanced and when 
loaded can be tilted with little effort. The skip 
holds about 4 cub. ft. of unmixed materials, and 
the output capacity is 2 cub. yards of concrete 
per hour. The Lightweight model has a 3-h.p. 
petrol engine, and the skip’s capacity is about 
7 cub. ft. of unmixed material, the output being 
about 7} cub. yards of concrete per hour. 

The Welterweight mixer, Fig. 29, is similar 
to the Lightweight model, but has a skip of 
12 cubic ft. capacity. It is worked by a two- 
cylinder 7-h.p. or 10-h.p. water-cooled engine, the 
larger size being required when the machine is 
fitted with a barrow hoist. The output capacity 
is 12} cub. yards of concrete per hour. Though 
necessarily heavier—about 48 cwt.—than the 
Lightweight mixer, which weighs about 33 cwt., 
the Welterweight model occupies but little more 
space, and has nearly double the output capacity 
of that model. It is much used in connection 
with street and road making because of its large 
output and its portability. 

The movements of filling and tilting, mixing and 
discharging, are power-operated by Ferodo-faced 
clutches, and there is an automatic knock-out or 
trip which functions at the extremities of the drum’s 
filling and discharging positions. The control levers 
are on one side only, which enables the operations 
of starting the engine, raising and lowering the 
skip, and controlling the water feed from an overhead 
tank to the drum and tilting the drum to be effected 
by one attendant. When a direct-lift barrow 
hoist is fitted—and such is available for the 
Lightweight and Welterweight mixers—an inde- 
pendent clutch, brake and single lever control for 
operating the barrow hoist are also provided. In 
the case of the Lightweight mixer this extra 
attachment can be made to an existing model, 
the necessary power increase being obtained by 
exchanging the cylinder unit and piston for a 
larger size. A notable point regarding these 
Ransome mixers is the provision of an ample 
supply of standardised and interchangeable fittings 
and parts, which are individually coded and illus- 
trated for identification in the catalogue. 

Other exhibits of a co-related character by the 
Ransome Machinery Company include a_hand- 
moulding press with three moulding boxes on a 
revolving low frame, its capacity being up to 
18 in. by 9 in. by 9 in. blocks, bricks or slabs ; also 
the Martin-Harvey concrete slab machine, acces- 
sory implements, and steel piling and _ piling 
plant. 

Tamping machines both for breaking up concrete 
and tar macadam and for ramming re-filled openings 
are being shown by B. Johnson & Son, Ilkley. One 
of the machines exhibited is for breaking up a 
concrete or macadam surface, and for ramming 
solid the refilled trenches up to 3 ft. wide by 12 ft. 
deep. A second exhibit of a comparatively recent 
type has double heads giving a hundred blows per 
minute, and will deal with trenches up to 6 ft. 
wide by 20 ft. deep. Another model is for breaking 
up concrete roads up to 12 in. thickness, or tar- 
macadam roads of the latest construction. Messrs. 
B. Johnson and Son’s tamping machines have been 
described in ENGINEERING on previous occasions. 
The chief developments since our last mention of 
them have been in the matter of size with a view 
to the production of a machine capable of breaking 
up effectively road concrete of the thicknesses now 
so commonly employed. 

(To be continued.) 





TESTS OF AEROPLANE AND OTHER 
FABRICS. 


THE use of fabrics for mechanical purposes has 
increased considerably in recent years. An entirely 
new application was given to them by the intro- 
duction of aeroplanes and airships, and the important 
place that they at once took in the economy and 
working of these machines led to a considerable 
amount of investigation on the influences that might 
cause them to deteriorate, the methods by which 
deterioration might be checked, and the mechanism 
by which their strength might be tested. These 
questions each turned out to be complex, and the 
problems to which they gave rise presented con- 
siderable difficulty. 

A variety of Government Departments, such as 
the Aeronautical Research Committee, had to make 
investigations for the immediate use of their services, 
The several textile research associations had their 
own allied problems, and in 1921 the Department of 
Scientific and Industrial Research set up a Fabrics 
Co-ordinating Research Committee to serve as a 
clearing-house for the information accumulated in 
the various Government researches, and to arrange 
for such further work as seemed proper to be under- 
taken. Its attention, though primarily directed 
to the needs of Government investigations, was not 
confined to them. It was its business to prevent 
overlapping in the Government work, and this 
important function was extended to the work of 
other bodies, such as the Textile Research Associa- 
tions, that might be engaged on similar studies, 
It was also recognised that, as in other matters, 
there were questions of interest to various services 
and industries, or that were fundamental to the 
studies involved, rather than leading directly to the 
problems of individual occupations ; and the com- 
mittee was charged, therefore, to make the necessary 
arrangéments for researches in the interests of 
Government Departments and others that were not 
already adequately provided for. 

The Committee has now issued its first report,* 
covering a period of nearly three years up to July, 
1924. In spite of its primary association with 
Government investigations, the Committee includes 
in addition to representatives of the fighting services 
and the National Physical Laboratory, the Directors 
of four of the Textile Research Associations, one of 
whom, Dr. Crossley, is chairman both of the Com- 
mittee and of two auxiliary sub-committees ap- 
pointed to advise and direct investigations on 
mycological problems and on strength-testing of 
fabrics respectively. There seems accordingly little 
doubt that the Committee should be in a good 
position to avoid overlapping of work, and indeed it 
appears to have given a great deal of attention 
to-collating the work that has been already done, or 
was in progress at the time of its appointment. 
In accordance with the general practice of the 
Research Department, it seems to have done nothing 
itself that it could get done equally well by some 
other body. 

It was, therefore, to investigations on general 
problems, in which the nature of the textile fibre 
was not the main factor, that it has addressed itself, 
and it has given special consideration to the deterio- 
ration of fabrics from various causes, the waterproof- 
ing and fireproofing of fabrics, and methods of test- 
ing fabrics for strength. The report itself gives 
a general outline of the questions it has had under 
consideration, and in appendices the results of inves- 
tigations are given in detail. 

The conditions of use, especially those of climate, 
seem to determine the relative importance of the 
causes that lead to the deterioration of fabrics. Thus, 
aeroplane and airship fabrics suffer from light; 
tents, especially in hot, damp climates, from micro- 
organisms ; and in every class of deterioration 
chemical action is thought likely to be present to 
some extent, and in some instances such as fire- 
proofing, to be the predominant factor. On tents 
alone, the cost of replacement based on pre-war 
requirements and prices in 1922 was about 200,000. 
and the average life of a tent even in England is 
said to be only twelve months. 





* Department of Scientific and Industrial Research. 
First Report of the Fabrics Co-Ordinating Research 
Committee, H.M. Stationery Office. ls. 9d. net. 
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Accordingly measures were taken at an early 
date for investigating the nature and extent of the 
deterioration caused by light and by micro- 
organisms, including with the latter group of 
enquiries an investigation into the deterioration of 
fishing nets, which forms a substantial item 
of expense to the fishing industry. Except in the 
investigations in regard ‘to fireproofing the Com- 
mittee has made no definite enquiry into deteriora- 
tion by purely chemical action, knowing that 
investigations of the kind are being carried out by 
the industrial research associations. 

In practically all the lines of investigation an 
apparently indispensable criterion of deterioration 
has been the tensile strength of the material under 
investigation, and by far the largest appendix is 
devoted to a description of what has been done in 
the mechanical testing of fabrics. For some time 
past specifications have been imposed for strength 
on supplies of yarns and fabrics, and the British 
Engineering Standards Association has itself put 
forward standard specifications. It is found, how- 
ever, that these specifications have raised problems 
which as yet have not been solved completely. 
The method of preparing test specimens has been 
standardised, but numcrous other factors, such as 
the adjustment of an even initial tension in the 
test piece, the humidity of the atmosphere, the 
rate of loading, and even the size or capacity of 
the machine, have been found to affect the results, 
and make comparison between them difficult or 
uncertain. 

The size of specimens suitable for light fabrics, 
such as are used in aeroplanes, has been investi- 
gated at the National Physical Laboratory, and a 
specimen 6 in. long and 2 in. wide has been adopted 
as a standard for such materials. The standard 
size for heavy fabrics is now under investigation. 

On the other hand, the effect of humidity is more 
difficult to control. During the war fabrics were 
tested, but. no constant relation could be traced 
between the wet strength and that under ordinary 
conditions of dryness. The British Engineering 
Standards Association therefore reverted some four 
years ago to the dry test, and specified that it 
should be made in air of 66 per cent. humidity. 
This, however, was easier to specify than to pro- 
cure. Few laboratories have facilities for controlling 
humidity, and even these are said to be at present 
imperfect. One sub-committee of the British 
Engineering Standards Association is said, in fact, 
to have again reverted to the wet test. Some 
American work has shown that on heavy fabrics 
the discrepancy is even more serious. For the 
time being, therefore, the testing of fabrics of which 
the hygrometric state may vary, as it must in 
practically all untreated fabrics of textile materials, 
remains an unsolved problem. Variations up to 
25 per cent. or more are said to occur between the 
results of tests under different conditions of moisture, 
and the only practicable course seems to be to 
ascertain, if possible, the most exacting hygrometric 
conditions to which the fabric will be subjected 
in use, and to test under those conditions, leaving 
the presence of more favourable conditions as an 
addition to the factor of safety. 

But even excluding the element of humidity, or 
supposing it constant, the method of loading the 
testing machine offers considerable practical diffi- 
culty. Machines may be constructed either to 
maintain a constant load on the fabric, or to pull 
it apart at a constant rate. The choice between 
these systems, as well as the rate at which the load 
is applied, have a considerable effect on the test 
result. It is indeed thought, that before really 
accurate tests can be made on textile materials, 
some form of machine will have to be devised in 
which the elasticity of the material exerts no 
influence on the rate at which the load is applied. 
An American machine has, in fact, been described 
which is said to satisfy this condition, but no 
results from it are given in the report. 

Several investigations have been made into the 
effect of the same machine-rate of load—that is, 
the load indicated per inch of travel of the moving 
jaw, which would correspond to the true rate of load 
on the fabric if the fabric were inextensible—when 
applied on machines with different capacities. The 
effect of these is to show that the size of machine 





may be a very material factor, and the same fabric, 
tested on machines of different capacities, may 
give as much as 10 per cent. difference in breaking 
strain. A series of tests was made at the Man- 
chester Chamber of Commerce Testing House and 
Laboratory as between three testing machines in 
common use, which showed that there was no con- 
stant relation between the strengths recorded by 
two of the chief machines for different fabrics, even 
when the fabrics were of similar total extension. 
In another series of tests it appeared that in both 
machines a wide variation existed between the 
results of individual tests, which in this series were 
made on 500 specimens of the same material. With 
one machine the individual specimens varied in 
breaking strain from 370 lb. to 485 Ib. on one 
machine, and from 410 to 495 on the other. Ina 
second series, made on 1,000 pieces, the results were 
somewhat similar. It seems, therefore, that the 
intrinsic variation in strength of the same material 
is considerably in excess of any likely difference 
between the results given by different machines. 
It may be possible to improve the uniformity of 
strength in the material. In the meantime, no 
doubt can be felt that such modifications in design 
of the machines as will enable results from them 
to be more strictly comparable are worth making. 
In the opinion of the Committee, it seems at present 
to be impossible to standardise methods of testing 
fabrics completely, and for the time being its atten- 
tion is devoted to accumulating accurave informa- 
tion and endeavouring to solve minor problems 
bearing on the more general question. Certainly 
this policy seems preferable to that of setting up 
standards on inconclusive data which later ex- 
perience may discredit. 





MARINE DIESEL MACHINERY.* 


By James Ricuarpson, B.Sc., M.Inst.C.E., M.I.N.A. 


Tue figures of gross tonnage taken from Lloyd’s 
Returns are eloquent testimony of the very rapid rise 
to popularity of the motor ship. The United Kingdom 
does not take the same place in motor construction as 
other countries. The percentage of motor tonnage to 
steam tonnage here is only 58 as compared with 130 in 
other countries. In respect of indicated horse-power, 
Diesel engines at home represent 41 per cent. of steam 
reciprocating and turbine engines combined, as com- 
pared with 145 per cent. abroad. The average indicated 
horse-power per 5,000 tons gross of shipping abroad is 
4,100 as compared with 2,700 indicated horse-power 
at home. Therefore, both in respect of percentage 
motor to steam tonnage and also in the amount of 
power per ton, the foreign shipowner is more favourable 
to the Diesel oil engine. 

To turn to the technique of internal-combustion 
marine machinery, there has been a very steady and 
gradual increase of power obtained per unit cylinder, 
and general progress in the leading characteristics 
of design to suit marine conditions. Two outstanding 
features must definitely be recorded, and these concern 
the adoption of forced lubrication for the moving parts, 
and the driving electrically of the engine-room auxili- 
aries and deck machinery. These are two most 
important advances for which the Diesel engine is 
directly and solely responsible. The changes in 
Diesel engine practice which have been made in order 
to conform to marine experience may briefly be touched 
upon. From the point of view of cost of operation and 
maintenance in general, it has been definitely proved 
that if the power can possibly be generated on one 
propeller, it is a mistake to instal twin screws. With a 
single propeller there is a definite limit to the speed of 
revolution if the best results are to be achieved. The 
prime mover, therefore, must be designed around this 
characteristic, and this has led to the adoption of 
longer strokes and higher engines. It will be appreci- 
ated that the height of the main engine is not of para- 
mount importance in a cargo ship, although it has great 
significance when passenger carrying is the main 
consideration. Long-stroke engines, furthermore, have 
the additional advantage that the crankshaft can be 
made of the completely built type, i.c., journals and 
crank-pins are both shrunk into the webs, retaining a 
reasonable mass of material between the pin and the 
journal, and giving the strongest form of crankshaft. 
The long stroke obviously necessitates a very high 
stroke-bore ratio. The accommodation of the normal 
four-stroke cycle inlet and exhaust valve in the cylinder 
head has necessitated re-designing this part around this 
essential. For two-cycle machinery of the normal type, 





* Paper read before the Manchester Association of 
Engineers on Friday, November 13, 1925, Abridged. 


the longer the stroke the more difficult the scavenging 
problem becomes. The next point to which considera- 
tion might be directed is that ease of access and overhaul 
can never be too much studied in a marine prime mover 
where so much depends financially upon regular and 
consistent operation. These factors, furthermore, have 
a not unimportant influence on maintenance costs, 
which, above all other factors, are the determining 
influence in deciding upon any particular type of 
marine propelling unit. 

Table I indicates the progress made towards reducing 
the weight of Diesel machinery. Generally the speed 
of revolution has been reduced. 


TABLE 1.—Marine Diesel Engines. 
Type and Year. Weight. 

Single-Acting Engines. Ib./B.H.P, B.H.P./ton 
Four-cycle, 1912... ne 350 6-4 
Four-cycle Beardmore-Tosi, 

1920... aed nt ane 320 7°0 
Four-cycle Beardmore-Tosi, 

1925... use 


ove eee 290 7-7 
Four-cycle (latest Burmeis- 
ter and Wain design. See 
Mr. Blanche’s Paper, 1924) 270 8-3 
Two-cycle Sulzer Type, 1923 260 8°6 


There is no novelty in the idea of double action. 
The gains which must accrue as a result of developing 
power on both sides of the working piston are obvious. 
Continental constructors with years of experience in 
this field who spoke at the International World Power 
Conference at Wembley, 1924, were impressive in 
their testimony to this type of prime mover. Whilst 
the gains with double action are very obvious the dis- 
advantages are not so apparent. It must not be 
assumed, as is done, that since the conversion of a 
steam engine from the single to the double-acting 
principle is relatively a simple change, that internal 
combustion presents any parallel. With the oil engine, 
the piston rings, the liner, and the piston are the most 
important parts. With the single-acting engine, their 
condition can be fairly accurately estimated whilst 
the engine is running. Full examination, replacements 
or repairs are very quickly and conveniently carried 
out. With the double-acting engine, the condition 
of these parts is not so easily gauged, and their ex- 
amination and replacement call for much greater 
work. The stuffing box for the piston rod is an addi- 
tion and a complication when dealing with high- 
temperature gases, but it need not cause concern, 
although it will definitely require a certain amount of 
maintenance. In other words, the successful evolution 
of double-acting engines will not cause the complete 
supersession of the single-acting type, which, with its 
admirable simplicity and accessibility, will compete 
for some very considerable time up to certain powers. 

Double- Acting Engines.—Undoubtedly the two-stroke 
cycle double-acting engine, with its even turning 
moment, its exterior simplicity and few small valves 
required for controlling the admission of fuel and 
starting air to the cylinders, and the possibility of 
developing power with fewer cylinders and cranks, make 
it a very attractive solution to the marine internal- 
combustion engine problem. On the other hand, the 
problems associated with scavenging and exhaust are 
more difficult when a piston rod of fairly large diameter 
is introduced. The advantage of the simplicity of 
the exterior is counterbalanced by the complications 
of the internal castings, in particular, the cylinder 
liner. 

The supply of the necessary quantity of scaveng- 
ing air also calls for large and expensive plant. The 
double-acting two-stroke cycle engine has one advantage 
over the single-acting two-cycle engine, in that the 
lubrication of the bearings is facilitated, whereas, in 
the single-acting two-cycle engine, the pressure is always 
in one direction. When dealing with two-cycle double- 
acting engines, we must look to Germany for most 
of the experimental results that have been obtained 
to date. Developments in Germany before the war 
took the form of building large double-acting, four- 
stroke cycle Diesel engines of the horizontal type for 
land duties, very similar to the large gas engines then 
standardised. Some success was achieved. Simul- 
taneously experimental construction of marine double 
acting two-cycle Diesel engines was pursued on a 
large scale. Mishaps of a serious nature cut short 
these endeavours, but the same determination and 
perseverance has marked post-war developments, and 
a number of experimental double-acting two-cycle 
Diesel engines are being built in Germany at the present 
time. A number of different designs of engines are 
being tried out, covering varied means of scavenging 
and methods of fuel injection into the cylinders, and 
some very large claims are being made in connection 
with high outputs per cylinder. These are test-bed 
results and are reminiscent of the claims put forward 
in 1912 and 1913. If one thing is certain in the 
realms of internal combustion, it is that it is not very 
difficult to obtain very high mean-effective pressures 





on the test-bed, but it is an entirely different question 
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when these outputs have to be sustained continuously 
at sea. As regards four-cycle double-acting engines, 
sixteen large vessels, of from 10,000 to 20,000 tons d.w., 
are at present being fitted with four-stroke double- 
acting prime movers. In these ships there will be 24 
main engines totalling some 130,000 brake horse- 
power. 

The whole of the marine world has been stirred by 
the controversy which had as its starting-point the 
views strongly favouring the motor ship expressed by 
Lord Bearsted and Sir Fortescue Flannery before the 
Royal Society of Arts on February 11 of the current 
year. It is not in any way a subject for wonder that 
the enormous interests in this country centred in the 
steam turbine should have presented the alternative 
to the steady course now being pursued by the world’s 
shipowners in strongly favouring the Diesel oil engine 
by great and repeated orders for motor vessels. We 
are justly proud of our unequalled position in steam 
engineering, attained largely as a result of the long 
lead given by the pioneer work of its genius, Sir Charles 
Parsons. In presenting such a case, a great service 
has undoubtedly been done, and a careful study of all 
the points involved can only serve to give a much 
clearer view of all the factors, and therefore, lead 
inevitably to a very solid basis for future development, 
coupled with the increased satisfaction of firmly held 
confidence in the correctness of the decisions come to. 
Any detailed review of the very considerable mass of 
information expressed must commence on a note of 
deep regret that shipowners, with their definite ex- 
perience of the motor ship, should have remained so 
silent on a subject so peculiarly their own. What is 
the reason? They are certainly capable of presenting 
their complete case. In times such as those through 
which we are now passing, when severe competition 
must be met in all directions, the economics of ship- 
owning are as carefully scrutinised by those responsible 
as are those of any other industry. When discussing 
this subject with some of our leading shipowners who 
have ordered repeat motor ships as a result of the 
satisfactory performance of earlier similar vessels, in 
direct competition with steamers on the same trade 
routes, the only reply elicited was that such experience 
was the stock-in-trade of the shipowner, and would 
not therefore be passed on for the advantage of others, 
particularly competitors. In one case it was stated 
that, on the same trade route, the motor ship showed a 
substantial saving per ton-mile in operating costs, 
in contravention to the figures published in the pro- 
ceedings of the Institution of Naval Architects. On this 
particular run, of between two and three months’ dura- 
tion, the motor ship had the advantage of one week 
less time for the same amount of work. It is also 
stated that a better class of man was attracted to the 
motor ship. 

The question of the greater average speed maintained 
by the motor ship must be stressed as it is seldom 
understood. It is due to the fact that in normal 
weather, when the propeller is not always completely 
immersed, the governing with the Diesel oil engine is 
extremely close; the revolutions do not fall, and the 
average speed is well maintained. In rough weather 
the advantages of governing are still considerable, 
and the power developed by the engine is quite inde- 
pendent of the personal element. The foregoing is 
only given as one example. Others could be cited, 
and if they are not representative, thon shipowners are 
following a fashion regardless of their best commercial 
interests. If, on the other hand, these statements are 
a true index, then there must be some fundamental 
mistake in the figures given this spring before the 
Institution of Naval Architects, which has not so far 
been definitely pointed out. Where, then, are the 
errors in the case as presented? Firstly, the general 
figures for the cost of running Diesel engines given 
before the Institution of Naval Architects, so far as can 
be judged, are the earliest records of a pioneer vessel, 
the first of her class, taken before the machinery or the 
personnel had settled down to a steady performance. 
In particular, for instance, the lubricating-oil consump- 
tion was double what the leading constructors of four- 
stroke cycle Diesel engines are prepared, as a result 
of much sea-going experience, rigidly to guarantee. 
Secondly, the ratio of price of Diesel and boiler-oil 
fuels and coal do not refer to the general run of vessels. 
The following figures have been obtained from a leading 
shipowner :— 

Prices per ton for Oil Fuel. 


Diesel Fuel Oil. Boiler Fuel Oil. 
d 


&. . 8. 

New York... 68 6 50 6 
Panama 71 6 49 3 
Honolulu ... 67 0 5l 6 
Singapore ... 80 0 74 0 
Aden : 62 6 62 6 
Oran 67 6 67 6 

Average 69 8 59 2 


Average price of coal, 35s. per ton, 
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It will be seen from the above that the average price 
of boiler oil is 83 per cent. of the price of Diesel oil, 
and that, in the port where Diesel oil is quoted at the 
lowest rate, the price of boiler oil is the same as the 
price of Diesel oil. Due to the higher consumption, 
the steamer has very considerably less bunker capacity, 
and so cannot take the same advantage of filling up 
at the cheapest port on the trading route. This confers 
a further advantage to the motor ship. 

In considering the question relative to coal-fired 
steamers, from the foregoing table it will be seen that 
the ratio of the price of coal to Diesel fuel oil is 1 to 2. 
The savings due to Diesel engines, therefore, in this 
case, assuming this ratio, which is unfair due to the 
much greater bunker capacity of the motor ship, 
are quite obvious, since the motor ship, with Diesel 
electric auxiliaries, will only consume from one-fourth 
to one-fifth the quantity of fuel of a coal-fired cargo 
steamer. There is one case in point, which has 
come to the author’s direct attention. Motor ships 
in competition with steamers, both bunker in Great 
Britain, i.e., the one in a very dear oil market 
and the other in one of the cheapest coal markets. 
It should also be pointed out that the steamers in 
question have the higher trial trip and fair weather 
speed. Any tabulated statement similar to those so 
often prepared, taking into account all possibly calcu- 
lable factors, clearly shows the steamer to have the 
advantage. What are the facts? On the assurance of 
the owner of this considerable fleet, there is, after 
several years’ experience, a very considerable saving 
with the motor-ships, due to the following factors : 
rapid and most economical handling of cargo with 
electric winches ; extra speed, especially in normal and 
bad weather, permitting the motor ships to exceed 
the best and so-called faster steamers’ mileage per 
annum by no less than 15 per cent. to 20 per cent. ; 
very clean turn-out of the cargo, due to the absence 
of heat radiation, &c. Were the case such that the 
motor ship could bunker in a cheap oil market, and the 
steamer were compelled to buy some coal in dear ports, 
further savings that would accrue would be nothing 
short of enormous. If the price of the boiler oil were 
very substantially lower than that of Diesel oil, the 
cost of the installation of extra heating, separating and 
filtering apparatus, together with the higher annual 
charge for renewing liners and piston-rings, would 
be supportable, and there would bea greater incentive 
towards the use of boiler oil in Diesel cylinders. 
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The first cost of the motor engine is still much 
greater than that of steam machinery. The difference 
is being reduced due to standardisation, concentration 
on the methods of shop production suitable to mass 
fabrication, improvements in design, reducing work- 
manship, the introduction of the double-acting principle 
and, with four-stroke cycle machinery, the adoptiou 
of supercharging. The more general acceptance of 
electric auxiliaries must always keep the motor ship 
price high, although it is seldom now disputed, except 
in special cases such as tankers, that the extra cost 
for electric auxiliaries as compared with steam is very 
rapidly written off by the very great economies so 
effected. Sufficient experience is now available of 
ocean-going motor ships, extending to fourteen years 
of continuous operation, to show definitely that the 
life of motor engines is quite satisfactory. The wearing 
parts are relatively small and quickly renewed, and 
there are no parts subject to the same obscure and 
sometimes rapid deterioration as is met with in boilers 
and condenser tubes. Whilst giving full credence to 
the possibility of improving the performance of steam 
machinery, no cognisance is taken in the paper before the 
Institution of Naval Architects of the steady improve- 
ments being made with the Diesel engine, which, 
after all, is still in its infancy. A very considerable 
proportion of the heat of combustion of the fuel is 
generally rejected to the exhaust and the cooling 
water which the Still engine has proved can be converted 
into useful work. The larger the unit cylinder the 
greater are the possibilities in this direction. The 
development of the double-acting engine has only 
commenced, but important economies will undoubtedly 
result in due course. 

The development towards high pressures and 
temperatures with steam plant is foreshadowed. ‘This 
path of development is rational, and will undoubtedly 
lead to economies. It certainly will be a very con- 
siderable time before all the major difficulties are 
surmounted. Superheaters have been removed from 
a number of turbine ships without, it is claimed by 
the superintendents, any marked deterioration in 
economy. Water-tube boilers require the perfection 
of very special precautionary measures to prevent 
the entrance of any substantial amount of salt water. 
The introduction of high pressure and temperature 
steam joints on shipboard demands much thought. 
The problem of high-pressure gauge-glasses and boiler 
mountings has to be solved, So potent are these 
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factors that, without a clear demonstration, considerable 
scepticism may be felt. Meantime for the passenger 
liner, the turbine and the Diesel engine, in its double- 
acting form, will compete, and in due course the results 
will foreshadow the future. 








REFRACTORY MANGANESE-SILVER 
ORES. 

OXIDISED silver ores, containing the higher oxides of 
manganese and occurring as deposits in the fissure 
veins of acid eruptive rocks of late Tertiary Age, have, 
with few exceptions, proved refractory to the usual 
processes of silver extraction. When treated by 
cyanidation the yield in silver is low, and, in conse- 
quence, they have, for the most part, been rejected by 
metallurgists. The refractoriness of manganiferous 
silver ores is attributed to the fact that a silver man- 
ganite is present, and also that, at high temperatures, a 
silver silicate is formed (there being a large excess of 
silica in the crude material), both of which compounds 
are insoluble in cyanide solution. As these ores are 
found in considerable quantity in the American States 
of Colorado, Montana, Arizona, and New Mexico, as 
well as in the East Indian Island of Sumatra, the United 
States Bureau of Mines and the Netherlands East 
Indies Government decided, some years ago, to co- 
operate in an investigation of the chemical and physica] 
characteristics and methods of treatment of the 
material. A bulletin dealing with the results of both 
small and large-scale experiments has recently been 
issued by the Bureau at Washington.* 

A new process, named after its inventor M. H. Caron, 
having previously given encouraging results in the 
laboratory, it was decided, at the outset, to investigate 
the method fully, and to develop large-scale equipment 
for its commercial application. The theory of the 
Caron process may briefly be summarised as follows : 
When the refractory ore is heated in a reducing atmo- 
sphere, the higher oxides of manganese are reduced to 
manganous oxide (MnO), and the silver manganite is 
decomposed. If the hot mass be cooled in such a way 
4s to prevent reoxidation, the ore is rendered amenable 





_* Bulletin No.- 226, ‘‘The Treatment of Manganese- 
Silver Ores.” G.H,. Clevenger and M. H. Caron. 
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to cyanidation. Silver silicate is also decomposed by 
reducing gases, but this reaction is not so readily 
effected ; neither is it as complete as is the case with 
the manganese compounds. 

The apparatus used in many of the earlier tests, 
although efficient in the laboratory, could not be 
adapted to large-scale operations. Extensive experi- 
ments showed that the process could be carried out 
most effectively in a special rotary-kiln type of furnace, 
and this led to the development of a plant known as 
the Clevenger furnace and cooler unit. i 

During the year 1921, trials on a commercial scale 
were conducted at Pachuca, Mexico, and the Clevenger 
furnace used had a daily capacity of 50 metric tons. 
The plant comprised a preheating rotary kiln, a reducing 
rotary kiln, and a cooling unit. Ore, in pieces of from 
1 in. to 2 in. cube, was charged in at the upper end of 
the preheating unit; it was dried and brought to the 
reaction temperature by means of direct oil-firing. 
The combustion chamber was situated at the lower end 
of the preheating kiln, between the latter and the 
reducing kiln. Gas, having a calorific value of 150 
B.Th.U. per cubic foot, was supplied to the cooling unit 
and reducing kiln by an improvised charcoal gas pro- 
ducer. The gas entered the lower end of the cooling 
unit, and, passing upwards into the reducing kiln, met 
the down-coming ore. A specially-constructed air 
pipe passed through the cooling unit and into the 
reducing kiln, where it was terminated by four so-called 
“air burners.’’ The latter were fitted with special 
sleeve nozzles, which had the effect of drawing in some 
of the gas passing upwards through the reducing zone, 
thus forming a gas-air mixture. This mixture burned 
in the surrounding gas atmosphere with a flame 
resembling that of a gas-air mixture in air. The 
size of the flame was dependent on the volume of 
air passing through the burner, and this was regulated 
by means of an external valve. The most favourable 
reduction temperature for each type of ore treated was 
ascertained by a series of tests ; in general, it was found 
to lie between 500 deg. C. and 700 deg. C. 

The cooling unit consisted essentially of a steel shell 
attached to the lower end of the reducing kiln; it was 
maintained at a low temperature by means of a water 
spray. The reduced and cooled ore was discharged into 





a hopper terminated by a gas-tight water seal. Three 
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Mexican manganese-silver ores were used in the tests, 
the most typical of which was that from the Guanacevi 
mine. This contained a high proportion of insoluble 
matter, 12-99 per cent. of manganese dioxide, 23-60 oz. 
of silver and 0-038 oz. of gold per short ton. Cyanida- 
tion of the raw ore yielded 65 per cent. of the silver, 
and 77 per cent. of the gold present. After treatment 
in the Clevenger furnace, the recovery of the silver 
amounted to 90-5 per cent., and that of the gold to 
99 per cent. of the total quantities present. The tests 
also showed that the fuel consumption was reason- 
able and approximated closely to the calculated figure 
obtained from small-scale tests. In localities where 
cheap fuel is available, the estimated cost per metric ton 
of ore treated, in the case of plants capable of dealing 
with 500 tons of material a day, amounts to about 2s. 
This figure, however, can only be regarded as an 
approximate one, as the composition and refractoriness 
of manganiferous silver ores vary greatly. That the 
reduction process can be worked on a commercial scale 
has, nevertheless, been proved, and, although various 
minor problems remain to be solved, the plant has 
shown itself to be well designed, economical, and 
efficient. 





THE RED GIANT PNEUMATIC 
DRILLS AND REAMERS. 


THE pneumatic tools illustrated on this and the 
opposite pages in Figs. 1 to 8, are recent products of 
The Consolidated Pneumatic Tool Company, Limited, 
of Egyptian House, 170, Piccadilly, London, W.1, 
whose works are at Fraserburgh, Scotland. These tools, 
known as the “Red Giant”? machines, will form a 
special feature at the firm’s stand at the forthcoming 
Shipping, Engineering and Machinery Exhibition at 
Olympia. Constructionally, the tools have many 
features of interest. They have two cylinders, in each 
of which the compressed air is expanded on both sides 
of the piston. We may deal first with the pattern shown 
in Figs. 1 and 2, of which the former gives a vertical 
section through the machine, and indicates the construc- 
tion of the piston and cylinder. The special features 
here illustrated, introduced to prevent air leakage, are 
the use of two rings on each piston and an effective 
packing gland for the piston rod. An extension of the 
cover in which the gland is housed forms the guides 
for a crosshead, an arrangement which ensures a con- 
siderable reduction in the wear of the cylinder and 
piston. From the crosshead the motion is carried 
to the crankshaft by a forged rod, forked at the small 
end and at the other end encircling the crank pin. 
At the crank end of this connecting rod a further im- 
provement on orthodox design is seen. This is shown 
in Fig. 1, and also by a further view in Fig. 5. From 
these illustrations it will be appreciated that half 
of the big end is hinged to the main forging and pro- 
vided with a set screw fastening. Accurate register 
of the two halves of this bearing is arranged for, by 
the use of a tongue and groove joint (see Fig. 5). The 
crankshaft itself is a solid nickel-steel forging, which 
is case-hardened and is provided with eccentrics which 
form an integral part of the shaft. The crankshaft 
is effectively supported in ball bearings and as 
it runs in a closed oil bath, easy and cool opera- 
tion is ensured. The valves, which have removable 
bronze bushings, are of the piston type, and absorb 
very little power. They are substantial, and are pro- 
vided with large bearing surfaces, which must result in 
a savingin replacements. Actually, the extent of their 
movement is only one-twentieth of their -length. 
Alternative control- valve arrangements may be 
adopted; these are illustrated, the first in Figs. 1 
and 2 and the second in Fig. 6. The drive from 
the crankshaft is taken to the spindle through suitable 
gearing, which may be of the single-reduction type, 
or compound, as is shown in Fig. 1. In form the 
outside spindle has been designed to facilitate the 
extraction or replacment of taps, drills or reamers, 
and alternative designs, shown in Figs. 1 and 4, are 
available for tools having different forms of shanks, 
The simple tool, designed to run in one direction only, 
is made in four sizes, having maximum capacities in 
drilling from 1} in. to 2 in. diameter, and in reaming 
from | in. to 2 in. diameter. 

A reversing type of this machine is also made. It 
is illustrated in Figs. 7 and 8. In this case the 
valves are inclined to each other in order that space 
may be afforded between them for the accommodation 
of the reversing valve. The four standardised sizes of 
this model have capacities for drilling holes ranging 
from 1} in. to 2 in in diameter, reaming up to between 
1 in. and 2 in., tapping from 1 in. to 2} in, and tube 
expanding from 2} in. to 3 in. Reaming is a much 
harder job than drilling, as the variations in load 
are very irregular, and as this machine has been 
specially designed to deal with these exceptional 
conditions it will be understood that it will readily 
meet the less arduous requirements of the other 
classes of work it may be applied to. 















































































































THE HEATING POWER AND 
USEFULNESS OF GAS. 

THE gas consumer in this country, as in several 
others, at the present time pays for therms supplied, 
but he is charged according to the reading of his gas 
meter, which registers cubic feet of gas. The gas 
company is legally bound to supply gas of a definite 
calorific value, and this value is probably well main- 
tained. In principle it would appear to be obvious 
that the heat units actually supplied should form the 
basis of the charge. In practice the question arises 
whether, to put it briefly, a large quantity of 
diluted gas at a relatively low rate of charge is as 
well worth its price as a little concentrated gas at 
a proportionally higher rate. This may be the case in 
the laboratory, where the experimenter can so adjust 
his apparatus, burner, charge and time of heating that 
the calories actually consumed are practically unaltered. 
It may not be so, however, even in the laboratory, when 
certain temperature and time limits must be observed, 
and need not be so either in domestic use or in 
works, where considerable adjustment is impossible. 
The actual] fluctuations in the heating value of com- 
mercial gas are never great. But they are sufficiently 
significant, and the question whether the charge by 
the therm is always right remains highly controversial 
and is very difficult to answer, even statistically. 
Most gas companies have changed the quality of their 
gas within recent years more than once. The demand 
for gas fluctuates too much with many factors, such as 
weather, financial depression and increased economy, 
installation of new appliances, &c., for any com- 
parative study of the results of such changes to be 
based upon the general statistics of gas consumption. 
It is therefore very satisfactory to find that the critical 
review of available data, European as well as American, 
summarised in a report by the United States Bureau 
of Standards on “ Relation Between Heating Value 
of Gas and its Usefulness to the Consumer,’’* comes 
to the conclusion that for the common uses of gas 
the same amount of potential heat is equally useful, 
regardless of volume, composition and other properties 
of the gas. 

One of the first investigations of this kind, by the 
late Thomas Fletcher, has often been misquoted. 
Experimenting with Dowson gas and 18 candle-power 
coal gas, approximately of heating values in the ratio 
4:1, Fletcher found in 1902 that their values for room 
heating were in the ratio of 3:1, for melting iron as 
7:1, and from 3 to 10:1 for cooking. But he also 
found that, other things being equal, and the burners 
suitable and well adjusted, the economic results varied 
very little with the calorific power of the gas. As 
regards incandescent gas burners, Ste. Claire Deville, 
Mayer and Schmiedt, Bunte, Forshaw and others 
came to the same conclusion, whilst Russell and White, 
and Allen disagreed, the former particularly with 
respect to carbon monoxide, which seemed to give 
low efficiency in Welsbach burners. The long-con- 
tinued experiments of the Bureau of Standards, 
interrupted by the war in 1917, with water heaters, 
range burners, crucible and mantle heating, &c., 
confirmed the assumption that all commercial gases 
could be used with practically the same efficiency. 
The committee of the British Institution of Gas 
Engineers of 1918, which particularly studied gas of 
low calorific value, 240 to 550 B.Th.U.. against the 
500 to 725 B.Th.U. gas of the Bureau of Standards, 
was likewise rather surprised to find the extent to 
which the efficiency of gas fires and ring burners was 
dominated by the calorific content, and how little it 
was affected by the grade and composition of the gas. 
The subsequent reports of this committee further 
showed that the effect of 25 per cent. of inerts on the 
illuminating power of 550 B.Th.U. gas was almost 
negligible, and that flame shape and structure had 
more influence than the addition of nitrogen and 
carbon dioxide. 500 B.Th.U seems to be the mini- 
mum compatible with good radiating power in gas 
tires. But there is apparently no reason to insist 
upon high calorific value, nor to believe in the often 
reasserted statement that low-power gas is relatively 
more effective than high-power gas. 

The gas company statistics, so far as comparable, 
support this conclusion, Many statistics fluctuated 
too much, especially during war time, to be useful. 
The Bureau of Standards analysed many reports, 
selected those that could claim some official or semi- 
official authority, and submitted its summaries, before 
drawing up its report, to the American Gas Association, 
which circulated the review among its members for 
critical comment. Massachusetts supplied instructive 
statistics. There, one group of companies lowered its 
standard of about 600 B.Th.U. which the other groups 
continued to maintain; by 1918 a uniform standard 
of 518 units was adopted in that State. The statistics 
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of the Railroad Commission of California, which con- 
ducted a thorough investigation in conjunction with 
the Bureau and with the gas companies, are most 
valuable because they extended over several years and 
attempted to correct for the effects of disturbing 
factors in various towns. Decreasing the heat value 
on the whole increased the volume of gas consumed, 
but affected the total heat used very little, if at all. 

The key to the problem seems to be that when 
commercial gas is burned with air, under favourable cor- 
ditions, the hottest part of the flame has about the 
same temperature for any gas. The transfer of heat 
from the flame to the object to be heated is, however, 
always incomplete, and for efficient transfer the zone 
of maximum temperature should be brought into the 
most favourable position. That position can be ad- 
justed, to a certain extent, for instance, by watching 
the brightness of the mantle, when the heating value 
changes. Considering that the interests of the public 
and of the gas companies are finally the same, the 
Bureau of Standards proposes that a company 
should supply gas at the lowest total cost to the 
company, that standard values should not be settled 
for long periods, and that the company should be 
allowed to change the heating value at will, provided 
the price of potential heat be maintained. This last 
recommendation probably goes too far and some safe- 
guard is due to the public. 
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PEeRsoNAL.—The address of the Cement-Gun Co. 
(Great Britain), Limited, is now Broadway Buildings, 
Westminster, London, S8.W.1, and not, as formerly, 
100, Victoria-street, S.W.1.—His Majesty’s Trade Com- 
missioner to Western Canada, Mr. L. B. Beale, has 
announced that the address of his office is now 18, 
Commerce Building, and not 210, Winch Building, 





Vancouver, B.C., as formerly. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Hull Coal Traffic.—A break in the previous consistent 
decline of South Yorkshire coal exports via Hull is 
notified in the returns for last month. Compared with 
October last year the total quantity sent abroad showed 
a welcome increase of over 31,000 tons. The most 
outstanding feature was that both France and Germany 
took a heavier tonnage than in the corresponding month 
of 1924, and that the quantity sent to Italy was over 
eight times as large. Increased business was also done 
with South America, Finland, Iceland and Latvia. The 
only considerable decline was in the case of Sweden, 
though, despite a drop of over 3,000 tons, that market 
constituted South Yorkshire’s biggest buyer. Ship- 
ments for the first ten months of this year were over 
half a million tons less than for the corresponding 
period last year. 

“Buy British Goods’’ Campaign.—Special interest 
attaches to the annual luncheon of the Sheffield and 
Hallamshire District of the Federation of British 
Industries to be held at Sheffield on November 25, 
at which Colonel F. Vernon Willey (President of the 
F.B.1.), is to be the chief guest. This district claims 
to have been the prime mover for a campaign in favour 
of the purchase of British goods, which the federation 
are now actively taking up with the Government. To 
keep this point before all who will attend, the lunch is 
to be an “ All British”? one. The menu will draw upon 
the resources of Australia, New Zealand, Tasmania, 
Canada, Kenya and South Africa, as well as the British 
West Indies and British Central Africa. 


Iron and Steel_—There are indications of a movement 
in the right direction. Iron and steel scrap has taken 
on a firmer tendency, showing that furnace users are 
increasing stocks for steel production. Another pointer 
is an increase as compared with a month ago of 5s. per 
ton in the cost for local delivery of East Coast hematite. 
This is believed to be due to a larger demand resulting 
from slightly improved conditions in the acid steel 
section. Many more contracts are required at crude 
steel works before extended plant can be operated 
satisfactorily. Despite keen competition from foreign 
manufacturers, several substantial orders have been 
booked on export account for railway carriage and 
general furnishings. Builders of tramway-cars and 
makers of manganese points and crossings are doing 
good business on provincial accounts. There continues 
to be a steady run on magnet steel for electrical and 
other purposes. The tool trades, after a period of 
slight reaction, appear to be showing signs of recovery. 


South Yorkshire Coal Trade—The more optimistic 
view taken of the outlook is reflected in the increased 
attention that is being paid to the local coal market. 
Actual movements of fuel, though not substantially 
greater, tend to cover the disposal of a larger tonnage. 
The position has not, however, warranted any further 
change in quotations. Business in steam hards and 
cobbles for inland delivery is fairly robust. Nuts are 
going away better, and there is a larger market for 
best quality slacks. The house-coal demand has 
improved without producing any considerable congestion 
at sidings. Quotations: Best branch hand-picked, 
3ls. to 34s.; Barnsley best Silkstone, 28s. to 39s. ; 
Derbyshire best brights, 24s. to 26s. 6d.; Derbyshire 
best house, 23s. to 25s.; Derbyshire best large nuts, 
17s. to 20s. ; Derbyshire best small nuts, 12s. 6d. to 14s. ; 
Yorkshire hards, 17s. to 20s. ; Derbyshire hards, 16s. 6d. 
to 20s.; rough slacks, 9s. 6d. to 12s. 6d.; nutty slacks, 
6s. 6d. to 8s.; smalls, 3s. 6d. to 5s. 6d. 





Tue INSTITUTION OF MECHANICAL ENGINEERS.—Jt is 
announced that H.R.H. The Duke of York has kindly 
consented to honour the Institution of Mechanical 
Engineers, of which he is an Honorary Life Member, 
by attending the Annual Dinner of the Institution at 
the Connaught Rooms on Thursday, December 10. 


ContRAcTs.—Messrs. Metropolitan-Vickers Electrical 
Co., Limited, of Trafford Park, Manchester, have recently 
secured orders for the supply of two 4,000 -kw. turbo- 
alternator sets, complete with condensers and air coolers, 
for service at the power station attached to the oil 
refinery of the Anglo-Persian Oil Co., Limited, at Abadan 
Persia.— Messrs. Yarrow and Co. (1922), Limited, 
of Scotstoun, Glasgow, have secured a contract for 
the installation of water-tube boilers, superheaters and 
air heaters, from Messrs. Michael Nairn and Co., of 
Kirkcaldy.—Messrs. Negretti and Zambra, opticians 
and scientific instrument makers, of 38, Holborn-viaduct, 
London, E.C.1, have completed, or have in hand. 
contracts for the installation of distance indicating and 
recording thermometers for the corporations of Birm- 
ingham, Leicester, Nottingham, Stoke-on-Trent, Cal- 
cutta, Croydon, Edinburgh and Southampton, and for 
the Stourport Station of the Shropshire and Worcester 
Electric Supply Company.—The Underground Company 
has placed orders with Messrs. Cammell Laird and Co., 
Limited, and the Metropolitan Carriage, Wagon and 
Finance Company, Limited, for 78 cars required for 
service on the Morden and Kennington extensions 
which will be ready for service next summer. Thirty- 
three motor-cars and five trailer cars will be constructed 
by the first-named firm, and 40 trailer cars by the 
second.—Messrs. William Johnson and Sons (Leeds), 
Limited, of Castleton Foundry, Armley, Leeds, have 
recently obtained orders for brick-making plant, for 
service in Surrey, capable of producing 120,000 bricks 
per week, and order for plant for Singapore capable 











of producing 250,000 bricks per week. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Following on substantial 
business, values of Cleveland pig-iron have stiffened, 
and price concessions are now difficult to secure. Makers 
are in a stronger position than for some considerable time 
past, having practically no stocks and quite good order 
books, while output is just about sufficient to meet current 
requirements. Home demand continues good, inquiries 
justifying confidence in the future, and a few more small 
sales to America have been put through, but Continental 
customers are still backward, with the result that expert 
sales are still on only a very moderate scale. No. 1 is 
quoted 68s.; little difficulty is now experienced in 
obtaining 66s. for No. 3 g.m.b. ; foundry No. 4 commands 
65s.; and No. 4 forge is put at 64s, 


Hematite.—East Coast hematite keeps in quite good 
request on both home and export account, and makers 
are well sold, some of the contracts recently arranged 
extending to February delivery. Under such favourable 
conditions quotations tend upward, and producers .are 
somewhat markedly disinclined to accept recognised 
market rates. Customers claim that they can still place 
orders for Nos. 1, 2 and 3 at 74s. 6d., but up to 75s. is 
asked, No. 1 is quoted 6d. above mixed numbers. 


Foreign Ore.—There is rather better inquiry for foreign 
ore, but actual transactions are still practically confined 
to sales of odd cargoes. Prices, however, are advancing, 
largely as the result of upward movement in freights. 
Steamers now command 7s., Bilbao-Middlesbrough, 
and imported ore quotations are hased on best rubio 
at 20s. 6d., c.i.f. Tees. 


Blast Furnace Coke.—Sellers of Durham blast furnace 
coke are desirous of meeting the needs of local consumers 
ontreasonable terms, but, with export quotations rising, 
they are asking rather higher prices for delivery to users 
in this district. Up to 20s. is named for good average 
qualities delivered at the furnaces. 


Manufactured Iron and Steel.—Finished iron and steel 
manufacturers are turning out more work, but quotations 
for most descriptions of material keep at unremunerative 
levels, price cutting still being necessary to secure orders. 
Producers of shipbuilding requisites continue only 
very moderately employed, but rail makers have now a 
good deal of work on hand. Constructional steel manu- 
facturers are quite busy, and firms turning out sheets 
are not only heavily sold, but they experience difficulty in 
meeting the continued large demand. Common iron bars 
are 11l. 58.; iron rivets, 12/. 15s.; packing (parallel), 8/.; 
packing (tapered), 11l.; steel billets (soft), 71; steel 
billets (medium), 77. 10s. ; steel billets (hard), 8/7. 2s. 6d. ; 
steel ship, bridge and tank plates, 7]. 5s.; steel angles, 
7l.; steel rivets, 127. 10s.; steel joists, 7/.; heavv 
steel rails, 81.; fish plates, 12/.; and galvanised corru- 
gated sheets (24 in. gauge, in bundles), 172. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Scottish Steel Trade.——Although the tone in the 
Scottish steel trade is better, the improvement in 
business is hardly perceptible. The bookings overall do 
not seem to be heavy in hardly any direction, and mills 
are only kept running from week to week. Continental 
material is not so competitive at the moment, but 
local makers are offering every inducement to buyers 
to give them their business. In the shipbuilding 
industry, there is not a great deal to offer, and while 
general engineering concerns are a little better and struc- 
tural engineers are doing more work, other consumers 
are purchasing very sparingly. Inquiries show some 
improvement again, and a more optimistic feeling 
prevails. Producers of thin black sheets continue well 
employed, but the heavier gauges are still slow of sale. 
For galvanised sheets the outlet is good, and works are 
allfully occupied. Prices are steady, and are as follow :— 
Boiler plates, 111. 10s. per ton; ship plates, 7/. 15s. per 
ton; sections, 7/. 10s. per ton; and sheets, # in. to 
4 in., 97, 78. 6d. per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—In the malleable-iron trade of 
the West of Scotland there has been no change over the 
week. Competition from the Continent continues 
very keen, and the price of steel bars has tempted many 
consumers to give these the preference at present. The 
inquiry is very limited, and the outlook is not bright. 
The current price of ‘“‘ Crown” bars is unchanged at 
111. 5s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—The state of the Scottish 
pig-iron trade has varied little of late, and, while the 
feeling is better, the volume of fresh business has not 
materially increased. Home buyers are not very 
numerous, and their requirements are small, and in- 
quiries from abroad are not encouraging. ‘The current 
prices may be taken as under :—Hematite, 3/. 18s. 6d. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 808. to 82s. 6d. per ton; and No. 3, 77s. 6d. 
to 808. per ton, both on trucks at makers’ yards. 


_ Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ended 
last Saturday, November 14, amounted to 945} tons. 
Of that total 901} tons went overseas and 44 tons 
coastwise. For the corresponding week of last year 
the figures were 960 tons to foreign destinations and 
589 tons coastwise—a fotal shipment of 1,549 tons. 
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NOTICES OF MEETINGS. 





Tue Royat Society or Arts.—To-night at 4.30 p.m., 
at John-street, Adelphi, W.C.2. Indian Section “‘ Recent 
Progress in Indian Forestry,” by Professor Edward 
Perey Stebbing, M.A. Monday, November 23, at 
8 p.m., Cantor Lecture. ‘‘ Coal Ash and Clean Coal” 
(Lecture I) by R. Lessing, Ph.D., F.C.S. Tuesday, 
November 24, at 4.30 p.m. Dominions and Colonies 
Section. Dr. Mann Lecture. ‘‘The National Parks of 
Canada,” by Mrs. Julia W. Henshaw, F.R.G.S. Wed- 
nesday, November 25, at 8 p.m. Ordinary Meeting. 
“Colour Printing,” by Mr. David Greenhill. 

Tue Institution oF MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s Gate,S.W.1. General 
Meeting. ‘‘ Characteristics and Use of Ground Gears,” 
by Mr. H. F. L. Orcutt. Friday, November 27, at 
7 p.m. Informal Meeting. Discussion on ‘“'The Work 
of the Mechanical Engineer in Non-Engineering Indus- 
tries,” introduced by Mr. W. P. F. Fanghaenel, B.Sc. 


THE JUNIOR INSTITUTION OF ENGINEERS.—To-night at 
7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette. 
‘** De-Hydration of Tar,’”’ by Mr. G. E. Wills. Friday, 
November 27, at 7.30 p.m. Lecturette. ‘“‘ The Engineer 
and His Relationship to the Tea Industry,” by Mr. E. 
Granville-Smith. 

Tue Dieset ENGINE Users’ AssocraTIon.—To-night at 
Caxton Hall, Westminster, 8.W.1. ‘‘ Report of Com- 
mittee on Heavy-Oil Engine Working Costs, 1924-25. 


Tue Institute or British FOUNDRYMEN: LAN- 
CASHIRE BRANCH—JUNIOR SEcTION. Saturday, Novem- 
ber 21, at 7 p.m., at the College of Technology, Man- 
chester, ‘‘ An Elementary Study of Foundry Sands,” by 
Mr. Robert Yeoman. 

THE Hutt Association oF ENGINEERS.—Saturday, 
November 21, at 7.15 p.m., at the Technical College, 
Park-street, Hull. Lecture. ‘‘ The Thermal Efficiency 
of Heat Engines,’’ by Mr. D. Maxwell Buist. 


Tue Institution oF ELectricaL ENGINEERS.— 
Monday, November 23, at 7 p.m., at Savoy-place, Vic- 
toria-embankment, W.C.2. Discussion on ‘‘ The Testing 
of Large Electric Plant,’’ opened by Mr. E. E. Tasker. 


THe INstTITUTE OF MARINE ENGINEERS.—Tuesday, 
November 24, at 6.30 p.m., at 85/88, The Minories, 
Tower Hill, E.1. ‘‘ Internal-Combustion Boilers,’ by 
Mr. Oscar Brunler. 

THE INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
Miptanp CENTRE.—Tuesday, November 24, at 7 p.m., 
at the Hotel Metropole, King-street, Leeds. Lecture. 
‘The Engineer: His Due and His Duty in Life,’’ by 
Mr. T. Carter. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : NORTH 
WeEsTERN CENTRE—StTUDENTS’ SrEcTion. — Tuesday, 
November 24, at 7.30 p.m., at the Milton Hall, Deans- 
gate, Manchester. ‘“‘The Automatic Control of D.C. 
and A.C. Feeders,” by Mr. C. Ryder. 

Tue InstituTE or Puysics.—Wednesday, November 
25, at 5.30 p.m., at the Chemical Society, Burlington 
House, Piccadilly, W.1. Lectures on Physics in Indus- 
try, No. 9. ‘‘ The Physicist in Agriculture, with Special 
Reference to Soil Problems,” by Dr. Bernard A. Keen, 
F Inst.P. 

THe Rapio Society or Great Brirary.—Wednesday, 
November 25, at 6 p.m., at the Institution of Electrical 
Engineers, Savoy-place, Victoria-embankment, W.C.1. 
“A Review of Short-Wave Developments,” by Capt. 
W. G. H. Miles. 

THE MANCHESTER METALLURGICAL SoctetTy.—Wed- 
nesday, November 25, at 7 p.m., at the College of Tech- 
nology, Manchester. ‘“‘ Gaseous Fuels for Metallurgical 
Purposes,” by Prof. R. V. Wheeler, D.Sc. 


Tue INSTITUTION OF AUTOMOBILE ENGINEERS: MAN- 
CHESTER CENTRE.—Wednesday, November 25, at 7.15 
p.m., at Houldsworth Hall, Deansgate, Manchester. 
“The Requirements of the Military Motor Vehicle,” 
by Capt. R. K. Hubbard. 

Tur Nortu-East Coast INstituTION OF ENGINEERS 
AND SHIPBUILDERS: GRADUATES’ SECTION.—Wednes- 
day, November 25, at 7.15 p.m., at Neville Hall, New- 
eastle-upon-Tyne. ‘‘ Lubrication,” by Mr. C. H. Cooke. 


THE Royat AERONAUTICAL SocreTy.—Thursday, 
November 26, at 5.30 p.m., at 7, Albemarle-street, W.1. 
“Installation Problems in Air-Cooled Engines,” by 
Mr. A. H. R. Fedden. 

Tue INSTITUTION OF STRUCTURAL ENGINEERS: YORK- 
SHIRE Brancu.—Thursday, November 26, at 6.30 p.m., 
at the Great Northern Hotel, Leeds. ‘‘ Fieldwork in 
Central Africa,’ by Mr. E. Copeland Snelgrove, F.R.G.S. 


THE INSTITUTION OF LOCOMOTIVE ENGINEERS.—Thurs- 
day, November 26, at 7 p.m., at the Engineers’ Club, 
Coventry-street, W.1. Open discussion on the Presi- 
dential Address of Mr. R. W. Reid. 


Tue Nortu-East Coast Institution or ENGINEERS 
AND SHIPBUILDERS.—Thursday, November 26, at 7.30 
p-m., at the Literary and Philosophical Society, New- 
castle-upon-Tyne. ‘‘ Measured-Mile Trials and Other 
Ship-Propulsion Data, Part II.,’’ by Mr. G. S. Baker. 


The British Cast-IRON RESEARCH ASSOCIATION AND 
Tue InstiruTe oF British FoUNDRYMEN: BIRMINGHAM 
AND West MipLanpbs Brancu.—Thursday, November 26, 
at 7.30 p.m., at the Engineers’ Club, Birmingham. 
“Foundry Training from Apprenticeship to the Foundry 
Technical High School,” by Mr. E. Ronceray. 





Tue InstirutTion oF Civit ENGINEERS: YORKSHIRE 
AssociaTion.—Thursday, November 26, at 7.30 p.m., 
at the Hotel Metropole, Leeds. “‘Compensation Water 
and Its Effect on River Flow,” by Mr. E. Wilson Dixon, 
M.Inst.C.E. 

THE ILLUMINATING ENGINEERING Society.—Thursday, 
November 26, at 8 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W C.2. ‘* Reports of Progress and 
Developments in Lamps and Lighting Appliances.” 

Tue INstTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupDEnts’ Section.—Friday, November 27, at 6.15 p.m., 
at Savoy-place, Victoria Embankment, W.C.2. ‘‘ The 
Tungar Rectifier,” by Mr. A. P. Hill. 

Tue Institute oF TRANSPORT: NORTH-WESTERN 
Locat Srection.—Friday, November 27, at 6.30 p.m., 
at the Midland Hotel, Manchester. ‘“‘'The Railways of 
Australasia,”” by Mr. C. Travis. 

THE MAaANcHESTER ASSOCIATION OF ENGINEERS.— 
Friday, November 27, at 7.15 p.m., at the Engineers’ 
Club, Albert-square, Manchester. ‘‘ Carborundum,” by 
Mr. F. W. Higgins, B.Se. 





NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 


The Coal Trade.—Shipment operations at the Welsh 
docks continue active and, generally speaking, the 
market is in a better position than has been the case 
for some months past, while the outlook, too, appears 
rather more encouraging. Forward business is hampered 
by the uncertainty as to what will happen at the end of 
April next, when the Government subsidy to the miners’ 
wages ends, and this is causing colliery owners to hesitate 
in committing themselves for contracts over next year. 
Some business has, however, been concluded, and several 
substantial inquiries are under consideration, The British 
Admiralty are inviting tenders for their requirements 
over next year, which will be in the neighbourhood of 
350,000 tons, while the Central Argentine Railways have 
purchased about 150,000 tons of second Admiralty large 
coals at 21s. and 21s. 6d. per ton f.o.). The Russians 
have also placed orders for 15,000 tons of best Admiralty 
large coal for shipment to North Russia at an early 
date, and the Algerian Railways have bought about 
30,000 tons of Welsh patent fuel. The improvement 
which has taken place in exports will be gathered from 
the fact that, in the past week, 479,390 tons of coal were 
shipped from South Wales, which was 66,000 tons more 
than in the previous six days, but 41,000 tons less than 
in the corresponding period of last year. That the 
Americans placed considerable orders for Welsh coal is 
testified by the actual shipment of 129,450 tons to the 
United States in the past four weeks, of which 65,400 tons 
were sent in the last week, while boats are still loading. 
The demand from this direction has now eased off, 
but reports to the effect that negotiations to end the 
strike of anthracite miners had broken down, revived 
hopes of further business being secured in the early 
future. Best Admiralty large coals are now steady at 
23s. 6d. to 24s., and some collieries are covered over the 
rest of the month. Best steam smalls, too, have become 
scarce and have been advanced to lls. to lls. 6d., and 
though other grades remain in sufficient supply to meet 
requirements, the demand has expanded in view of the 
tightness of the better qualities, and prices show a 
steadier undertone. Dry coals are more readily obtain- 
able at 22s. to 23s. for best large, and 21s. to 22s. for 
ordinary large. Monmouthshire large coals are in 
excessive supply at 18s. 6d. to 20s., but smalls are scarce 
and steady at 9s. 6d. to 10s. 6d. In October, 2,013,886 
tons of coal, coke and patent fuel were exported from 
South Wales, which was 128,621 tons more than was 
dealt with in September. Coal shipments totalled 
1,947,965 tons, an increase of 150,267 tons, foreign exports 
as cargo being increased by 150,263 tons to 1,586,197 
tons, and bunker shipments by 15,110 tons to 261,314 
tons, but coastwise cargo shipments were reduced by 
15,106 tons to 100,454 tons. Exports of patent fuel 
were lowered by 19,267 tons to 60,022 tons, and those of 
coke by 2,379 tons to 5,899 tons. 





TENDERS.—The Department of Overseas Trade, of 
35, Old Queen-street, London, S.W.1, has announced 
that the Auckland City Council invites tenders, which 
must reach Auckland, New Zealand, not later than 
January 21, 1926, for the supply and erection of filters 
for purifying the water supply to the city.—The Public 
Works Department, Wellington, invites tenders, to be 
presented by January 19, 1926, for the supply and 
delivery of 110,000 volt and 50,000 volt switchgear, with 
the necessary steelwork, for service on the Waikato 
Electric Power Scheme.—The Department of Posts 
and Telegraphs of the Union of South Africa invites 
tenders, to be received not later than December 30, 
1925, for the supply of copper binders, copper earth 
plates, lead sleeves, copper tapes, ingot tin, hard and 
soft drawn copper wire, yalvanised barbed wire, 
galvanised iron stay wire, bridle wire, cotton and rubber 
covered indoor wire, braided flame-proof wire, enamelled 
lapped and braided flexible wire, aerial cable, paper 
insulation, enamelled and cotton-cored lead-covered 
cable and lead sheets. Inquiries regarding these 
tenders should be addressed to the Department of 
Overseas Trade.—His Majesty’s Consul-General has for- 
warded to the Department of Overseas Trade a copy of 
an Antwerp municipal contract for the construction of a 
metal hangar at Quay Ne. 22 of the Kattendyk Dock. 
Tenders must reach Antwerp not later than the evening 
of December 17, 1925. A deposit of 20,000 francs is 


required. 
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WASTE. 


Tue difficulties of life arise from the marginal 
cases, Anyone can discriminate between good and 
bad, or between black and white, provided always 
that the black really is black, and the white decidedly 
white. It is but very seldom, however, that so 
easy a judgment is required from us. What we are 
commonly confronted with is the task of making 
a choice between degrees of merit, which often 
seem to shade insensibly one into the other. Advan- 
tage and disadvantage have to be balanced, and into 
practically every good there enters some element of 
evil, just as in the Persian myth the good intent of 
Ormudz was ever partially frustrated by the 
interfering finger of Ahriman. The difficulty is 
particularly marked in questions of design. In the 
early days of the steam turbine, for example, much 
more worry arose in deciding on whether the 
shaft should be horizontal or vertical, and whether 
diaphragms should be solid or split, than was 
occasioned by the hydraulic and thermodynamic 
problems, though these latter were but imperfectly 
understood at the time. As experience accumulates 
methods of construction have the appearance of 
settling themselves, and the young engineer en- 
gaged in the production of standardised machinery 
may well fail to realise the travail by which the 
now apparently obvious solutions were in the first 
instance arrived at. 

Standardisation is much less easy in the civil 
engineering branch of the profession. Most of the 
civil engineer’s problems have some element of 
novelty, ‘and alternative solutions are always possible, 
and both technical and economic considerations are 
involved in the choice made. In his presidential 
address, delivered on November 4 last to the 
Liverpool Engineering Society, Mr. T. R. Wilton, 
M.Inst.C.E., suggested that the latter have not 
always received as much consideration as they 
deserved and that there have been instances of 
too much “ playing for safety.” He recalled a story, 
which, even if may not be authentic, is certainly ben 
trovato, to the effect that the oaly reason for the 
execution of certain work on monumental Jines, 
was that the engineer responsible, was not going 
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to risk his professional reputation for a mere 


100,000/. of his client’s money. Another story was 


told by Mr. Wilton in which a chief engineer doubled 
the calculated proportions of certain retaining walls 
on the ground that in case of failure, any fool could 
say that they were too weak, but that it would 
require a very good man to discover whether they 
were too strong. 

There are, however, certain less cynical considera- 
tions which tend to favour the monumental type of 
design. The engineer takes a legitimate pride in his 
creations, and this is more fully satisfied by the con- 
struction of, say, a quay of solid masonry rather than 
as a timber jetty, which Mr. Wilton suggested might 


31 in some cases really be the better engineering. 


Could the engineer be certain that he was building 
for eternity, the «esthetic and economic aspects 
of his problems would more frequently coincide. 
Conditions, however, are constantly changing, often 
with great rapidity. We remember a case of very 
lofty shops being constructed with the intention of 
building reciprocating engines of the largest size. 
Hardly had the works been completed, however, 
before the advent of the steam turbine rendered 
obsolete the class of engine tor the making of which 
the lay-out had been specially planned. The same 
kind of thing occurs in dock and harbour engineering. 
Lock entrances are planned to pass existing ships 
with apparently an ample margin for future increases 
in size. Nevertheless, a few years may prove the 
provision made inadequate and costly reconstruc- 
tions necessary. In the case of a timber jetty, 
reconstructions necessitated by an increase in ship 
dimensions can generally, as Mr. Wilton pointed out, 
be cheaply made, but it is not possible to adopt a 
similarly elastic type of design for a lock entrance, 
and the engineer has to make the best estimate he 
can of the probable rate of progress in naval archi- 
tecture. If he be too sanguine in this regard his 
capital account will be unduly loaded, whilst if the 
error is in the other direction a particularly costly 
and difficult work of demolition and rebuilding 
must be undertaken, 

When the Manchester Ship Canal was opened 
an American engineer criticised what he held to be 
an unduly lavish use of granite, much of which 
might, he considered, have been adequately re- 
placed by a cheaper and more easily wrought stone. 
Admittedly, the endurance would be less, but it 
was argued that by the time its replacement was 
necessary the undertaking would be on a paying 
basis, and that by the course recommended this 
end would be secured in a minimum of time. This, 
of course, was the policy followed in early railway 
construction in the United States, but it was there a 
matter of necessity rather than of choice. It was, 
in short, a case of having cheap railways or no rail- 
ways, and the decision was wisely made in favour of 
the former alternative. Maintenance expenses were 
consequently high, and as traffic increased, vast sums 
were expended out of revenue in effecting every kind 
of costly improvement. Here, with greater capital 
resources, a different policy was followed, and has in 
the actual event proved on the whole economical. 
Bridges designed for the light traffic then in prospect 
have proved adequate for the enormously heavier 
loads of to-day. Mr. Wilton suggested that had 
our pioneers had greater scientific knowledge 
their bridges would have been proportioned with 
a less ample margin of safety. Their procedure 
was, however, less due to a deficiency of science than 
to a lack of experience. The methods adopted in 
proportioning the Menai bridge were, in fact, 
highly scientific, even if they did not involve any 
very elaborate stress analysis. As Professor Unwin 
once remarked, an empirical factor enters into 
all questions of safe working stresses. The idea 
that these are closely correlated with the elastic 
limit of a material is a very old one, but has been 
largely discredited by experience and experiment. 
Not only is this true in the case of steady loads, but 
recently experimental work has demonstrated that 
the endurance of ferrous materials as determined 
by alternating stresses is much more closely con- 
nected with the ultimate strength than with the 
elastic limit. 

The bridge designer of to-day is, however, inclined 
to ignore this, and Mr. Wilton seems to support 
him in taking the elastic limit as the measure of 
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the working strength of our structural materials. 
Nothing but a priori evidence has, however, ever 
been brought forward in support of this policy. The 
theory is no doubt highly plausible. A bar not 
strained beyond its elastic limit is held to recover 
completely its original form and dimensions when 
the load is removed, and reverts entirely to its 
primitive condition. Hence it cannot have been 
injured by its stressing. The conclusion is a 
thoroughly logical one, but to be logical is not 
necessarily equivalent to being right. As the result 
of delicate experiments made many years ago Pro- 
fessor Bouasse denied that any material had an elastic 
limit. He found that on using sufficiently delicate 
methods of. detection no material proved perfectly 
elastic under steady stresses. This being so, the 
premises forming the basis of the argument above 
presented are insecure, and, as already mentioned, 
recent work has shown that the endurance of 
ferrous metals, at any rate, is in closer accord with 
their ultimate strength than it is with their elastic 
limits. The latter, in fact, are wholly disregarded 
in Lloyd’s specifications for ship steel, and their 
experience with steel far transcends in variety and 
amount that of any bridge engineer. It seems 
reasonably certain that bridge designs based on the 
theory that the strength is measured by the elastic 
limit, with the consequent importance attached to 
secondary stresses, will favour wasteful types o 
design, 

One source of waste to which Mr. Wilton called 
attention was the practice of demanding in specifica- 
tions an unreasonably or impossibly high standard 
of workmanship. This really involves the question 
as to what constituted good workmanship. One 
waterworks engineer of a past generation was 
credited with demanding an abnormal area of 
polished work in his pumping engines, and con- 
tractors had to allow for this in their tenders. 
Workmen also are often imbued with the idea 
that good workmanship necessarily involves a 
high accuracy of fit and finish. There are, however, 
numerous cases in which “sloppy ”’ fits and rough 
finish constitute the better engineering. Nothing 
was gained by the now almost obsolete practice of 
chipping and filing to a level, flanges which are to 
be covered by cleading. Nevertheless workmen 
have not infrequently grumbled at not being allowed 
to ‘“‘make a job” of such items—a mental attitude 
more creditable to their pride as craftsmen than to 
their commonsense, 








THE LOSS OF SUBMARINE Ml. 


Tue British submarine M1, whose loss with her 
crew of four officers and sixty-five men, has evoked 
the widest sympathy, was attached to Fort Block- 
house, Portsmouth, the headquarters of the sub- 
marine service, and left Plymouth on the 12th 
to carry out exercises in conjunction with other 
submarines, and accompanied by the submarine 
depot ship Maidstone and other surface vessels. 

Submarine M1 had proceeded to some distance 
south of Start Point, when she was observed to 
dive at 7.30 am. From that time onwards no 
trace of her has been found, although mine-sweep- 
ing vessels have been dragging the waters in the 
vicinity over a considerable area, and ships fitted 
with special underwater listening devices have been 
used in case any signals should be sent out. The 
depth of water in the neighbourhood of the position 
where she was seen to dive is about 40 fathoms, the 
bottom is said to be rocky in character and to be 
dotted with the wrecks of vessels sunk by enemy 
submarines during the war. No sign of air, gas, 
or oil which might have escaped from the sub- 
marine has been sighted. Endeavours to locate the 
wreck are being continued, and divers with a special 
dress capable, it is stated, of proceeding to a depth 
of 500 ft. have been brought from Kiel to inspect 
the wreck as soon as it can be located. 

The submarine was one of a group of four of 
very special type ordered in 1916, and are unique 
in having a 12-in. gun mounted amidships. For 
this reason they have been described as monitor 
submarines, and considered by several authorities 
as the prototype of the submarine battle ship. 
According to some accounts, the type was sug- 
gested by Lord Fisher, but as he left the Admiralty 
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in May, 1915, and the submarines were ordered 
about twelve months later, it is improbable that he 
had any direct hand in their inception. The class 
was designed at the Admiralty, but it has never 
been yet stated what particular function they were 
intended to perform in naval warfare. No other 
navy has built similar vessels, the largest German 
submarines built during the war being termed 
cruisers and having two 6-in. guns mounted on 
them. 

M1 had a surface displacement of 1,600 tons and 
a submerged of 1,950. The two engines were of 
the internal combustion type of 1,200 brake horse- 
power each, giving a speed of 16 knots, whilst the 
motors for submerged propulsion were two of 800 
brake horse-power each, resulting in a speed of 
9} knots. The length of Ml was 296 ft., the ex- 
treme beam 24} ft., and the draught on the surface 
nearly 16 ft. M3 is 7 ft. longer, but the remaining 
particulars are the same as Ml. Besides the 12-in. 
gun, the armament included a 3-in. gun aft on a 
disappearing mounting, the torpedo armament 
consisting of four tubes. The oil fuel stowage is 
given as 76 tons, and the approximate complement 
as 60. Four of the class were ordered, being 
originally designated as K18, 19, 20 and 21, but 
this was afterwards altered to Ml, 2, 3 and 4. 
M1 and 2 were built by Messrs. Vickers at Barrow, 
and M3 and 4 by Messrs. Armstrong at Newcastle. 
M4 was not completed, her construction being 
stopped shortly after the Armistice. Although at 
first classed as K submarines, the design of the M 
type is entirely different from the former class. 

MI was launched in July, 1917, and was com- 
pleted for service in the following April. For some 
time she was stationed at the submarine base at 
Blyth, Northumberland, established by the naval 
authorities shortly after the outbreak of war. 
After the Armistice, she proceeded to the Mediter- 
ranean, and whilst in those waters visited Con- 
stantinople. Although of a somewhat. clumsy 
appearance, the class are stated to have been most 
excellent and handy underwater craft, a quality 
which renders the disaster to M1 the more inex- 
plicable. 

The circumstances attending her loss has natur- 
ally attracted the widest attention, and the rela- 
tively great loss of life has emphasised the dangers 
in the submerged navigation of this powerful type 
of war vessel. The chairman of Lloyds’ Committee, 
has suggested that in view of the great danger to life 
involved in the navigation of submarines, a con- 
ference of the naval Powers should be called with the 
object of abolishing the type as a weapon of naval 
warfare. This proposal has been very generally 
supported by prominent public men, amongst these 
being Lord Lee of Fareham, a former First Lord 
of the Admiralty. 

It will be remembered that just previous to the 
meeting of the representatives of the Allied Powers 
at Paris to settle the terms of the Treaty of Versailles, 
a public announcement was issued by the British 
Admiralty, in which it was stated that the repre- 
sentatives of the British Empire attending the 
conferences would press for the abolition of sub- 
marines. At that time, the horrors of submarine 
warfare were fresh in the minds of the peoples of 
the Allied Powers, and it might have been expected 
some support would have been given to the British 
proposal. No support was, however, forthcoming, 
and the matter was not pressed. The details of the 
discussions at the Washington Conference have not 
been published, but it is generally understood that 
the representatives of the British Empire again 
suggested the abolition of the type, but met with 
no support. Certain agreements about the use of 
submarines against merchant steamers in time of 
war were however arrived at, by which, if fully 
observed, the tragedies of the late war in this 
respect cannot be repeated in any future conflict. 

There is very little probability of the abolition 
of the submarine at the present time, and already 
the suggestion of the chairman of Lloyd’s Committee 
has been very unfavourably commented upon by 
naval authorities in other countries. It is claimed 
that the submarine is the weapon of the weaker 
naval Powers, and that those with extensive coast 
lines depend on submarine flotillas for defence against 
Powers with the stronger Fleets of capital ships 
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and other surface vessels. France and Italy, whose 
total tonnage of capital ships, as agreed upon by 
the Washington Treaty, is one third that of the 
United States and British Empire, have stated through 
their responsibie naval authorities that they must 
build submarines to assist in restoring the balance. 
There appears, however, to be little reason, if these 
craft cannot be abolished, why the individual 
tonnage of submarines should not be limited to, 
say, 1,000 to 1,200 tons, and thus in some degree 
limit the danger to smaller numbers of men. 

At the present time all nations, except the British 
Empire, are building or are intending to build rela- 
tively large numbers of submarines, the latest 
Parliamentary Return on the Fleets of the Nations, 
indicating that the United States have 15 building 
or projected ; Japan 28; France 59; and Italy 20. 
Some of these are reported to be of large displace- 
ment, a few of the French being of 3,000 and of the 
United States 2,200 tons. According to the same 
Return, the British Empire had 4 submarines 
building at the date of the Return, and it is stated 
elsewhere that only sufficient will be built to provide 
the necessary training for officers and men. 





VACUUM DISTILLATION OF MINERAL 
OILS. 

Ir has long been recognised that the distillation 
of petroleum is always accompanied by a partial 
decomposition which becomes marked when the 
temperature exceeds 300 deg. or 320 deg. C. 
Attempts have hence been made, in this country 
as well as elsewhere, to lower the boiling-point of 
the oil. This can only be effected by diminishing 
the pressure above the liquid—either the absolute 
pressure by distilling in a vacuum, or the partial 
vapour pressure, by introducing some indifferent 
gas or vapour into the still. The only indifferent 
gas so far tried in practice has been steam, and the 
pressure reductions obtainable in this way are 
not large under ordinary conditions. Elaborate 
plant is: required, uniform conditions are difficult 
to maintain, much fuel is required, and the products 
obtained, may differ from those of ordinary dis- 
tillation, though possibly superior. Vacuum distilla- 
tion has not therefore made much progress, and when 
Dr. Leo Steinschneider advocated high vacuum 
distillation of petroleum at the Eighth International 
Congress of Applied Chemistry, held in New York, 
1912, he did not find encouraging support, par- 
ticularly in America, where ordinary distillation 
was sufficiently profitable. From a paper which 
Dr. Steinschneider communicated to the Institution 
of Petroleum Technologists on November 10 it 
is evident, however, that matters have now 
changed to a considerable extent in that country. 

Some 250 vacuum stills, it would appear, are now 
in operation in various parts of the world, especially 
for the manufacture of lubricating oils, and during 
the war vacuum distillation was adopted in 
most large refineries. In one Californian refinery 
Dr. Steinschneider found 74 vacuum stills. Most of 
these vacuum plants still work with steam. The con- 
sumption of steam is large, which is inconvenient 
because it increases the volumes and carries undistilled 
liquids over. For a mixture of oil vapour and 
steam, the partial pressure p of the oil vapour at 
absolute pressure P would be p = 18 P/(18 + aM), 
where 18 is the molecular weight of steam, M the 
hypothetical molecular weight of an average oil, 
and a the ratio of steam used to oil distilled. Foran 
oil which would yield its heavy vapours at atmo- 
spheric pressure at a temperature of 500 deg. C., 
the pressure p would have to be reduced to 20 mm. 
in order to lower the boiling-point of the oil to 
320 deg. C. and to minimise decomposition of the 
oil, That would require 1-65 parts of steam per 
part.of oil distilled. In practice 3-5 parts of steam 
have been found necessary, owing to the difficulties 
of steam distribution and of maintaining equilibrium, 
and such volumes are out of the question. To work 
at really low temperatures it is necessary therefore 
to reduce the absolute pressure, not merely the 
partial pressure. 

The more the absolute pressure is lowered, the 
greater becomes the relative lowering of the boil- 
ing point. Dr, Steinschneider’s curves show that 
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clearly. But when oil is heated from below in 
stills about 10 ft. in diameter the evaporation 
takes place under the hydrostatic pressure of a 
column of about 5 ft. of oil, and vapour liberated 
at the bottom would be under a pressure of 115 
mm., when the pressure in the vapour space 
above is reduced to 25 mm. Conditions are more 
favourable when the still is provided with an internal 
flue. Yet it seemed that even in vacuum stills 
steam could not be dispensed with: It is only in 
recent years that plant has been constructed which 
works satisfactorily at really low pressures ranging 
from 5to25mm. Dr. Steinschneider distils in hori- 
zontal cylinders, 33 ft. long and 10 ft. diameter ; a 
model of his apparatus can be seen in the South 
Kensington Museum. Particulars of the plant now 
under trial were not given in the paper, but he 
claimed for it a reduction in fuel consumption by 
50 per cent. with a production of 4 per cent. more 
oiland the recovery of about 5 per cent. more in 
the refinery, though requiring only half or less 
than the usual amount of sulphuric acid for this 
purpose. For lubricating oils the avoidance of all 
risk of coking at higher temperature is, of course, 
essential. But a low-temperature distillation pro- 
duct need not necessarily be preferable to ordinary 
products. It was mentioned during the discussion 
of the paper that some vacuum-distillation oils 
darkened more than others; high temperatures 
may be necessary to obtain certain properties, and 
Dr. Steinschneider admitted that the profitableness 
of the mode of working would have to be investi- 
gated in each case. 

Two other papers, read the same evening, appar- 
ently of chemical interest only, had a bearing upon 
these problems. They were papers by Dr. W. R. 
Ormandy and Mr. E. G. Craven on “‘ The Deter- 
mination of Unsaturateds and of the Molecular 
Weight of Petrol.”” Some of the unsaturated 
compounds in petrol are held responsible for the 
sticky resins deposited from petrol ; but which com- 
pounds are at fault is by no means settled. In fact, 
we shall, as Dr. Dunstan remarked, not know any- 
thing definite about the real compounds in petro- 
leum until petroleum is prepared from definite 
mixtures of pure chemicals. Dr. Ormandy and 
Mr. Craven have attempted to determine the nature 
of the unsaturateds by treating the substance with 
bromine (which is absorbed) and with sulphuric 
acid (which behaves differently in different con- 
centrations) and further by molecular weight deter- 
minations, by the Victor Meyer method and others. 
In the Meyer determination a known volume of 
the liquid is vaporised, and a known volume of 
the vapour is weighed. Experimenting at dif- 
ferent temperatures and in atmospheres of air, 
carbon dioxide and coal gas they found that the 
molecular weights fluctuated, indicating decom- 
position even below 300 deg. C., and observed 
the formation of brown films which, in internal 
combustion engines, are ascribed to lubricants. 
It was not mentioned during the discussion that a 
committee of the Bureau of Mines* came to the con- 
clusion that low—not high—cracking temperatures 
were favourable to the formation of gummy con- 
stituents; but those temperatures were above 
720 and 745 deg. C. 





NOTES. 


SHIPPING, ENGINEERING AND MACHINERY 
EXHIBITION, 

The Shipping, Engineering and Machinery Exhi- 
bition opens at Olympia on Monday next, and closes 
on December 5. The last took place in 1923. The 
present one is being held under the patronage, and 
with the support of, The British Engineers’ Asso- 
ciation, The Society of Motor Manufacturers and 
Traders, The Ship and Boat Builders Association, and 
the British Marine Oil Engine Manufacturers’ Asso- 
ciation. The machinery, &c., at this show in the past 
has been of a very comprehensive nature, and as is 
evident from the list of exhibitors contained in the 
Official Bulletin, the forthcoming show will be no 
exception in this respect. This bulletin, which has 
been available for some time past, is printed in 
English, Spanish, and French in parallel columns, 
and contains advance particulars of the exhibits 


* ENGINEERING, October 5, 1923, page 439. 
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of a number of the firms who will be represented at 
the show. <A very large number of these bulletins 
have been mailed to overseas buyers connected with 
every branch of the industries concerned, and in 
addition, some 15,000 invitations to attend the 
Exhibition have been issued by the organisers to 
individual firms abroad. The whole of the ground 
floor at Olympia will be occupied by firms who are 
engaged in shipbuilding, marine and general engin- 
eering. The new hall will be devoted to internal 
combustion engines, motor boats, yachts, small 
craft, and accessories. A large number of official 
visits to the exhibition have been arranged by the 
leading societies and institutions, particulars of 
which are given in the notices issued to members. 
The President of the Exhibition is the Hon. Sir 
Charles A. Parsons, K.C.B., F.R.S.; the chairman 
of the Hon. Committee of Experts is Dr. H. S. 
Hele-Shaw, F.R.S., M.Inst.C.E., M.I.Mech.E., and 
the General Manager is Mr. F. W. Bridges. 


THE HovutpER Moror Sup “ Upwey GRANGE.” 


The latest addition to the Houlder Line fleet of 
vessels for carrying chilled meat from the River 
Plate, to Great Britain, the motor ship Upwey 
Grange, ran successful trials on the Skel- 
morlie measured mile on Wednesday, November 11. 
This vessel, built by the Fairfield Shipbuilding 
and Engineering Company, Limited, at their 
shipyard in Govan, Glasgow, is a twin-screw ship 
of the sheltered deck type, of which the dimen- 
sions are: length between perpendiculars, 430 ft. ; 
breadth, 62 ft. 3 in.; and depth to the shelter deck, 
38 ft. 3 in. She has a gross tonnage of 9,100, and 
is provided with refrigerated cargo space of 500,000 
cub. ft. From these dimensions it will be recog- 
nised that the Upwey Grange is the largest meat 
carrier afloat. Special interest attaches to the 
propulsion machinery, which consists of two sets of 
Fairfield-Sulzer Diesel engines, of the type fitted 
in the New Zealand liner Aorangi. Each engine has 
six cylinders of 28 in. diameter, and the stroke of 
the pistons is 39 in. When running at the normal 
speed of 117 r.p.m. each set of engines develops 
6,400 brake horse-power, and the specified speed 
for a ship with the two sets of engines working 
under normal conditions is 144 knots. The trials 
showed to what extent the builders had succeeded 
in obtaining from the power available, a speed in 
excess of thatwhich was guaranteed. In tworuns on 
the measured mile it was found that a mean speed 
of no less than 16} knots was obtained. Mar ceu- 
vring was demonstrated in the course of the trial 
in a way which left no doubt about the ease of 
control of the engines and the remarkably respon- 
sive manner in which they could be made to meet 
any immediate demand for ahead or reverse running. 
In every way the trials were successful and the 
engines ran with great smoothness and freedom from 
vibration. 

PowER ALCOHOL FROM BEET. 


A committee of the British Empire Producers’ 
Organisation, representing agricultural and indus- 
trial interest in all parts of the Empire, came last 
year to the unanimous conclusion that power 
alcohol should be produced in this country by 
distilling beet, as is done in France and Germany, 
because beet was the most promising material upon 
which a national industry could be founded. Beet- 
roots are known as valuable rotational crops which 
increase the subsequent cereal crops. The prejudice 
that the sugar contents of beet depend entirely 
upon sunshine was disproved in the very wet 
and sunless year 1924, when the sugar contents 
of the crops averaged the high figure of 17 per cent. 
A beet sugar factory would require at least 10,000 
acres of beet every year within reach, and four times 
as much on a four yearly rotation. Such lands 
are not available in many districts of the country. 
But there isno difficulty about the supply of the 2,500 
tons of beet, or less, per year required for running a 
distillery. The distilleries would not clash with the 
sugar works and could be kept at work throughout 
the year, after the beet season, on surplus potatoes, 
decayed grain, molasses, cassava and other Empire 
products. But the distilleries would need some 
national assistance at the start. To this, the British 
Power Alcohol Association urges,ina pamphlet issued 





recently from 3, Old Queen-street, S.W.1, they are 
fully entitled, in view of the imperative necessity of 
making the British motor spirit supply independent 
of foreign sources. This Association, a non-trading 
body, founded in November, 1924, under the 
presidency of the Earl of Denbigh, has brought 
the matter before the Ministry of Agriculture. 
Technical experts consulted unfortunately dealt 
only with the production of alcohol from imported 
materials, without reporting on the cost of the pro- 
duction of beet alcohol. The question has now been 
taken up by a group of members of Parliament and 
was debated in the House on August 3 last, when a 
subsidy limited to the production of, say, 3,000,000 
gallons of power alcohol was demanded for the first 
three years. That subsidy, it is claimed, would 
require to be only a relatively small sum ; it would, 
however, be additional to the subsidy granted under 
the British Sugar Act of 1924 for the production of 
beet sugar. 


THe AtHott Att-Steet House. 


We have frequently referred in these columns to 
the efforts made to meet the abnormal shortage of 
housing accommodation existing throughout post- 
war Britain. Many of the processes tried to make 
use of mass-production principles and employ 
metalwork, but the matter is complicated by 
the fact that personal taste and other motives, 
expressed in the diversified designs of homes 
seen in all parts of the land to-day, strongly 
disfavour too great a similarity of architectural 
features. In consequence of this attitude several 
systems of metal house construction have been 
evolved, each possessing some characteristic thought 
likely to secure the favour of the public. As is 
well known, His Grace The Duke of Atholl has 
interested himself in this subject. The first pair 
of houses built in England to the designs asso- 
ciated with his name hes just been completed. 
These are situated on the Downham Estate 
of the London County Council, not far from 
Lewisham, and would appear to constitute a 
distinctly promising departure on account of 
the ease and dispatch with which they can 
be erected. The Council has placed a substan- 
tial contract for Atholl houses in connection with 
their scheme. In building such a house, vertical 
Tee section steel stauncheons are secured to a level 
concrete foundation by means of ragbolts and plates. 
The stauncheons are spaced 8 ft. 8 in. apart, and.are 
tied together at the level of the first floor. and at 
the tops by horizontal members, Steel plates, 
2 ft. 9in. deep and + in. thick are then bolted into 
position. The top edge of each plate is joggled 
and bent so as to form a 2-in. flange, which serves 
the double purpose of giving lateral rigidity to the 
plate and carrying the supports to which the linings 
of the walls are fixed. The metal sheeting is 
protected on both sides by non-fouling paint. A 
3-in. air space exists inside each wall, asbestos 
lining being used as an insulator. A sprayed cork 
coating on the inside wall prevents condensation of 
moisture thereon. The roof consists of a wooden 
framework covered with red tiling. Each house 
possesses five rooms, three being disposed on the 
first floor. Five days suffice for the construction 
of the shell of a pair of houses, whilst completion 
can be accomplished in three months less time than 
is required tor making a brick house. Present 
arrangements permit of 2,500 houses per annum 
being turned out should a demand for them justify 
this production. The manufacture of steel parte, 
carried out at Poplar, is under the direction and 
management of Messrs. William Beardmore and 
Co., Limited, whilst the work involved in erecting 
and completirg the houses in England and Wales 
is being undertaken by the Housing Corporation 
of Great Britain, Limited, 20, St. Jemes’s-square, 
London, S8.W.1. 


Tue THIRD PuBLic Works, Roaps AND TRANSPORT 
CONGRESS AND FE:XHIBITION. 


Some remarks by Sir Henry Maybury, K.C.M.G., 
at Wednesday’s inaugural function in connection 
with the third Public Works, Roads, and Transport 
Congress and Exhibition at. the Royal Agricultural 
Hall, Islington, indicate that the Ministry of Roads 
and Transport is working actively to remedy the 
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The results of the tests are given in Table VI. 
and have been plotted in Fig. 13. 

5. Impact Hardness Tests.—Determinations of 
the hardness of the material at temperatures up to 
700 deg. C., were made by an impact hardness 


were broken by impact in a Seinen pane oiahina 
the conditions of test being as follows :— 
Conditions of Test :— 
Energy of hammer blow 
Cross sectional dimensions 


two chief sources of danger from modern road 
traffic, namely, slippery road surfaces and the 
marshalling of vehicles within appointed courses. 
It is admitted that many of the new road surfaces 
are treacherous to vehicles under certain conditions 
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of the weather, and it is proposed to substitute test piece 10 by 10 mm.| method. This method was developed by Professor 
more roughened surfaces for the smooth and even 

polished surface at present so prevalent. Sir TABLE V.—Tors1on Test RESULTS. 

Henry Maybury referred to the ideal of this new me 

policy as a form of “ mosaic,” which, of course, is one oa gateeai Stress at, Viel. pei: ghar ot Mieualty. mnt .. doin 
much the antithesis to a glass-smooth surface. Mark. Ton /in.2 al Ay madd Ton /in.2 Lb./in.2 Deg. Deg. C. 
The regulation of vehicle traffic by the now familiar : 

white line and similar direction markings in the] pwper.. 16-3 26-6 47-7 12-4 x108 407 15 
centre of roads is being studied chiefly to find a} BwPé6Ez2.. a 14-5 20-8 47-8 18-45 x 108 618 ue 
suitable and durable marking for general adoption.| BWEOES.. cae oe te ge 387 400 
The police and other ruling bodies will then be} BWP6E5.. ie 9-0 14-0 37-7 9-85 x 108 m8 oe 
asked to co-operate. Meanwhile an enormous| BWEGRG.. rele = li OF 179 800 
sum is being spent on road improvement and 

upkeep, the expenditure on highways and bridges 

for 1922-23 (the latest period for which com- ' fae 4%----------- Pema -= nam 4% --~--------- 7 po - ea --- ===: 4% ----------- > 

plete figures are available), being upwards of Fig.8. 

40,250,0001., towards which the Road Fund con- + 

tributed between 15,000,0002. and 16,000,0001. —S—SS—: nnn ar |. COE =mas, 
This large expenditure, even though so much - | | 
represents outlay on labour, will convey an idea j | = eee 5 Di 
of the amount invested yearly in the plant, isesond z--J --Gauge Marks 3--> tins Tendo 





machinery, and materials represented at the present 
exhibition. The importance of the periodical 
congresses associated with these exhibitions is 
indicated by the fact that 720 authorities are repre- 
sented this year, while the delegates now number 
over 1,300. This is more than double the number 
in 1921. The present event has a full-day pro- 
gramme of congress proceedings by way of papers 
and conferences. The exhibition also is being 
attended by representatives of such bodies as the 
Institution of Gas Engineers, the Incorporated 
Municipal Electrical Association, the Institute of 
Cleansing Superintendents, the Association of 
Managers of Sewage Disposal Works, and the County 
Land Agents’ Association. Some 176 firms are repre- 
sented, and the exhibits cover nearly 83,000 sq. ft. 
The biggest display is made in asphalt mixing 
and rolling and pneumatic road-breaking plant, and, 
excepting the first category, the trend is towards 
smaller and more portable units. The exhibition 
closes on Thursday at 7 p.m. Our first article on 
the exhibits to be seen will be found on page 631 
of this issue. 
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MECHANICAL TESTS AT HIGH TEM- 10. TORSION TESTS. STRESS-STRAIN CURVES. 
PERATURES ON A NON-FERROUS| 7” , j 
ALLOY OF NICKEL AND CHRO- / 
MIUM.* 

By H."J. Tapsecx, A.C.G.I1., and J. Brapiey, B.A., 
B.A.I. 


(Continued from page 615.) 


3. Torsion Tests.—Tests up to 800 deg. C. have 
been made in torsion on specimens of the form 
shown in Fig, 8. A diagram of the testing arrange- 
ment is given in Fig. 9. The specimens were fitted 
with a torsion meter for measuring the strain on a 
3-in. gauge length. An electric furnace was used 
for heating. The torque was applied by hand in 
steps to a point just beyond the limit of proportion- 
ality, and then increased rapidly until fracture 
occurred. The results of these tests were therefore 
obtained under similar conditions of loading to 
those adopted in the tensile tests. Stress-strain 
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curves were obtained and are shown plotted in ‘a 

Fig. 10. The results of the tests are given in o 

Table V, and shown plotted in Fig. 11. The angle 0 0001 0002 0003 0004 0005 0006 99007 ‘ 

of twist per inch at fracture, given in Table V, Strain « ("P) 5 a Boo 
represents the average twist over a length of 3} in. Wh : Gross Secti ies ME Lace Me cdc. 

The modulus of rupture was calculated from, the aso hye re me (e301) Temperature: Degrees Centigrade ...,.., 


formula :— U = GaugeLength on which Angle of Twistis Measured 
16 T 


path NOTE: The Zero of Curves has been Displaced 0001 along Strain 


in Axcis 
dai (9830. x.) ENGINEERING 


Modulus (tons per: square inch) = 


where 
T = Maximum torque applied in tons-inches 
d = Diameter of test piece in inches. ° 
4. Notched Bar Impact Tests.—The form of test 
piece used is shown in Fig. 12, The test pieces 


C. A. Edwards (Proc. of I. of Mech. Eng., June, 1918) 
and by Mr. R. G. Batson (Proc. of I. of Mech. Eng.- 

November, 1918). In the tests described here the 
method consisted in allowing a hammer of weight 
1-325 kg., which held a 10-mm. diameter ball at its 


Cross sectional dimensions of 
test piece at bottom of notch 10 by 8 mm. 
Type of notch, — 45 deg. “ V,” 0-25 mm. ‘root 
radius, 2 mm. deep. 
The test pieces were first immersed in a tempera- 








* These tests form a part of an investigation into the 
properties of certain Non-Ferrous Metals and Alloys 
carried out in the Engineering Department, National 
Physical Laboratory for The British Non-Ferrous Metals 
Research Association. 





ture controlled liquid bath, then quickly removed, 
placed in the testing machine and broken, the time 
occupied between removal from the bath and 
subsequent fracture being of the order of 5 seconds. 





lower end, to fall from a height of 50 em. on to the 
test piece, so that a spherical indentation was made. 
The height of rebound was observed so that the 
energy given up in indenting the material was 
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obtained. All the test pieces were of the form of| 


3-in. cylinders, as shown in Fig. 14. They were 
first subjected to a Brinell test at air temperature 


Taste VI.—Notched Bar Impact Test Results. 























Brinell hardness number (H) at air temperature, 
| viz., x was thus obtained. 


| Impact hardness tests were then made at high 
| temperatures by first immersing the test pieces in a 










































































liquid bath maintained at the required temperature, 
es a No.of| _Te™- Avegage Average percentage and then transferring them to the anvil of the testing 
Dept. | Tests | PPUTE) snergy to Phin ety Bw eq |machine. The time elapsing between removal from 
ae ‘ie Test. | Fracture. | “at each Temperature. | the bath and testing was of the order of 5 seconds. 
se The values of impact hardness obtained from 
«'s ies 
° 0, Ft. /Ibs. Per cent. these tests were divided by the ratio nH» order to 
3 15 105-2 4:2 , ‘ ‘ 
iia 3 100 118-0 1-8 obtain equivalent Brinell hardness numbers at the 
” s ae 150-6 7-8 high temperatures. The Brinell number so cal- 
eA 3 300 119-8 4-0 : 2 ‘ : : 
2 3 400 103-5 1°5 culated is not identical with that which would be 
” lz ee 3-3 obtained by a static indentation test, partly owing 
” 3 600 84-7 4-9 ‘ 
+ 4 700 82-9 4-2 to the tendency of the material to flow under a 
steadily applied stress at the high temperatures, and 
TABLE VII.—Harpness Test RESULTS. 
1 2 3 4 5 6 iz 8 
ae Average Calculated 
N.P.L. Average Average Value of Average Impact Value of Brinell : 
Eng. Number Brinell Impact Ratio Hardness Number! qardness Number at | Temperature 
Dept. of Tests Hardness Hardness I at High Tempera-| ‘temperature given in of Test. 
Test Made. Number Number tures given in I Deg. C. 
Mark. at 15deg.C. H.| at 15 deg.C. T.| at 15 deg. C. Col. 8. Ty. Last Col. = Iy +7 
BWP9G 3 225 376 1-67 364 218 100 
BWP1G 4 222 377 1-70 312 184 200 
BWP9G 4 222 377 1-70 282 166 300 
BWP9G 4 234 390 1-67 285 171 400 
BWP9G 4 227 379 1-67 257 154 500 
BWP9G 4 226 380 1-68 250 149 600 
BWP9G 4 224 377 1-68 236 140 7 
y : artly due to the doubtful assumption, that the 
Fig.2. . Fig, p ted ption, 
ratio |; remains constant at all temperatures. The 
45°V ° : > ‘ 
results obtained by these tests are given in Table VIT 
a eee ee ee above, and are shown plotted in Fig. 15. 
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with a 10-mm. ball under a load of 3,000 kg. The 
Brinell number (H) was calculated from the formula : 
H=h 
A 
where 
L = Load in kilogrammes = 3,000 
A = Spherical area of indentation in square mms. 
calculated from the diameter. 


Impact hardness tests were made at air tempera- 
ture on one end of each test piece, and the impact 
hardness number (I), obtained from the formula :— 


I== 
Vv 
where 


E = Energy used in indenting material in kg. metres. 
V = Volume of indentation in cubic mms,, ca!culated 
from the diameter. 


A ratio of the impact hardness number (I) to the 


A PATHETIC interest attaches to a paper on the correla- 
tion of magnetic and other properties of iron-carbon 
alloys, which was presented to the Faraday Society last 
Monday. The author of the paper, Professor E. D. Camp- 
bell, of the University of Michigan, died after sending in 
this contribution. Though quite blind for the last thirty- 
three years of his life, he had continued as chief of a 
chemical and metallurgical laboratory of the University. 

Edward Demille Campbell was born at Detroit on 
September 9, 1863, and was educated at the Michigan 
University, where he became assistant professor of 
assaying and metallurgy in 1890 and remained con- 
nected all his life with this branch of the University. 
His first paper was written in 1883, and was on a 
colorimetric process for estimating phosphorus in iron. 
His research on the diffusion of sulphides through iron 
and steel found general recognition ; later he worked, in 
collaboration with others, chiefly on steel analysis and 
on the magnetism of iron and its alloys. While investi- 
gating, in 1892, the hydrocarbons evolved from steel, 
his eyesight was completely and permanently destroyed 
by an explosion; within ten days, however, he was 
at his desk again. A genial disposition and a marvellous 
memory, developed owing to his infirmity, enabled him 
not only to conduct noteworthy researches, but to 
keep in intimate touch with the details of the instruc- 
tion and work of his students, though finally deafness 
afflicted him as well. He died on September 18 after 
an operation. 

In his last paper on ‘‘ The Correlation of the Remanent 
Magnetism and Electric Resistance of Some Pure Iron- 
Carbon Alloys,’’ he further established his view that 
magnetism is partly due to the solvent iron and partly 
to the solutes it holds in solution. He dealt with the 
properties of pure electrolytic iron and of some iron- 
carbon alloys, freshly hardened and magnetically ex- 
amined on a new balance of his design. Exceptional 
care was taken in preparing the specimens. A bar of 
electrolytic iron, 6 mm. square and 15 cm. long, had been 
obtained from Dr. Yensen, who had heated it for 7 days 
at 950 deg. C. in moist hydrogen to liberate any traces 
of carbon by converting the carbon into hydrocarbons. 
From this bar Campbell forged in the cold a round bar 
which he annealed for some days at temperatures from 
950 deg. downward. Similar precautions were taken 
in carburising and annealing twelve bars of the same 
dimensions of a very pure Armco iron, which finally 
ranged in their carbon contents from 0-05 per cent. up 
to1-5 per cent. In order to prevent surface carburisa- 





tion of the bars in the furnace atmosphere, which would 
contain nitrogen and carbon monoxide, the bars were 
given a thin electrolytic coating of copper, which was 
subsequently dissolved off by ammonia. The magnetic 
lever balance was a bar, about 30 cm. long, resting at its 
centre on a knife edge; the one half consisted of 
electrolytic iron ending in a pole piece and the other of a 
screwed rod of aluminium, along which weights were 
moved in order to counterbalance the attractive force 
exerted by the magnet held above the pole piece. The 
bar under test was fixed vertically in a holder and sur- 
rounded by the magnetising coils of a battery, so as to 
attract the pole piece of the balance underneath. The 
specimens, which had been quenched in cold water, 
were also tested for electric resistance. 

In this way Campbell found that the electric resist- 
ance increased with the carbide percentage in the steel. 
His pure iron was so soft that its polarity changed with 
its position in the field of the earth, without requiring 
any tapping, and its remanent magnetism was zero ; 
the attractive forces increased as the square of the 
magneto-motive force. In the alloys, the internal 
magneto-motive potential, to which the permanent 
field is due, increased rapidly with the carbide concen- 
tration up to a maximum at 0-6 per cent., after which it 
changed but little. There was a considerable difference 
between this internal magneto-motive potential and 
the potential required to demagnetise the system. This 
Campbell interpreted to mean that, while a considerable 
amount of energy was required to magnetise or polarise 
the solvent iron, the internal magneto-motive potential 
of this iron was quite small as compared with that due 
to the dissolved carbides the force fields of which had 
been brought into serial alignment by magnetisation. As 
no other solutes in iron seemed to possess a magneto- 
motive potential comparable in magnitude with that of 
the dissolved carbide, the property of . acquiring 
magneto-motive potential would appear to be con- 
nected with the structure of the carbon atom. 





Junior InstTituTION oF ENGINEERS.—In the course 
of a lecture delivered recently before the Junior Institution 
of Engineers, on the subject of ‘‘ Flow-Meters,’’ Mr. 
W. H. Simmons, A.I.C., described a type of instrument 
known as the rotameter, which has been used for the 
control of air in the bio-aeration method of sewage 
disposal, for the control of the quantity of chlorine 
added to water for purification purposes, and in gasworks 
practice. The rotameter consists of a vertical tapered 
tube, made from transparent material, the lower end 
being of the smaller diameter. Inside the cone a float 
is kept suspended by the upward flow of liquid or gas 
being measured, the height of the float registering directly 
on a scale engraved on the tube, the rate of flow of the 
fluid. Grooves are cut on the outside of the float so 
that the fluid stream keeps it in a state of rapid 
rotation, Mr. Simmons stated that the rotameter was 
accurate to within 2 per cent., owing to the fact that it 
was frictionless. 





THE Late Mr. THomas DREwry.—The death took place 
at the London Hospital, on November 1, of Mr. Thomas 
Drewry, of 58, Claremont-road, Forest Gate, London, a 
widely-experienced marine engineer and naval architect, 
for many years associated with the Peninsular and Oriental 
Steam Navigation Company, Limited. The deceased 
gentleman, who was in his sixty-seventh year, was 
apprenticed in 1873 to the steamship department of the 
Manchester, Sheffield and Lincolnshire Railway Company 
at Grimsby Docks, and, in 1878, took up work as an 
improver with Messrs. Earle’s Shipbuilding and En- 
gineering Company, Limited, at Hull. After gaining 
some experience there, he proceeded to serve a spell of 
over four years at sea with Messrs. F. Wilson and Son, 
and, on gaining the Board of Trade certificate as first- 
class engineer, joined the staff of the P. and O. line in 
1882. He became, in turn, chief engineer on the liners 
Ravenna, Teheran, Rohilla, and Manila, owned by 
the company, and, in 1899, became associated with the 
Royal Albert Dock staff after having assisted in the 
salving of the S.S. China at Perim and accompanying 
her to Belfast. Mr. Drewry possessed to a marked degree 
the quality of being able to foresee, to some extent, 
the future developments in shipbuilding and marine 
engineering, and this characteristic aided him in 
realising that in the new century about to open 
technical knowledge was to be of greater importance 
than it had been previously. Thus we find that in 1900 
Drewry attended the West Ham Technical College, 
taking classes in naval architecture amongst other 
subjects. Three first-class certificates gained for one 
year’s work give an indication of the enthusiasm with 
which he studied during his course, and this fine result 
was reflected in his appointment immediately afterwards 
to the post of head of the P. and O. Department of Naval 
Architecture. Mr. Drewry did not remain for very long 
engaged in this work, and the period 1906-07 was spent in 
designing and building wharves for his company at 
Singapore. Quick to perceive the possibilities of the 
steam turbine as applied to ship propulsion, he carried 
out a course of study in the subject at London University 
during the session 1909-10, after which he supervised 
ship and engine repairs and renewals, prepared — 
on damages sustained by vessels, and fitted up boats 
for the Admiralty, activities which may serve as an 
indication of his abilities and of the extent of his 





theoretical and practical knowledge, 




















650 


LETTER TO THE EDITOR. 


THE MILITARY SERVICE VEHICLE. 
To THE EpiTror oF ENGINEERING. 


Srr,—I should have liked to have added to this 
title, and made it “The Military Service and Overseas 
Vehicle””—the two employments have so much in 
common, I have long studied this subject, and in 
addition to reading your editorial of yesterday’s date 
and Captain Hubbard’s paper, I have had the privilege 
of being in touch with the Empire Cotton Growing 
Association, and studied their report to which you 
have referred. The international use made of your 
journal, and the alertness of several of our foreign 
competitors, coupled with the apathy of the average 
Britisher, have restrained me from writing to you 
previously on this subject of the expeditious and 
maintained transport of men and produce over land 
rather than over roads. 

It is agreed, as you say, that a subsidy to encourage 
the production of military vehicles would have to be 
on a prohibitive scale. My suggestion is that vehicles 
suitable for carrying men and goods over tracks, 
and land without tracks, if they were produced, as 
they can and should be produced for opening up our 
Colonies, would be of infinitely greater use to the 
military than present lorries and vans, admirable 
though they may be for well-made roads. In the 
recent war there was one motor vehicle which surpassed 
all others because it had good clearance, a big engine, 
transverse springs, and above all was light in weight. 
If such characteristics made such definite improve- 
ment, surely it would be worth while considering 
carrying the matter further. It is not yet the time 
for detail. What might be done to encourage individual 
initiative towards the production of vehicles for 
military purposes, and for opening up countries where 
the cost of railways is prohibitive, is the immediate 
purpose of this communication. 

We have seen with yachts, and now with auto- 
mobiles, the influences of rating formula on design ; 
in the latter case the direct effect of the assessment 
on cylinder area, and rating for racing purposes on 
the volume swept per revolution, have resulted in 
British and French automobile engines becoming small 
in bore, long in stroke, and of excessively quick revo- 
lutions. As the wear-inducing stresses increase as the 
weight of the reciprocating parts multiplied by the 
square of the speed, such rating distortion is actively 
against the production of robust but withal light 
engines for military and overseas rough conditions. 
My point is that as ratings have such effects on design, 
some rating might be found that may have the effect 
of evolving designs suitable alike for the highway 
and for military and overseas no-road conditions. 
The same stress laws as above hold good for wheels 
on roads, but it is complicated, and increasingly so, 
as the wheel diameter is increased, by the lateral 
movements of the tyre tread on the road. Speeds 
must be increased if civilisation is to improve ; speed 
will win, whatever legislation and apathy may exist. 
To remove the tax on cylinder-bore in favour of a 
tax on weight would go far to evolve larger, lighter 
engines (but more durable) mounted on a far lighter 
chassis. In my opinion, however, this does not go 
far enough to encourage the production of no-road 
vehicles—vehicles which should not only not get 
stalled by a patch of slippery surface, nor plough up 
the ground over which they run, but which should, 
as the committee of the Empire Cotton Growers 
Association found, rather consolidate the tracks they 
make than destroy them. Such machines require 
a low load per wheel, every wheel being driven, absence 
of lateral movement and withal a cheap construction. 
May I, therefore, strongly recommend that the tax 
be imposed on the weight of the heaviest of the 
unsprung masses. 

I hope this matter of vehicles for land transport 
will not be allowed to drop. Frankly, I am afraid 
that if I were to disclose one or several ways in which 
such vehicles could be designed, this country would 
be forestalled by foreigners. To patent is not worth 
while; by the time an original idea is becoming 
remunerative the patent is lapsing, and for each 
patent throughout this comity of nations the cost 
works out at about 1,000/. 

Faithfully yours, 
A. E. Parnacortt, M.I.A.E. 
Penge Lane, S.E. 20, London. 
November 14, 1925. 





Raltway WAREHOUSE AcCOMMODATION—A booklet 
issued recently by the London, Midland and Scottish 
Railway Company contains a description of the ware- 
house facilities attached te the principal stations of the 
company, a list of prices charged for the space in London 
and the provinces, and an alphabetical list of stations 
where goods may be stored. 
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On Wednesday last, the completion of the reconstruc- 
tion of the Valley Road Power Station of the Bradford 
Corporation was signallised by a formal opening cere- 
mony, which was attended by Colonel W. W. Ashley, 
M.P., Minister of Transport. The Valley Road power 
station was originally designed for and equipped with 
reciprocating machinery, and shortly before the war 
it had been decided to build a new station to supplement 
this. The war, however, prevented the execution of 
this plan, and led to a reconsideration of the whole 
problem, which would in any case: have probably 
been necessitated by the extraordinary improvement 
effected during the last few years in the output and 
efficiency of generating plant. As a result of this 
reconsideration, it was decided to make the necessary 
extensions by replacing the existing reciprocating 
machinery in the No. 3 engine-room at Valley-road 
by turbo-generators. Two 15,000 kw. sets. were 
accordingly installed here in 1920 and 1922, respec- 
tively. A third unit of 20,000 kw. maximum contin- 
uous rating has since been erected and was officially 
started up by Colonel Ashley on Wednesday. It is 
interesting to note that this turbo-generator occupies 
exactly the space which, when the station was first 
erected, had been reserved for a 1,000 kw. recipro- 
cating set. The latter would have weighed 300 tons 
inclusive of its condenser. The weight of its successor 
also including the condenser, is 315 tons. The output 
per ton of weight works out at 3-33 kw. for the recipro- 
cator, and 63-7 kw. for the turbine set. Moreover, 
35 kw. are now generated per square foot of floor 
space occupied, whilst the figure for the reciprocator 
would have been only 1-72 kw. The extraordinary 
progress thus exemplified has not yet been fully paral- 
lelled in the boiler house. Here there are 27 boilers 
in operation, capable on the aggregate of evaporating 
676,000 lb. of water per hour. Of this total the four 
units last erected (of the Babcock and Wilcox marine 
type) furnish 324,000 lb. of steam, or nearly one 
half of the total. Hence very substantial progress is 
being made in this section of power station practice, 
even if the phenomenal standard set by the turbo- 
alternator has not yet been equalled. 

The 20,000 kw. unit was supplied by the English 
Electric Co., Ltd., of Queen’s House, Kingsway. It 
was designed to operate with steam supplied to the 
stop-valve at a pressure of 190 Ib. per square in (gauge), 
and at a temperature of 659 deg. Fahr. The vacuum 
specified was 28} in. since the station is not well situated 
from the standpoint of a supply of circulating water, 
which has to be obtained from cooling towers. The 
turbine is notable in several respects. In the first place 
it runs at 3,000 r.p.m. which is, we believe, the highest 
speed yet adopted for a machine of so large an output. 
In this connection it is interesting to recall that some 
20 years ago the standard speed for a 3,000 kw. unit 
was only 750 r.p.m. A comparison of these figures 
shows the enormous advance which has been made. 
In the second place the turbine marks a return to 
the two-cylinder type of machine. For many years, 
most builders of impulse turbines favoured the plan 
of running at very high blade speeds so as to reduce 
to a minimum the total number of stages, thus short- 
ening the length between bearings and raising the 
critical speed of the shaft. The plan was also favoured 
owing to some misleading German experiments on 
steam nozzles, which led to the belief that low 
steam speeds meant very high nozzle losses. This 
view was long maintained in spite of experience with 
reaction turbines in which steam speeds always have 
been moderate. Later direct experiments have 
confirmed this experience, and in consequence, the 
Bradford turbine has been designed so as to secure low 
steam speeds throughout. 

The H.P. element is of impulse type. It has twelve 
stages with a mean diameter of about 35} in., the heat 
drop being only about 20 B.Th.U. per stage. In this 
turbine the steam is expanded down to the neigh- 
bourhood of 25 Ib. abs., and is then passed into the L.P., 
which is of the double-flow reaction type, having 9 
stages, ranging in main diameter from about 40 in. 
with 4} in. blade at stage No. 1 to534 in. mean diameter, 
and 12 in. blade at stage No.9. The maximum top 
speed is of the order of 700 ft. per second. 

The H.P. turbine is responsible for nearly 60 per cent. 
of the total output. Specially noteworthy is its 
rotor, which is machined complete from a solid forging. 
In this way it has been possible to pack 12 stages into 
a length which with the ordinary built up construction, 
would only accommodate seven. With this construc- 
tion, moreover, the diaphragm glands have the 
minimum possible diameter, since they fit down on the 
actual “shaft and not on to the wheel bosses, The 
latter construction increase the gland diameter neces- 
sary, without adding to the stiffness of the shaft. Ad- 
mission is complete at every stage of this turbine. 
There are thus no idle blades, and losses by fan action 





are reduced to a minimum. Disc friction losses are also 
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very low, owing to their moderate mean diameter. The 
casing of this H.P. turbine is of steel for the first 
eight stages, the remainder being of cast iron. The 
length between bearings is about 7 ft. 1 in. The 
connection to the L.P. turbine is made by two pipes. 
Steam for progressive feed heating is bled from the 
L.P. turbine between stages Nos. 4 and 5. The forward 
end of the L.P. turbine is fixed to the foundation 
and forms the locating point for the complete turbine. 
Its after end can slide axially, and the H.P. turbine is 
also mounted so as to be able to slide freely on its 
bed, thus minimising expansion strains. Flexible 
couplings are provided between the H.P. and the L.P. 
turbines, and also between the latter and the generator. 

This generator, which is of the totally enclosed type, 
was supplied by Messrs. C. A. Parsons and Co., Ltd., 
Newcastle-on-Tyne. It was designed for a maximum 
continuous rating of 20,000 kw. at 66,000 volts and 
2,190 amperes, with a power factor of 0-8. The 
periodicity is 50 cycles per second, and the speed as 
already noted, is 3,000 r.p.m. The output is remark- 
able when considered in connection with this high- 
speed of rotation. The peripheral speed is, however, 
moderate, the rotor diameter being only 31 in., while it 
is about 160 in. long over the parallel position. The 
makers’ system of compartmental ventilation is 
embodied in the design. This ensures uniform cooling 
of both stator, and rotor over the whole length of the 
unit. The stator frame consists of a single iron 
casting, thus securing a maximum of rigidity. The 
stator conductors are helically stranded cables each 
of which is individually insulated and spiralled so as 
to eliminate eddy losses. The insulation is mainly 
of micanite. The rotor has been machined out of a 
solid mild-steel forging, which was bored from end 
to end, and its soundness ensured by the inspection of 
its interior, thus rendered possible. The windings are 
copper strip insulated with mica. The end caps are 
of weldless chrome nickel steel, and they are electrically 
coupled to the rotor body. At different stages of 
construction the rotor was balanced both statically and 
dynamically, the last adjustment being made at 
33} per cent. over speed. The cooling is effected by 
air circulated by fans through the generator, and thence 
through air coolers. Clean air is thus ensured, but 
provision is also made for cooling the machine by 
free air in caze of an emergency. 

The condensing plant was supplied by Messrs. Cole, 
Marchant and Morley, Limited, of Bradford. There 
are two condensers, one at each end of the turbine. 
These are interconnected so as to ensure equality of 
pressure at both ends of the turbine rotor. This 
connecting pipe is steam jacketted in order to prevent 
any material difference in the expansion of it and of the 
turbine body. The condensers were designed ‘to 
maintain a 28} vacuum when taking steam at the rate 
of 240,000 lb. per hour, the circulating water being 
supplied at 75 deg. F. and leaving at 88-5 deg. F. 

Each condenser is 16 ft. long by 9 ft. 2 in. in diameter. 
It weighs about 97 tons, and is mounted on springs, 
thus avoiding the need for concertina connections 
to the turbine. The aggregate cooling surface is 
35,000 sq. ft., the tubes being } in. in diameter and 
11,140 in number. The water condensed is directed 
by guide plates to the centre of the condenser, and the 
steam is designed to flow in more or less radially from 
the whole circumference of the shell. The tube 
spacing is also increased with the distance from the 
axis of the condenser, so as to give the easiest possible 
access to the inner tubing. The circulating water has 
two passes. The supply furnished by electrically- 
driven centrifugals made by Messrs. Mather and Platt, 
Limited, is 1,770,000 gallons per hour.. The friction 
head through the condenser is 11 ft., but to this must 
be added that required for delivering the water to the 
top of the cooling towers. For air extraction three 
C.M. and M.-Delas steam-jet pumps are installed. Each 
of these has two jets arranged in series, the diffusers 
being cooled by water jackets. They are each capable 
of delivering 120 lb. of free air per hour, the steam 
consumption being 1,000 lb. per hour. 

The switchgear was supplied by Messrs. A. Reyroile 
and Co., Limited of Hebburn-on-Tyne, the steam piping 
by Messrs. Babcock and Wilcox, whilst Messrs. Glen- 
field and Kennedy, Limited, and Messrs.. J. Blake- 
borough and Sons, Limited, have supplied many of 
the valves. Venturi water meters and steam flow 
meters have been installed by Messrs. George Kent, 
Limited, and Messrs. Evershed and Vignoles, Limited, 
have supplied the “Dionic” water tester, which 
serves to detect any leakage of circulating water 
into the feed. Various recorders have been provided 
by the Cambridge Scientific Instrument Company, 
Limited. . 

The whole of the work of remodelling this station, 
which, with accessory works, has involved an expendi- 
ture of 1,181,000I., has been carried out to the designs 
and specifications of Mr. Thomas Roles, M.I.E.E. the 
City Electrical Engineer. Much work, it should be 
added, has been executed by direct labour. 
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MESSRS. JOHN I. THORNYCROFT 
AND CO.’S WORKS AT READING. 


As most of our readers are doubtless aware, the petrol 
and paraffin marine and stationary engines for which 
Messrs. John I. Thornycroft and Co., Limited, have 
established a world-wide reputation, have hitherto been 
built at the company’s works at Basingstoke, where 
their commercial motor vehicles are also constructed. 
The increasing}demand for both, however, has rendered 


Thames, and the buildings at present erected are distri- 
buted over an area of about four acres. Ground of 
about the same area is also available for future exten- 
sions. In addition to the usual administrative buildings 
and drawing office, the works comprise a machine shop, 
finished stores and test house. An interior view of 
the machine shop is reproduced in Fig. 1 on this page. 
It consists of three bays, having a total floor area of 





about 20,000 sq. ft., equipped with some 200 machine 


| tools. These include large milling and planing machines 








Fie. 1. MacuineSxop. 





Fie. 2. Trstrna DEPARTMENT. 


it necessary to separate the manufacture of these two 
products, and the company has therefore recently 
acquired works at Caversham, Reading, which will be 
occupied entirely in the manufacture of marine engines 
and stationary sets. The works, which have been 
thoroughly reorganised and enlarged, were formerly 
occupied by the Herbert Engineering Co., Limited, 
motor-car manufacturers, and are now in full operation, 
producing some 20 sets a week. About 180 men, who 
are paid on the premium-bonus system, are at present 
employed in addition to a staff of 40. 

The site is located on the Oxfordshire bank of the 


|for machining crankcases and other relatively heavy 
parts, and a considerable number of automatic and semi- 
automatic machines for the production of the smaller 
engine components. Some of the capstan lathes 
are visible in Fig. 1, which also shows, on the left, a 
multiple-spindle drill used for drilling the holes in 
crankcases for the cylinder holding-down bolts, and for 
other similar operations. The machinery is driven by 
line shafting operated by electric motors, to which 
| three-phase, 50-cycle current is supplied at 346 volts 
| by the Reading Electrical Supply Company. At 
| present, one end of the machine shop is utilised as an 








erecting bay, but a new building will shortly be con- 
structed for this purpose. The space thus rendered 
available in the machine shop will then be occupied by 
additional tools. The whole of the castings required 
are supplied from the company’s works at Southampton, 
so that no foundry plant has been installed at Reading. 

The finished store building, which adjoins the machine 
shop has a floor area of 8,500 sq. ft., and in it are 
kept stocks of parts for the erection of new engines and 
for replacements on such engines, as well as for replace- 
ments on the older types of engine produced during the 
last 20 years. Many of the earliest types, we under- 
stand, are still giving useful service, so that spares for 
these are kept in stock. In addition to spare parts, 
it is intended to keep a number of complete engines in 
stock for immediate delivery. 

The test house, of which the floor area is 2,700 sq. ft., 
is an exceptionally lofty building, as can be seen in Fig. 2, 
which is a view of the interior, All engines are care- 
fully tested before despatch, and for this purpose five 
testing beds equipped with Froude brakes have been 
provided. In addition to these, there are two beds, 
on which tests can be carried out with engines driving 
propellers in a large open tank outside the building, 
the shafts passing through stuffing boxes in the wall of 
the test-house. Messrs. Thornycroft, we understand, 
were the first to adopt this method of testing, which 
simulates the working conditions of a marine motor as 
closely as possible. Full facilities are provided for 
carrying out experimental tests for the purpose of 
improving design, in addition to the ordinary routine 
tests prior to delivery. 

The products of the Reading works range from the 
firm’s D.B. type, two-cylinder engine developing 9 h.p. 
to the 375 h.p. 12-cylinder engines used in the firm’s 
coastal motor boats. Both types of engines have been 
illustrated and described in our columns, the former on 
page 353 of vol. cxvi, and the latter in vol. «xiii, 
page 548. Numerous intermediate sizes are, of 
course, constructed, with or without reversing and 
reducing gears. They are supplied, with suitable 
propellers, for fitting into boats constructed by other 
builders or sent to Messrs. Thornycroft’s works at 
Hampton, where hulls are constructed for motor 
launches and similar craft for all purposes. The 
stationary engines are largely used coupled to electric 
generators for ships’ emergency lighting equipment, as 
well as for electric welding plants, salvage work, pump- 
ing, air compression and power production generally. 





LABOUR NOTES. 


Tue final draft of the constitution of the proposed 
Industrial Alliance is now in the hands of the trade 
unions, which have provisionally approved the prin- 
ciple, and will, in due course, be submitted by the 
various executive councils for the consideration of the 
rank and file. The important alterations are not 
numerous, although there are modifications which are 
distinctly noteworthy. In the first draft. an object of the 
organisation was declared to be to assist ‘‘ any or all of 
the allied organisations in defending the hours of labour 
and wage standards, and securing advancement of the 
standard of living, or to take action to secure acceptance 
of, or to defend, any principle of an industrial character 
which may be deemed vital by the allied organisations.”’ 
In its new form, the paragraph relating to objects reads 
as follows: ‘* To create through a trade union alliance a 
means of mutual support and to assist any or all the 
allied organisations (a) to defend hours of labour and 
wages standards; (b) to promote or to defend any 
vital principle of an industrial character; to take such 
steps for mutual co-operation on economic and indus- 
trial matters as may from time to time be decided 
upon.” The words “‘ securing the advancement of the 
standard of living’’ are, it will be observed, deleted. 
The clause dealing with procedure is brought into line 
with the alteration. The opening words are now: 
** Any allied organisation being involved in any official 
dispute in respect to which the assistance of the alliance 
may be required,” &c.; in the earlier draft the clause 
began: ‘“‘ Allied organisations being involved in any 
official movement, either for improvement or defence,” 
&c. The obligation of affiliated societies is. however, 
retained, definitely to undertake, ‘‘ notwithstanding 
anything in their agreements or constitutions to the 
contrary, to act as directed by the general conference ”’ 
of the Alliance. On its face, that is a clause which is 
likely to lead to trouble with employers’ organisations 
—which will certainly not make agreements with such a 
reservation either expressed or implied. 





The National Wages Board began its inquiry into 
the wages and conditions of railwaymen on Monday. 
The questions referred to it for consideration include 
applications by the railway companies for a reduction 
in wages, and by the National Union of Railwaymen 
and the Railway Clerks’ Association for increases and 
improvements in conditions of service. The companies 
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desire immediate flat-rate reductions in base and 
current rates of 6s. per week in rural areas and 4s. 
per week in London and industrial areas for adults, and 
3s. and 2s, per week respectively for juniors, the 
existing cost-of-living sliding scale arrangement to be 
retained. The companies also propose that the adult 
age for clerical staff (male and female) should be raised 
from 18 to 20; that junior male clerks be not advanced 
to Class 5 scale rates of pay until there is a Class 5 
vacancy; or girl clerks advanced to Class 2 scale 
rates of pay until there is a Class 2 vacancy, and until 
in each case they have passed the appropriate examina- 
tions. The increases sought by the N.U.R. vary with 
the different grades, and, according to the Companies, 
the cumulative effect of them, coupled with the cost of 
the other improvements desired, would add something 
like 45,000,000/. a year to railway labour costs. The 
Associated Society of Locomotive Engineers and Fire- 
men was not associated with the demand for improved 
conditions ; but it resisted the demand of the Companies 
for wages reductions. On Monday and Tuesday, -the 
Board heard Mr. W. Clower for the Companies, and on 
Wednesday Mr. C. T. Cramp began his presentation of 
the railwaymen’s case. 





Thanks chiefly to the efforts of extremists, the ques- 
tion of working with non-union men has become rather 
acute in some areas. The London District Council of 
the National Union of Railwaymen is asking its branches 
for authority to carry out an “ unofficial ” strike against 
the employment of non-union men early next month, 
and at Manchester the tramwaymen, who are members 
of the Transport and General Workers’ Union, have 
intimated that on and from the 23rd inst. they ‘ will 
refuse to work with non-unionists.” In other districts 
much the same kind of thing is happening on smaller 
scales. This is, obviously, dangerous procedure, and 
there will be widespread trouble, it is to be feared, 
if it is persisted in. 





At a conference in London on Wednesday, repre- 
sentatives of the building trades employers and em- 
ployees again considered the question of payment for 
time lost through inclement weather. No decision 
was reached, and the proceedings were adjourned until 
a date to be fixed. 

According to the ‘Monthly Report” of the 
United Society of Boiler Makers and Iron and Steel 
Shipbuilders, 23,834 members were “signing the 
books”’ at the end of October, as compared with 
23,854 at the end of September. Last month—five 
weeks’ expenses are included—the expenditure was 
125,947/. Os, 2d.; in September it was 111,718/. 9s. 1d. 

Members of the Boiler Makers and Iron and Steel 
Shipbuilders Society are to vote at the January 
meeting of their branches on alternative proposals 
submitted by the executive council with the object 
of improving the financial position of the organisation. 
One is (a) that the minimum age of members applying 
for superannuation benefit be 60 years; (b) that all 
scales of sick and superannuation benefit be reduced 
by ls. per week; (c) that the superannuation levy, 
payable by first-class members, be increased by ls. 
per quarter. Total superannuation levy, first-class 
members, 2s. per quarter. The other proposal is 
(a) that members’ contributions be increased by the 
following amounts—first-class members 3d. per week, 
making the total contribution 1s. 9d. per week; 
second-class members 2d. per week, making the total 
contribution ls. 5d. per week; third-class members 
Id. per week making the total contribution 9d. per 
week; (6) that the superannuation levy, payable by 
first-class members, be increased by ls. per quarter. 
Total superannuation levy, first-class members, 2s. per 
quarter. 

The financial difficulty which it is desired to over- 
come is due, it is pointed out, to an abnormal increase 
in the society's liability for superannuation benefit. 
Owing to the continued depression, an abnormal 
number of members have come on to the superannuation 
fund, and a large proportion of the members claiming 
superannuation benefit are under 60 years of age. 
Very many applications are, moreover, not due to 
incapacity, but to the impossibility of finding employ- 
ment. The trade depression has, therefore, not only 
diminished the society’s income, but, at the same 
time, increased its expenditure on superannuation. 
‘“The General Council,” it is added, ‘in their revision 
of rules, proposed the raising of the age for super- 
annuation benefit to 60 years. The votes of the members 
at that time were against the proposal; but it is 
now clear that the liability for members between 
the ages of 55 and 60 cannot be met at the present 
scale of contributions. It is, therefore, necessary that 
one of the above proposals should be adopted for a 
limited period.” 





In October, the home branch membership of the 





Amalgamated Engineering Union decreased from 
210,412 to 210,296, and the colonial branch membership 
increased from 25,549 to 25,755.. Donation benefit was 
paid to 8,600 members—a decrease of 834 as compared 
with the September figures. The total number of 
unemployed members was, at the end of the month, 
17,359—a decrease of 118—which, calculated in the 
usual manner, is equal to 7-93 per cent. of the member- 
ship. 





It is officially stated that the executive councils of 
the Amalgamated Engineering Union and the National 
Union of General and Municipal Workers have held a 
conference ‘“‘ with a view to arriving at a satisfactory 
understanding in regard to the machine question.” 
The meeting terminated on the understanding that 
the executive of the National Union of General and 
Municipal Workers would carefully consider the repre- 
sentations made by the executive of the Amalgamated 
Engineering Union and that a further meeting of the 
parties would be held in due course. 





A Woolwich deputation, representing the Borough 
and the operatives employed at the ordnance factories, 
was received by Captain H. Douglas King, Financial 
Secretary to the War Office, last week. After a 
reference to the amount of unemployment in Woolwich, 
hope was expressed by the deputation that it would not 
be increased by further reductions of ordnance factories 
strength, It was urged that more work should be 
allocated to the ordnance factories in future to avert 
the necessity for further discharges and ameliorate the 
position in general. The Financial Secretary, in reply, 
pointed out that the ordnance factories were already 
obtaining the bulk of the available orders, but that it 
was necessary as a matter of national policy to give a 
proportion of these orders to the outside trade who 
would otherwise cease to be available in an emergency. 
He expressed regret that, owing to shortage of work, 
some further reductions in the ordnance factories staff 
were unavoidable during 1925-26. He undertook, 
however, that all that was possible to relieve the 
situation should, as hitherto, be done, and promised to 
examine certain specific suggestions made by the 
deputation. 





Sir Arthur Steel-Maitland, the Minister of Labour, 
has appointed a Committee of Inquiry “ to consider, in 
the light of experience gained in the working of the 
Unemployment Insurance Scheme, what changes in 
the scheme, if any, ought to be made.”” The members 
of the Committee are: Lord Blanesburgh (Chairman), 
Miss Margaret Bondfield, Sir James Curtis, Professor 
Carless Davis, Mr. J. Hamilton, Sir Hugo Hirst, Bt., 
Mr. Frank Hodges, Mr. A. Holmes, Mr. Laurence Holt, 
Sir James Lithgow, Bt., Sir William McLintock, 
Viscountess Milner, and Sir Glynn Hamilton West. 
The secretary is Mr. J. A. Dale, of the Employment and 
Insurance Department, Ministry of Labour. All 
communications should be addressed to him at Queen 
Anne’s-chambers, Broadway, Westminster, S.W. 1. 





Mr. Robert Tilling has been elected general secretary 
of the National Union of Foundry Workers in succession 
to the late James Fulton. Mr. Tilling has been acting 
general secretary since Mr. Fulton’s death, and was, 
previously, for some time assistant general secretary. 





The Ministry of Labour states that on November 9, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,198,100—963,300 men, 34,600 boys, 171,700 
women, and 28,500 girls. On November 2, 1925, 
the number was 1,207,612—-970,673 men, 36,067 boys, 
172,006 women, and 28,866 girls—and on November 10, 
1924, it was 1,218,392—930,801 men, 34,484 boys, 
222,653 women, and 30,454 girls. 





In the report of the General Federation of Trade 
Unions for the third quarter of the current year, 
Mr. Appleton, the Secretary, states that once again 
the expenditure of the organisation has exceeded its 
income. There have not been many disputes, he 
says, but there has been one that involved the 
National Union of Textile Workers. The amount 
shown in the accounts now published is not quite 
the total actually paid to the union; a small balance 
will be shown in the next quarter’s accounts. Benefits 
paid during the September quarter amounted to 
20,1561. 9s. 2d. The total number of affiliated societies 
is now 116, 73 of which are on the higher scale, 40 on 
the lower scale, and 3 on both scales; and the total 
number of members is 742,055, of whom 425,308 are 
on the higher scale and 316,747 on the lower scale. 





According to ‘The Ministry of Labour Gazette,” 
employment showed an improvement during October. 
Among the 11,892,000 workpeople insured against 
unemployment under the Unemployment Insurance 
Acts in Great Britain and Northern Ireland the per- 





centage unemployed at October 26, 1925, was 11-4, 
as compared with 12-0 at September 21, 1925. Among 
the members of those trade unions from which returns 
were received by the Labour Ministry, the percentage 
unemployed was 11:3 at the end of October, 1925, 
compared with 11-4 at the end of September, 1925, 
and with 8-7 at the end of October, 1924. The 
industries principally affected by the improvement in 
employment in October were coal mining, iron and 
steel manufacture, the tinplate trade, the cotton, 
wool, hemp, hosiery and carpet trades and textile 
bleaching, dyeing, &c. , 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour the changes in 
rates of wages reported to have come into operation in 
October resulted in an aggregate increase of about 
5,400/. in the weekly full-time wages of 110,000 work- 
people, and in a reduction of about 2,7001. in the weekly 
wages of 63,000 workpeople. The principal group of 
workpeople whose wages were increased consisted of 
about 75,000 employees in the textile, bleaching, 
dyeing, printing, &c., trades. There was also an 
increase of about 3} per cent. on the current rates of 
11,000 steel-sheet millmen and galvanisers in various 
districts. The principal reductions affected about 
35,000 iron puddlers and iron and steel millmen in the 
Midlands. During the ten completed months of 1925 
the changes reported to the Department in the indus- 
tries for which statistics are compiled have resulted in 
net reductions amounting to over 150,000/. in the 
weekly full-time wages of 890,000 workpeople, and in 
net increases of 77,0001. in those of 840,000 workpeople. 
In the corresponding period of 1924 there were net 
increases of nearly 540,000/. in the weekly full-time 
wages of nearly 2,700,000 workpeople, and net reduc- 
tions of over 67,0001. in those of 575,000 workpeople. 





The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in October was 49. In addition, 31 disputes which 
began before October were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in October (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 43,000. The estimated 
aggregate duration of all disputes during October was 
about 440,000 working days. These figures compare 
with totals of approximately 44,000 workpeople 
involved and 413,000 days lost in the previous month. 





About 8,000 men are directly affected by a strike of 
shale miners in West Lothian. In consequence of 
heavy losses on working, Scottish Oils, Limited, inti- 
mated to the men some time ago that they intended 
to close down, but as a result of representations to the 
Government the situation took on a more hopeful 
aspect. The Government agreed to renew certain 
contracts with the company, and the directors, in the 
new circumstances, expressed willingness to carry on 
the mines, even at some sacrifice to the company, on 
condition that the men accepted a reduction of 10 per 
cent. in their wages. On a ballot vote, the proposal 
was rejected by a majority of five toone. The following 
terms of settlement were then suggested to the 
employers :—‘‘ That the notices at present posted be 
suspended for a period of two or three weeks, and that 
an independent tribunal or public committee of inquiry 
be set up by the Government to inquire into the whole 
ramifications of Scottish Oils, Limited, at which both 
employers and workers would be represented ; further, 
that the men would abide by the finding of the inde- 
pendent tribunal.’”” The employers, however, declined 
to accede to the proposals, and the strike notices 
which had been given, took effect. 





OrriciaL Sratistics.—Nearly all official publications 
issued by Government departments contain statistics. 
and some difficulty is usually experienced by engineers 
in determining the particular periodical which supplies 
the figures desired. To assist those wishing to avail 
themselves readily of statistical information, the Perma- 
nent Consultative Committee on Official Statistics pre- 
pares annually a ‘‘ Guide to Current Official Statistics. 
Volume three has just been issued, and may be obtained 
from H.M. Stationery Office, Imperial House, Kingsway 
London, W.C.2, at a price of ls. 34d., post free. 

cal 





Propuction oF IRoN AND STEEL IN OcToBER.—The 
National Federation of Iron and Steel Manufacturers, of 
Caxton House, Tothill-street, Westminster, London, 
S.W. 1, has announced that the production of pig-iron 
in October amounted to 473,700 tons, compared with 
448,700 tons in September and 586,400 tons in October, 
1924, During the month an increase of 7 in the number 
of blast furnaces operating took place, making the total 
number now working 136. The production included 
138,000 tons of hematite, 174,700 tons of basic, 119,600 
tons of foundry, and 17,600 tons of forge pig-iron. Steel 
ingots and castings made amounted to 647,100 tons, 
compared with 640,100 tons in September and 678,500 
tons in October, 1924, , 
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THE WUST OIL-FIRED FURNACE. 


REcENT attempts to improve the quality of cast 
iron aim at a fine pearlitic structure and at a uniform 
distribution of the graphite. To attain these objects, 
the cast iron is remelted, mixed with scrap or ore, and 
also with coke, in order to-secure suitable moderate 
proportions of carbon and silicon. It is very difficult, 
however, to obtain uniform distribution of the graphite 
and uniform castings from cupola furnaces, especially 
with small charges. The electric furnace can give 
the desired results, but not at low costs. Oil-fired 
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furnaces of the tilting type, otherwise suitable, also 
consume too much fuel to justify their general use. 

To meet these objections, Professor Wiist, of Aachen, 
has designed an oil-fired furnace which is a com- 
bination of a hearth and shaft-types, in which the oil 
consumption is much reduced by the special arrange- 
ments made for the circulation of the gases and the 
preheating of the blast. The one-ton furnace which 
we illustrate in plan and sections in our diagrams, Figs. 1 
to 5 has been in use in the foundry of the Maschinen- 
fabrik Esslingen for more than a year; it was described 
by Dr. Ing. T. Klingenstein in Stahl und Eisen, of 
August 27, to which we are indebted for our illustra- 
tions and information. The measurements shown are 
millimetres ; roughly, the furnace occupies a space of 
15 ft. by 8 ft. by 23 ft. 

The oil burner is at A, on the left-hand side (Figs. 1 
and 2) of the hearth, which is deepened to form a 
hollow hearth in the middle portion. Near the other 
end is a shaft down which the charge works; the 
shaft is closed below by a door. The flames sweeping 
over the hearth pass up the shaft, from which the 
fused metal flows into the hearth, and through a 
preheater in which the blast is heated to about 
400 deg. and temporarily to 600 deg. C. (750 and 
1,100 deg. F.). There is a tap hole at C and the 
slag is run out at D. The vaulting of the hearth 
is built up of detachable blocks, and good accessibility 
of the parts has been provided for. The charge is 
generally mixed with one or two per cent. of lime. 
The addition of coke is unnecessary; the fuel is 
a coal tar oil. Details are given in the article 
mentioned of various mixtures of soft and very hard 
castings, containing about 3 per cent. of total carbon, 
2 per cent. of silicon, 1 per cent. of manganese, 0-4 per 
cent. of phosphorus and 0-05 per cent. of sulphur. 
With a total charge of 4,000 kg. or 4,500 kg. and an 
average output of 1,050 kg. per hour, the oil consump- 
tion ranged from 8 per cent. to 10-3 per cent., reckoned 





on the charge. These figures are certainly low; fuel 
consumptions of 25 per cent. are not unusual in oil- 
fired tilting furnaces. The iron had a melting point 
of about 1,260 deg. C. (2,300 deg. F.) and was poured 
at temperatures between 1,500 and 1,600 deg. C. 
(2,700 to 2,900 deg. F.). 

The improvements claimed and supported by micro- 
photographs, and the results of mechanical tests, are 
that the total carbon is reduced from about 3-2 to 
2-7 per cent., in the remelted cast iron, that the 
sulphur percentage is also reduced, and that the 
graphite is distributed in small specks, not in lamellae, 
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in the pearlitic metal. The improvements obtained 
with both reducing and oxidising melting are partly 
ascribed to the high temperatures easily obtained in 
these furnaces. 





CATALOGUES. 


Files—A card illustrating files, rasps and similar 
tools has come to hand from the Hardy Patent Pick Co., 
Ltd., Sheffield. 

Electric Motors.—The A.C.E. Company, of Charleroi, 
Belgium, have issued a fully descriptive catalogue of 
their three-phase induction motors. 


Transformers.—A catalogue illustrating a number of 
very large transformers constructed by them is to hand 
from Messrs. Ferranti, Limited, Hollinwood, Lancs. 


Electric Heaters——The Cressall Manufacturing Com- 
pany, 40, Staniforth-street, Birmingham, have sent us a 
catalogue of electric heaters made in units of flat section 
2 ft. in length. 


Vacuum Recorder.—We have received from the Uehling 
Instrument Company, 473, Getty-avenue, Paterson, 
New Jersey, U.S.A., a leaf catalogue of their vacuum 
recorders of the mercury-column type. 


Case-Hardening Compound, d:c.—New leaf catalogues 
describing their case-hardening compound and _ their 
rust preventive for bright surfaces are to hand from 
Messrs. N. Taylor & Son, 17, Goree Piazzas, Liverpool. 


Jack.—A ratchet lifting and lowering jack suitable 
for motor cars and other vehicles, as well as for general 

urposes is described in a catalogue, received from the 
Quiftlick Engineering Company, Limited, 14, New-street, 
Birmingham. 

Regulating Instruments.—The Crosby Valve and Engi- 
neering Co., Limited, 42, Foley-street, London, W. 1, 
have issued a card illustrating their instruments for 
regulating the dampers of boiler flues and the tempera- 
ture of liquids and air. 


Engines.—We have received from Messrs. Doom and 
Mahieu, 177, Rue de Laeken, Brussels, leaf catalogues of 
fixed and portable petrol and spirit engines developing 
3 h.p. and 8 h.p. in vertical types, and 4 h.p., 6 h.p., 
and 8 h.p. in horizontal types. 


Steel_—Messrs. E. Jopling and Sons, Limited, Sunder- 
land, have sent us a leaf catalogue giving particulars 
of tests of their steel castings, which are made in mild 
and manganese steels as well as in a special quality for 
the magnets of electrical machines. 

Cranes.—Messrs. Herbert Morris, Limited, Lough- 


borough, have sent us a catalogue of overhead traversing 
cranes for hand operation, illustrating many applications 








to different conditions of work. Leaf catalogues of 





portable jib cranes and electric lifts have also been 
received. 

Motor-car Accessories.—From Messrs. Brown Brothers, 
Limited, Great Eastern-street, London, E.C. 2, we have 
received a copy of the current issue of their catalogue- 
journal ‘“‘ The Accessory,” containing particulars of many 
useful tools and appliances suitable for those in charge of 
motor vehicles. 

Valves.—The Crane Company, 836, South Michigan- 
avenue, Chicago, have sent us a copy of the seventieth 
anniversary issue of their catalogue-journal “‘ The Valve 
World,” containing an interesting account of the history 
of the firm as well as some articles on technical and 
welfare subjects. 


Steam Engines.—A leaf catalogue with notes on the 
reliable and economical working of central-exhaust 
engines, which they construct up to 1,500 h.p., is to 
hand from Messrs. Cole, Marchant and Morley, Limited. 
Bradford, who now have a large number of these engines 
in operation at home and abroad. 


Screens.—We have received from Messrs. Hadfields, 
Limited, Sheffield, a copy of their special catalogue of 
revolving screens for screening stone, ore, &c., to various 
sizes, the diameters of the screens ranging from 24 in. 
to 60 in. and the length from 6 ft. to 26 ft. The heavy 
wearing parts are of manganese steel. 


Water Softening.—The Becco Engineering and Chemical 
Company, Limited, 160, City-road, London, E.C, 1, have 
sent us a copy of their catalogue of apparatus for auto- 
matically measuring, weighing and mixing the chemicals 
for water softening and purifying, and varying the supply 
in accordance with the consumption of water. 


Electrical Machinery.—We have received a copy of 
the A.E.G. catalogue journal, Progress, printed in 
English, and containing several interesting articles on 
subjects such as the Leipzig Industrial Fair, enclosed 
high-power direct-current motors, tests of hammers 
driven by steam and by compressed air, coal-conveying 
equipment, &c. 


‘ilter Presses.—Filter presses are the subject of a 
special catalogue issued by Messrs. Manlove, Alliott 
and Co., Limited, Nottingham, who have sent us a 
copy of the new edition. Several types of presses are 
illustrated, and the essential parts are carefully described 
while many notes of practical interest to users are included 
in the catalogue. 


Oil Mill Machinery.—A booklet containing notes on 
vegetable-oil seeds and their treatment is to hand from 
the Mirrlees Watson Co., Limited, Scotland-street, 
Glasgow, who manufacture oil machinery. The notes 
deal with about thirty kinds of seed and describe the 
mechanical and heat treatment necessary in each case 
for extracting the oil. 


Valves.—Messrs. W. H. Willcox & Co., Ltd., 38, 
Southwark-street, London, S.E.1, have issued two leaf 
catalogues describing valves of the screw-down, gate, 
check and pressure-reducing types and also the Pen- 
berthy ejector, operated by water -main pressure, and 
used for automatically discharging water collecting in 
cellars below the drain level. 


Weighing Scales.—Messrs. Henry Pooley and Son, 
Limited, John Bright-street, Birmingham, have issued an 
excellent catalogue of weighing scales illustrating all the 
kinds in general use for trade, office, factory and domestic 
purposes, and including steel yards and indicating scales 
of the automatic type. A full range of avoirdupois, 
troy, metric, and coin weights is also illustrated. 


Railway Signalling.—A new catalogue illustrating an 
improved design of their hand-operated generator has 
been received from the Westinghouse Brake and Saxby 
Signal Company, Limited, 82, York-road, King’s Cross, 
London, N.1. he machine, which is used for the 
electrical operation of distant points and signals, occupies 
less than a 14-in. cube of space, exclusive of the handle. 





ENDURANCE FLIGHTS BY VICKERS VIRGINIA AERO- 
PLANES.—-As the culminating exercise of their training 
for this season, two of the long-distance bombing 
squadrons of the Home Defence force recently carried 
out endurance flights between their home aerodromes, 
in Kent and Hampshire, respectively, and Leuchars in 
Scotland. Both squadrons are equipped with Vickers’ 
Virginia aeroplanes, each fitted with two Napier “ Lion ” 
engines of 450 h.p., and this was the first occasion 
on which any attempt had been made to extend these 
bombers to the limit of their endurance. Five pilots 
left Manston at 2.35 a.m. on September 24 for Leuchars, 
and arrived at their destination at 9.30 a.m., no trouble 
having been experienced during the journey. Flares 
were lit at aerodromes on the route as a precaution 
against forced landings, but the engines all ran satisfac- 
torily and the only landing was made voluntarily at 
Brough with the object of remedying wireless trouble. 
After a short stay at Leuchars, the five aeroplanes left 
in company at 1 p.m., and arrived at Manston at 5.20, 
having experienced no trouble of any sort on the way. 
With the other squadron, the intention was to fly from 
Worthy Down, near Winchester, to Leuchars and back 
without refuelling. The operation took place on Sep- 
tember 3, eight aeroplanes being employed, and although 
a strong northerly wind prevented the accomplishment 
of the original intention by delaying the first part of 
the journey, two pilots reached Edinburgh and returned 
to Winchester, a third reached Edinburgh and returned 
to Bedford, while another reached Leuchars and re- 
turned as far as Spittlegate in Lincolnshire before 
having to refuel. One pilot succeeded in remaining in 
the air for 12 hours 15 minutes, with no special tanks 
and carrying a full crew. 
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WORKS. 
(Continued from page 621.) 


THE tyre mills are seen in Fig. 1 (page 193 ante) 
behind the rolling mills and the electric furnace, 
and a detail plan showing their lay-out is given in 
Fig. 94. The tyres are made of either of the four 
ingots shown in Figs. 37 to 39a (page 344 ante). 
Fig. 39a, however, is the only one that is used 
when the tyre is made from slices of the ingot 
without being cut up in the press. The decision 
between these methods of providing blanks for 
tyre making depends mainly upon the load the 
tyres are intended to carry. As a rule, an ingot is 
forged down and cut up under the press when it is 
intended for heavy locomotive work, as tyres so 
made are found to give better results when drop 
tested than ingots cut up in the slicing machine, no 
doubt owing to the amount of work that is put on the 
ingot when it is being forged. In the process of 
forging the ingot is drawn down from 18 in. to about 
12 in., and the block is then cut off and up-ended. 
With the sliced block, on the other hand, no longi- 
tudinal work is put on the blank, the block being 
simply slabbed down endwise to the required 
thickness. 

Figs. 95 and 96 on page 655 show the ingot slicer. 
This machine was supplied by Messrs. Clifton and 
Waddell, of Johnstone, to Messrs. Brown Bayley’s 
specification, to which other manufacturers were 
reluctant to quote, gwing to doubts about the wear 
of the gearing. The machine takes ingots 16 in. 
diameter by 6 ft. 9 in. long. and cuts them into eight 
pieces simultaneously, in the manner shown clearly 
onthe figures. The main drive is by 75-h.p. variable- 
speed motor at 300 r.p.m. to 900 r.p.m., the slicer 
running at 5 r.p.m. to 15 r.p.m. This motor is 
coupled direct to worm reduction gear through a 
pin-type flexible coupling, the second reduction 
being by pinion on to a spur rim attached to the 
face-plate. The worm drive has proved eminently 
satisfactory as against toothed gear, alike in reduc- 
ing noise and the cost of repairs and in driving 
smoothly. The machine was supplied in 1921, and, 
although in continuous work since that date, has as 
yet shown no signs of wear. Only one feed—,, in. 
—is provided, and a separate quick-return motor is 
fitted for the purpose of opening the saddles or tool 
rests quickly. The machine could have taken a 
quicker feed, but extensive trials on another machine 
fitted with three feed speeds showed that jy in. was 
the most economical when all factors were taken 
into account. With 14 tools in commission, it is 
found that on the average one tool has to be ground 
for every ingot parted. 

The parting and nicking tools are shown in 
Figs. 97 and 98, the nicking tool being made from 
old parting-off tools. When the nicking tool, 
again, has been reground so often as to have become 
unserviceable, the whole is sawn off behind the tool 
as shown on the dotted line in Fig. 98, and again 
milled and fitted up as a parting tool in the form 
shown on Fig. 97. The shape of the various parts 
of the tool will be clear from the figures, but atten- 
tion may be called to the extreme economy that is 
made in the tool steel. This steel is of a special 
brand made in these works, containing 18 per cent. 
of tungsten, and the inserts of it are made from 
flat bar 1 in. wide by } in. thick, sawn off to lengths 
of 1$ in. and ground on the broad faces to be a tight 
driving fit into the holder. One end is ground semi- 
circular to suit the holder, and after the other ends 
of the insert have been ground flush with the edge 
of the holder in a Lumsden oscillating grinder, and 
the edges ground to an angle of 10 deg., the insert is 
brazed in the holder. For this purpose it is first 
raised to a temperature of 500 deg. C. in a pre- 
heating chamber of the furnace, and then transferred 
to the reheating furnace until it reaches 900 deg. C. 
The brazing compound used is Laffitte No. 3 
au fer, and both the brazing and hardening are 
done at 1,250 deg. C., the hardening being done 
under an air blast. The end is then finish ground 
to give a tool 1 in. wide by § in. deep, as shown in 
Fig. 97. 

In spite of the economy with which the works use 
their tool steel, they find it advantageous to fit all 
slicer tool holders with bolts, nuts, and traversing 
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pinions in stainless steel, as the delay in changing 
tools when carbon-steel bolts had rusted and 
stuck in the holders was found to cause consider- 
ably more than proportionate expense. For the 
same reason, the main saddle taper wedges of the 
machine are made of stainless steel, as with carbon 
steel the wedges had been found to corrode, especially 
at the ends, so forming a barrel-shaped wedge, which 
caused the saddles to rock when the machine was 
at work. 


(To be continued.) 





THE MINERAL RESOURCES OF 
- BRITISH COLUMBIA. 


In addition to the wealth derived from agriculture 
and from its fishing and lumber industries, British 
Columbia possesses important mineral deposits. The 
discovery of gold in the early ’fifties of last century 
brought the Province into great prominence, and led 
to a sudden influx of population. Although the 
production of gold is still of great importance, it is 
no longer the principal source of the mineral wealth. 
Exports of copper, lead and zinc are increasing rapidly, 
and the Report of the Minister of Mines of the Province 
of British Columbia for the year ending December, 
1924, shows that while the production of copper has 
doubled since 1922, that of lead has nearly trebled 
during the same interval of time. -The output of 
zinc has also increased, having risen from 58 million lb. 
in 1923 to 79 million lb. in 1924. The value of the 
total mineral production for the year under review 
amounts to 48,704,604 dols., an increase of over 
7 million dols. over the figure for the previous twelve 
months. 

British Columbia is, further, rich in coal, which is 
mined chiefly in Vancouver Island, in the Nicola- 
Princeton district in the south, and in the East 
Kootenay area situated in the extreme south-eastern 
portion of the province. Annual outputs of coal, 
which for the previous five years averaged 2} million 
tons, fell during 1924 to less than 2 million tons. 
This, the only decrease registered in any of the products 
mined in the Province, is stated to be largely due to 
the closing of pits in the Crowsnest coalfield of East 
Kootenay, during a large portion of the year, owing 
to a protracted strike. The greater part of the coal 
output is consumed within the Province, only about 
13-18 per cent. having been exported in 1924, the 
chief markets being the United States and Alaska. 
The amount of copper produced in 1924 amounted to 
nearly 65 million lb., an increase of 7 million Ib. 
over the 1923 output, and more than double the 
1922 total. The Granby Company at Anyox in the 
Nass River district, on the borders of Alaska, was 





responsible for 54 per cent. of this output; the 


Britannia mining and smelting plant on Howe Sound, 
near Vancouver, produced 37 per cent. The former 
installation was established ten years ago, and now 
employs 1,000 men. Work at the Britannia mine 
was begun on a small scale in 1900, and the men 
employed at the present time number between 600 
and 700. 

As has already been indicated above, outputs of 
lead have increased extremely rapidly. The chief 
producing centre, the Sullivan group, is situated close 
to Kimberley and Fort Steele, in the East Kootenay 
region. This mine, by virtue of its large production 
of lead and zinc, has been responsible for industrial 
activities during the year 1924, which, according to 
the Report, ‘‘have completely overshadowed those 
of all other commercial endeavours in the interior 
of British Columbia.” The total tonnage of ore 
mined and concentrated during the year amounted 
to 1,033,062 tons, practically the whole of which 
was smelted and refined on the spot. The output 
of lead, from the Fort Steele Mining Division, amounted 
in 1924 to 160 million lb., or 94 per cent. of the total 
for the whole of British Columbia. The Fort Steele 
Division was also responsible for 92 per cent., namely, 
73 million lb. of the total production of zinc. Sullivan 
ore is very complex and consists of a mixture of lead, 
zinc and iron sulphides. A satisfactory process of 
extraction was developed, and the output of the 
mine gradually increased until 1914, when it became 
the largest lead-producing installation in Canada. 
The demand for zinc occasioned by the European 
War gave a great impetus to the Sullivan zine industry 
with the result that a large electrolytic zinc-refining 
plant was installed in 1915. 

Although magnetic iron ore occurs in considerable 
quantity along the coast, no blast furnaces have, up 
till the present, been built. Excellent building stone 
is found in abundance in many districts, and on the 
coast, located chiefly between Vancouver Island and 
the mainland, there are several well-equipped quarries 
which supply the coastal cities of both Canada and 
the United States. The building of Government 
trails and roads has proved a potent factor in increasing 
outputs, this being especially the case in the northern 
and north-western regions. Again, grants from the 
Mines Department of the Province have greatly 
facilitated the work of prospectors. Much of the 
country is, from a mining and metallurgical point 
of view, unexplored, and it is highly probable that 
the importance of British Columbia, as a mineral 
producing region, will increase still further as time 
passes. ; 





Tue Hornspy Book or Tratns.—A noteworthy illus- 
trated account of the history of railways during the past 
100 years has been included in the catalogue entitled 
“The Hornby Book of Trains,” published at a price of 
3d. per copy, by Messrs. Meccano Limited, of Binns-road, 
Liverpool. 
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MESSRS. BROWN BAYLEY’S STEEL WORKS, SHEFFIELD. 


(For Description, see opposite Page.) 
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THE SHANGHAI MuNIcIPALITY PuBLIC Works De-| motor for mixed adhesion and rack working on a 
PARTMENT.—The annual Report of the Public Works | mountain railway in Brazil, where gradients of 15 per 
Department of the Shanghai Municipal Council for the | cent. have to be negotiated, and where a speed of 
year 1924, lately published, contains full particulars of 62 km. is to be maintained on level track. The design 
a number of works completed and in progress during | embodies several novelties. The 68 h.p. four-cylinder 
that period. The more important operations under- | motor is of the Saurer type, and projects into the cab, 
taken include the reconstruction, in concrete, of the | where it is covered by a hood. The radiators are of 
Honan Road and Ward Road bridges, the building of|the cellular pattern. By means of a shaft and a 
Bubbling Well and Hongkew fire stations, additions to | flexible coupling the motor is connected with the hydraulic 
existing departmental workshops, and the building of a | variable speed gear of the firm giving speeds of 11, 19 
park official’s residence at Hongkew Park. Yangtszepoo- | and 62 km. per hour; the gear is worked by oil pressure 
road has been widened, and Connaught-road has been | controlled by levers, which the driver can operate from 
asphalted over a distance of 50 miles, in addition to being | the cab. Reversing can only be effected when the car is 
otherwise improved. Drainage has been extended, some | at rest. All the rotating parts of the gear run in oil 
nine miles of sewers, varying from 4 ft. 6 in. to|inroller or ball bearings. The rack wheel (Riggenbach 
6 in. in diameter, having been laid. Over six miles of | system) runs idle on adhesion sections. The controller 
main sewers and five pumping chambers have also been | has two scales and two cranks, one for the motor and 
constructed. Throughout the year the Water Company | motor brake, the other for the hydraulic gear. There are 
supplied a daily average quantity of 578,512 gallons. | further two mechanical brakes, namely, a wheel brake, 
River traffic has been facilitated by the erection of a|and a band brake on the gear drum of the axle drive. 
concrete landing stage adjoining North Soochow-road. | The dimensions of the car for 1 m. gauge, are : wheel- 
The report contains graphs showing the progress of work | base 2-9 m. (9} ft.), wheel diameter, 724 mm. (28-5 in.), 
throughout the year. weight empty, 6 tons, service weight, 6-8 tons. In the 
trial runs made on the Appenzell railway, the normal 
load (2 men, 7 passengers) was increased to 15 men ; the 

BenzInE Motor Car ror MixED ADHESION AND results are described as highly satisfactory, particularly 

CK Rattway.—The Schweizerische Lokomotiv- und | as to efficiency. We should mention that a wide use 
Maschinenfabrik, Winterthur, has constructed a rail ' has been made of light alloys to minimise the weight. 
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CROSBY REDUCING VALVES. 


Ir is frequently the case in industrial works that the 
general steam pressure is unsuitable for certain specific 
purposes, which require but a small proportion of the 
total steam produced. In these conditions it is 
necessary to resort to the use of reducing valves. 
Simple valves, the opening of which was controlled by 
weighted levers, were used for the purpose in the past, 
but they proved sluggish in action and extremely liable 
to stick. As a natural consequence such devices 
could only be applied when there was the possibility 
of effective supervision by a conscientious attendant. 
This could never be regarded as satisfactory for work 
in which the maintenance of a constant and unvarying 
low pressure was essential. Much time and thought 
has been spent in perfecting reducing valves in order 
that they may be installed with every confidence that 
they will maintain the pressure conditions with 
precision. That success has been obtained in this 
quest there can be little doubt, and asan example of a 
modern and effective steam pressure controlling device, 
reference may be made to Figs. 1 to 3 on page 656, 
which illustrate a reducing valve made by the 
Crosby Valve and Engineering Company, Limited, of 
41-42, Foley-street, London, W.1, and to Figs. 4 to 7 
on page 657, which show the arrangements adopted 
to deal with applications to special conditions. 

From the general arrangement, shown in Fig. 1, it 
will be seen that the pressure-reducing arrangement 
consists of a balanced reducing valve, which is opened 
or closed by means of a chain from an external 
control system, known as a relay regulator. There. 
is, therefore, only a balanced valve in the steam 
main, all the control mechanism being free from. 
contact with the steam. Consequently there is 
no fear of the valve sticking or getting out of 
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STEAM. 


CONSTRUCTED BY THE CROSBY VALVE AND ENGINEERING COMPANY, LIMITED, ENGINEERS, LONDON. 
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order. The valve, Fig. 2, has a single conical seat, 
and is usually formed with a skirt below cut away 
in part to form triangular shaped ports, in order that 
gradual opening may be obtained. In the middle of 
the main valve there is a small pilot valve, the opening 
of which effects communication between the low- 
pressure side of the reducing valve and the space above 
the balanced piston. When the main valve is closed 
this pilot valve is shut and the high pressure acts 
upon the valve and holds it tightly closed. In conse- 
quence, if the valve seat is kept in a good state, there 
can be no banking up of the pressure on the low- 
pressure side of the system. When movement is first 
given to the valve lever, the small pilot valve is opened 
immediately, and the pressure above the balance 
piston is reduced to that in the low-pressure main. 
The valve, then, becomes a balanced one and opens 
very easily. 

The regulator, Fig. 3. consists essentially of a 
piston to each side of which water can be ad- 
mitted to give the necessary movement which is 
enployed to open and close the reducing valve. 
Underneath this cylinder there is a diaphragm 
chamber, the diaphragm of which is subjected to 
the pressure in the steam main after reduction. 
Movements of this diaphragm are communicated 
through a knive-edge to a weighted lever which rests 
upon it. Whatever movement is given to the weighted 
lever is communicated by vertical rods to the water 
valve system of the cylinder and allows water to be 
admitted to one side of the piston and to escape from 
the other. In this way the actual pressure in the 
low-pressure main is used to control the movement of 
the reducing valve, through'the change of position of 





the piston in the water cylinder. Actually the regu- 
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lator piston cannot move more than an inch or two 
in either direction, because compensating mechanism 
is fitted to the water valve levers, for the pur- 
pose of preventing any greater movement than that 
due to pressure fluctuations. This action, in con- 
junction with the leverage effect through which the 
reducing valve is operated, prevents too great an 
opening of the main valve and stops hunting. To 
alter the pressure for which the regulator is set, all 
that is necessary is to adjust the load on the weighted 
lever of the regulator. If the lever of the balanced 
valve is fixed in any definite position it is possible to 
obtain a reduced pressure of steam with the regulator 
out of action. These reducing valves can be adjusted 
to control normally the reduced pressure to within 
} Ib. high or low. 

By increasing the size of the diaphragm of the relay 
regulator this reducing valve may be adapted to the 
control of very small steam, gas or air pressures. As 
an example of this, reference may be made to the 
diaphragm chamber shown in Fig. 4, opposite. This 
design has been in use for some time in association with 
a single-seated balanced valve to reduce a steam 
pressure of 160 lb. per square inch to one of 1} oz., 
and maintain it within a range of 1 in. of water 
column. This particular reducing valve equipment has 
a reinforced rubber diaphragm held between aluminium 
plates, and is used to supply steam to large vessels 
which are closed by a water seal of 8in. This pressure 
reduction is perhaps the most severe for which any 
reducing valve has been supplied, and the successful 
fulfilment of the requirements was acknowledged 
by the users by the order of other similar equipments. 

Relay-operated balanced valves are also used exten- 
sively as make-up valves for service mains in calico 
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| printing works, paper mills, etc., and for use in associa- 
tion with the bleeding of steam turbines and with 
steam heat-extraction engines and also as surplus 
valves. With the normal equipment they may be 
guaranteed to within 4 lb. per square inch variation in 
pressure, irrespective of the fluctuations in the 
demand or in the supply pressure. With larger and 
more sensitive diaphragms, control within a closer 
approximation to exactitude may be obtained. Details 
are shown in Figs. 5, 6 and 7, on the opposite page. 
of the use of a relay regulator to operate the trip 
gear of a heat-extraction engine. For this particular 
application it was specified that the low-pressure steam 
extracted from the engine must not vary permanently 
more than } lb. per square inch on either side of a 
normal value of 20 Ib. per square inch gauge. In 
this case a steam connection is made between the 
receiver and the diaphragm chamber, and there is a 
complete coil in the pipe so that water may be retained 
under the diaphragm. A small auxiliary pump is 
driven by a chain from the lay-shaft, to supply the 
cylinder in which the piston is accommodated. An 
alternative arrangement would have been to obtain 
a supply from the main-bearing oil-system, the oil 
being returned to the service reservoir. In this 
case the motion of the piston is taken by means of 
a wire rope and pulley to a weighted quadrant, the 
position of which is used to change the position of the 
cut off in the piston stroke. For the purpose, a long 
rod extends from the quadrant to a radius arm on the 
camshaft of the trip gear. The whole equipment is 
arranged so that, should any part of the extraction 
gear fail or the oil pressure be not maintained, or the 
engine stop, the piston of the relay regulator goes to 
the top of its stroke. 
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Regulators of the type described in this article are 
also used for the control of the dampers of large boiler 
plants. In this use the pressure connection for the 
diaphragm chamber is taken from the steam main, 
and variations in pressure are at once met by altera- 
tion in the position of the dampers in order that a 
practically constant steam pressure may be obtained 
under the most varied working conditions. 





MODERN DEVELOPMENTS IN STEELS 
RESISTANT TO CORROSION.* 
By W. H. Hatrretp, D.Met., M.I.Mech.E., F.Inst.P. 


Tue metallurgical developments of recent years have 
resulted in the successful production of steel which 
can reasonably be claimed to be completely resistant 
to atmospheric influences, marine conditions, and a 
very extensive range of corroding media. The present 
state of the art of producing such material has been 
gradually arrived at by systematic research both at 
home and abroad. It is the author’s intention in this 
paper to give some account of the method of experi- 
ment which has led to the present developments, and 
of the properties of the steels which are now 
produced. 

Investigators working in this field have always 
desired, and have endeavoured to formulate, some 
working theory which would assist in indicating likely 
lines along which to attack the problem of corrosion, 
and since the subject is one of considerable importance, 
the author proposes to give some little space to dis- 
cussing the theoretical aspect before passing on to the 
experimental side. 

The Theory of Corrosion.—In order to explain the 
corrosion of ordinary steels, several theories have been 
put forward, as the Acid Theory, Electrolytic Theory, 
Colloidal Theories and the Passive Film Theory. The 
Acid Theory, which is the original one, postulates that 
before corrosion can take place, some acid must be 
present, when the reaction ensuing is one explainable 
in ordinary chemical terms. In support of this we have 
the commonly observed rapid corrosion and dissolution 
of commercial iron in all mineral acids, especially when 
diluted, and the fact that ordinary corrosion is very 
much accelerated by the presence of quantities of carbon 
dioxide dissolved in water. A point also affording a 
negative support to this theory is found in the fact that 
alkalies have an inhibiting action. Two weak points 
are: (1) The purer a-metal is made, the less is its 
solubility (generally) in acids. (2) Corrosion will take 
place in solutions which contain no free acid, and which 
may, in fact, have an alkaline reaction. Hence the 
theory has been modified to state that acid in some 
form or other, i.e., free or combined, must be present 
before corrosion can take place. Friend, in support 





* Paper read before the Institution of Engineering 
Inspection, London, on November 13, 1925. 
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of this theory, pointsYout that water, from which all 
traces of impurity, including carbon dioxide, i.e., all 
acid constituents, have been removed, has absolutely 
no corrosive action on iron, and argues that, ipso facto, 
some acid must be present. 

Such facts, however, are equally explained by the 
Electrolytic Theory. This theory, as its name implies, 
suggests that corrosion is due to electrolytic action 
caused by differences of potential between the various 
constituents and portions of the steel and the corroding 
medium and to the consequent formation of local 
electric currents. So often can the same experimental 
facts, however, be made to fit different theories. This 
typical instance indicates the extreme difficulty of 
providing a satisfactory theory of corrosion. Without 
discussing further the various theories that have been 
advanced, the author will content himself by observing 
that modern thought seems to combine the best portions 
of these theories with the old electrolytic theory. 
Investigators, with previously widely divergent views 
(including Evans, Friend, Bengough, Vernon and 
Wilson), are now more or less in agreement as to the 
mechanism of corrosive action. 

The modern conception may be stated briefly as 
follows: Rapid oxidation may take place over the 
whole surface of the metal and a very thin film of 
oxide is formed. The nature of this film really deter- 
mines the nature of the subsequent chemical action, 
thus: if the film thickens gradually, then there will be 
slow general attack; if the film undergoes local or 
physical changes, so that oxygen concentration cells 
are formed, there will be rapid local attack; if loose 
corrosion products or foreign substances settle on the 
film there will be moderate local action ; if the film be 
eroded by fluids or solids or both, forming metal-ion 
concentration cells, there will be rapid action; if the 
film loses its adhesive powers owing to chemical changes 
(e.g., by CO,, H,S, &c.) there will be increased general 
and local action ; if the film is either not formed or is 
immediately dissolved by acids, there will be rapid 
general chemical attack. 

High chromium and chromium-nickel steels are 
resistant, and it would appear that this is because such 
compositions result in oxide films a few molecules 
thick which are very stable and do not readily dissolve. 

Corrosion Tests.—In all methods of submitting metals 
to experiments designed to arrive at definite knowledge 
in regard to resistance to corrosive attack, there are 
disturbing factors which either accelerate or retard the 
action. Usually the .tendency is to accelerate the 
action. There is primarily the manner in which the 
specimen is either suspended in the corrosive media, or, 
in the other case, the manner in which the sample is 
supported. Contact with some solid body, different 
in composition from that of the metal -to be tested, is 
inevitable, and electro-chemical action is set up, which 
involves the issue. 

There is the question of oxygen supply to the corrosive 
areas. Ifthe sample is exposed to normal atmospheric 
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oxidation the amount of moisture is relatively small, 
and the amount of oxygen is large, so that the surface 
of the steel is constantly bombarded with oxygen 
atoms. If, on the other hand, the sample is totally 
immersed in a liquid (for example, sea water), there will 
be different degrees of aeration at different points of the 
specimen, i.e., the top portion will be well supplied with 
oxygen, whilst the portion which is supported by the 
containing vessel will be relatively free from oxygen. 
It has been proved by Evans that differences of potential 
are set up by differential aeration, the aerated portions 
suffering cathodic protection, whilst the non-aerated 
portions are anodic and are attacked. This most 
probably explains why so many test-pieces corrode 
‘**in contact with the glass of the containing vessel ”’ 
when totally immersed in saline and other solutions. 
In the case of samples partially immersed, there is 
frequently marked acceleration in attack at the liquid 
level. 

In a case where the sample is tested in a liquid in 
motion, such as in the typical example of running 
water (tap water), the rate of flow has a marked effect 
upon the rate of corrosive attack (as shown by Dr. 
Friend). In the statement of corrosion tests in terms of 
change in weight per unit of surface area, a possible 
error arises in that there is often a loss due to solution 
of the metal, and a gain due to oxidation. Endeavours 
to remove adherent rust by means of reagents have not 
proved successful. In testing corrosion-resisting alloys, 
a visual inspection will convey more exact information 
on the comparative values of particular alloys than 
any written work. In testing in corrosive agents such 
as mineral acids, results can only be comparative, since, 
if action does take place, the solution of the metal 
automatically weakens the strength of the reagent. 
The physical state of the metal is of paramount import- 
ance: (a) Its surface condition, rough or smooth; 
(6) degree, if any, of cold work; (c) the heat treat- 
ment it has undergone. 

The data presented in this paper, unless otherwise 
stated, have been obtained from experiments conducted 
under reasonably uniform conditions and are, therefore, 
comparable. In all cases the specimens weighed about 
50 grammes and were cylindrical, having a diameter 
of about lcm. The specimen was totally immersed in 
a standard volume of the liquid (from 70 c.c. to 80 c.c.). 
In each case a standard polish was given to the 
specimen, i.e., the finish resulting from the use of 
‘**00’? emery. Where quantitative results are given, 
the figures indicate the loss in weight per square 
centimetre of surface for the time of exposure to the 
corroding media. 

Influence of Mcdified Composition upon the Resistance 
to Various Corroding Media.—In presenting this portion 
of the work, the author considers it an advantage to 
submit, first of all, a somewhat empirical experimental 


_| survey of the metals used in the mechanical arts as 


regards their resistance to corroding influences. This 
is done in Table I, and the data there set out, derived 
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from investigations carried out over the last few years 
in the Brown-Firth Research Laboratories, may be of 
service to engineers. This data can obviously relate 
only to a specific temperature, i.e., 15 deg. C., and to 
the concentration of the media stated. The table does, 
however, in effect, summarise the position to date as 
regards the relative resistance of steels and metals. 

Table I states, however, only the qualitative result, 
and it may be of interest to look further into the 
matter. In Tables II and III will be found a quanti- 
tative statement concerning a month’s exposure of 
pure irons, wrought iron, carbon steels, and ordinary 
alloy steels to several corroding conditions. The 
electrolytic iron is included to represent non-com- 
mercial pure iron as a basis for the consideration of the 
results. The deduction to be drawn is that the whole 
of the series corrode, but in different degree. It is 
clear from this data that ordinary steel is not resistant 
to the mineral acids. Even in the case of mild carbon 
steel, however, the concentration of the acid and its 
temperature are of consequence, and this is well 
brought out in the experimental results given in 
Table IV, It will be seen that, until comparatively 
high temperatures are reached, the steel is compara- 
tively resistant to sulphuric acid, but that there is, 
on dilution, an optimum concentration for maximum 
attack. With hydrochloric acid it can be considered 
that the attack increases with concentration and 
temperature. With nitric acid the attack is greater 
with 8.G.1-20 than with normal acid, but in both 
cases it increases with temperature. For comparison 
@ similar set of data is given for 14 per cent. chromium 
stainless steel (Table V) and for 25 per cent. nickel 
steel (Table VI). Turning now to what might be 
termed the constructive experimental results, it is 
of interest to consider the response of pure chromium, 
nickel, and iron to these acids, since the economic 
development of resistant steels has been due to the 
alloying of chromium, and chromium with nickel, 
to steel low in carbon. The following figures clearly 
indicate that nickel is resistant to 10 per cent. sulphuric 
acid, whilst chromium is resistant to nitric acid 
8.G. 1.20. 

















HCl H2804. NOz. 
Metal. (concentrated).| 10 per cent. 1-20 Sp. Gr. 
Iron .. 0-0814 | 0-0327 | 0-7165 
Nickel 0-0037 | 0-0002 0-1546 
Chromium 0-2014 | 0-0014 


| 0-0006 





It is, therefore, of much interest to study a series of 
steels with gradually increasing content of chromium, 
and another set with an increasing content of nickel. 
The series of chromium steels will be found in Table VII, 
and it will be seen that as regards nitric acid, resistance 


Effect of Selected Attacking Media. 











14 per cent. 
Chromium |18 per cent. 
Reagent. Steel Chromium. 
(Machin- | 8 per cent. 
able Nickel 
Con@:tion).| Steel. 
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” 25 » 2 days ”» ” 
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is obtained when 10 per cent. of chromium is reached, 
a remarkable instance of an added element conferring 
its property in considerable measure upon the alloy 
of which it is, using the word in the general sense, a 


constituent. Similarly, the resistance of nickel to 
sulphuric acid is reflected in a like way in Table VIII, 
where it will be seen that from 25 per cent. to 30 per 
cent. of nickel gives comparative resistance to this acid, 
of the alloy so produced. 

It remains now to indicate the additive influence of 
nickel when introduced to the chromium-steel series. 
In Table IX will be found the experimental results 
obtained by adding various percentages of nickel to 





indication as affecting wider ranges of corroding media, 
as will now be shown. 

The general response of the 12 per cent. to 14 per 
cent. chromium stainless steel is now well known, 
chiefly through the behaviour of stainless cutlery, 
turbine blading, and several other well-known applica- 
tions. A newer steel arbitrarily selected for several 
reasons, as will be shown, from the chromium-nickel 
series, containing a chromium content increased to 






































































































































TABLE I. 
: 2 A § & 
i=] ‘ ‘ = 2 ae Oy i> eels 
Stisu/8s/ 2) eB] « 8 12 | &s/2s/3 | 22/3 
eg/S°/<8) 5/4) 8] ¢1/3./5.| <8] 2S] *2| Seles 
ES " q 2 3 S$) e0 =a | es s 3) es —— 
No.|Mark. Material. SeleSl/e-| w |E/ & | 2/88) ES] 28] 65] eo] 3) ee 
68/8 | ae ee & [d4/S<}] so] og] §8S/5-./8F 
s = =R am | > $ > he O¢ be =} Ss | fog 
ES/4-)/se/ s/f] a Ss |8 ne] Sa] 52] SS] 55 
zo cl al Me = fy SSRs gs ae | eS 
ad = me | oD 2 Mel os = we a 
oo) | | bc) © = oO 
1 | FG | Electrolytic iron (forged) x x x « Set x x x x = x x x 0) 
2 | FH | Armco iron A & x x x x |x 2 x x x x x x x 0 
3 | FN | Wroughtiron .. ee x x x x |x x x x xX x x x x x 
4 | FF | 0-3 per cent. carbon steel x x x xX |X x x x x x x x x x 
5 | FS | 0-9 * ” x x x b ee x e xX x x x x x x 
6 | FY | Manganese steel .. e ¢ x x a 1x x s 4 x p 4 x x x x 0 
7 | FR | Castiron .. * oe x x x x |x x x b.4 x x x x x Oo 
8 | FT | 3-0 per cent. nickel-steel eet ee x x x |X x x x x x x xX x x 
9 | FU | 3-0 », nickel-chromium steel} X ys x x |X x x x x x x x x 0) 
10 | FJ | 30:0 ,, nickelsteel .. WE x oO o0;0 oO x x x x 1) x x Oo 
11 | FD | 14 per cent. — ,. . x ce) x oO |S x 0) x x x oO oO oO oO 
12 18 per cent. chromium an pe! 
cont. nickel steel a asi) 2am oO x 0;}0 oO oO oO oO oO oO oO O oO 
13 | FI | Nichrome.. me =i x oO oO 0;0O 0 x x x oO oO oO 0 0 
14 | FA | High silicon (Tantiron) .. oO oO oO 0;90 0 x x x x x c8] 0 x 
15 | FE | Monel metal ee ee x x oO 0/90 oO x e4 x x 0 re) oO Qa 
16 | FV | Aluminium x oO oO 0;0O oO x x. oO x x O oO x 
17 | FQ | Duralumin os ey |e x oO 0;0O x x x x x x 0 oO x 
18 | FW Brass se <<. es RS ee. x oO 0;0 x x x x x x x oO 0 
19 | FK | Phosphor bronze Py a. 3 x oO 0 ;90 x D4 x x x x @) oO x 
20 | FL | Manganese bronze x x oO 0;0 x x x x = x oO oO x 
21 | FM | Aluminium bronze x b4 oO o0;0 x x ba x x p.4 oO oO x 
22 | FX | Tin bronze x x 10) 0;90 x x x x x x 0 oO x 
X = Attacked. 
TABLE II. 
Immersion in Running Immersion in Sea 
— Water. Wet and Dry. Water. 
1. Electrolytic iro General corrosion. Corroded. Corroded. 
a siditieeamaes 0-0129 0-0015 0-0037 
2. Armco General corrosion. Corroded. Corroded 
0-0126 —, one 
. Wrought iron General corrosion. Corr ‘Orr. 
ilanaiog — << Si 2A 
4.0: ent. carbon steel General corrosion. ‘orr ‘orrode 
ro 0-015 +0085 -0047 
5. 0°9 per cent. carbon steel General corrosion. Corroded Corroded 
0-0224 0-0014* 0-0039 
6. 3 per cent. heat-treated nickel steel . . General corrosion. Corroded Corroded 
0-0146 0-0004 0-0048 
7. 3 per cent. heat-treated nickel-chrome steel. . General corrosion. Corroded Corroded. 
0-0135 0-0005 0-0045 
* Corrosion product adhered. ? 
TABLE III.—Aci Tssts. 
(24 Hours Duration.) 
Loss in Grammes per Square Centimetre of Surface. 
s : Sulphuric Acid. Nitric Acid. 
eee Concentrated HCl. 10 Per Cent. 1-20 Sp. Gr. 
1. Electrolytic iron oe ee aes ee 0-086 0-0068 0-7261 
2. Armco mon ee “ si ae 0-1385 0-0152 0-7592 
8. Wrought iron ar 0-2217 0-3610 0-6399 
4. 0-3 per cent. carbon steel 0-1812 0-1032 0-5858 
5. 0-9 per cent. carbon steel 0-1802 0-1076 0-4923 
6. 3-0 per cent. nickel steel an e 0-2031 0-0725 0-6405 
7. 3-0 per cent. nickel-chromium steel. . 0-2094 0-0434 0-0188 
TABLE IV.—Carzon STEEL. 
Sulphuric Acid. Hydrochloric Acid. Nitric Acid. 
Tempe- * 
rature. 5 Per Cent. | 25 Per Cent. | 50 Per Cent. | 5 Per Cent. | 25 Per Cent. | 50 Per Cent. N/1 
(1-082 Sp. (1-297 Sp. (1-539 Sp. (1-011 Sp. (1-046 Sp. (1-086 Sp. (1-033 Sp. 1-20 Sp. Gr. 
Gr.). Gr.). Gr.). Gr.). Gr.). Gr.). Gr.). 
16° ©. 4< 0-1353 0-2027 0-0020 0-049 0-1367 0-1842 0-0957 0-6766 
aro... 0-4004 0-8226 0-0060 0-0866 0-4088 0-6107 0-2820 0-6538 
ay ee 0-4495 1-2552 0-0105 0-0879 0-4042 0-8341 0-3215 1-3809 
80° C 0-4958 1+2741 0-0112 0-0928 0-4112 0-7355 0-3512 1-727 

















chromium steels of different but, for each series, 
constant chromium percentages. It will thus be seen 
that, for a given chromium content, the nickel increases 
the resistance to hydrochloric and sulphuric acids. 
The author trusts that the data here put forward 
sufficiently indicate that the steels which will be 
discussed in the next section have a sound and complete 
basis on a mass of experimental evidence. The data 
already given bear principally on the behaviour of the 
alloys in regard to nitric, sulphuric and hydrochloric 


about 18 per cent., together with an 8 per cent. addition 
of nickel, is not so well known. Although the exper!- 
mental evidence, already submitted, indicates that such 
a composition would possess a greater resistance, it 
will be of interest to give data concerning the effect 
of the influence of the changed compositicn as regards 
a wider range of corroding substances. In the state- 
ment given in column 1 on this page, the distinctive 
effect of a selection of media is recorded. 

To amplify tke reference to sea water, it should be 








acids, but such experiments are found to give reliable 


stated that, when completely immersed, 12 to 14 
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per cent. chromium steel is usefully resistant, but is 
not equally so when exposed alternately to immersion 
and then to the marine atmosphere. Samples of the 
chromium-nickel steel submitted to this very severe 
test have remained completely unaffected. 

The Mechanical and other Properties of the Steels as 
Affecting their Application—The corrosion-resisting 
steels, now commercially available for the engineering 
world, are either chromium’steels or chromium-nickel 


(2) The 12-14 per cent. chromium stainless steels as 
used for turbine blading and general engineering 
purposes. 

(3) The 12-14 per cent, chromium stainless steels of 
medium tensile strength, 

(4) The 12-14 per cent. chromium stainless steels 
sometimes known as stainless iron. 

(5) The 18 per cent. chromium, 8 per cent. nickel 
steel (known as Staybrite), 





TABLE V.—Sramntess STEEL. 

































































































































































Sulphuric Acid. Hydrochloric Acid. Nitric Acid. 
Tempe- . 
rature. 5 Per Cent. | 25 Per Cent. | 50 Per Cent. | 5 Per Cent. 25 Per Cent. | 50 Per Cent. N/1 
(1-082 Sp. | (1°297Sp. | (1°539Sp. | (1-011 Sp. | (1-046 Sp. | (1-086 Sp. | (1-033 Sp. | 1-20 Sp. Gr. 
Gr.): Gr.). Gr.). Gr.). Gr.). Gr.). Gr.). 
15° C 0-0880 0-2558 0-0046 0-0162 0-0536 0-0626 0-0032 Nil 
40° C 0-2902 0-6406 0-0115 0-0851 0-3640 0-6180 0-0015 Nil 
60° C 0-4133 0-8787 0-0187 0-0812 0-4027 0-8066 0-0076 Nil 
80° C 0-4592 0-7199 0-2246 0-1043 0-4326 0-8061 0-0103 0-0005 
TABLE VI.—25 Per Cent. NicKEL STEEL. 
Sulphuric Acid. Hydrochloric Acid. Nitric Acid. 
Tempe- 
rature. 5 Per Cent. | 25 Per Cent. | 50 Per Cent. | 5 Per Cent. | 25 Per Cent. | 50 Per Cent. N/1 
(1-082 Sp. | (1:297Sp. | (1°539Sp. | (1°011 Sp. (1-046 Sp. | (1°086Sp. | (1-033 Sp. | 1-20 Sp. Gr. 
Gr.). Gr.). Gr.). Gr.). Gr.). Gr.). Gr.). 
16? Oe cis 0-0007 0-0012 0-0021 0-0007 0-0016 0-0036 0-1056 0-7450 
40°C, .. 0-0033 0-0045 0-0044 0-0046 0-0174 0-0697 0-1744 0-8688 
60°C. .. 0-0025 0-0106 0-0076 0-0119 0-0418 0-3807 0-2090 0-8721 
80°C. .. 0-0045 0-0164 0-0162 0-0212 0-2092 0-6270 0-2595 1-0103 
TABLE VII.—Iron-CarBon-Cuoromium ALLoys. 
HCl HNO3 H2S04 
C. Mn. Ni. Cr. Si. Condition, | Brinell |  Concen- 1-20. 10 
ar trated. Sp. Gr. Per Cent. 
0-395 0-66 0-41 Nil. 0-19 Normalised 167 0-1812 0-5858 0-1032 
0-38 0-18 0-10 5-10 0-09 ** As rolled ”” 157 0-3075 0-8989 0-2198 
0-64 0-34 0-15 8-96 0-19 ze 180 0-1666 0-000: 0-3048 
0-29 0-22 0-09 10-06 0-14 *9 180 0-1492 0-0001 0-2143 
0-56 0-21 0-10 12-47 0-12 * 209 0-1845 Nil. 0-2496 
0-50 0-35 0-11 15-6 0-28 ae 255 0-2902 Nil 0-4279 
0-49 0-21 0-14 19-66 0-23 e 223 0-1709 Nil 0-3530 
0°53 0-30 0-10 24-22 0-38 pee 209 0-2836 Nil 0-4543 
0-58 0-31 0-15 32-07 0-49 i 216 0-3221 Nil 0-5583 
TABLE VIII.—Irnon-CarBon-NIcKEL ALLOYS, 
: HCl HNOz HeS04 
c. Mn, Ni. Cr. Si. Condition. — Concen- 1-20 10 
ee trated, Sp.Gr, Per Cent, 
0-26 0-41 4-82 Nil. 0-16 | “As rolled” 187 0-1142 0-7388 0-0221 
0-16 0-33 6-05 Nil 0-41 _ 157 0-0872 0-4475 0-0072 
0-30 0-31 9-02 Nil 0-13 276 0-1593 0-6494 0-0102 
0-2 0-18 12-23 Nil 0-11 e 345 0-1939 0-7123 0-0074 
0-32 0-28 14-90 Nil 0-12 2 330 0-0816 0-7026 0-0028 
0-26 0-31 20-08 Nil 0-12 | Quenched at 198 0-0838 0-6887 0-0010 
00° C. 
0-81 0-98 24-21 Nil 0-34 * 168 0-0568 0-7532 0-0008 
0-18 1-00 26-10 -- — - 175 0-0678 0-5914 0-0006 
0-18 1-07 29-30 —_— 0-25 ss 186 0-0290 0-7745 0-0005 
0-23 0-35 36-50 Nil. 0-12 a 157 0-0237 0-5730 0-0003 
0-29 0-57 44-75 Nil. 0-22 ¥ 117 0-0329 0-5684 0-0004 
TABLE 1X.—Tue Inriuence of NicKEL ON IRon-CARBON-CHROMIUM ALLOYS. 
HCl HNO3 H2804 
C. Mn. Ni. Cr. Si. Concen- 1-20. 10 
trated. Sp. Gr. Per Cent. 
0-36 0-18 0-10 5-06 0-05 0-3075 0-8989 0-2198 
0-36 0-13 5-42 5-06 0-05. 0-1763 0-0003 0-0720 
0-35 0-16 10-39 5-13 0-03 0-1897 0-0059 0-1329 
0-30 0-14 15-27 4-90 0-07 0-0963 0-0001 0-0015 
0-36 0-20 20-02 5-05 0-16 0-0367 0-0002 0-0008 
0-29 0-22 0-09 10-06 0-14 0-1492 0-0001 0-2143 
0-31 0-36 4°88 9-84 — 0-1732 0-0001 0-0689 
0-56 0-21 0-10 12-47 0-12 0-1845 Nil. 0-2496 
0-51 0-17 5-23 11-81 0-12 0-1479 Nil 0-1321 
1-07 0-44 0-13 12-26 0-09 0-1869 0-0004 0-3565 
1-16 0-39 5-33 12-84 0-14 0-1747 0-0001 0-2288 
1-07 0-32 10-33 12-04 0-24 0-1483 0-0002 0-1444 
0-49 0-21 0-14 19-66 0-29 0-1709 Nil 0-3530 
0-52 0-31 5-40 18-45 0-29 0-1664 Nil 0-2825 
0-44 0-31 15-15 19-16 0°33 0-0968 Nil 0-0015 
1-04 0-21 0-22 20-08 0-14 0-2615 0-0001 0-2904 
1-09 0-19 5-44 19-48 0-28 0-2826 Nil 0-1311 
1-01 0-17 14-90 19-2 0-28 0-0904 Nil 0-0016 
steels. In this section the author will confine his; The chromium steels (1), (2), (3) and (4) are of the 
remarks to those steels in which he is, personally,|same class, and if heated to a temperature of from 
directly interested, and will endeavour to deal with| 950 to 1,000 deg. C., harden roughly in proportion 
those two aspects which, as far as engineering is| to the carbon content. They may be, and in practice 
concerned, are equally important with the corrosion- | are, hardened, and then can be subsequently softened 
resisting characteristics, viz., mechanical properties| by tempering to the requisite condition of mechanical 
and capacity for being fashioned to the shape required. | strength desired. The chromium-nickel steel (5) is 
The steels which will be considered are :— in a separate class, and has the distinctive character- 
(1) The 12-14 per cent. chromium stainless steels as | istic that, if it be heated to a high temperature and 
used for cutlery and allied purposes. quenched, it does not thereby become hardened, 








but, instead, is put into a very ductile condition. In 
Table X will.be found typical tensile and Brinell 
figures, determined in the Brown-Firth Research 
Laboratories, for these five steels. 


TABLE X. 





= Maxi- Reduc- 
Yield | rum | E10 | tion of | Brine. 
Point. Stress. gation. Area. 





Tons; | Tons/| Per Per 
3q.in.|8q.in. | Cent. | Cent. 
1, Stainless steel : 14 per 
cent. chromium, 0-33 
per cent. carbon, har- 
dened and lightly 
tempered as Ae ed 100 a os _ 
2, Stainless steel: 14 per 
cent, chromium, 0-33 
per cent. carbon, har- es 
dened and tempered ..| 32-3 | 49-4 | 27-6 | 54°7 217 
3. Stainless steel: 14 per 
cent. chromium, 0-16 
per cent. carbon, fully 
tempered as .-| 21-0 | 33-0 
4. Stainless steel: 14 per 
cent. chromium, 0-10 
per cent. carbon, fully 


softened oy ..| 18-0 | 29-5 | 38-0 | 74-5 135 
5. Chromium-nickel rust- 
less steel: 18 per 


cent. chromium, 8 per 
cent. nickel, higher 
tensile condition ..| 2 
Softened a 


53-4 | 42-0 | 35-0 195 
48-6 | 62-8 | 45-0 160 


ao 
eo 




















The Chromium Steels (1) to (4).—This class of steels 
can be considered as responding to heat treatment 
in a similar way to the widely-used alloy steels, and 
it will be agreed that the tensile values are in accord 
with this statement, The typical steel of this class is 
one containing approximately 0-30 per cent. of carbon 
and, in the form of cutlery, the necessary hardness 
is readily obtained by hardening from 950 deg. to 
1,000 deg. C., and tempering to between 180 deg. and 
200 deg. C. The tensile values (1) correspond to this 
form of the material, 

The similar steel (2), which is used for general high- 
tensile engineering purposes, is put into the mechanical 
condition, indicated in the table, by hardening, followed 
by suitable tempering, in which form it is supplied. 
In the condition given, it may be machined with reason- 
able ease, and is widely used with success for parts 
required to resist atmospheric corrosion, superheated 
steam, and many other conditions too numerous to 
mention, It is clear that the next mechanical con- 
dition of rustless steel required by the engineering and 
the industrial world was that in which it could easily 
be deformed cold to shape, and steels (3) and (4) 
indicate the degree of success attainable by lowering 
the carbon content, It must, however, be confessed 
that, whilst relative success was achieved by modifying 
the plain chromium rustless steel in this way it was 
found that the chromium-nickel steel (5), the tensile 
and Brinell figures for which are given, fulfilled more 
completely this particular demand of the industrial 
world. 

The Chromium-Nickel Steel (5).—Besides its greater 
resistance in a wider field of ccrroding influences, it will 
be seen that this steel possesses a much greater ductility, 
and, therefore, capacity for plastic deformation, than 
the plain low-carbon chromium steels. It may be 
added that as this steel is an austenitic one, the heatings 
sometimes necessary in manipulation do not lead to 
the air-hardening difficulties so well known by those 
engaged in manipulating alloy steels. Perhaps from 
the mechanical testing point of view, the distinctive 
feature of this steel when compared with the plain 
chromium steels, apart from its high ductility, as 
disclosed in the tensile test, lies in its high impact 
value, which is generally in the neighbourhood of 
from 100 to 120 ft.-lb., when determined by the Izod 
form of test under British standard conditions. 

Other Physical Properties.—Both the chromium and 
the chromium-nickel steels have the advantage of 
relatively retaining their strength with increasing 























TaBLeE XI. 

Coefficient | Resis- Maxi- 

Specific of Expan- | tivity |Thermal|Specific) mum 
Gravity. sion up to | microhm | Conduc-| Heat. | Permea 

200 deg. C. | percm. | tivity. bility. 

cube. 

(1) 7-73 | 0-0000109 63-2 0-0405 | 0-115 | 75-000 
(2) 7-67 | 0-0000116 77-7 0-0363 | 0-117 | 700-000 
(3) 7:69 | 0-0000115 | 74-6 0-0428 | 0-118 | 810-000 
(4) 7-73 | 0-0000114 56-6 0-0466 | 0-112 | 400-000 
(5) 7-90 | 0-0000170 | 69-0 0-0330 | 0-117 1-013 





temperature, and also, to a very considerable extent, 
resist oxidation until high temperatures are attained. 
The author does not, however, wish to burden this 
paper with too much further detail, and will, therefore, 
conclude this section with typical values indicating 
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IN CORROSION-RESISTING 


STEEL. 





Fia. 2. 





Fie. 3. 


the general physical properties of the steels under 
consideration. 

A survey of these data indicates marked dissimilari- 
ties, as regards physical properties, as a result of the 
increase in chromium and the addition of nickel, in 
the case of the chromium-nickel steel (5). This is 
particularly noticeable in the increased coefficient of 
expansion, and in the thermal conductivity; these 
factors must, of course, be taken into consideration by 
engineers when applying the material to conditions 
where elevated temperatures are obtained. Another 
outstanding and marked characteristic is the non- 
magnetic nature of the material. 

Concluding Observations.—The author trusts that the 
foregoing data have made it perfectly clear that the 
rust and corrosion-resisting steels now available are 
the logical outcome of patient investigation, and that 
their characteristics are firmly established by un- 
questionable experimental evidence. He also trusts 
that, within the possibilities of the paper, he has 
given a sufficient indication of the mechanical and 
physical properties of these various steels to enable 
the engineer, in his own mind, to determine their 
spheres of application. As regards the stainless steel 
(1) used for cutlery, no comment is here required. As 
regards the stainless steel for general engineering 
purposes (2), this is now widely applied for several 
purposes in engineering, notably, turbine blading, 
pump rods, superheated steam castings, and other 
purposes too numerous to mention, One very interest- 
ing application might be mentioned, namely—the 
production of sluice gate castings in this composition. 
Sets of dock sluice gates were cast for one of the big 
railway companies, and were actually put into operation 
in estuary water over three years ago. On examina- 
tion recently, the interesting fact was disclosed that 
they were completely unaffected by the corroding 
influences to which they had been submitted. 

In Fig. 1 will be found a photograph of one of the gates 








taken during the recentexamination. The lower carbon 
steels are applied in a limited degree in sheet form. 

The chromium-nickel steel, however, as explained 
in the paper, has so many advantages when consider- 
ing those spheres of application where great ductility 
is required, that it might perhaps be well here to 
discuss the applications in more detail. It is, how- 
ever, considered that one or two further illustrations 
will do much to emphasise the points which it has 
been sought to establish. In Fig. 2 will be found a 
photograph of variously dimensioned angles and flats, 
cut from very considerable lengths of the rolled 
material. This illustration, it is felt, gives a direct 
indication of the capacity of the material for being 
hot worked, and the two bend tests included indicate 
the ductility of the material, which has also proved 
quite suitable for wire-drawing. As regards manipula- 
tion, Fig. 3 is instructive as showing the manner in 
which this steel can be worked in the cold state in 
sheet form, to form many useful parts, in several 
branches of engineering practice. Fig. 4 gives an 
optical demonstration of the ease with which this 
material can be welded. The example shown has 
been oxy-acetylene welded, and the article, after 
welding, has simply been cleaned up in an acid dip. 
After such process, followed by a thorough washing, 
the material is satisfactorily resistant, as described 
in the foregoing sections of this paper. 

The engineer will, no doubt, ask what the possi- 
bilities are of these steels as regards industrial appli- 
cation. Their future will largely be determined by 
their cost of production. Considerable output is 
necessary to obtain a low cost of production, and 
whilst the application to various purposes is being 
rapidly extended, the forms in which the steel is 
required naturally differ greatly. It is, therefore, 
clear that, until the consumption results in consider- 
able demands of a given form and size, be it sheet, 
bar, section, wire or tubes, the cost of handling, as 








Fia. 4. 


regards production in the works, must necessarily 
remain relatively high, There is also another aspect 
which can be usefully emphasised, namely—that to 
be satisfactorily rust-resisting, it is necessary that the 
surface shall be free from defects and scale, and, there- 
fore, this consideration demands a high standard of 
technique in manufacture. It is thus obvious that the 
production of the rustless and acid-resisting steels 
should always be conducted under the best technica! 
control, which control must be emphasised at each 
stage of manufacture if the desired result is to be 
obtained. 

When considering this question of production, it 
is necessary to remind the members that these 
steels contain high proportions of special elements, 
such as chromium and nickel, and thus the cost of 
adding these elements must necessarily have its 
influence upon the economic question arising. It is true 
that very considerable metallurgical investigation is, 
at the present time, in hand with a view to meeting 
this aspect of matters, but the author feels that onc 
must not lose sight of the fact that nature herself has 
put a limit to this manner of making steels rustless. 
The world’s production of steel runs up towards a 
figure of 100,000,000 tons per annum, whilst its pro- 
duction of chrome ore is, at the present time, some- 
where in the neighbourhood of 250,000 tons. 

In, therefore, concluding this survey of the develop- 
ment of steels resistant to corrosion, the author would 
observe that there is undoubtedly a great future in 
their application. They will, however, always be 
“special” steels, and although, owing to theit rela- 
tively high cost, they will not be employed for pur- 
poses where ordinary steel is sufficiently satisfactory. 
yet the demand will be very large. Undoubtedly, the 
industrial world is now furnished with a very valuable 
series of steels, which have been added to the already 
existing special steels which were developed during 
the last few decades. 











Mm “© 











Nov. 27, 1925.] 





ENGINEERING. 


661 





THE FREEDOM OF THE SEAS. 


On December 8, 1924, the Council of the League 
of Nations appointed a commission for the “‘ pro-. 
gressive codification of international law ” and made 
M. Hammerskjold its chairman. This resolution 
means that, sooner or later, British measures at 
sea, during 1914 and 1918, known popularly as the 
blockade of Germany, will be inspected by an inter- 
national tribunal. There is no mistaking the 
importance of the issue. M. Hammerskjold’s com- 
mittee or its successor—for the work begun will 
continue for a long time—will have to decide 
whether British belligerent practices are to be looked 
upon as a fair application of the rules of maritime 
wartare, or a definite breach of them ; and whether 
the League may adopt the same measures as the 
Allies, if it is compelled to exert economic pressure 
upon an aggressor state. 

Whilst the diplomatists at Geneva have thus been 
preparing for an international inspection of British 
belligerent practices, foreign jurists and publicists 
have been busy examining them. In America, 
Mr. P. B. Potter, Mr. Parmelee, Mr. Charles Cheney 
Hyde and Admiral Niblack have discussed the 
blockade of Germany and its consequences upon 
American naval policy. In France, Capitaine de 
Fregate Laurens, the head of the French Historical 
Section, has written a brief and singularly lucid 
account of the question ; and those who desire to 
fix the salient facts in their minds cannot do better 
than examine his admirable study.* German jurists 
and naval publicists have written a great deal upon 
the subject ; but, as they have not yet extricated 
themselves from the political passions which it once 
aroused, they have not, thus far, made a serious 
contribution to it. Dr. von Pohl’s sixth volume 
in the Tiibinger Abhandlungen zum Offentlichen 
Recht is possibly an honourable exception, in that 
the author attempted, but failed, to be impartial 
and dispassionate. His predecessors did not even 
try. 

American writings on the subject differ from all 
others in that they are written in a note of challenge. 
Mr. Parmelee, a gentleman with exceptional informa- 
tion, in that he served on the blockade organisations, 
stated, in his preface, that he was writing his book as 
a protest against “nationalism, navalism, and 
militarism,” and, in several passages stamped the 
whole blockade of Germany as “‘illegal.”” Mr. P. B. 
Potter, though not writing expressly upon the 
blockade, left no doubt that he considered Great 
Britain’s measures against neutral commerce in war 
were little else but Selden’s claims to a dominion 
of the sea in a modern setting ; and he stated, at 
the end of his book, that the genesis of America’s 
enormous naval armament was a desire that the 
country should never again submit to British mari- 
time . dictation.f Admiral Niblack, writing in 
Brassey’s ‘‘ Naval Annual,” was more explicit. 
According to him, the whole blockade of Germany 
was imposed in violation of international law and 
custom. It was a simple corollary to naval strength 
and had no relation to the existing law of nations. 
The Admiral, who has held important posts in the 
American high naval command, doubtless expresses 
the official American view, and there is, moreover, 
an extraordinary conformity between his words 
and those which Mr. Bryan uttered on the same 
subject several years before. When asked by 
Senator Stone why the Government of the United 
States was so complacent about British restraints 
upon American commerce, Mr. Bryan answered 
that America was simply suffering from the con- 
sequences of naval inferiority.t 

There is nothing to be alarmed or surprised at in 
this outburst of criticism. Every great maritime 
war provokes discussion ; and the most legitimate 
and well-established belligerent practices are ordin- 
arily represented as acts of maritime tyranny. 
Our conduct of naval operations during the 
Napoleonic Wars inspired the elaborate indictments 
of Hautefeuille, Ortolan, and many other advocates 
of the Continental doctrine ; jurists still discuss the 
eftects of the civil war upon the rules of maritime 





* Blocus et Sousmarin. Armand Colin. 

t+ The Freedom of the Seas in History, Law and 
Politics. New York. 1924. 

t Collection of American State papers, entitled: 
“* European War, No. 2,” page 59. 





belligerency ; and the contentions which caused 
the war of 1812 are still learnedly argued and 
debated. 

But, although we can look upon the growth of a 
foreign literature, conceived in a critical, half hostile, 
spirit as a natural thing, we ought not on that 
account to remain indifferent to its effect upon 
international opinion. It would be something like 
folly to do as we did at the beginning of last century, 
that is, to allow European and American opinion 
to harden against us under the influence of writings 
which we do not contradict and, having hardened, 
to find expression in a clamour for international 
conferences at which Great Britain’s representatives 
are made to look like defendants in a court of 
justice. If the British Government felt compelled 
to agree to the immense resignation of maritime 
strength embodied in the Declaration of Paris, it 
was largely because, during the half generation 
which followed the settlement of 1815, the writings 
of Continental jurists, hostile to Great Britain, 
became the handbooks of every diplomatic chancery 
in Europe ; whilst we never attempted, in literature 
or in policy, to counteract the campaign which was 
thus waged against us. : 

Up till the present, we have done very little to 
answer the elaborate indictment with which we shall 
shortly be charged in the high court of American 
international morals. Mr. Malkin, of the Foreign 
Office, has dealt with one aspect of the matter in 
the 1922 Year Book of International Law ; but this 
is almost the only contribution made to it by a 
British jurist. British invernational lawyers have, 
indeed, practically left the subject alone. At one 
of its first meetings after the war, a committee of 
the International Law Association drew up a code 
of maritime warfare and presented it for discussion. 
It was shelved on the motion of Sir Francis Piggott. 
The post-war edition of Oppenheim’s “‘ International 
Law” deals with the subject so laconically as to 
imply that the author doubted whether it could be 
discussed with propriety. If, indeed, we are not to 
be manceuvred into a bad controversial position, 
we had better lose no time in making an orderly 
survey of the facts we possess and of seeing what 
conclusions they support; the best method will 
doubtless be to state the law, to recite the facts, and 
to apply the one to the other. 

The blockade of Germany cannot possibly be 
examined independently of the Declaration of 
London; and the Declaration has possibly been 
the most discussed, and the least understood of all 
international agreements. It is usually denounced 
as a surrender of the rights inherent in sea power, and 
it was, in point of fact, a collection of rules largely 
formulated in the British prize courts during the 
Napoleonic Wars, when the British Navy was at a 
zenith of activity and strength. It is one of the 
curiosities of public controversy that this document, 
with its impeccable legal genealogy, should have 
been attacked as a dangerous novelty. 

The governing doctrines of belligerent rights and 
neutral immunities as set out in the Declaration of 
London were: (i) that a naval force might stop all 
commerce to or from an enemy’s harbours if it 
blockaded its coasts, and (ii) that if naval forces 
were not blockading an enemy’s coasts, that is, if 
they were intercepting commerce on the trade 
routes, they could stop contraband if it were going 
to an enemy’s ports by any route, and conditional 
contraband if it were going there direct. Contra- 
band, as defined by the declaration, was simply a 
list of essential military stores ; conditional contra- 
band consisted mainly of foodstuffs. All these 
rules, except, possibly, the last, had a very long 
history. The law of blockade was repeated almost 
without alteration from the treaties of the seven- 
teenth century ; the contraband list was drawn on 
exactly the same principle as the lists in the treaties 
of Nijmeguen or Ryswick, and can be compared 
with them item by item ; free lists, similar to those 
inserted in the Declaration of London, are to be 
found in all treaties of commerce and navigation, 
signed during the seventeenth and eighteenth cen- 
turies. The rule of conditional contraband was more 
recent ; it dated back to the prize decisions of the 
Napoleonic wars, and as it was the source of very 
great difficulty to Great Britain in 1914 and 1915, 


From the seventeenth century, belligerents and 
neutrals had been in perpetual dispute about the 
treatment of foodstuffs ; they could obviously be 
stopped from going to blockaded ports ; but could 
they be treated as contraband by ships intercept- 
ing commerce on the high seas? Treaty law was 
higuly inconsistent, and gave no general rule; 
some treaties placed foodstuffs on the absolute 
contraband list, others classed it as a free com- 
modity. During the Napoleonic wars, British 
Admiralty judges got out ot the difficulty by con- 
demning foodstuffs if they were intended for the 
use of an enemy's armed forces ; the test of the 
intention was that they should be consigned to a 
naval or military harbour. The Declaration of 
London repeated this rule ; but added to it another 
which was less consistent. Conditional contraband 
could not be condemned, unless it were going direct 
to an enemy’s armed base ; if its ostensible destina- 
tion were a neutral port, it could not be stopped and 
seized, even if the shipper’s intention were tolerably 
well known. Reduced to concrete terms this meant 
that if American corn and meat were sent to Ger- 
many by Scandinavia and Holland, a nation at war 
with Germany had no right to stop it. As all these 
rules, except possibly the last, were based upon 
well-established historical precedent, the Declara- 
tion of London had to be looked upon as an autho- 
ritative statement of the law of nations. Ratified, 
or unratified, it had great binding force; for no 
State at war can lightly commit itself to measures 
which every neutral will condemn as ultra vires. 
In 1914, the British Government was thus, more 
or less bound by the Declaration ; and could only 
depart from it if strong, conclusive proof were 
forthcoming that its rules were no longer applicable. 
The weakness of the Declaration lay not in its 
novelties, which were few, but in its extremely 
conservative character. First, the delegates had 
not recognised that modern commerce had been 
putting wireless telegraphy, and other means of 
rapid, independent, communication into its service ; 
and had, in consequence profoundly altered the 
sources from which evidence is collected against 
guilty shipments. The assumption underlying all 
the rules was that a naval inspection of ships’ papers, 
carried Gut on the high seas, would suffice to show 
a shipper’s intentions and a cargo’s real destination. 
Secondly, it was not realised that mobilised science 
and mobilised industry would make it quite impos- 
sible to define contraband and non-contraband in 
rigid lists, as had been done for three centuries pre- 
viously. Thirdly, the rules of the Declaration were 
based on a wrong conception of sea warfare. So 
long as coasts could be blockaded, in the strict, 
legal sense of the word, it mattered little if con- 
cessions were made to neutrals about contraband 
and free lists ; for a blockading squadron had the 
same legal rights as a besieging army. Minor attack 
from minelayers, and submarines had, however, 
made it impossible for large fleets to blockade coasts 
as they had done in the past. Blockading coasts 
and harbours was no longer a feasible operation of 
war if the enemy to be blockaded possessed a naval 
force based on fortified harbours. The naval dele- 
gates at the conference had either not grasped 
this or had not expressed themselves decisively. 

As the law of nations had given rights to vessels 
employed in blockading an enemy’s coasts, which 
were not granted to vessels engaged in intercepting 
commerce on the high seas, it is highly important 
to understand the exact nature of our naval dispo- 
sitions when war began. They were as follows :— 
A squadron was ordered to cruise between Scotland 
and Norway; a combined Anglo-French squadron 
was stationed at the western mouth of the channel ; 
and an armed flotilla was placed in the Dover 
straits. These forces brought all the trade routes 
to northern Europe under inspection. They were 
supplemented by cruiser squadrons: (i) in the 
Madeira—Canaries zone, (ii) off the Plate and in the 
Abrolhos area, (iii) Caribbean, and (iv) at the 
American end of the North Atlantic trade route. 
As these outer squadrons were situated at most of 
the nodal points of the great routes, it was practi- 
cally certain that 90 per cent. of the ships engaged 
in trade between America and Southern Europe, 
and all ships bound to Northern Europe, would be 
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voyage. It is obvious, however, that none of these 
squadrons was a blockading force. Had.we set up 
and maintained one naval cordon across the German 
bight from the Ems to the frontier between Germany 
and Denmark, and another in the Baltic from the 
Russian to the Danish boundary, Germany would 
have been blockaded according to the accepted 
rules of international law. As we were doing 
neither the one nor the other, our ships were bound 
to respect those neutral immunities which had 
recently been consecrated in the Declaration. They 
could stop all goods on the contraband list if there 
was any suspicion that they were intended for 
Germany ; they could stop foodstuffs if consigned 
to such harbours as Wilhelmshaven, or Kiel; but 
American cotton, oil, and metals had to be allowed 
through whether they were consigned to Germany 
or not. In these circumstances, there could be no 
thought of cutting off all German overseas supplies 
and reducing her to the condition of a beleaguered 
city ; all that could be done was to injure German 
trade as much as possible by seizing German ship- 
ping, or driving it into port, and by stopping all 
consignments over which the law gave us any 
rights. The very strongest cavzat should thus be 
entered against the popular belief that but for 
indecision in high places Germany would have been 
‘blockaded’ from the moment Great Britain 
entered the war. The blockade of Germany was, 
of necessity, a gradual progress against legal and 
economic obstacles. Seeing how hampered we 
were at the beginning, it is surprising that we 
achieved the results we did. The measures taken 
for isolating Germany passed through three stages : 
from August, 1914, to March, 1915, the British 
Government was enmeshed in the perpetually 
recurring controversy about foodstuffs ; in March, 
1915, owing to a chain of events which nobody 
could possibly have foreseen, the British Govern- 
ment thought it was in a strong enough position 
to make an attempt to stop all cargoes intended for 
Germany; and from then to the end of the war 
all our efforts were directed towards making this 
stoppage effective by distinguishing between goods 
intended for neutral use and consumption, and 
those which either went direct to Germany or 
released other, similar, goods from neutral countries, 
and so made them available for Germany. A fairly 
close inspection of all the measures taken is neces- 
sary if one is to form any opinion as to their 
legality. 

The British Foreign Office had evidently made up 
its mind before war broke out, that the Government 
could not be bound by the rules about conditional 
contraband ; and our first Order in Council was a 
first blast of the tremendous pressure which our 
military power was going to exert. The special 
privileges granted to conditional contraband cargoes 
by the Declaration were severely curtailed. First 
it was laid down that conditional contraband was 
‘liable to capture to whatever port the vessel is 
bound, and at whatever port the cargo is to be 
discharged.” By the Jaw contained in the Declara- 
tion conditional contraband was assumed to be 
destined to the enemy’s armed forces if it were 
assigned to bases of naval or military equipment : 
the British Order in Council extended this rule by 
saying that the same assumption of eventual use 
by the armed forces of the state, would be made if 
cargoes were consigned to an “ agent of an enemy 
state,” or to a “merchant or other person under the 
control of the authorities of an enemy state.” 
These assumptions could be proved by “any suffi- 
cient evidence.” In addition to this copper ore, lead, 
certain forms of iron ore and rubber were removed 
from the free list, and made.into conditional contra- 
band. It is important to understand what powers 
the Order was conferring on the British Government 
and the British fleet. The main consequence was, 
that from the moment that it was issued, our squad- 
rons had the right to stop all food which was passing 
into Germany through Holland, Denmark and 
Scandinavia ; but it was really of wider import. 
From the sixteenth century onwards it had been 
admitted that articles which could be used for 
warlike purposes could be treated as contraband. 
Controversy had focussed itself upon the items of 
the contraband lists ; but not upon the legal prin- 
ciple which put them there. In the question of 





contraband, as in all else, the Declaration of London 
had been drawn up on conservative principles. In 
order to restrict the contraband list as much as 
possible, it had been reduced to a brief catalogue 
of arms and munitions, with the result that, though 
projectiles and army lorries were absolute contra- 
band, copper for shell bands, oil for driving the 
lorries, and rubber for their tyres were classed as 
free commodities. By extending the contraband 
list and making it include articles which were 
contraband by the principles of the law though, 
possibly, not by the letter of it, the British Govern- 
ment show that it was not going to be entangled 
in legal niceties. 

This order had very serious political consequences ; 
it brought the British Government into immediate 
controversy with the United States ; and for a very 
natural reason. As it was a sort of corollary to the 
declarations of every American president since 
Washington that the United States would be neutral 
when European countries were at war, American 
interests were deeply concerned in the free lists and 
the contraband lists issued by the allies. Being 
convinced that Europe would be an immensely 
profitable market for American goods during a 
general conflagration, American statesmen had 
repeatedly urged (on grounds of humanity) that 
private property should be exempted from capture 
in war. They had failed to carry their point ; 
but the free list in the declaration, which included 
oil and cotton, was admittedly a concession to the 
interests of American traders. The British Order in 
Council, proclaiming as it did, that the British 
Government was going to make a determined effort 
to stop food supplies from reaching Germany, put 
the results of many years of careful diplomacy into 
jeopardy. American trading interests rose, and 
the American Government took up their case. 

Stripped of its technical arguments, the opening 
controversy centred round the question of dis- 
tinguishing between supplies intended for the civil 
population and those intended for the naval and 
military forces ; and in order to defend its actions, 
the British Government had again to appeal to 
the fundamental principles of the law of nations. 
There were three strong arguments in favour of 
stopping all foodstuffs intended for the enemy. 
First, the mobilisation of industry had turned the 
civil population into a sort of supply service for 
the armies in the field. Secondly, the governments 
of Europe, and that of Germany in particular, were 
showing that they would control the national food 
supply by intervening as a purchaser in the ordinary 
markets. Ever since food had been classed as 
conditional contraband, it had been admitted that 
food cargoes ordered on government account could 
be stopped and confiscated. Thirdly, modern 
transport and methods of commerce had made it 
impossible to detect what foodstuffs were intended 
for the military, and what for the civilians. The 
rule that they could be held up if intended for a 
fortified base, but not otherwise, had been a sound 
distinction when originally formulated. During 
the French wars a cargo of cereals bound for Brest 
or Rochefort would certainly be turned into bread 
which would be eaten by the sailors of the French 
fleet ; but a similar cargo landed at Bayonne or 
St. Malo would not, as it could only have been 
carried to Brest by accumulating all the ox wagons 
of an entire district at the port of unloading. It 
was obvious in 1914, and indeed should have been 
equally so in 1909 when the Declaration of London 
was signed, that railways, motor lorries and tele- 
graphs, had made the old method of discrimination 
valueless. Cargoes could be landed at commercial 
harbours, undefended by so much as a machine 
gun detachment, and carried to the armed forces 
in the state without delay or difficulty: during 
their passage they could be passed through so 
many hands that the ultimate consignee could be 
disguised until the very end of the transaction. 
Obviously, then, new methods of detection were 
required if a belligerent’s rights over cargoes of 
conditional contraband were to be upheld under 
modern conditions. Apart from that, it was open 
to question whether the rule that conditional 
contraband could be stopped, only if it was intended 
for a fortified port, was legally justified. Was a 
contractor for government lorries to be allowed 





supplies of foreign rubber if his works were in 
Bremen, and refused them if they were in Hamburg ; 
and were the sub-contracting firms to the German 
munition factories all over the country to receive 
copper and chemicals simply because they did 
not happen to be placed in armed bases or garrison 
towns ? 

When American opposition first solidified, a case 
could certainly have been made out for stopping 
all food supplies bound for Germany; but the 
Foreign Office evidently did not care to do so owing 
to the alarming shape which that opposition took. 
In his life and letters of Mr. Page, Mr. Hendrick 
has now made it clear that the American executive 
intended to take its stand on a proposal to which 
Great Britain could not possibly have acceded : 
the acceptance of the Declaration of London, with- 
out reservation of any kind. Had this been agreed 
to, the advantages to the Americans would have 
been enormous; they would have been free to 
trade with both belligerents, until Great Britain 
imposed a close blockade of the German coasts in 
the North Sea and the Baltic, according to the legal 
definition of the term. President Wilson’s idea of 
making naval power useless for anything but 
battles at sea had a longer period of incubation 
than is generally imagined.* 

The proposal was never pressed ; but the second 
Order in Council, issued in October, 1914, was 
published in reply to American pressure and was a 
great success for the American Government. It is 
not necessary to analyse its carefully-drafted 
phraseology: the essence of the matter was that 
the British Government withdrew from the attitude 
it had taken up in the previous order, and practically 
abandoned its claim that the rule of continuous 
voyage should be applied to conditional contraband. 
It should not, however, be imagined that the 
British surrender was absolute and unqualified. A 
very important clause was added which might have 
given the British Government more extensive rights 
than any they had hitherto claimed. Should it be 
shown, to the satisfaction of one of His Majesty’s 
principal Secretaries of State, that the enemy 
government was drawing supplies for its armed forces 
from or through a neutral country, then cargoes 
destined to it might be treated as though it had 
become an ordinary base of enemy supply. 

This famous Order has been much criticised by 
technical experts of our blockade measures. To 
statisticians its effect must have seemed lamentable. 
No neutral country was declared a base of enemy 
supply, and thousands of tons of food, which would 
have been stopped under the old order, passed into 
Germany protected by the immunities of the new 
one. It may, however, be doubted whether this is 
a sufficiently comprehensive criticism: the Order 
had its sources in a policy which cannot be judged by 
export and import figures. Those responsible knew 
that American opposition might at any moment 
harden into economic pressure, which would have 
been very damaging at any time, and ruinous if 
exerted at the very moment when the military 
fortunes of the Allies were at their lowest. A wave 
of sentiment subsequently made the whole nation 
forget the American public’s suspicious and un- 
friendly attitude towards Great Britain during 1914 
and 1916. It was doubtless natural that it should 
be forgotten, but the time has now arrived for a 
calmer and more critical review of the relevant, 
facts. It can no longer be denied that our first 
measures against German commerce roused feelings. 
which have long slumbered but never been quenched 
in the mass of the American nation. Every year- 
the facts of the American Revolution are recited to. 
several millions of American children, with an 
accompanying commentary upon the wickedness 
and tyranny of George III and his ministers ; and 
every year the war of 1812 is described with appro- 
priate explanations about the brutal ruthlessness of 
British practices at sea.f Was it then surprising that. 
with such mental associations, a very large number 
of Americans should have thought that the protests 
of their contraband traders were the grievances of 
peaceful, law-abiding men against an arbitrary 
abuse of maritime strength, and that the first 





* See Life and Letters of Walter H. Page, vol. ii, p. 160. 
+See Mr. Lozier’s speech in the House of Representa-- 
tives. December 18, 1924. 
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stoppage of American ships and cargoes should have 
roused a smouldering fire of animosities into flame % 
Mr. Page’s biographer leaves no doubt that events 
were moving to a crisis when this second Order was 
issued, and that it improved the situation materially. 
Statistics certainly show that we paid heavily for 
the compromise, and that Germany benefited, but 
they do not prove that the sacrifice was not worth 
while. One thing, however, is quite certain, the 
October Order practically ended our initial attempt 
to cut off German supplies and ushered in a new 
method, The clause which left us free to declare 
neutrals adjacent to Germany to be bases of supply 
was the corner stone of the new policy. 

The Foreign Office seem to have intended to 
use the last clause of the Order as a lever for 
obliging neutrals to forbid the exportation of 
foodstuffs. Faced with the threat of having all 
their sea-borne trade intercepted, held up, and 
partially confiscated, it was hoped that neutral 
countries would comply with our wishes. The 
plan had the obvious advantage that, if put 
into effect, neutrals would be stopping American 
goods from passing into Germany ex proprio 
motu. The American government would, in fact, 
have found it difficult to object, for any 
country, great or small, has a perfect right to 
prohibit goods from passing its own frontiers. 
This advantage was, however, more than balanced 
by very serious obstacles. The British Govern- 
ment still hesitated to stop all enemy supplies ; 
and was endeavouring to distinguish between 
food intended for the German army and food 
intended for the German civilian. By inviting 
neutrals to impose absolute prohibitions against the 
export of foodstuffs, we were thus asking them to 
act more drastically than we cared to do ourselves. 
Again, the export prohibitions were obviously to 
be enforced by the authorities of the neutral states, 
and all infringements or violations punished by 
their tribunals. We had no guarantee that the 
punishment would effectually stop the offence. 

It is interesting, but useless to speculate whether 
the British Government could ever have stopped 
Germany’s overseas supplies by following the policy 
foreshadowed in the October Order; would the 
new Order have been the preliminary to compre- 
hensive measures which would have severed 
Germany’s commerce with the outer world, or 
would it have united northern neutrals in a con- 
certed opposition ? Either consequence is possible. 
One thing should always be remembered when 
this very famous Order is discussed; it paved 
the way for a series of measures, which, taken 
together, really constitute the blockade of Germany. 
When the Order was published, the problem before 
the British Government was to set up a machinery 
which would give the Allies greater power of 
inspecting neutral commerce than they then 
possessed ; and the machinery, when designed and 
established, was one of the real innovations of the 
blockade. By the diplomacy of our commercial 
attachés, the trading magnates of Holland were 
persuaded to form themselves into a receiving and 
distributing trust for all contraband articles con- 
signed into the country; and to deal direct with 
the British Government. Simultaneously, or nearly 
so, certain neutral shipping firms were persuaded 
to give guarantees against carrying contraband. 
These were very far-reaching measures and deserve 
special attention. The obvious advantage of these 
special agreements and bargains was that they 
were wholly outside the scope of international law. 
The law of nations deals with the relations of 
states and not of individuals ; these associations of 
neutral merchants were persons in law, who were 
free to drive what bargains they chose, and with 
any client, so long as their agreements did not 
conflict with the statute and common law of their 
own countries. Neither group of belligerents 
could charge the Dutch or the Danish Government 
with un-neutral conduct, because its merchants 
had formed themselves into trusts which received 
and distributed certain commodities, and gave 
guarantees against their re-exportation. Indeed, by 
leaving the guarantees against re-exportation to 
be enforced by the trading associations, neutral 
 natgameianas were relieved of a very serious responsi- 
ility. 





It should be admitted outright that the new 
Order did not give good results ; but it must always 
be remembered that, though neutral imports of 
foodstuffs increased enormously after it was issued, 
this would, in the end, have assisted the British 
Government to declare neutral States adjacent to 
Germany to be bases of enemy supplies, and would 
thus have enabled them to turn this complacent 
and conciliatory order into a formidable economic 
weapon. The British Government can hardly be 
blamed if it held its hand and allowed neutrals to 
heap up evidence against themselves, before taking 
a step so drastic and novel. The events of the 
war at sea allowed the Foreign Office to reach their 
goal by another approach. 


(To be continued.) 
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TRANSPORT EXHIBITION. 
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ConTINUING our account of this exhibition, 
which closed yesterday, we now have to turn to 
various other groups of machines used in the repair 
or construction of roads. We propose to take first 
the relatively large class of portable compressor 
plants used mainly for driving pneumatic drills and 
concrete breakers. Plants of British and American 
manufacture were shown in this class. One of the 
most characteristic of the former group was the 
portable plant of Messrs. Holman Brothers, Limited, 
Camborne, whose designs were represented by a 
four-cylinder petrol engine standard portable set, 
with rolled-channel section frame, carried on 
four-wheels, and fitted with brakes of the outside 
shoe-type. Three sizes of standard type portable 
compressors are made by this firm; their capacity 
ranged from operating one to four pneumatic heavy 
concrete-breaking tools. The receivers are suit- 
able for air-pressure up to 100 lb. per square inch. 
The plant exhibited was one displacing 134 cub. ft. 
per minute, and is the second size in the triple 
range referred to. It has a two-cylinder single- 
acting compressor (6? in. by 7 in.), and is gear 
driven by a four-cylinder (4-in. by 5}-in.) petrol 
engine. The construction impressed one with 
being robust and well thought out from the point 
of view of access, and large wearing parts. The 
cylinders of the compressor are cast together, 
and are open at both ends, and both cylinder and 
head have self-contained water jackets with separ- 
ate inlet and outlet ports. This provision has a 
special advantage in this connection, as the valves 
are in the piston-heads and cylinder covers, respec- 
tively. Both inlet and outlet valves are of large 
diameter, and being of the annular ported disc 
type they combine a very large area with plenty 
of space for adequate water jacketting of the 
cylinder and head. The pistons are of trunk form, 
have longitudinal rectangular ports around their 
circumference. The air is drawn through a large 
port in the side of the cylinder. The combined 
arrangement, it is claimed, ensures absence of 
wire-drawing, so that the cylinders are completely 
filled each stroke. The outlet valves with their 
seatings are in the head, and there being but one 
per cylinder there is space both for an ample area 
of discharge and adequate water-jacketting. The 
valves are exceptionally light, and with the large 
ported area have a very limited displacement, 
and are remarkably silent in working. Both 
sets of valves are self-contained, with their respec- 
tive seat assemblies, and are easily accessible. The 
two-throw (180 deg.) drilled crankshaft and the 
connecting-rod big end bearings and gudgeon pins 
are pressure oiled (6 lb. per square inch) by an 
external gear-pump with chain drive within the 
crank chamber; the oil being filtered before re- 
use. A pressure relief-valve and gauge and a 
depth gauge are furnished, and the piston skirts 
have a special oil-trapping device. The compressor 
is governed pneumatically from the receiver in 
step with the rise of pressure. An automatic 
engaging clutch is provided between the engine 
and the compressor gear-shaft. 

Portable as well as fixed compressors were in- 
cluded in the range of machines shown by Messrs. 





Reavell & Co., Limited, Ipswich. The portable 
plant included pneumatic tools for use with them. 
The power-driven Reavell compressors included a 
single-acting vertical model gear-driven by a 
four-cylinder “ Aster’? engine, mounted on a four- 
wheel trolley ; a two-cylinder single-acting verti- 
cal set with a 21 hp. “Atlantic” engine; a 
Reavell quadruplex single-acting compressor direct- 
coupled to a four-cylinder 30 h.p. Atlantic engine ; 
a portable electric-compressor set on a four-wheel 
hand trolley for tramway repair work; and a 
tractor-compressor unit, comprising a Fordson 
tractor with a belt-driven rear-mounted, but easily 
demountable, Reavell single-acting vertical com- 
pressor. The trolley-mounted portable set shown 
was one of the maker’s latest design. This plant 
is capable of operating one concrete-breaking 
pneumatic hammer. In the portable electric motor- 
driven compressor for tramway repair work the 
motor power is tapped from tke trolley-wire by 
the usual easily removable pole-conductor. The 
compressor and receiver are large enough to 
operate one pneumatic tool on heavy concrete 
breaking. The compressor is air-cooled, and its~ 
motor totally enclosed. 

Portable self-contained air compressor plant, 
shown by Messrs. Broom and Wade, Limited, 
High Wycombe comprised a useful variety including 
a “‘ Broomwade” petro] engine set, embodying a 
type “J.J.” Dorman engine, with a two-cylinder 
(7 in. by 8 in.) compressor of 130 cubic ft. per 
minite (actual capacity) at 100 lb. pressure. at 
420 r.p.m. Fics. 35 and 36, page 664, and Fig. 37, 
Plate XX XVIII, show this set in which the necessary 
speed reduction is effected by the maker’s Typhoon 
type double-helical gearing. An improved ‘‘ Broom- 
aster ” petrol engined set, first shown at last year’s 
Wembley Exhibition was also shown. In this the 
fact that the two engine cylinders and the two 
compressor cylinders are combined has enabled the 
girth of this set to be kept small but without stint 
of wearing surfaces and a good volume capacity. 
The output capacity is given at 92 cub. ft. per 
minute; and the weight at 14 cwt. Fixed to a 
channel frame fitted on a three-wheel trolley, the 
plant is handy for hauling by handle or on a one-ton 
motor truck. The receiver, with the fuel-tank on 
top, is strapped vertically at the rear, and the 
front end is spanned by a motor vehicle type of 
radiator. Both engine and compressor are governed, 
the latter being pneumatically self-controlled at the 
engine throttle, in step with the rise of pressure 
in the receiver. 

At the 1923 Public Works, Road and Transport 
Exhibition, this firm showed a crude-oil engined 
compressor set. Two samples of this plant, of a 
much improved design were shown at this year’s 
exhibition. Fig. 38, Plate XX XVIII illustrates the 
larger of the two exhibits. The engine is a 24-28 
hp. Petter, and is coupled to the two-cylinder 
(7 in. by 5} in.) compressor by a Broom and 
Wade centrifugal clutch. At 525 r.p.m. the plant, 
it is stated, has an actual output of 120 cub. ft. of 
free air per minute at 100 Ib. per square inch 
pressure. The fuel cost is stated to be about 
25 per cent. of that of a petrol-engined plant with a 
corresponding output. 

A representative plant by a new firm to enter 
this field was that shown by Messrs. Sir W. Arm- 
strong, Whitworth and Co., Limited, of Elswick. 
It is illustrated in Fig. 39, Plate XXXVIII. The 
layout of this comprises a Dorman four-cylinder 
monobloc (3$in. x 54in.) engine of 20 brake horse- 
power at 800 r.p.m., fitted with high-tension ignition 
and an impulse starter. The compressor is a twin 
cylinder unit with a detachable head in which are 
the inlet and outlet valves in separate cages. 
The crankshaft has a mid-journal support, and 
the working parts are oiled by splash. The re- 
ceiver is provided with the usual fittings includ- 
ing a l-in. stop-valve at each end of the tank, 
with three-way branches, each branch having a 
2-in. stop-valve. A flexible connection is used 
between the compressor and receiver to com- 
pensate for any movement under working condi- 
tions. The plant is generally arranged for easy 
access or for attention by unskilled labour. The 
whole is enclosed by a metal housing and carried 
on a cast-steel chassis with a fixed rear-axle and a 
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pivotting front axle; both axles are of forged 
steel and the wheels are built up of wrought steel. 
The capacity is 91 cub. ft. per minute at 800 r.p.m., 
and the pressure is 100 !b. per square inch. 

Pneumatic plant is a speciality of the Sullivan 
Machinery Company, Salisbury House, London 
E.C.2. Their display included a range of pneu- 
matic road-breaking picks and shovels and a petrol 
engined air compressor, electric and pneumatic 
hoists and a model of a Sullivan air-lift plant. 
The illustration (Fig. 40, Plate XX XVIIT) shows 
the new Sullivan four-cylinder (model W.K. 314) 
compressor. It has the vee-cylinders set at 90 
deg. in opposed pairs, with a bore and stroke of 
5} by 5in. It is direct-coupled to a four-cylinder 
Buda petrol (or paraffin) engine, and its output 
capacity is 220 cub. ft. per minute. A two-throw 
opposed crankshaft serves for the four cylinders, 
the main aim of the layout being compactness, 
small girth, and good balance. To this end the 
reciprocating parts are light and the mass is 
balanced, and it is claimed no periodic vibration 
ilevelops at normal speeds. The cylinder and valve 
chambers are water-jacketted. A special feature is 
the use of Sullivan wafer valves for both inlet and 
outlet. They are of Swedish steel, of flat disc-ring 
form, and open against springs of similar material 
and shape, combining a large area of opening with 
a low lift. They are placed in bored recesses in 
the cylinder heads which communicate with the 
cylinder bores by short rectangular ports. 

A device is fitted to the compressor for preventing 
excessive pressure rise. It operates by lifting the 
inlet valves from their seats, by means of small 
pistons actuated by a pilot-valve in circuit with the 
receiver. The action automatically follows pressure 
rise in the receiver coming into action at a point 
within 5 lb. of blowing-off point at the receiver. 
Water for cooling the compressor cylinders is 
supplied through a hose which is led from the 
top of the engine cylinders block to the base of the 
air cylinders whence it is returned to the top of 
the radiator. Lubrication is by splash from a 
sump supply into which the flywheel dips, and dis- 
tributes part of the oil through a catcher channel to 
the shaft bearings, the rest being trapped in troughs 
below the sweep of the connecting rods. The air 
receiver for the vee-type four-cylinder unit measures 
48 in. by 18 in., and can be set for working pres- 
sure of 100 lb. per square inch. 

These compressor units are available with alter- 
native make up, e.g., mounted on a one-piece steel 
framed four-wheel carriage for haulage by a tractor, 
or mounted on skids, or on skids fixed on a Ford 









one ton platformtruck. Alternatively, too, they are 
made with a vertical two-cylinder compressor with 
cylinders and valves and pneumatic governing on 
the receiver similar to the four-cylinder vee unit. 

The truck body of the set illust-ated is of cast 
steel and is mounted on metal or rubber-tyred stout 
wood wheels, the latter at extra cost. A brake is 
provided on the rear wheels and is worked by a 
lever below the receiver. 

Self-propelled or tractor-compressor units provide 
an interesting point for discussion as to trend and 
value. Apparently, the type has an extending 
market, especially on its labour-saving merits, and 
from the fact that the tractor portion can be avail- 
able for any of its function as a tractor or tractor- 
trailer unit. Another point is that a shorter length 
of air hose suffices with the mobile equipment, since 
the motor is available to keep the unit progressively 
in touch with the work. It has been found that a 
considerable saving of hose cost, and reduction of 
power loss by the friction of the long air-hose, is 
obtained from this sort of mobile combination, which 
is also by reason of the employment of a Fordson 
unit relatively cheap for its comprehensive functions. 
The “ Permac”’ mobile unit was shown by Perkins 
Macintosh Petroleum Tool and Boring Company, 
Limited, 25-27, Bishopsgate, E.C. It takes the form 
of a rubber-tyred four disc-wheel machine, with a 
normal Fordson power unit enclosed by a rectangular 
frame of channel members. A Gardner duplex 
vertical compressor is fixed over the rear part of 
the frame, and a receiver is strapped horizontally 
across the front end of the frame. The compressor 
is of 118 cub. ft. (free air) capacity and is driven at 
800 r.p.m. (engine speed is 1,000 r.p.m.) by a silent 
chain in an oil-tight casing at the side of the machine. 
The clutch pedal is fashioned with a “gate” slot 
by means of which the dog-clutch lever, which 
controls the in-and-out positions of the chain drive 
to the compressor, is held out of action when the 
machine is travelling, and in the other position is 
held in mesh, and the drive clutch is inoperative. 
Any Fordson can be conveniently used for this 
plant; the extra fittings being a special governor, 
and a water pump which circulates the cooling 
water from the radiator through the compressor 
cylinders, and thence through the engine jackets 
and back to the radiator. The compressor can 
supply power for operating two large pneumatic 
picks or three lighter tools. There is a two-step 
platform at the back on which a few men can be 
accommodated while the machine is being run to a 
job; and it is intended to fit suitable receptacles 
along the side platforms for the working tools so 
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that the utility of the outfit on this score will be 
extended. The gross weight of the plant is under 
50 ewt. The addition of the compressor and its 
frame does not interfere with the scope of utility 
of the tractor as an automobile or tractor-trailer. | 

The Muir-Hill tractor-compressor is a new speci- 
ality of Muir-Hill Service Equipment, Limited, 
Ashburton-road, Trafford Park, Manchester, and 
comprises a standard Fordson tractor with a 
detachable, semi-rigid rear extension on two wheels, 
the complete outfit forming a six-wheeler. The 
trailer wheels have a similar Ackermann steering 
lay-out to that of the tractor, the two steering units 
being coupled to work together, which considerably 
increases the quick-turning capacity of the machine. 
The overall length is 15 ft. and wheelbase and track 
11} ft. by 4 ft. 8 in. The compressor is a two- 
cylinder (6 in. by 7 in.) Broom and Wade, with a 
displacement (actual) of 90 cub. ft. of air per minute. 
The receiver is a dome-ended drum with welded 
ends and is placed horizontally fore and aft on the 
frame. It has the somewhat unusual feature of a 
hand-hole and bridge-held cover, for cleansing 
purposes. The compressor is driven by a belt 
suitably protected, the casing being attached to the 
trailer chassis. The attachment of the trailer is so 
arranged that it can pivot in the vertical plane but is 
laterally rigid, so that the belt pulleys are kept 
strictly aligned. The outfit weighs under 49 cwt. 

Turning now to the subject of rollers, as already 
remarked, there was a noticeable failure on the 
part of the motor-driven machines to make good 
the great promise of 1923. Messrs. Marshall, Sons 
and Co., Limited, Gainsborough, were represented 
by their new type Universal steam road roller noticed 
in our issue of August 14, page 208; a class S. 
standard 10-ton steam roller; the Millars-Marshall 
tandem type 6-ton steam roller for bituminous 
surfaces, illustrated in Fig. 41, Plate XX XIX; &c. 
The Universal roller, it will be recalled, is claimed 
to combine the operating advantages of the standard 
three-wheeler and tandem types of roller, being 
suited both for consolidating road bases and for 
laying top surfacings. It has an articulated 
back axle, which enables the roll to be set to finish 
the road surface to any required camber. A patent 
automatic lock prevents rocking on the front fork, 
without interfering with the steering action, which 
can be hand or power operated from one control by 
means of an auxiliary engine, with automatic 
control to prevent over-running the steering 
quadrant. The engine gives an instantaneous 
reverse. The boiler is fitted with the Marshall 
corrugated fire-box, and has a working pressure 








N. 





ly 


e. 


ee 2 ee oO 


Ea a ees OO ee. 





Nov. 27, 1925.]_ ENGINEERING, 








MACHINERY AT THE PUBLIC WORKS, ROADS AND TRANSPORT EXHIBITION. 





‘too eo 


Fig. 45. 





‘6% Overall Height —-—--——~---------. 


1.8%- 
% 





13 Wheelba App 0x} 






Zitat Aevinhling g Water 








: 








 Saiaath: 


13:3 Overall Length 










425 


4:2>--~ 


FQ 
= 
=| 


} 
| 


Fies. 45 To 47. 


©“ The Millars-Marshall tandem 
steam roller was very much like 
the model shown in 1923, 
except that the wheels are not 
water-ballasted. With its spe- 
cially low centre of gravity it 
is specially suited for laying 
roads surfaced with a bituminous 
dressing. It is free from lateral 
rocking, and being fitted with 
hand and power steering by an 
(auxiliary) three-cylinder single- 
acting radial engine, can be 
manceuvred quickly for cross- 
rolling. An automatic cut-out 
fitted to the steering engine 
prevents over-running the steer- 
ing lock in either direction. 
Steam is supplied at 150 lb. 
pressure by a vertical multi- 
tubular boiler to a two-cylinder 
high-pressure horizontal engine 
of 25 b.h.p. at 250 revolutions. 
The cylinders are oiled by a 
mechanical pump driven from 
the engine. Reversing is 
of 150 lb. The scarifier can be placed on either| effected by a Marshall radial type mechanism. 
side, which facilitates scarifying in a narrow| Five sizes of this machine are made, viz., from 
space without turning the engine round. The} 6 tons to 10 tons weight (empty), the model shown 
weight (empty) is about 9 tons. The class §S.| being the 6-tonner. The Marshall 25 b.h.p. oil 
10-ton roller exhibited has a compound engine, | engine, also shown, was described in ENGINEERING 
the working pressure being 180 lb. per square inch. | for December 10, 1920. 

It was fitted with an Allen type two-tine scarifier.| One of the most novel machines to be seen among 
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the rollers was a 3-ton, petrol tandem roller just 
completed by Messrs. Robey and Co., Limited, of 
Lincoln. This firm exhibited a steam wagon and 
quick-reverse light steam tandem roller; both of 
these have been the subjects of descriptions in our 
columns on previous occasions. The new 3-ton 
petrol machine is illustrated in Fig. 42. It possesses 
many interesting features and is of the “ clear-side ” 
type, there being absolutely no projection on the 
near side of the machine beyond the rim of the rolls. 
Unfortunately, this feature is not clear from the only 
view to which, owing to pressure on our space, we 
are compelled to restrict our present notice. Owing 
to this special feature, the machine can work closer 
up to walls, trees, &c., than rollers of ordinary type. 
The front roll is carried in a single-arm fork of 
forged steel. This is attached to a master pin 
carried in a ball bearing in the front head bracket. 
The rear axle support also extends on one side only 
of the back roll, and is bolted to the main gear-box 
casing. The main frame is composed of the front 
head and the gear-box casing bolted together. 
These parts are of cast steel. 

The length overall is 9 ft. 1 in., width 4 ft., and 
overall height 5 ft. 9 in. The front and back rolls 
are 3 ft. in diameter and 3 ft. in width. The wheel- 
base is 6 ft. 1 in. The engine is of 12 h.p., has four 
cylinders, and is fitted with governor, Zenith car- 
burettor, and B.T.H. magneto, &c. The engine is 
coupled to the main gear-box shaft by means of a 
flexible joint. The main gear-box shaft is fitted 
with a double-cone clutch, with chain drive to a 
countershaft. Sliding gear speed changes give 
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speeds of 2 m.p.h. and 4 m.p.h. both forward and in 
reverse. The final drive is by pinion to a gear ring 
inside the back roller. 
The light tandem-type quick reverse steam- 
roller shown by Sir W.G. Armstrong, Whitworth and 
Co., Limited, Manchester, was a novelty at the last 
Roads and Transport Exhibition, and was dealt 
with in ENarNgERING for November 30 (page 671) 
of that year. Being specially designed for rolling 
bituminous or asphaltic surfaces, it has a short 
wheel-base of 8} ft., and as nearly as possible is 
equally laden over front and back rollers. The 
steering is particularly light. Both front and back 
rolls are 3} ft. dia. by 44 ft. wide. The frame is of 
rolled channel members, and supports the front of 
the boiler on a. cross saddle, and provides a ball- 
seating for the steering fork. The boiler has a 
Belpaire fire-box, and a grate area of over 14 sq. ft. 
The working pressure is 180 lb. per sq. in. The 
engine has two horizontal cylinders (4} in. by 8 in.) 
and drives the back roll by spur gearing and a single 
roller-chain. 
Motor road rollers have for many years been a 
speciality of Messrs. Barford and Perkins, Limited, 
Peterborough, who showed five types of them, rang- 
ing from the three-wheeler of 35 cwt. for foot 
paths to the T.W.K. water ballasted 12-ton model, 
which is illustrated by Fig. 43, Plate XX XIX, and 
including type Q.7, a quick reverse, water ballast 
tandem-roller with power steering for asphalt. 
This model is illustrated in Fig. 44, Plate XX XIX 
and Figs. 45 to 47, page 665. We will deal with this 
first. It is constructed in weights of 6 to 10 tons. 
The engine has four cylinders en bloc, with gravity 
water cooling, a detachable cylinder head, and is 
self-governing. It develops 28 b.h.p. A flexible 
coupling is fitted between the engine and gear box 
in which are two Ferodo-faced pedal controlled 
plate clutches, one for forward and the other for 
reverse drive. There are three forward and three 
reverse gear-speeds by machine-cut and heat-treated 
gearing. The back roller is thence gear-driven by 
machine-cut spur-wheels. Both hand and power 
steering is provided ; the former being by a hand 
whee! and worm shaft and chain. The power 
steering mechanism consists of two small (metal) 
cone clutches driven from the clutch spindle in the 
main gear box. Thence a chain transmits the power 
to the hand-steering gear; so that one set of tackle 
suffices for both the hand and power steering con- 
trols. The power-steering clutches are controlled 
by a lever near the driving seat, and a slight pressure 
in the direction of the intended course is sufficient 
to operate this lever. A safety lock is fitted which 
automatically “‘ trips” the power steering when the 
locking limit is reached. The short wheel-base of 
9 ft. 2 in. is a factor to be noted in this connection, 
as it means much in the case of cross or narrow road 
rolling. It only takes a few seconds to power-steer 
for full lock either side. The roller is fitted with 
a lever-brake acting on the intermediate shaft, but 
another hand-brake acting on a drum on the driving- 
roller is available as an auxiliary for working in a 
hilly district. The chassis is of stout channels 
reinforced with deep side-plates, and is well designed 
and braced. The outside edge of the frame pro- 
jects only 3} in. beyond the edge of the back-roller 
on the brake side, and generally this machine is 
free from projections likely to embarrass the driver. 
The weight in working order is 8} tons (1} tons of 
water bailast). ‘The width of the roll is 4 ft. 2 in., 
and the diameter 3 ft. 3 in. (front) and 3 ft. 6 in. 
(rear). A 120-gallon water spray, with the tank 
control from the driving seat, supplies water by 
gravity to both rollers for preventing road dressing 
from adhering. 

The T.W.K. model (Fig. 43) is of the three-wheel 
type with water ballasted rollers, and weighs, 
ready for work, but without water ballast, about 12 
tons. The front rollers measure 4 ft. diameter by 
4 ft. 2 in. wide, and the back rollers 5 ft. 6 in. diameter 
by 1 ft. 7} in. wide. The rolling width capacity is 
6 ft. 9 in. and the overlap 4 in., and the wheel-base 
is 9ft.10in. There are two similar models of 8 and 
10 tons, normal weight, respectively. The T.W.K. 
machine has a four-cylinder 35-40 h.p. petrol-paraffin 
engine, with forced lubrication, an air-filter for 
the carburettor (a most useful provision on a road 
roller) and assisted fan-cooling with a vertical type 
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of radiator. The engine is behind the driving seat 
and overhangs the rear rollers, which makes it very 
accessible. Regarded also as a complete unit 
of clutch and gear-box with a counter-shaft and 
sprocket for the rear chain drive, the design is 
pleasing and might serve as a model for road 
vehicles of other types. The frame or sub-frame 
which carries this plant within the main frame 
can be dropped and slid rearwards for extensive 
overhaul and testing under power before being 
replaced. Another special feature is the spring- 
head of the front-fork. Springs also are fitted 
to the main axle. A Price patent three-tine 
scarifier can be attached between the front and 
back rollers. This position is claimed to have 
an advantage over the usual rear-placing of the 
scarifier. Another useful fitting constructionally 
provided for, is a pulley with supporting” bracket, 
for driving a stone-breaker or other machinery. 

The low centre of gravity is obtained by the 
construction of the frame, together with the under- 
slung sub-frame which carries the power unit. 
Nevertheless, a large diameter of roller is provided 
foras indicated above. There is a 4 in. over-lap 
on each side of the roller, sufficient to prevent 
ridging. By means of water-ballasting both pairs 
of rollers, about 2-tons, can be added to the gross 
weight. 

A 6-gallon service tank and a 50 gallon supple- 
mentary tank hold enough fuel, it is stated, for a 
week’s use, on a consumption basis of 5 to 7 miles 
per gallon. There are two rolling speeds (1} and 2? 
m.p.h.), and a travelling speed of 4 m.p.h. The 
gear controls are of the normal road vehicle type, 
but there is a separate lever for reverse. 

Messrs. Aveling and Porter, Limited, Rochester, 
showed a 6-ton (laden) tandem-type steam roller, 
also designed for bituminous surfaces. «It is 
illustrated in Fig. 48, on this page. They also 
skowed examples of the 8 ton to 10 ton and 10 ton 
to 12 ton standard steam rollers, fitted respectively 
with a Price patent resilient two and three-tine 
scarifier, and both having a Belpaire firebox, and 
piston-valve engine and removable tyres to the 
roller wheels. The smaller roller has a single- 
cylinder engine; the larger is of the compound 
type. Besides the Price scarifier, a Brown and 
Snodin roadside excavator was shown fitted up 
as illustrated in Fig. 49, Plate XL. This is a good 
example of the trend towards combining, with 
well-proved types of road engine, appliances for 
some special function towards expediting, cheapening 
and improving road construction. 

The Brown and Snodin roadside excavator is 
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wide range of useful work, both for a surface level 
and for under-surface excavations. It is said at 
one operation to clear roadside waste of 18 in. 
width up to 2 ft. high at a rate of 30 lineal yards 
per minute. It can be adjusted to excavate below 
road level for foundation work, and can do this 
work simultaneously with clearing roadside waste 
not exceeding 18 in. above road level. Virtually, 
therefore, the roller so fitted entirely displaces pick 
labour for this class of work. Compared with pick 
labour it is stated that the capacity of this appara- 
tus is as 3 to 1. Because of the rapidity and large 
volume of output in a short time, the roller’s normal 
use as a roller is not curtailed seriously. The appa- 
ratus itself is easily attached or detached, as can be 
gathered from the illustration. For travelling 
purposes it can be placed behind the roller for haul- 
age on a two-wheel truck. 

The 6-ton tandem type of Messrs. Aveling and 
Porter possesses an unusually low gravity centre. 
This and other features will be evident from the 
illustration (Fig. 48, on this page). Concerning the 
lay-out, the following summary of details may be 
noted: With mild steel wheels, as illustrated, the 
rolling weight is from 53? to 6 tons—this is the weight 
recommended for use on a bituminous surface ; 
with cast iron (open) wheels the rolling weight is up 
to 8tons. There is ample clearance below the frame 
to permit the machine to be worked along the kerb- 
side. The rolling width is 4 ft., and the diameters 
of the rollers are: front pair, 3 ft. 3 in. and rear 
roller, 34 ft. The wheel-base measures 9 ft. 5 in. 
and the turning radius is 19 ft. (outside). The 
boiler is supplied for using solid fuel, but the maker’s 
patent oil burner can be fitted if required. The 
propelling engine is self-contained on a cast-steel 
frame. It has two horizontal high-pressure type 
cylinders with piston valves, operated by a special 
gear giving a quick reverse. The transmission is 
by gearing throughout. A steam-steering auxiliary 
engine is furnished when required, and has a special 
provision for preventing over-running the steering 
lock. 

The branch Elstow Works, Bedford, of Messrs. 
Crossley Brothers, Limited, Manchester, was repre- 
sented by two somewhat dissimilar products ; the 
one was a 5-ton petrol-paraffin rail locomotive, 
and the other a water weed-cutting launch. The 
latter it may be noted will be known to our readers 
from being a speciality of the Saunderson Tractor 
and Implement Company, the predecessors of the 
present makers. 

The 5-ton locomotive is one of a range from 
20-h.p. to 100-h.p., two examples being shown in 





fitted to the left side of a roller or tractor. It has a 





Figs. 50 and 51, Plate XL, weighing from 3 tons to 
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Fie. 57. Onz-Ton Enp-Tippina Lorry witH SwEEPER ATTACHMENT; MeEssrs. TUKE AND BgELL, LimIrTEp. 


18 tons. This class of engine is in fair demand 
for a variety of requirements and situations where 
only intermittent use is possible, and lends itself 
cheaply and readily to the restriction of load and 
girth incidental to narrow-gauge tracks. The 5-ton 
model has a 25-h.p. Crossley engine and can be 
supplied for a gate of 2 ft. to 3} ft.; the overall 
width being 30 in., above the rail-gauge selected. 
The height is 74 ft. and length over buffers 10} ft. 
The haulage capacity on the level is 70 tons gross 
at 3} m.p.h., and 32 tons gross at 7} m.p.h.; the 
corresponding tractive effort being 2,250 lb. and 
980 lb. ; in both cases under normal conditions for 
track and rolling-stock. The fuel consumption 
is stated to be about 1 gallon per 80 ton-miles or 
less than a farthing per ton-mile with fuel at 1s. 6d. 
the gallon. The principal feature of the chassis 
layout is the fool-proof two-speed change-gear. 
This is of the constant-mesh form, controlled by 
friction clutches operated by one lever for both 
forward speeds. The reverse lever is interlocked 
with the forward gear lever, and cannot be moved 
until the forward lever is in neutral position. The 
chassis equipment embodies an industrial type 
multi-cylinder motor for petrol, as standard, but 
suitable also for paraffin by the addition of a 
vaporiser, and fitted with governor, magneto igni- 
tion and pump circulation of the water, and auto- 
matic oiling of engine and transmission. The final 
drive is by a stout chain, provided with a means 
of adjusting both axles (Fig. 50). There are two 
brakes, of which the main brake is of the usual 
locomotive screw-down shoe type, acting on all four 
wheels, and the other brake is pedal applied. The 
chassis is a stout rectangle with upper and lower 
rolled channel side-members, and the power plant 
is carried on a similar structure within the main 
one and insulated from it. The shafts are journalled 
on large roller and ball bearings. Large doors at. 
the sides give access to the engine and gear-contro] 
levers. = °. 

Dealing next with road vehicles of various 
types which were to be seen, we may take, first, 
the S.D. Freighter, shown by Messrs. Shelvoke and 
Drewry, Limited, Letchworth, which is unique 
among industrial vehicles by reason of its small 
diameter wheels and low chassis frame. This 
combination has found favour among municipal 
engineers for refuse-collecting vehicles, and there 
are branches of trade also, e.g., the milk industry, 
for which the type is being increasingly employed. 
It is used, too, in engineering and other works, and 
works-yards for the transport of material between 
the shops and stores. Figs. 52 and 53, Plate XLI, 
give a good idea of the main features of the vehicle 
and of its handiness when low-loading facilities are 
necessary, and when, as in the case of refuse- 
collecting, the absence of ladders expedites the 
work, The S.D. dust cart at the Exhibition was 
of 6 cub. yards capacity, and was fitted with the 








maker’s hydraulic tipping gear, by means of which 
the body is first raised by ramps, which it carries, 
acting against rollers on the chassis, the ram serving 
to force the body against the rollers. On leaving 
the rollers, radius rods operate, causing the body to 
swivel at a point further back on the frame. The 
body ultimately pivots on the rear end of the chassis, 
as shown in Fig. 53, Plate XLI. It is claimed that 
this combination of movement saves power, par- 
ticularly when starting the lift. The rear-door is 
automatically opened by a cable led over pulleys 
on the chassis. The action of the tipping ram 
causes the cable to tighten, thereby opening the 
rear door to about right angles before the body has 
moved through more than a few degrees of tilt. 
The full range of tipping is 45 deg., and the time 
occupied for the full movement is stated to be 
45 seconds. 

Being designed chiefly for intermittent purposes, in 
which high speed and continuous running are not 
necessary, a 13 h.p. motor and a maximum speed 
of 15 m.p.h., with a fuel consumption of 15 m.p.g., 
place the 8.D. Freighter in a favourable competitive 
position with the heavier, more powerful and faster 
vehicles of the alternative type. The chassis weighs 
23 cwt., of which the power unit may be about 
7 cwt.; the wheel-base measures 6 ft. 2 in., 
and track 4 ft. 2 in., and the overall length and 
breadth, 134 ft. by 6 ft. (at rear of body), and the 
turning radius 10 ft. 10in. Specially narrow bodies 
on a 6-ft. wheel-base chassis have been furnished to 
work in and turn at right angles, into 9 ft.-wide 
back passages. 

The engine is a four-cylinder water-cooled vertical 
model with a unit layout, and includes a sealed 
governor. There are three change-speed gears in 
both directions ; the gears being in constant mesh 
and controlled by multi-plate dry clutches. Two 
other clutches control forward and reverse, and 
act also as brakes on the transmission. The con- 
trol of the gear change clutches and of a brake on 
the transmission is by one lever ; the throttle valve 
is controlled by a pedal, which is held closed unless 
one of the control levers is in a gear position. When 
the control lever is in the forward neutral or 
gear positions, the brake is off for the forward 
direction, and the vehicle is spragged against 
moving rearwards. The two brakes are respec- 
tively lever controlled for the rear set, and pedal 
controlled for the front, or service, set. The 
gear shafts and driving-axle shafts are on ball- 
bearings. Steering is by a geared tiller operating 
a central pivot which provides a common axis point 
through wheel and axle pivots. The suspension, 
both back and front, is on semi-elliptic inter- 
changeable springs, and by a recent change have 
now grease-gun lubrication for the shackle pins, top- 
brake block, steering pivot pins and also the propeller 
shaft ball-race housing. Other parts with a limited 





rocking movement are made of rustless steel and 


journalled in B.B.B. oil-less bushes. The wheels 
have ball-bearing hubs and are of the disc-type 
with 20 in. by 5 in. by 3 in. (thick) solid rubber 
tyres. The tipping mechanism consists of a 
manganese-bronze pump with valves, controlled 
from the cab, and mounted integral with the 
change gear-box. The ram is carried on trunnions 
below the body and bracketted to the chassis. 
The standard tipping body is of steel, and narrower 


‘at the front than at the rear; its dimensions 


being length, 93 ft. over-all, width 5 ft. 9 in., 
depth 2 ft. 3 in. The S.D. other exhibits were 
a side-tipping lorry with the same chassis features 
as the foregoing, and an interesting display of 
most of the chassis components. 

A McCormick-Deering internal-combustion tractor 
was shown by the International Harvester Company 
of Great Britain, Limited, 80, Finsbury Pavement, 
E.C. The type of tractor represented by this 
machine is being employed increasingly for road 
haulage work, the equipment including rubber- 
tyred disc wheels. The general features of this 
machine are by now familiar to our readers. 

The “‘ H.B.” tipping trailer, which was shown on 
the same stand is illustrated in Figs. 54 to 56, 
Plate XLI. It is made by Sheffield Steel Products, 
Limited, Templeborough, Sheffield, and belongs to 
an extending category of inexpensive utility plant. 
The tipping action is ingeniously effected by means 
of a cylinder and ram, the latter serving also as the 
draw-bar. By applying the trailer brakes and 
reversing the tractor unit, the ram_ telescopes. 
This moves connecting links upwards and raises 
the front end of the body. The partial compression 
of air in the cylinder during the tipping operation 
provides a cushioning effect, which may be regulated 
by a relief valve. By means of a chain under the 
draw-bar any angle of tip may be obtained, but 
normally the body does not come in contact with the 
ground. The trailer is also self-loading by means 
of a cable which can be attached to the goods 
to be hauled aboard. The cable is passed through 
a slot and over a jockey pulley to an attachment 
onthe air-ram. The tractor is then moved forward, 
causing the trailer to resume its horizontal position. 
In doing this the air-ram is extended, which causes 
the goods to be automatically pulled forward on 
to the body. By securing the goods against dis- 
placement the process may be repeated until the 
loading space is filled. A few seconds suffices for 
each operation. The H.B. trailer, being mounted 
on two wheels, is easily mancuvred and can be 
tipped in any position relative to the tractor unit. 
The frame is of steel throughout, and the wheels are 
of pressed steel with Hyatt or other roller hub- 
bearings. A pair of internal brakes with wide, 
lined shoes are fitted, and controlled by a lever and: 
rack. The overall dimensions of the trailer are: 
length to draw-pin, 15 ft.; width, 6 ft. 3 in.; 
and height of platform, 3 ft. 5in. The H.B. trailer 
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can be converted into a bolster-trailer for attaching 
to a lorry or other platform-tractor. It is stated 
that boilers 36 ft. long by 32 ft. diameter and 
weighing 12} tons, and tar-stills 12 ft. by 11 ft. 
weighing 9 tons, and steel pipes, bridge girders and 
tramway poles, have been transported on this 
combination. By another modification the trailer 
is being used also for refuse-collecting and dis- 
charging. Its capacity in this application is 
9 cub. yards, or about 3 tons of refuse. 

The combination illustrated in Fig. 57, page 667, 

is by Messrs. Tuke and Bell, Limited, Lichfield, and 
is designed for the dual purpose of providing a 
motor tipping-lorry and road-sweeping appliance. 
The former is suitable for collecting and transport- 
ing house refuse and for general haulage purposes, 
it only being necessary for the latter function to 
remove the cover as a single unit. This can be 
accomplished in a few minutes. The body measures 
7 ft. (length) by 5 ft. (width) and 20 in. (depth), has 
100 cub. ft. capacity, and when required for highway 
purposes the upper portion is quickly removable, 
leaving a body 1 ft. deep of 41 cub. ft. capacity. The 
tipping gear is hand-operated and displaces the 
body towards the rear until it balances, when it is 
tipped through 45 degs. under complete control. 
The road-sweeping attachment will sweep a width 
of 6 ft. The brush is 7 ft. long by 20 in. diameter 
and is in six sections. It is driven by bevel gear 
from the axle through sprockets and chains, and is 
clutch-controlled. The brush frame is pivoted and 
can be raised and lowered by adjustable balance- 
weights. A 70-gallon sprinkler tank supplies water 
to two perforated sprinklers in front of the brush to 
prevent raising dust. The whole is mounted on two 
steel disc wheels fitted with 20-in. by 34-in. rubber 
tyres. 
The comprehensive character of the exhibition 
was shown from another angle by an exhibit of 
Walker battery electrics by Messrs. Walker Vehicles, 
Limited, Clare House, Kingsway, W.C. The prin- 
cipal feature of the designs of this firm is the 
“balanced drive,” which is made up of a motor 
within the hollow axle-casing driving through both 
end-shafts, spur wheels geared to internal gear- 
rings within disc-type rubber-tyred wheels. As 
much as 95 per cent. of the motor power, it is 
claimed, is transmitted to the road wheels. The 
power-unit constitutes the rear-axle assembly with 
differential for both wheels. 

Messrs. Foden, Limited, Sandbach, showed a 
steam tractor of 10-ton haulage capacity at seven 
to eight miles an hour on the level, and capable of 
ascending a 1 in 7 grade on a good road at a propor- 
tionately reduced pace. The locomotive-type boiler 
has a total heating surface of 90 sq. ft. The engine 
has two steam-jacketed compound cylinders (4 in. 
and 7 in. by 7 in.), with working pressure of 220 Ib., 
and is fitted with the maker’s patent change-over 
control enabling the engine to be run for emer- 
gency purposes non-compound, both cylinders then 
exhausting independently into the funnel. The 
equipment includes a winding drum at the rear 
axle with 50 yards of steel cable. There are two 
gear changes (4 m.p.h. and 8 m.p.h. respectively), 
controlled by a lever at the foot-plate. 

The type of Universal excavator shown by Messrs. 
Ruston and Hornsby, Limited, Lincoln, has been 
previously dealt with inthese columns. The machine 
is of the convertible general purposes type, and can 
be supplied mounted on wheels or chain-track, the 
latter representing about 95 per cent. of machines. 
Exhibits were included showing the equipment 
necessary for conversion to a grab type of crane. 

A distinctly interest’ng little novelty was the 
“M.H.” drop-shovel. This is an attachment for 
the Fordson tractor in ics road form—the Fordson 
being originally a land tractor and farm implement. 
The makers of the.drop-shovel, are Messrs. Muir- 
Hill Service Equipment, Limited, Ashburton-road, 
Trafford Park, Manchester. As a shovel, it is claimed 
to be capable of shifting 20 tons of loose material 
per hour; the bucket’s capacity being one-third of 
a cubic yard. The three movements of raising and 
lowering, as well as the normal or neutral are con- 
trolled by a lever on the off-side near the steering 
wheel. As a crane, it will lift 10 cwt., and can 
load trucks 6 ft. 3 in. from floor level. It can be 
used as a winch for warping and lifting both with 


and independently of, the jib-crane. The winch- 
barrel is driven by an enclosed reduction gear from 
the pulley shaft of the tractor which is bracketted 
at right angles to the frame line and driven by a 
bevel-gear train from the transmission line. The 
combined reduction is 19 to 1. 

The attachment is of light angle and channel 
scantlings, well braced and welded. The rear ends 
of the two horizontal main channels are fashioned 
with split bearings for clamping to the axle-casing. 
Less than an hour is required to attach or remove 
the whole outfit, and but a few moments to convert 
it into a half-ton jib-crane. With the attachment 
and with the tractor on stout rubber tyres the over- 
all height is a trifle under 94 ft., and the gross weight 
is about 52 cwt. The «ype of machine shown was 
twin-tyred for the rear set and twin-tyred for the 
front set. The space circumferentially between the 
two back tyres is used to store (out of action) a 
series of grips, which are thus available already 
in situ when wanted. They are held taut by a 
series of stiff coil-springs which project through 
the dished-disc wheels. With a special lever and 
fulcrum bracket, and a hook on the lever, the 
grips can be raised against the tension of the springs 
and turned to rest athwart the tops of the tyres. 

The Muir-Hiil Company also had a 2-ft. gauge 
rail-type locomotive conversion of a Fordson tractor 
weighing about 4 tons. It has an effective haulage 
capacity on the level of 100 tons, and 32 tons up 
a 1 in 60 grade, and 11} tons up 1 in 20. It has 
a special two-speeds, both-ways gear set, in lieu of 
the standard Fordson equipment, and a worm-gear 
cross-shaft and sprockets drive for two 1}-in. pitch 
chains by which all four wheels are driven. 

The wheels are 20-in. diam., of chilled-iron and 
shrunk on to 2 in. axles, journalled in heavy duty 
spring-mounted, roller-bearing axle-boxes in horns. 
All four wheels are shoe-braked by a handwheel 
screw-and-nut gear. The dimensions are 9 ft. 10 in. 
overall length, by 3} ft. width and 7} ft. height, 
including the driving cab. A seat for the driver is 
fitted sideways to facilitate observation from the 
cab, and all controls are conveniently placed. The 
wheel base is 3 ft. 2 in., enabling a curve of 37-in. 
radius to be taken. 

The M.U.K. universal tipping lorry was shown 
by the Mannesmann Motor Lorries Co., 7, Queen 
Anne’s Chambers, 8S.W. The body is all steel, with 
hinged sides and back, and rests on tilting bearings 
on the chassis frame. Tipping is effected right, 
left or endways, by a vertical shaft operated by 
gear drives off the change-speed gear by the engine, 
and controlled by a lever in the driving cab. An 
automatic release comes into operation near the 
extremes of lift and rest, and a special locking 
device prevents faulty handling of the control 
lever. The capacity is for 6-7 tons, and a similar 
load on a trailer. 


(To be continued.) 





Junior InstiTuTION oF ENGINEERS.—Some parti- 
culars of a method of laying reinforced concrete pipes 
for carrying water, recently adopted in Spain, were 
described in a lecturette recently delivered by Mr. 
H. 8. Bower before the Junior Institution of Engineers 
at 39, Victoria-street, .Westminster, London, S.W.1. 
Mr. Bower stated that the principal reinforcement 
used consisted of thin steel sheets formed into cylin- 
drical sections and welded together at all joints, about 
four of these sections making a 12-ft. length of pipe. 
Wire reinforcement was wound on to the outside of 
the steel shell and a spiral wire cage, made on a former, 
was placed inside the pipe, thus providing a key for 
keeping the concrete in place. The internal lining of 
concrete was composed of a two to one mixture of 
cement and sand, spun into position by mounting the 
pipe on rollers and rotating it at a peripheral speed of 
37 ft. per second after the proper quantity of concrete 
had been poured in. Concrete thus obtained is extremely 
hard, and much denser than cast concrete. To receive 
its exterior coat of three to one concrete, the straight pipe 
was placed in a split mould, whilst bends and special 
shapes were plastered by hand. Each length of pipe 
was provided with a socket at one end for jointing pur- 

oses, joints being made by roughly bonding from the 
inside with quick-setting cement, and then caulking from 
the outside, between the socket of one pipe and the 
spigot end of the next, with lead pipe cored with hemp. 
An additional short collar of the same steel section as 
the pipe was then slipped over the joint, a mould put 
around it, and the whole grouted in to form a homo- 
geneous joint. The interior of the pipe was finished 
off smoothly by a man who moved along inside on a 





small flat trolley. 


THE SHIPPING, ENGINEERING AND 
MACHINERY EXHIBITION AT 
OLYMPIA. 


IN our account of the previous Shipping, Engineer- 
ing and Machinery Exhibition, which was held at 
Olympia in the first three weeks of September, 1923, 
we referred to the severe depression in the various 
engineering trades concerned, which had been in 
evidence throughout the previous three years. 
Although it unfortunately cannot be stated that 
this depression has now been removed, there are 
indications that the outlook is substantially better 
than it was at that time. In the interval between 
the two exhibitions, very marked progress has been 
made in the settlement of the more outstanding 
difficulties between the various European nations, 
the negotiations culminating in the Locarno Treaty. 
There is now every prospect of a prolonged period 
of peace in Central Kurope, and the conditions are 
therefore favourable for a general expansion in 
trade, in which Great Britain may reasonably be 
expected to participate. As regards the present posi- 
tion of the various branches of the home engineering 
industry, the deplorable position of the shipbuilding 
trade is a matter of grave national concern, and it 
appears only too true that material improvement 
cannot be anticipated unless some international 
agreement can be reached on the subject of hours 
and wages, in the shipbuilding yards of the various 
competing countries. A matter of even graver 
concern is the position in the coal-mining industry, 
with which our engineering interests are also vitally 
concerned. It might almost be said that our future 
prosperity as an engineering nation depends on the 
result of the inquiry into the conditions of the 
industry, which is now in progress. It is satis- 
factory to be able to record that the position in two 
of our leading industries, those of electrical and 
automobile engineering, offers a marked contrast to 
that in shipbuilding. We have recently had 
occasion to refer to the remarkable progress made in 
the automobile industry, when commenting on the 
two recent motor exhibitions at Olympia. The 
general feeling amongst the exhibitors at both 
shows was one of optimism, and this was fully 
justified by the work in hand at the time, and by the 
number of new orders booked at the exhibitions. 
The general prosperity was further indicated by the 
exceptional number of new designs which were 
shown on the various stands. At one time, this 
would have suggested that the preceding period had 
been one of quietness rather than of unusual activity, 
as it was in slack periods that the staff of a firm had 
freedom to concentrate on the development of new 
models. In the majority of cases at the present 
time, however, the continued heavy taxation to 
which firms have been subjected has depleted reserve 
funds to such an extent that little money has been 
available for experimental work ; unless, as in the 
case of the automobile industry, there was a good 
prospect of increasing business. The electrical and 
automobile industries are only indirectly represented 
at the Shipping, Engineering and Machinery 
Exhibition, and it was therefore hardly to be ex- 
pected that the prosperity in these two industries 
would be in evidence to any marked extent. This 
is borne out by the fact that relatively few firms are 
exhibiting new designs; in the majority of cases 
the models exhibited only differing in minor details 
from those shown in 1923. 

In an exhibition of such range it is difficult to 
deal with the exhibits in classes, but we will 
try to do this as far as possible, making a start 
with oil engines. 

The Parsons Motor Company, Limited, of the 
Town Quay Works, Southampton, are exhibiting 
a range of engines suitable for marine, stationary, 
and industrial purposes. The marine exhibit 
includes engines of 14-16 and 28-32 h.p., together 
with a 55-65 h.p. set complete with clutch, reverse 
gear and thrust block. For stationary work, the 
firm are showing a 14-16 h.p. engine, direct coupled 
to a dynamo, and an 85-105 h.p. six-cylinder engine 
direct coupled to an alternator and exciter. 

The marine sets are built in two series,’ the engines 
in the smaller series having a cylinder bore of 44 in., 
with a stroke of 6 in. The full series is comprised 





by engines having 2, 3, 4 and 6 cylinders, the normal 
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running speed in each case being about 900 r.p.m. 
It should be mentioned, however, that this speed 
can be considerably increased if it is desired to fit 
the engine in a lightly-built, high-speed craft. 
The engines are, in fact, giving satisfactory service 
in cases where the normal speed is in the neigh- 
bourhood of 1,409 r.p.m. All the engines are 
arranged with built-in reverse gear, which, while 
not differing greatly from that previously exhibited, 
is improved in detail. 

The 85-105 h.p. generating set has been con- 
structed for lighting and power supply, the engine, 
of 64-in. bore by 8 in. stroke, being the latest 
pattern in the, series to which it belongs. We 
illustrate the set in Fig. 3, Plate XLII, from 
which it will be seen that the engine has six cylinders, 
each of which is a separate casting. Detachable 
heads are fitted, which cover the whole cross-sec- 
tional area of the cylinders; an arrangement 
which greatly facilitates the cleaning out of the 
water jackets. The heads have been redesigned 
with a view to giving increased efficiency, and 
whereas with the older design the output on 
paraffin had a maximum value of 76 h.p., the re- 
designed engine will develop 85 brake horse-power. 
It should be explained that the higher figure given 
for the engine rating, both for this and all other 
engines, refers to the output on petrol. The engine 
can be speeded up to 900 r.p.m. without the occur- 
rence of appreciable vibration. The vaporiser has 
also been re-designed, and is now suitable for any 
brand of kerosene or vaporising oil. It is in two 
parts, each serving three cylinders, and follows 
the usual practice of utilising the heat of the exhaust 
gas to vaporise the fuel, and maintain it in a vapour- 
ised condition until it reaches the cylinders. The 
induction pipe is jacketed by the exhaust, while the 
latter is in turn jacketed with cooling water. The 
vapouriser is automatic in action, no adjustment of 
the fuel valve being required over the whole range 
from light. to full load. The engine will run on 
paraffin for long periods throttled down and with- 
out load, the Government test of two hours at no 
load and half-speed being easily complied with. 

The general arrangements of the moving parts 
of the engine only call for a brief comment. The 
pistons, which are of close-grained cast iron, are 
fitted with four rings at the top, the lowest of which 
acts as a scraper-ring. The groove is chamfered 
off, and a series of holes is drilled to carry off the 
surplus oil. The connecting rods are of H section, 
the big-end bearings being fitted with gun-metal 
shells, lined with white metal. The crankshaft is 
3 in. in diameter, and is carried in seven bearings. 
Special attention has been given to the balance of 
the pistons and connecting rods. The engine is 
fitted with a high-speed vertical governor, totally 
enclosed, and supplied with a separate system of 
lubrication. The vertical governor shaft is driven 
by skew gearing direct off the crankshaft. From 
the vertical shaft, a second skew drive actuates 
the magneto drive cross-shatt. The magneto is 
driven through a micrometer coupling, and is fitted 
with an impulse starter. A second cross-shaft, 
mounted below the magneto shaft, and driven by 
skew gearing off the crankshaft, serves to drive the 
water pump at one end, and the oil pump at the 
other. 

The lubrication is carried out on the direct- 
forced principle, and every wearing part is supplied 
positively. The angle at which the engine is set, 
together with the level of the oil in the crankcase, 
and other factors obtaining in regard to splash 
lubrication, can therefore be ignored. So long as 
the oil suction pipe in the sump is below the 
surface of the oil, the pressure gauge will read, and 
a glance at the latter is sufficient to ensure that the 
lubricating system is functioning correctly. In 
connection with the lubricating arrangements, it 
may be mentioned that the crankcase of the engine 
is water cooled by means of chambers running down 
each side, through which the cooling water is circu- 
lated. This water also serves to cool the lubricating 
oil, as the strainer, through which the oil is passed, 
is located in a chamber which is let into the front 
crank-case water passage. 

The 28-32 h.p. marine set, which we illustrate in 
Fig. 4, Plate XLII, represents the firm’s standard 
equipment, as supplied in large numbers during the 





past year to the leading steamship companies, for 
installation in motor lifeboats. It is, however, 
equally suitable for small cruisers and similar craft. 
The design of the engine, which is a four-cylinder 
model with a bore of 4} in. and a stroke of 6 in., 
follows that of the 85-105 h.p. engine very closely. 
The method of driving the governor, magneto, and 
oil and water pump is the same, but in this case the 
engine is not fitted with a water-cooled crank-case. 

The vaporiser is generally similar, but the 
exhaust pipe is in the centre, with the induction 
system surrounding it. The engine is designed to 
fulfil the Government slow-running test to which 
we referred in describing the largerset. The reverse 
gear is of very substantial construction, and is of 
the four-bevel differential type. The clutch is of 
the metal-to-metal cone variety, and the bevel 
reversing wheels are all mounted on ball bearings, 
both as regards journal and thrust surfaces. The 
whole of the astern gear is mounted in an oil-tight 
casing. The clutch and reversing gear are both 
operated by a single hand wheel, which can be seen 
in the illustration. A turn of this wheel disengages 
the clutch by drawing up a wedge-shaped block 
against the cone-thrust surface. When in the 
ahead position, the reverse-gear assembly rotates 
as a whole, without entailing any wear between 
the thrust block and the after-engine bearing. A 
further turn of the wheel tightens a band round the 
gear-box, picking up the astern drive as the box is 
brought to rest. The gear drives at equal speed 
ahead or astern. 

The 14-16 h.p. welding equipment, which we 
illustrate in Fig. 1, page 670, is of the semi-portable 
type, and consists of a Parsons two-cylinder engine 
direct-coupled to a low-voltage dynamo manufac- 
tured by the Meiropolitan-Vickers Electrical 
Company, Limited. As in the case of the 28-32-h.p. 
marine set, the general design of the engine is 
similar to that of the large alternator set. The 
bore and stroke of the engine are 44 in. and 6 in., 
respectively. Very careful attention has been given 
to the question of balance, and, as a result, the 
makers claim that the machine runs with a smooth- 
ness comparable with that of a four-cylinder set. 
The balance weights are forged integral with the 
crankshaft, and this is machined all over. By 
utilising a two-cylinder engine, it has been possible 
to make the moving parts of very generous propor- 
tions without excessive weight. 

The Atlantic Engine Company (1920), Limited, of 
Atlantic Works, Wishaw, Scotland, are exhibiting a 
range of four-cylinder engines, one of which has 
been specially designed for lifeboat service. They 
are also showing a lighting set fitted with a single- 
cylinder engine. We illustrate a new model, type 
‘*E” petrol-paraffin engine made by this firm in 
Fig. 5, Plate XLII. The cylinders are cast separately, 
and are fitted with detachable heads secured to the 
cylinders by studs. The bore is 6 in. and the 
stroke 8 in. The pistons are of cast-iron, and are 
fitted with an anti-fouling scraper-ring at the base, 
and the usual compression rings at the top. The 
gudgeon-pin is secured in the connecting rod, 
and is carried at each end in a phosphor-bronze 
flanged bush secured in the piston. The connecting 
rods are high-tensile steel drop forgings, with 
removable big-end bearings lined with white metal. 
The bolts for securing the big-end cap in position 
are of special high-tensile steel. The crankshaft is 
23 in. in diameter, and is ground and balanced. 
It is drilled for the purpose of conveying the oil 
from the main to the big-end bearings. The valves 
are of high-tensile steel, with cast-iron heads, which 
are screwed and welded on to the stem. The valve 
tappets are of the roller type and are adjustable. 
The camshaft is machined from the solid, the cams 
being case-hardened and ground. The shaft is 
carried in four gun-metal bearings of large diameter. 

The crank-case is of cast-iron, and is made in 
two halves, held together by bolts through a 
horizontal flanged joint. As will be seen from the 
illustration, large inspection doors are provided 
in the upper half of the crank-case, through which 
easy access can be gained to the big-ends. The 
main bearings are of gun-metal, lined with white 
metal. Lubrication is effected by a pump of the 
gear type, which delivers oil to the main bearings 
and the big-ends. A pressure gauge is fitted in 





the system. The pistons are lubricated by splash, 
The water circulation is effected either by means 
of a gear-driven plunger pump or by a pump of 
the positive rotary type. Ignition is by high- 
tension magneto, driven by totally-enclosed gearing. 
The magneto is fitted with an impulse starter to 
facilitate easy starting of the engine. A Zenith 
carburettor is fitted, with a two-way cock for 
switching over from petrol to paraffin after the 
engine has warmed up. The vaporiser is of cast-iron, 
its position being shown in the illustration. The 
engine is fitted with a governor of the centrifugal 
type, which is connected by the system of rods 
to the carburettor control, which can be seen in 
the figure. A regulating handle is fitted for starting 
up, and for controlling the engine when it is required 
to run slowly for stand-by purposes. 

The Ailsa Craig Motor Company, Limited, of 
Strand-on-the-Green, Chiswick, W.4, are exhibiting 
a number of examples of their well-known “ Kid ” 
marine engines, together with other engines and 
complete launches. Apart from a new two-cylinder 
opposed model, the engines made by this firm are 
included in two ranges; the individual models in 
each range are generally similar in design, but differ 
as regards the number of cylinders. The engines 
in the smaller range, which is composed of the 
various ‘‘ Kid” models, have a cylinder bore of 
2} in. and a stroke of 4 in.; whilst those in the 
larger range, designated by the makers as the KM 
Type, have a bore of 3} in. and a stroke of 4} in. 
Any one of the engines in either range can be 
supplied separately, or with reverse gear and pro- 
peller equipment as required. In the lower range 
the rated horse-powers of the two, four and six- 
cylinder engines are 6-8, 10-14, and 16-20, respec- 
tively, but it should be mentioned that a de-luxe 
model of the four-cylinder engine can be supplied 
with a 14-20 h.p. rating. In the larger range the 
two-cylinder engine is omitted. The four-cylinder 
is rated at 20-24, and the six-cylinder at 28-36 h.p. 

We illustrate the four-cylinder KM type engine in 
Fig. 6, Plate XLII. It is fitted with valves in the 
head, operated by an overhead camshaft. A skew- 
gear wheel is mounted on the crankshaft at the 
after end, and this engages with a horizontal wheel 
on either side. These wheels are keyed to two 
separate vertical shafts, one of which drives the 
magneto, while the other drives the overhead cam- 
shaft through a pair of skew gears at the top. The 
casing for the second of these shafts can be seen 
in the illustration. The cylinders and crank-case 
are cast in one unit, with a detachable head. The 
combustion space is hemispherical, with the plugs 
in the side. The valve cams operate directly on 
the valve tappets, which are adjustable. The 
absence of rocking levers not only tends to ensure 
silent running, but also decreases the inertia forces 
acting on the valves. The camshaft is carried in 
two self-aligning ball bearings, and the cams are 
lubricated by contact with a wick running along 
the valve cover, and fed from a small overhead 
oil reservoir. The water circulating pump is 
bolted to the forward end of the cylinder block, as 
shown in the illustration. It is of the plunger type, 
and is driven from an eccentric keyed to the 
camshaft. The pump body forms the end cover of 
the cylinder water jacket, the water being delivered 
direct into the jacket from the gun-metal pump 
barrel. The pistons are of cast-iron, and the 
connecting-rods of steel of the usual H section. The 
big-end bearings are of die-cast white metal. With 
the exception of the camshaft, the lubrication of 
the engine throughout is by splash, the sump 
being ribbed to enable the engine to be tilted without 
danger of oil shortage to the pistons or big ends. 
The designed speed of the engine lies between 
800-1,000 r.p.m., and a governor is provided to 
prevent the higher speed being exceeded. This 
governor is mounted on the vertical shaft, which 
transmits the drive to the camshaft, and is coupled 
up to the carburettor control, as shown in Fig. 6. 
A separate overhead shaft, to either end of which 
the starting handle can be fitted, runs through 
the valve cover, and is coupled to the crankshaft 
by means of a roller chain. 

In general, it may be said that the casing-in of 
the working parts has received careful attention, 
while accessibility has been retained. As it is 
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often impossible to obtain access to the underside 
in the case of engines fitted in small craft, it is 
important that all necessary adjustments should be 
practicable from above. The KM type engines are 
very satisfactory in this respect, and as an example it 
may be mentioned that the doors on the side of the 
crank-case are of sufficient size to enable the pistons 
and rods to be withdrawn through the opening. The 
engine can be supplied to run on either petrol or 
paraffin, the compression ratios being slightly dif- 
ferent in the two cases. In the form shown in the 
illustration, the engine is arranged to run on paraffin. 
The vaporiser is exhaust-jacketed, the position of 
the inlets and outlets being so arranged that a 
swirling motion is given to the exhaust gas as it 
passes through the jacket. When arranged for 
running on paraffin, the engine is started up on 
petrol. 

The engine shown in Fig. 6 is fitted with both 
reversing and reducing gear. The latter, which 
appears on the extreme left in the illustration, does 
not call for special comment, as it is of the usual 
silent chain type, totally enclosed. We illustrate 
the reversing gear in Fig. 2, annexed, from which 
it will be seen that it is of the epicyclic type, with 
a multi-plate clutch. Although the gear forms part 
of the engine unit, it is also in itself a complete unit 
which can be removed bodily from the engine. 
The clutch consists of a large number of plates, made 
alternately of hardened steel and phosphor-bronze. 
The plates run in an enclosed oil bath, in which the 
oil level is automatically maintained from the main 
supply. The method of adjusting the clutch will be 
clear from Fig. 2. Access to the castellated nut 
which can be seen in the illustration, is obtained 
through the opening at the top of the casing. The 
nut can be turned by hand, and is automatically 
locked by a spring plunger. The three pawls are 
equally adjusted when the nut is turned, so that 
no skill is required in performing the operation. 
Both the clutch and the reverse gear are operated 
by a single lever, which is moved in the direction 
corresponding to the desired movement of the boat. 
The method of engaging the clutch. by means of 
a sliding cone and pawl mechanism, will be clear 
from the figure, but the means by which the revers- 
ing band is tightened on the clutch casing is not 
shown. It should, therefore, be stated that one 
end of the band terminates in a bar which is brought 
out through the cover. A slotted hole is cut in the 
end of the bar, and a wedge shaped-piece passes 
through this hole. The wedge bar is coupled up to 
the reversing lever, and the movement of the latter 
therefore results in the tightening or slackening of 
the band on the drum, A reverse brake is included 
in the mechanism. 

In referring to the different types of engine manu- 
factured by the Ailsa Craig Company, we mentioned 
that they had introduced a new horizontally-opposed 
twin cylinder engine. This model has a number of 
features of unusual interest, and is illustrated in 
Figs. 7 and 8, Plate XLIII. Strictly speaking, the 
engine should be referred to as a marine unit, as a 
combined reducing and reversing gear is incorpo- 
rated in the crank-case casting. The engine is of 
the two-stroke type, with opposed cranks, giving 
simultaneous firing in each cylinder. The crank- 
shaft passes through the casing at both ends, one 
end being utilised to give a direct drive for the 
magneto, and the other carrying the outside fly- 
wheel. The arrangement is clearly shown in both 
figures. A starting pulley is cast on the flywheel, 
the engine being started by means of a strap wound 
round this pulley. A lay-shaft, to which the propeller 
shaft is coupled, is mounted parallel with, and below, 
the crankshaft. The centre of the lay-shaft carries 
the double male member of a cone clutch. When 
this is moved in a forward direction, it engages with 
a female member, which normally runs free on the 

ay-shaft, and is connected to the crankshaft by a 
pair of wheels giving a 2 to 1 reduction. When moved 
in the opposite direction along the lay-shaft, the other 
side of the cone engages with a second female 
member, which also runs free on the lay-shaft, and 
is connected with the crankshaft, through a silent 
chain drive, by means of which the reverse is 
obtained. The operation of the clutch is arranged 
in such a manner that the driving torque tends to 
increase the pressure between the surfaces. The 
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Fig. 1. Perrrot-Driven Wexipine Set; THE Parsons Motor Company, LIMITED. 

















Fic. 2. Marine Reversinc Gear; Tue Armsa Craig Moror Company, LIimirep. 


lay-shaft carries a helical pinion with a pitch angle 
of 40 degrees, and this forms a screw of which the 
nut, which is of white-metal, is cast into the centre 
of the clutch cone. As a result of this arrangement, 
when the clutch is moved into the ahead position, 
the cone is given a partial rotation which screws it 
home, and the torque on the propeller shaft tends to 
maintain this locking action so long as the clutch 
is engaged. When the clutch is moved across to the 
reverse position, the direction of rotation will be 
reversed, but as the female half of the clutch is 
rotating in the opposite direction, the tendency is 
again to lock the two portions of the clutch in 
contact. 

As regards the mechanical details of the engine, 
the water jackets on the cylinders are fitted with 
large doors for cleaning purposes. The pistons are 
of aluminium alloy, and the connecting rods of 
bronze, with a direct bearing on the crankshaft. 
The latter is of nickel-chrome steel, and is carefully 
balanced. The pistons are fitted with phosphor- 
bronze bushes to carry the gudgeon pins, which are 
fitted with gun-metal pads to prevent the possi- 
bility of their scoring the cylinder walls. The 
crankshaft is mounted in long plain bearings, and 
the lay-shaft on ball-bearings of the journal-thrust 
type. Lubrication of the cylinders is effected on 
the Petroil system. We maysay in conclusion that 
the engine develops from 4 to 6 h.p., and is suitable 
for full-powered motor boats from 12 to 20 ft. in 





length, or for auxiliary yachts up to about 5 tons 
displacement. The overall height of the unit is 
only 12} in., and, as will be clear from the illus- 
trations, it has an exceptionally neat and compact 
appearance. 

The Aster continuous feed water regulator is 
designed chiefly for beilers fired with pulverised 
fuel, which, by its flexibility of operation involves 
rapid changes of rate of evaporation. Consequently, 
the ordinary pattern, with its single feed check 
valve, is not responsive enough. To meet the con- 
ditions, the Aster Engineering Company, Limited, 
of Wembley, Middlesex, have introduced a double 
instrument ; that is, one having two control valves 
and two feed valves. The control valve box is illus- 
trated by Figs. 9, 10 and 1], Plate XLIII. From 
Fig. 11 it will be seen that the two control valves are 
arranged side by side, while from Fig. 9 it will be 
clear that they are both actuated by a common 
float, which is of the standard Aster open pattern. 
having the customary adjusting spindle for setting 
the instrument to function at any one of a range of 
water levels. The control valves are both attached 
to the float lever, which is balanced on knife-edge 
bearings, but they do not open simultaneously, one 
being set to lag behind the other. Obviously, this 
implies that the variation in water level will have to 
be greater when both valves are functioning than 
with one only, the reason for this being as follows : 
Each feed check valve is designed to pass approx!- 
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Fie. 14. Semi-PortaBte WELDING PLant; Tue Quasi-Arc Company, LimiTEep. 





Fie. 15. Hertx-SHaw Bracnuam Arr Compressor; Mzssrs. Hotrman Brotuers, Limirep. 


mately half the total quantity of feed required for 
fullload, and both of them, as well as their controls, 
are open under these conditions. The water level 
in the drum is slightly under the normal when a 
high rate of evaporation obtains, but when the 
demand begins to fall, the feed water is in excess, 
and the level rises somewhat, shutting one control, 
and one feed-check valve. As the boiler is then 
steaming easily, the increased volume of water in the 
drum provides a useful amount of thermal storage 
to meet the next peak demand. Thus, at rates under 
half load, one feed valve is always open to a greater 
or less extent, depending upon the precise evapora- 
tion going on. Above half-load, the stand-by 
valve opens, and may remain so either continuously 
or intermittently, as required by the working valve. 





The action is positive, that is, it depends entirely 
on the water level and not on any thermal changes. 
It may be mentioned that the feed-check valve will 
open in less than five seconds after a change of 
water level. Fig. 12 shows the pair of feed-check 
valves in a common chamber operated by the 
control valves just described. The feed-water inlet 
does not appear in the illustration, the screwed 
openings at the bottom being for the operating pipes 
from the control valves. The valves are controlled 
by differential action on the pistons beneath them, 
and means are provided in the covers for regulating 
the maximum lift. The whole apparatus further 
makes for safety, in that it is equivalent to two 
complete and distinct feed regulators. 

When referring to the exhibition of scientific 


models, arranged in connection with the conver- 
sazione of the Institution of Civil Engineers, we 
illustrated a new form of steam meter shown by 
Mr. J. L. Hodgson. The manufacture of these 
meters has been undertaken by Messrs. George 
Kent, Limited, of Luton, and examples are being 
shown on their stand, in addition to a wide range 
of meters of other types the majority of which are 
already well known. The exhibit includes samples 
of the firm’s Venturi meter for mains of any 
size, providing records of flow both by an integrating 
counter, and by means of a diagram which gives a 
graphical record of the flow variations. Other 
meters exhibited are the ‘‘ Uniform” water meter 
for municipal and trade purposes ; the ““M” type 
meter for small trade and house supplies ; and the 
‘“House” meter and ‘Inferential’ meter for 
domestic supplies. Examples of V-notch recorders 
and water-level recorders are also shown, together 
with the maker’s steam-flow recorder, gas meter, 
and gate-type air meters. 

We illustrate the new form of steam meter in 
Fig. 13, Plate XLIII. As this was described in our 
issue of June 19 last, on page 771, it is only 
necessary to make a brief reference to it. The 
principle of action is that a portion of the steam 
passing through the instrument is diverted by means 
of an orifice plate through nozzles, which cause it to 
impinge on a small turbine wheel. The speed of 
the latter is kept low by means of a damping fan 
immersed in water. The counter is mounted in a 
compartment below the steam main, and is driven 
from the turbine by a magnetic coupling, thus eli- 
minating any possibility of steam or water leakage. 

The Quasi-Are Company, Limited, 15, Grosvenor- 
gardens, §8.W.1, have an interesting display of 
welded work, but the most prominent feature of 
their stand is the portable generating set illustrated 
in Fig. 14, from which its compactness is evident. 
Its total weight is only 16 cwt., and it is provided 
with suitable lifting gear so that transport to 
wherever current is needed for repairs is a simple 
matter ; for example, many railway bridges are being 
reinforced by welding. A 10/12 h.p. four-cylinder pe- 
trol engine, water cooled, is coupled to a 60/30-volt, 
200-amp. generator, the set being controlled by an 
ingenious patent electro-mechanical governor. This 
enables increased power to be obtained from the 
engine coincident with an increased load demand 
and not after such demand, thus preventing current 
fluctuations. In fact, as the demand is transmitted 
to the governor first, the engine may be said to anti- 
cipate it. The well-known Quasi-Arc electrode is, 
of course, used, and the adoption of a new 70-volt 
inductive regulator, shown in the lower left-hand 
corner of the illustration, meets the Home Office 
requirements for alternating current and provides 
the operator with means for current regulation 
ready to hand wherever he may be working. 

One of the most interesting exhibits of Messrs. 
Holman Brothers, Limited, of Camborne, is the 
Hele-Shaw Beacham air compressor. The external 
appearance of this machine is shown in Fig. 15, 
compactness and lightness being characteristic 
features. The details of the machine were fully 
described and illustrated in our issue of November 6 
last, on page 588, but we may mention that it is of 
the rotary type, revolving round a central fixed 
cylindrical valve. The pistons are set radially, and 
are forced inwards once a revolution by a floating 
ring placed eccentrically, the whole mechanism 
being kept adequately lubricated by an ingenious 
method of supplying oil with the incoming air. The 
oil has to be removed before the air is discharged, 
and this is accomplished by means of a wire inter- 
ceptor contained in the cylinder seen on the top of 
the compressor. 

Messrs. Reavell and Co., Limited, of Ipswich, 
display a varied and interesting collection of. air 
compressors of both piston and rotary types. The 
variety of the latter with a perforated rolling drum 
appears to be gaining in popularity where low pres- 
sures are required, and a large machine of this type 
driven by an electric motor is in operation, supply- 
ing air to machinery on an adjoining stand. Anyone 
unfamiliar with the principle of this compressor 
will find a smaller example, partly in section, close 
by. Types of machines for use as auxiliary com- 





pressors on motor ships, charging starting bottles and 
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so forth, are shown, but the most interesting machine 
on the stand is a two-crank, two-stage vertical 
compressor of 750 cub. ft. capacity, which is one 
of a standardised series of eleven with outputs 
ranging from 500 to 5,000 cub. ft. per min. This 
example, which runs at 415 r.p.m., has an 8-in. 
stroke, with high- and low-pressure cylinders of 
10}in. and 18 in. bore, respectively. Sections of this 
machine are given in Figs. 16 and 17, while its 
appearance is shown in Fig. 18. It will be noticed 
that the cylinders and valve chests are cast in one 
piece. In this size, the cylinder foot, or distance 
piece, is also cast on the cylinder, and its length is 
sufficient to prevent the lower part of the piston rod, 
which necessarily works in the crank chamber, from 
entering the cylinder, thus making it practically im- 
possible for the crank-case oil to foul the compressed 
air. A wiper gland on the rod contributes also to 
this end. The valves are of the plate type, arranged 
for convenient access through independent covers 
at the top and bottom. The scantlings allow for 
a maximum working press of 1201b. Access to the 
crank-case is rendered possible by five large doors, 
two on each side, and one at the end close to the 
forced-lubrication pump, the eccentric for which 
also works a special cylinder lubricator outside the 
crank-case. The main bearing near the flywheel 
is specially wide. Although the machine shown is 
arranged for an independent drive, it can be adapted 
for operation by steam cylinders placed in tandem 
above the air cylinders. sn the cross-section, Fig. 17, 
the intercooler will be seen to be of the vertical 
pattern and of adequate surface. If desired, either 
electrical, mechanical, or steam control unloading 
gear can be fitted. Another exhibit is a vertical 
steam-driven three-stage compressor, which displays 
a compactness well suited to the purpose for which it 
is intended, i.e., for use on a motor ship. This has 
a single steam cylinder 8} in. diam. by 4 in. stroke, 
while the air cylinders are 2} in., 7} in. and 9 in. 
diam., respectively. The piston loads and the 
turning moment are equalised, as far as possible, 
by arranging for the first and third stages of com- Fic. 18 
pression to be taken on the upward stroke and the ; 
second stage on the downward stroke. Fies. 16 To 18. 750 Cus. Fr. Arr Compressor; Messrs. REAVELL AND Co., LIMITED. 
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Fig. 19. Carson-MonoxipE Meter; Tat CAMBRIDGE 
INSTRUMENT CoMPANY, LIMITED. 

















Fie. 21. InpicaTting INSTRUMENT FOR CO AND 
CO, Mater; THE CamMBRIDGE INSTRUMENT 
Company, LIMITED. 


The Cambridge Instrument Co., Limited, of 45 
Grosvenor-place, S.W.1, have a wide range of instru- 
ments, of which very neat applications of their 
dial thermometers for motor-car radiators are one 
example, and a development of their electrical CO, 
recorders, another. The latter consists of the 
addition of apparatus for measuring CO as well as 
CO,. The meter itself is shown in Fig. 20, the 
connection at the bottom being for the galvano- 
meter leads. Briefly, the meter contains a Wheat- 
stone bridge circuit of two separately insulated 
platinum spirals, one immersed in air saturated with 
water vapour, the other in the flue gas under 
observation. A current passed through the spirals 
will meet with a variable resistance, depending 
upon the thermal conductivity of the gases sur- 
rounding them which affects their temperature, and, 
as the percentage of CO, directly influences this 
conductivity, it follows that the galvanometer 
reading on a suitable scale will indicate the amount 
of CO, present. In Fig. 19 the same form of meter 
is shown, but connected so as to measure CO. 
This is done by passing the gases from the CO, 
meter through one cell of the CO meter, then 
through a small electrically-heated furnace (operated 
by a four-volt accumulator) and back through the 
second cell of the meter. The incandescent coil 








of the furnace converts any CO present into CO,, 
and the increase of CO, thereby effected is read off 
as a percentage of CO on the upper scale of the 
galvanometer, Fig. 21. This illustration shows an 
instrument for a single boiler, or other plant, the 
rotation of the knob giving an indication of either 
gas at will. The complete equipment includes an 
aspirator (the two pipes to which are shown in 
Fig. 19), and asoot filter. Allis completely enclosed, 
and this type of instrument should prove very 
suitable for both land and marine applications. 
Another type of the same instrument is arranged 
to take readings from a number of boilers on the same 
scale, though, of course, a separate aspirator and 
soot filter is needed for each unit. More elaborate 
instruments for the same purpose are the recording 
types, an outstanding feature of which is the 
avoidance of pen friction on the drums by tracing 
the records in a series of dots. Different curves, 
such as CO, CO,, and temperatures, are recorded 
in different coloured inks. 

Messrs. Stothert and Pitt, Limited, Bath, are 
showing a number of machines worthy of detailed 
examination, amongst which the Burn transmission 
gear may be selected as of particular interest. 
The principle of this positive drive, which is illus- 
trated on page 674, is applied in several striking 
ways, for example, in reversing and reduction 
gears, and the absence of noise, promptness in 
action, and freedom from shock is very evident. 
There are no toothed wheels, pinions, clutches or 
belts, the primary mechanism consisting of a disc 
on the face of which is cut a pair of slots in the 
form of a cross, in which two slippers run at right 
angles and are always inengagement. The driving 
shaft is tee-ended, and carries one of the slippers 
pivotted on each arm. The two shafts are 
necessarily out of line with each other, and 
the speed of the driven shaft is half that of the 
driver. By adding anotherelement, the final shaft 
is brought back into line again, and a reduction of 
4 to 1 obtained; another element increasing the 
ratio to 8 to 1. Obviously, similar increases are 
possible, if desired. One of the most successful 
applications of the gear is to the ordinary planing 
machine, a self-contained drive for which is illus- 
trated in Fig. 23, the transmission gear being 
contained in the cylindrical casing at the bottom. 
The sectional view, Fig. 24, shows an alternative 
arrangement of the driving motor, and from this 
figure the general arrangement of the gear may be 
gathered. In the box shown there are two sliding 
elements and three brake drums. The motor drive 
constantly rotates in one direction, though variation 
in speed can be effected by means of a suitable 
resistance. The drum nearest the motor is carried 
on a separate bearing, but is connected to the first 
disc by four arms. When the control lever is put 
over to one extreme, a brake-band comes into 
operation and locks the drum, thus making the disc 
oscillate on the arms. The disc shaft of the 
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first element does not itself revolve when the drum 
is locked, but through its oscillation drives the second 
drum, through which it passes eccentrically, the drum 
having a bearing concentric with the driving shaft. 
The second disc and crank alone function under 
these conditions, the first disc acting as the driver, 
The reduction in this case is 2 to 1. This arrange- 
ment gives the fast return of the table. On the 
table reaching the end of its travel, the control 
lever is caught by the stop and pushed over to 
the opposite extreme. This releases the first and 
locks the second, or middle, drum, which now, by 
holding the bearing of the first disc-shaft rigid, 
allows both elements to function. This gives a 
4 to 1 reduction, the cutting speed being half that 
of the return. The third drum is attached to the 
second disc, and when the control lever is pushed 
to the half-way position, it is locked by its brake 
band, both the first and second drums being released. 
The result is that the driving shaft merely rotates 
the second drum, which carries the first disc-shaft, 
and no motion is transmitted. The gear being 
enclosed, it is possible to provide an oil bath, and 
so obtain automatic lubrication. The makers claim 
that the apparatus gives economy in the consump- 
tion of current, and this is borne out by the small 
inertia losses and uniform speed ratio, with an 
absence of heavy peak loads. A very similar gear, 
illustrated in Fig. 22, is fitted to petrol or other inter- 
nal-combustion engines for use on such machines as 
cranes. Insuch cases, asingle lever, moved to one of 
three positions, controls hoisting, lowering (at twice 
the speed of hoisting), and holding the load in any 
position without the use of the foot brake. The last 
position corresponds to the neutral position of the 
planer drive. The engine can, of course, be kept 
running throughout these operations. Two examples 
of a marine drive are exhibited. Again the mecha- 
nism is generally like that of the planer equipment, 
though a thrust bearing is added, and a hand-wheel 
is fitted for control. With this arrangement the 
locking gear for the neutral position is omitted, 
the “stop ”’ being effected by merely allowing both 
the ahead and astern drums to rotate. We propose 
to deal with other exhibits shown by the same firm 
in a later issue. 

Messrs. Petters, Limited, of Westland Works, 
Yeovil, are exhibiting a number of crude oil and 
petrol-paraffin engines. Amongst their exhibits are 
a number of marine engines, lighting sets, both for 
country houses and shipboard, ships’ auxiliary 
sets, pumping plant, and standard stationary 
engines. Perhaps the most interesting exhibit is 
a new type of cold-starting marine engine, designed 
to run on crude oil. This engine, of which we give 
illustrations in Figs. 25 to 28, page 678, is of the 
twin-cylinder type, and develops frcm 16 to 20 brake 
horse-power. It has been specially designed to meet 
modern marine requirements, and the construction is 
generally on similar lines to that of high-speed petrol 
and paraffin engines. As will be seen from Figs. 25 
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27 and 28, the flywheel is fitted between the engine 
and gear-box, so that torque variations are damped 
out instead of being transmitted to the reverse 
gear. 

The engine, in common with other sizes of the 
Petter ““S ” type, is normally arranged for cartridge 
starting, but, if preferred, it can be supplied with 
an electric heating plug. This plug is screwed into 
the vaporiser of the engine, and when the current 
is switched on, the resistance at the end of the plug 
becomes red-hot, and the engine can be started 
immediately. The electric current for heating the 
plug is supplied from a battery, which is kept 
charged by a dynamo driven from the engine crank- 
shaft. The engine is turned over by means of com- 
pressed air until it fires. A starting valve is fitted 
on the after cylinder, as shown in Fig. 25, and is 
connected up to a small air receiver. The engine is 
titted with an air compressor forcharging the receiver, 
the compressor being driven from the crankshaft at 
the forward end. The governor is of the firm’s 
standard design, which we described when dealing 
with the cabin cruiser Annette Petter, in our issue 
of July 24 last, on page 118. Itis fitted with a hand- 
control lever in a convenient position, and is arranged. 
in such a manner that the quantity of fuel, supplied 
to the engine at each stro<e, is automatically varied 
according to the load. When the engine is running 
light, the injection is advanced, thus ensuring that 
the engine remains sufficiently hot to run for any 
length of time without adjustment. 

The engine is fitted with a water-cooled exhaust 
silencer, shown in section in Fig. 26, which has been 
designed to keep the over-all width of the engine 
down to a minimum, and at the same time to reduce 
the overhang so as to avoid the possibility of giving 
the boat a list to port. The bottom half of the 
crankcase is extended to form a bedplate for the 
reverse gear. The resulting construction gives a low 
centre of gravity, reducing vibration to a minimum. 
The gear is driven from the engine through a flexible 
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coupling. The bilge and water pumps are mounted 
at the forward end of the engine, as shown in 
the illustrations, and are driven by an eccentric 
mounted on the end of the crankshaft. 

The firm of Messrs. Ruston and Hornsby, 
Limited, Lincoln, show examples on their stand 
of both steam and oil power plant. The former is 
represented by an improvement on the old 
pattern of cross-tube vertical boiler, In the new 
type, known as the Thermax, and illustrated in 
Figs. 29 and 30, on page 678, the large tubes of 
the normal type have given place to groups of small 
tubes arranged on a slight inclination, and dis- 
posed so as to break up the furnace gases on their 
way to the uptake, which occupies the ordinary 
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24. Burn Transmission GEAR; Messrs. STOTHERT AND Pirt, LimiTep. 


position. These nests of smal] tubes are in the 
most effective position to increase both the heating 
surface and the circulation, the former being effected 
by the greater area relative to the water contents, 
while the latter follows automatically, and is helped 
by the inclination. The more vigorous circulation 
should, therefore, prevent overheating and minimise 
scale troubles. The tubes can be easily cleaned 
through handhole doors of the usual pattern, 
arranged in the shell of the boiler. These doors 
also provide access for the replacement of tubes, 
which are expanded into the furnace shell. Increased 
efficiency and lower maintenance costs are claimed 
for this boiler, together with greater evaporation 
for the same floor space as compated with the 
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ordinary cross-tube type. The exhibits include a 
50 brake horse-power vertical oil engine, which can 
be run on low-grade fuel oil of a specific gravity 
as high as 0-95, Special attention has been given 
to making the engine suitable for handling by 
comparatively unskilled men, in order to reduce 
labour charges. At the same time economy in 
working is retained, as shown by an average 
consumption of only 0-48 Ib. per brake horse-power 
per hour. The simplicity of the design results in 
low maintenance costs. For lighter fuel a small 
pumping set, suitable for either petrol or paraffin, 
makes an attractive exhibit. This little engine, 
which is of 2 brake horse-power, is normally used 
to actuate a vertical, single-ram pump, but can 
be readily disconnected to supply power for any 
other purpose when desired. The pump will deliver 
1,700 gallons of water per hour against a total 
head of 100 ft. 

We may mention, in connection with the illus- 
trated account of the Vickers’ diamond hardness- 
testing machine which appeared in our issue of 
April 25, 1924, on page 518, that this machine is 
being demonstrated on the stand of Messrs. Vickers- 
Petters, Limited, by Mr. G. E. Sandland, one of the 
inventors of the machine. 


(To be continued.) 








THE BERGIUS PROCESS OF CON- 
VERTING COAL INTO OILS. 

So much has been said about the work of Dr. 
Friedrich Bergius, of Heidelberg, on the liquefaction 
of coal and the conversion of coal into oils (Berginisa- 
tion) that a brief account of a lecture on these problems 
which he recently delivered at Essen (Zeitschrift des 
Vereines Deutscher Ingenieure, October 17 and 24) will 
be of interest. We confine ourselves to Dr. Bergius’ 
own work, 

His process, as carried out in the new works at 
Rheinau, near Mannheim, may be described as a 
hydrogenation of coal by means of hydrogen at high 
temperature and pressure. For this purpose he first 
used the bomb which we illustrated on page 262 of our 
issue of August 22, 1913. For intermittent working 
he later used cylindrical autoclaves rotating about their 
horizontal axes, into which he forced the disintegrated 
coal, together with some oil as a carrier, and hydrogen 
at about 100 atmospheres. As the temperature was 
raised to nearly 500 deg. C., the internal pressure rose 
to 250 atmospheres and then decreased, because 
hydrogen was being bound by the carbon. An experi- 
ment yielded, for example, 67 per cent. of oil—reckoned 
on the carbon in the coal, and disregarding ashes, mois- 
ture, &c.—16 per cent. of residual carbon (insoluble in 
benzene), some aqueous liquor, and gas. When the 
hydrogen was replaced by nitrogen the reaction also 
took place, but the temperature rise and fall were 
different and the residual carbon was all coked. In 
some two thousand experiments made with German 
and foreign coal, the oil yield (reckoned as above) 
averaged about 50 per cent. Poor grade coal gave 
relatively more oil than anthracite ; the best tempera- 
ture was 450 deg. to 480 deg. C. The initial pressure 
should be above 50 atmospheres, and too high a tem- 
perature and low pressure favoured coke formation. 
The nature of the liquid carrier, viz., gas tar, coke tar, 
crude phenols or cresols, did not appear to be important; 
the liquid facilitated the temperature distribution, but 
its presence was not essential. The aqueous liquor 
produced contained some of the oxygen of the coal 
and air, and, further, most of the nitrogen in the coal, 
as ammonia; some of the nitrogen entered into the 
oily compounds; most of the sulphur was eliminated, 
and could be bound by purposely added iron oxide. 
The gas, about 20 per cent. by weight of the carbon, 
consisted of methane, ethane, and higher homologues ; 
unsaturated hydrocarbons were not observed, 

Industrially an intermittent process, necessitating 
alternate heating and cooling, recharging, &c., being 
unprofitable, larger plant was devised for dealing with 
300 kg. to 1,000 kg. in 24 hours. This consisted of con- 
tinuous apparatus in which a pump forced a paste of 
coal ground to 1 mm. grain with 40 per cent. of tar (freed 
of its highly volatile constituents) at 150 atmospheres 
into the reaction vessel, from which it passed through 
a coil and a reducing valve into the apparatus for 
separating liquid and gaseous products. In this plant 
1 ton of coal would yield, for example, 445 kg. of oil, 
210 kg. of gas, 5 kg. of ammonia, and 350 kg. of residual 
carbon, which on coking would further give 80 kg. of 
oil, 240 kg. of coke, and 25 kg. of gas. The whole oil 
yield would amount to 150 kg. of neutral light hydro- 
carbons (boiling-point up to 230 deg. C.), 200 kg. of 
Diesel oil, 60 kg. of lubricants, 80 kg. of fuel oil. The 





oil was treated as in petroleum works; it contained 


phenols and cresols, apparently in large proportions. 
The actual large plant at Rheinau, dealing with some 
5 tons daily, has been run for more than a year at 
an initial pressure of 120 atmospheres, which is to be 
raised to 150 atmospheres. Iron being weak at the 
high working temperature, the reaction chamber is 
indirectly heated by forcing a compressed, preheated, 
inert gas (nitrogen apparently) through the jacket sur- 
rounding the chamber; this gas is afterwards cooled 
and pumped back into the jacket, an effective heat 
exchange being provided. The external heating is said 
to be by a lead bath. Dr. Bergius gave no particulars 
about these features, nor about the special stuffing- 
boxes, &c., required. Visitors to the work, we may 
mention, have spoken highly of the perfection of these 
devices, which keep the temperature constant for weeks, 
and of the mechanical arrangements generally. 

The process is one of hydrogenation, but not in the 
ordinary technical sense which depends on catalysts, 
and therefore requires a very pure hydrogen. Bergius 
does not use any catalysts and can work with a hydrogen 
of 80 per cent., such as coke ovens would give; he 
recovers this hydrogen from the gas of his process, 
so that coal is practically his only raw material. 
He can also work in an atmosphere of compressed 
nitrogen instead of hydrogen, though this is not 
actually done. Some of the hydrogen required for 
his reactions is possibly produced by the splitting 
up of molecules of hydrocarbons formed during the 
reactions or originally present in the coal. But a 
supply of hydrogen is essential for his process, and for 
this and other reasons he recommends the combination 
of works of his type with gas works. Two or three 
tons of coal would be required for the production of 
1 ton of oils ready for use, 





LABOUR NOTES. 


America’s metal workers’ trade union, the Inter- 
national Association of Machinists, has taken drastic 
action against the Communists in its ranks. An 
editorial note in its latest official publication refers to 
the matter as follows :—‘ The International Associa- 
tion of Machinists has been most patient with these 
‘noise makers,’ who have neglected no opportunity 
to carry out the orders of the Workers’ Party to which 
they belong. Our local meetings in some cities have 
been infested with these perverted individuals, who 
devote all of their time to fault-finding and tearing 
down, never offering a constructive idea of any kind. 
These men have been tolerated long enough. A point 
has been reached where patience had ceased to be a 
virtue, and due notice has been given that from now 
on no one will be permitted to retain membership 
in the I.A. of M. and at the same time hold allegiance 
to the Workers’ (Communist) Party or the Trade 
Union Educational League. There is no intention on 
the part of the executive council to interfere with any 
members’ political belief. If he leans towards Com- 
munism, that is his business. What will not be 
tolerated is the persistent efforts on the part of those 
Communists within our ranks to tear down our organ- 
isation, or to disrupt it as they have been doing in 
the past. It may as well be understood, therefore, 
that the first or slightest display of pernicious activity 
in our movement by any Communist now a member 
will result in that member’s immediate expulsion from 
the association. Fair warning has been given, and it 
is up to our members to govern themselves accordingly. 
If the Communists ever succeed in obtaining control 
of our association, although there is remote chance of 
their doing so, they can make the rules; at present 
however, our rules are made by trade unionists, and 
all who join with us must obey these rules or get 


out.” 





British trade unionists generally are not so strongly 
opposed to the Government’s arrangements for main- 
taining essential public services in the event of a strike 
as the utterances of some of their leaders suggest. 
Reasonable men agree that if the community is to be 
inconvenienced in order to serve ends in which it has 
no direct interest, the Government of the day will 
be bound to protect it. The extremists who are 
planning sympathetic action on a large scale, and com- 
plaining that the Government, acting quite legiti- 
mately for the community, has no right to prepare 
to meet it, forget that in many foreign countries and 
several overseas Dominions, strikes affecting essential 
public services are, in effect, illegal. Where the pro- 
hibition is not unqualified, differences must go to arbi- 
tration. Naturally, British trade unionists would have 
as little as possible to do with any emergency measures, 
but the majority of them do not deny the right of the 
Government to take them if necessary. 





A little controversy, which can hardly be regarded 
as edifying, has arisen over a detail of the interim 





report of the joint-committee of inquiry into the 
state of the shipbuilding industry. In his later letter 
to the Prime Minister on the subject of the proposed 
subsidy, Mr. Hill, the general secretary of the Boiler- 
maker's Society, said: ‘If our interim report has 
inspired you with hope, we regret to say that no such 
hope has been expressed by the executives of the 
Unions concerned, and we have recognised that when 
this Committee comes to a final conclusion it may be 
a proposal that a subsidy or some other form of national 
assistance should be afforded.” The executive repre- 
sentatives of the Federation of Shipbuilding and 
Engineering Trades, in an official communication to 
the press, described that statement as “ at least mis- 
chievous and certainly not in accordance with the 
facts.” ‘The executives of the trade unions con- 
cerned,” it was added, “‘ will give careful considera- 
tion to all recommendations contained in the interim 
report, and it is hoped good results may accrue from 
this inquiry. The trade unions side of the joint 
inquiry has given no consideration at any of its meet- 
ings as to what the final conclusions may be, and to 
suggest what may be the final conclusions before the 
facts are completed is not calculated to be helpful 
to the solution of the many difficulties of the industry.” 
Mr. Hill’s rejoinder to that was that the Trade Union 
side of the joint-committee of inquiry certainly did 
give consideration to the question of a subsidy, and 
expressed the opinion that it might be the solution, 
or one of the solutions, for the revival of the industry. 
In a further official communication, Mr. Frank Smith, 
the general secretary of the Federated Trades, says 
that ‘‘ what Mr. Hill states is not a fact.” 





Mr. Findlay, the general secretary of the United 
Patternmakers’ Association, states, in his latest 
official report, that during the third quarter of the 
current year there was a financial gain of approxi- 
mately 1,350/.—which he considers to be satisfactory, 
in view of the heavy unemployment prevailing in the 
trade. ‘It will be obvious,” he adds, ‘“‘that any 
decrease in our contributions or increase in our scale 
of benefits would immediately react to the detri- 
ment of our financial position.” 





A committee has been appointed by the Secretary 
for Scotland, in consultation with the Minister of 
Labour, ‘‘ to inquire into and advise upon the public 
system of education in Scotland in relation to the 
requirements of trade and industry, with particular 
reference to the adequacy of the arrangements for 
enabling young persons to enter into and retain suit- 
able employment.” The Committee will be composed 
of Lord Salvesen (chairman), Mr. R. S. Allan, Professor 
T. Hudson Beare, Mrs. Charles Douglas (of Auchlochan), 
Mr. James Elder (Athelstaneford Mains), Mr. William 
Lorimer (general secretary, Associated Blacksmiths 
and Ironworkers), and Mr. D. J. Macdonald (Dundee). 
Mr. James Clark, H.M. Inspector of Schools, and 
Mr. W. H. Lowe-Watson, Ministry of Labour, will be 
joint secretaries. All communications should be 
addressed to the joint secretaries at the Divisional 
Office, Ministry of Labour, 44, Drumsheugh-gardens, 
Edinburgh. 





In the latest quarterly report of the General Federa- 
tion of Trade Unions, Mr. W. A. Appleton, the 
secretary, declares that the prevailing tendency to 
deprecate the skill of the productive worker and to 
exalt the utility of the service worker must some day, 
have serious consequences. Comparisons between wages 
and prices, and wages paid in particular occupations, 
suggest, he says, disquieting unfairnesses. Official 
figures show that as at September, 1925, only one point 
divided wages and prices, if both were averaged over 
the whole field of inquiry. Prices stood at 75, and 
wages at 74 above pre-war; but some occupations 
have wage rates of 100 or more above pre-war. Inevit- 
ably, some must be below 75, or even 50, and parents 
are advising their children against manual occupations, 
even when these imply the acquisition of skill. In 
Mr. Appleton’s opinion, such a tendency must ulti- 
mately redound to the disadvantage of service workers, 
for if manual skill is discouraged by inferior status and 
lower pay, it will cease to function effectively and, as 
it ceases to function, the opportunities of the service 
worker will become fewer. 





Mr. Appleton suggests that the greatest obstacle 
to fair consideration for the productive worker lies 
in the fact that the things he produces or makes have 
to be sold in open competition, and that he has little 
chance of paralysing the community by stopping 
the production, or the transport, of things essential 
to the community’s existence. If he quite realised 
how harshly he is being treated by those who climb 
over his shoulders to comfort, and sometimes to 
affluence, he might, the Secretary of the General 
Federation says, rebel. If ever he does, the writer 
goes on to say, it will not be against the. State, but 
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against those other workers who, because of their 
favourable situation are able to arrogate to themselves 
the greater share of the values which manual skill 
and effort produce. 


————— 


One of the “ aims ’’ of the National Minority Move- 
ment is, as many readers are no doubt aware, to 
transform the General Council of the Trades Union 
Congress into a General Staff for the whole Labour 
movement. An official statement regarding this 
particular “‘aim’’ declares that the General Council 
should be, but ‘emphatically is not,” the vital directing 
body of British Trade Unionism. The miners, rail- 
waymen, dockers and the rest of the trade unions will 
go down to defeat, it is asserted, in their wages struggles 
unless their efforts are co-ordinated and directed into 
proper channels. Not only must they co-ordinate 
their defensive struggles; they must be able, they 
are told, to take an offensive in order to win a better 
standard of life. ‘“‘A real General Council,’ it is 
declared, ‘‘ should have power to levy unions in order 
to bring the maximum of financial assistance to any 
trade which is struggling with the bosses. A real 
General Council should be able to mobilise the unions 
for sympathetic strike action. To do these things 
the General Council must have more power than it 
has at present. Petty union jealousies must be sub- 
ordinated to the interests of the whole, and that means 
a General Council with power.” It is worth while 

_ noting that in the final draft of the constitution of the 
proposed Industrial Alliance, offensive action in ordei 
to win a better standard of life does not appear as an 
object. 


‘ 





It is officially stated that the executive council of 
the United Patternmakers’ Association have decided 
to take no action in connection with the proposed 
Industrial Alliance until the General Council of the 
Trades Union Congress has formulated a policy based 
on the composite resolution moved at Scarborough. 
In that resolution it was proposed to give the General 
Council power to levy all affiliated members, to call 
for a stoppage of work in order to assist a union 
defending a vital trade-union principle, to arrange with 
the Co-operative Wholesale Society to distribute 
food in the event of a strike, and to secure alterations 
in union rules in order to regularise these suggestions. 
The Congress referred it back to the General Council 
with instructions to consider it and submit conclusions 
to a conference of executive representatives. 





A writer in the Railway Review, the railwaymen’s 
organ, deals firmly with the extremists who are trying 
to create trouble in the industry. ‘* At quite a number 
of depots,”’ he says, ‘‘ there have appeared typewritten 
sheets in the form of a news sheet, and whoever is 
responsible for the production of some of them is no 
friend to Trade Unionism. Several have contained 
most scurrilous statements about individuals in 
authority, such statements being without the slightest 
foundation. We can place our finger on a number 
of the people whose chief aim appears to be to embroil 
men in a strike or some action of this kind without 
there being the slightest justification. They are the 
people responsible for some of these news sheets to 
which we make reference, and generally are the first 
to scream loudly if legitimately taken to task for breach 
of discipline or any irregularity. Already their games 
have been recognised by many of the men who have 
been the victims of this trickery, and they are in 
consequence being given a very wide berth. But in 
a number of depots very definite steps will have to be 
taken to prevent these people disrupting the ranks of 
the organisation. 





The Trade Union Bill, which is now under considera- 
tion in Japan, contains several clauses which seek, in 
effect, to reproduce British conditions. One stipulates 
that no employer or his agent may discharge a worker 
on account of the worker’s membership of a trade 
union, and no employer or his agent make the with- 
drawal of a worker from, cr his non-participation in, a 
union, a condition of employment. In the agree- 
ments governing several British industries there are 
provisions to the same effect, although, judging from 
trade union activities in certain areas, strict observance 
of the obligation is by no means general. Another of 
the Japanese proposals seeks to enact that an agree- 
ment concerning working conditions made collectively 
between a trade union and an employer or an em- 
ployer’s association, must not be broken by any agree- 
ment arrived at by individual bargaining between the 
employer and members of the union. Such an indi 
vidual agreement would be valid only in so far as it 
did not violate the collective agreement. In similar 
circumstances, in this country, there would be, under 
agreements, a right of appeal to central conference— 
which would, in every instance, no doubt enforce the 


major national agreement. Japanese employers are 
said to be strongly opposed to boththe clauses indicated, 
on the ground, principally, that they would ‘ destroy 
the basis of Japanese industry.” 





The National Wages Board, which is considering 
the railwaymen’s demand for increased wages and 
improved conditions and the counterclaim of the 
companies for wages reductions, concluded its public 
sittings on Friday last week. On Monday it began in 
private its consideration of the findings. Only a 
preliminary survey of the cases of both sides was, 
however, made. A further meeting took place yester- 
day. The Board will sit, it is understood, every day 
next week, and its decisions are expected to be available 
in about a week. 





On Monday the Industrial Court issued its award in 
an application for advances in the salary scales of the 
foremen of trades in Royal Dockyards referred to it 
by the Admiralty Administrative Whitley Council. 
The findings were to the effect that in the case of 
foremen of ship fitters, smiths, and boilermakers the 
maximum of the salary scale be increased to 3801. 
per annum (that is to say, 250/.-101.-3801.) ; foremen of 
ropery to 3601. (250/.-101.-3601.) per annum ; foremen 
of joiners to 3201. per annum (220I.-10/.-320I.) ; and 
foremen of painters and sailmakers to 2501. per annum 
(1901.-107.-2501.). 
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SIEBENTHAL and A. Stotn. I: 3 Quicksilver in 1924. 
By C. P. Ross. 1:5 Tinin 1924. By B. L. Jonnson. 
Washington : Government Printing Office. 

United States Geological Survey. Water Supply Paper 
No. 522. Surface Water Supply of the United States 


1921. Part II. South Atlantic Slope and Eastern 
Gulf of Mexico Basins. [Price 10 cents.] No. 526. 
1921. Part IV. Missouri River Basin. [Price 30 


cents.] No. 534. 1921. Part XII. North Pacific 
Slope Drainage Basins. (C.). Lower Columbia River 
Basin and Pacific Slope Drainage Basins in Oregon. 
[Price 20 cents.] No. 544. 1922. Part IV. St. 
Lawrence River Basin. No. 548. 1922. Part VIII. 
Western Gulf of Mexico Basins. [Price 15 cents.] 
Washington : Government Printing Office . 

L’Oxyde de Carbone et L’Intoxication Oxycarbonique 
Etude Chimico-Biologique. By Dr. Maurice Nictovx. 
Paris: Masson et Cie. [Price 22 francs. ] 

Principles of Locomotive Operation. By ArtuuR J. 
Woop. Second edition, revised and enlarged. London: 
McGraw-Hill Publishing Company Limited. 

Die Dinpassungen und thre Anwendung. By K. Gra- 
MENZ. Second edition, enlarged. Berlin: Beuth- 
Verlag G.M.B.H. [Price 5-50 marks. ] 

Lubricating Oils, Fats and Greases. Their Origin, Pre- 

paration, Properties, Uses and Analysis. By GEORGE 

H. Hurst, F.C.S. Fourth edition, revised and enlarged 

by H. B. Stocks, F.I.C. London: Scott Greenwood 

and Son. [Price 12s. 6d. net.] 

Processes of Flour Manufacture. By Percy A. Amos. 

Third edition, revised by Jas. Grant, M.Sc. London: 

Longmans, Green and Co. [Price 9s. net.] 

Questions in Machine Construction and Drawing. By 
WatuacE BentLEY, M.I.M.E. Halifax: The Bentley 
Publishing Company. London: Chapman and Hall, 
Limited. [Price ls. net.] 

Die Olfeuerung unter besonderer Berticksichtigung der 
Erfahrungen in den in- und auslindischen Kriegs- und 
Handelsmarinen. By Bruno SuHutz. Haale (Saale): 
Wilhelm Knapp. [Price 9-80 gold marks. ]} 

Statik fiir den Evsen- und Maschinenbau. By Dr. Ina. 
Grorc UnoLtp. Berlin: Julius Springer. [Price 
22-50 gold marks.] 

Hiitte. Des Ingenieurs Taschenbuch I. Edited by 
AKADEMISCHEN VEREIN Hiitte E. V. i BERLIN. 
Twenty-fifth edition revised. Berlin: William Ernst 
und Sohn, [Price 13-20 marks. ] 





TENDERS.—The Commercial Secretary at Constanti- 
nople has forwarded to the Department of Overseas 
Trade, 35, Old Queen-street, S.W., a specification relating 
to tenders by the Chemin de Fer d’Anatolie-Bagdad for 
three crane wagons. Sealed tenders are required to be 
submitted not later than December 31.— The High 
Commissioner for the Dominion of New Zealand in 
London has informed the Department of Overseas Trade 
that the New Zealand Government Railways, Wellington, 
are calling for tenders for machine tools and worksho 
equipment which they require. Tenders close at Wel. 
lington on February 15.—The Acting British Consul- 
General at Bangkok reports that the Siamese State 
Railways Department is calling for tenders, to be 
— by February 15, for the supply of various 

ttings for bogie carriages. Further particulars can 
be obtained from the Department of Overseas Trade.— 
H.M. Senior Trade Commissioner in Australia reports 
to the Department of Overseas Trade that the Victorian 
Government Railways Commissioners are inviting 
tenders for the supply and delivery of one vertical boring 
and turning mill. Tenders must be presented in Mel- 





bourne before 11 a.m. on January 27. 


NOTES FROM SOUTH YORKSHIRE. 


Suerrisip, Wednesday. 


Iron and Steel—The optimism recently expressed as 
to the future of the steel and engineering trades of this 
district is at last showing signs of materialising. Not only 
has an improvement to be recorded in the lighter trades, 
but also in the heavy branches. One of the brightest 
sections is that engaged in the manufacture of railway 
furnishings, though wagon construction remains a de- 
pressed industry. One of the biggest carriage and wagon 
firms in Sheffield have work on hand to keep carriage 
erecting and fitting shops operating at full capacity for 
at least twelve months. Orders booked by this firm 
include a repeat order for a special saloon for use by the 
King of Siam, and tramcars for the Sheffield and Leeds 
Corporations. Other firms similarly engaged have also 
secured substantial contracts from the Indian State 
Railways and the South African Government Railways. 
The shipbuilding industry provides a distinct contrast. 
The demand for ship steel, marine castings and forgings 
is exceedingly quiet and offers little promise of improve- 
ment. The automobile industry is calling for increasing 
tonnages of special steels, magnetos and magnets, in 
which Sheffield to a large extent specialises. Mining 
tools of various descriptions are an jmproved line. Con- 
siderable progress is being made with the construction of 
70 coke ovens at the Staveley Coal and Iron Co. Thirty- 
five of these ovens have been completed. All the neces- 
sary parts connected with the enterprise have been manu- 
factured locally. The battery is of the regenerative 
type and when completed will be one of the biggest in 
the country. Works engaged in the manufacture of 
agricultural and garden tools are operating on a satis- 
factory basis and find the Dominions a profitable outlet. 
In the lighter trades an increased amount of business is 
passing in engineers’ tools. File manufacturers report 
an improvement, and the call for twist drills is expanding. 
There is also an active demand for saws, hammers, 
axes, shovels and spades. The light foundries find 
builders valuable customers. Importance attaches to the 
new rustless steel reported by Dr. W. H. Hatfield, head 
of the Brown Firth Research Laboratories, at a meeting 
of the Sheffield Trades ‘Technical Societies. The new 
steel, which was fully dealt with on page 657 anie, is if 
treated at a high temperature, extremely soft and ductile, 
and can be freely worked hot or cold. It is being mar- 
keted in the form of sheets, strips, bars, tubes, and cast - 
ings, will resist the most serious of corrosive media, and is 
admirably suited for pressing, stamping and bending. 
Those properties, combined with high stress, denote 
the possession of great strength. The uses of such a 
steel are very numerous, and hopes are expressed thai the 
lighter trades of Sheffield will thoroughly investigate the 
claims of this new metal. 


South Yorkshire Coal Trade.—The market lecks any 
outstanding feature, and on the whole the position is 
unaltered. Output of best steams finds ready buyers on 
home account. Business with overseas consumers shows 
signs of recovery in certain directions. Cobbles have 
strengthened their position, but nuts are only moderate. 
Best quality slacks are selling better, whereas inferior 
grades have weakened. ‘There is an all-round expansion 
in the demand for house coal, which is now assuming a 
more favourable position. Foundry and furnace coke 
are firmer. Quotations: Best branch handpicked, 31s. 
to 34s.; Barnsley best silkstone, 28s. to 30s.; Derby- 
shire best brights, 24s. to 26s. 6d. ; Derbyshire best house, 
23s. to 25s.; Derbyshire best large nuts, 17s. to 20s. ; 
Derbyshire best small nuts, 12s. 6d. to 14s.; Yorkshire 
hards, 16s. 6d. to 19s. 6d.; Derbyshire hards, 16s. to 
19s. ; rough slacks, 9s. 6d. to 12s. 6d.; nutty.slacks, 6s. 
to 7s. 6d.; smalls, 3s. 6d. to 5s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—There is a good deal of 
business passing in Cleveland pig-iron, and values show 
marked tendency to stiffen. Sales are still mostly 
confined to parcels for home consumption, Continental 
inquiries continuing on only a very moderate scale, but 
further small transactions for transatlantic shipment are 
understood to have been put through. Supply is ample, 
but by no means plentiful, and, indeed, little further 
apne: of demand would speedily create shortage 
unless output was increased. No. 1 is quoted 68s.; No.3 
g.m.b. is fully 66s.; No. 4 foundry is put at 65s.; and 
No. 4 forge is obtainable at 64s. 


Hematite.—Conditions in the East Coast hematite 
branch are very encouraging, though complaint is heard 
that prices are not moving up sufficiently in proportion to 
rise in cost of production. Stocks have been disposed of and 
scarcity is being felt. In at least one case a customer has 
had to wait for delivery until the iron was manufactured. 
The increased yon ge by the rekindling of idle furnaces 
promises to be fully absorbed. Nos. 1, 2 and 3 are now 
75s., and No. 1 is quoted 6d. above mixed numbers. 


Foreign Ore.—Imported ore prices are stiffening, due 
to rather better inquiry and higher freights. Best rubio 
is quite 20s. 6d., c.i.f. Tees. 


_ Blastfurnace Coke——Durham blastfurnace coke is in 
increasing request and is advancing in value. Good 
“eg qualities now make 20s. delivered to consumers 
ere. 


Manufactured Iron and Steel—Manufactured iron and 
steel prices are not quotably altered, but contracts are 
only arranged after much bargaining and a good deal of 





price —— Producers of shipbuilding material 
continue slack, but rail makers, constructional steel 
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manufacturers, and sheet producers have quite a lot of 
work on hand, the last named being very heavily sold. 
Common iron bars are 11/. 5s:; iron rivets, 12/, 15s. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 77.; steel billets (medium), 7/. 10s.; steel 
billets (hard), 87. 2s. 6d.; steel ship, bridge and tank 
plates, 7/. 5s.; steel angles, 7/.; steel rivets, 121. 10s. ; 
steel joists, 7/.; heavy steel rails, 81.; fish plates, 121. ; 
and galvanised corrugated sheets (24 in. gauge, in bundles) 
171, . 








NOTES FROM THE SOUTH-WEST. 


CarpiFrF, Wednesday. 


The Coal Trade.—The improvement recently noted 
in the condition of the Welsh steam-coal trade has been 
fully maintained, and the outloook is of a more encourag- 
ing nature than has been the case for several months 
past. Business generally is more active, and prospec- 
tive buyers are showing more interest in transactions 
ahead, though colliery owners are still chary of committing 
themselves forward, in view of the uncertainty as to 
what will happen when the Government subsidy ter- 
minates at the end of April. Meantime the supply of ship- 
ping is reaching port more freely, as the result of active 
outward chartering, and collieries now, in the majority 
of cases, have sufficient tonnage in dock to provide them 
with an outlet for production; this has meant that 
employment in the coalfield has also been more regular. 
The feature of the market in the past week has been 
the demand for small coal and an advance in price of 
from ls. to ls. 6d. per ton. Shipowners have been taking 
half large and half small for bunkers whereas previousl 
they were taking two-thirds large and one-third me 
The result has been an increased demand for small coal, 
and coupled with this is the fact that demand on inland 
account has also been more active. In the circum- 
stances, supplies of small have not been sufficient to 
meet requirements, and prices have advanced. Best 
bunker smalls which a week ago were obtainable at 
10s. 6d. have been raised to lls. 6d. to 12s., and even 
at this figure were difficult to secure, while good bunker 
classes have been lifted from 9s. 6d. to 10s. and cargo 
sorts from 9s. to 10s. Large coals are patchy. Some 
collieries are fully covered and able to adhere to top 
quotations, but there are a number who are in need 
of business, and for this reason prospective buyers not 
tied to named coals can still secure their requirements 
at the old figures. Best Admiralty large rules from 
23s. to 24s. and seconds from 21s. 6d. to 22s. 6d., but 
best dry large is freely available at 22s. to 23s., with 
ordinaries steady at 21s. to 22s. Monmouthshire large 
is also in ample supply at anything from 18s. to 20s. 
Shipment operations at the docks are active, and to-day 
there were 21 vessels waiting for loading berths, whereas, 
at the beginning of the month, 26 berths were vacant, 
so that the position has been reversed. Shipments of 
coal as cargo from South Wales in the past week amounted 
to 432,440 tons, compared with 479,390 tons in the 
preceding week and 544,450 tons in the corresponding 
week of last year. Of the total, 58,280 tons were 
despatched to Algeria, 97,870 tons to France, 46,400 
tons to Italy, and 44,240 tons to the United States. 
Shipments from Swansea were increased from 60,280 
tons to 76,350 tons, and from Port Talbot from 42,830 
tons to 47,120 tons, but from Cardiff were reduced from 
313,780 tons to 257,770 tons, at Newport from 59,020 
tons to 48,490 tons, and at Llanelly from 3,480 tons to 
2,710 tons. 


' Pitwood Workers’ Overtime Rates.—The South Wales 
pitwood workers have agreed to accept a reduction in 
their overtime rates from 20s. to 16s. per man per night 
for a full night’s work from Monday next. 





Association oF LONDON STUDENTS OF THE INSTITU- 
TION oF Crtvit ENGINEERS.—The opening meeting of 
this association was held on Wednesday, the 18th inst., 
and was presided over by Sir William H. Ellis, G.B.E., 
D.Eng., President of the Institution. Mr. J. Kennard, 
B.Se., chairman of the committee of the association, 
delivered an address, in which he asked students to 
read papers before the association, and to speak at 
the ensuing discussions. The address then dealt with 
water-supply problems. 





Contrracts.—The Bristol Docks Committee have 
placed an order with the Engine Works Department of 
Sir W. G. Armstrong, Whitworth and Co., Limited, 
for a pair of steel gates for the Avonmouth Dock. The 
entrance to the dock is 80 ft. wide, and the gates, which 
will be of the buoyant type, will weigh over 300 tons, 
The contractors have under construction at the present 
time, 11 pairs of gates for various docks in this country.— 
The Dublin Dockyard Company (Messrs. Vickers, Ireland, 
Limited) have secured a contract for the construction of 
a tug and pilot vessel from the Bluff Harbour Board, 
New Zealand. The dimensions of the vessel will be 135 
ft. by 30 ft. by 20 ft., and she will be fitted with twin- 
screw, semi-Diesel machinery by Messrs. Vickers-Petters, 
capable of developing 1,200 Boss horse-power. Her 
speed on service will be 12 knots.—Messrs. International 
Combustion, Limited, Africa House, Kingsway, state 
that their associated company of New York, the Combus- 
tion Engineering Corporation, received orders for the 
following plant during the month of September, 1925: 
One complete ** Lopulco ” pulverised-fuel plant for the 
Canadian International Paper Company, Three Rivers, 
Quebec, including three air heaters and three fin furnace 
walls. Other contracts include 33 boilers, together 
with combustion equipment. 





NOTICES OF MEETINGS. 





TE InstituTe oF MARINE ENGINEERS.—To-night, at 
6.30 p.m., at the Shipping, Engineering and Machinery 
Exhibition, Olympia, W. ‘‘ Salvage Operations,” by 
Sir Fred. W. Young. 'Tuesday, December 1, at 8 p.m. 
““Motorship Progress in 1925,” by Mr. A. C. Hardy. 


_TxEe InstituTION or PRopucTION ENGINEERS.—To- 
night, at 7.30 p.m., at the Society of Motor Manufac- 
turers and Traders, Ltd., 83, Pall Mall, S.W.1. ‘‘ Funda- 
mentals of Jig and Special-Purpose Machine Design, with 
Special Reference to Automobile Manufacture,” by Mr. 
E. W. Hancock. 


THE Junior Inst1ITUTION oF ENGINEERS.—Saturday, 
November 28, at 3p.m. Visit to the Shipping, Engineer- 
ing and Machinery Exhibition, Olympia, W. Lecture, 
““Introspection as an Aid to an Industrial Revival,” 
by Mr. T. E. Dimbleby, in Lecture Hall, Olympia. 
Friday, December 4, at 7.30 p.m., at 39, Victoria-street, 
8.W.1. Lecturette, ‘‘ Super-Heterodyne Reception,” by 
Mr. A. E. Bower-Lowe. 


THe Institution oF ELEctrican ENGINEERS: 
WESTERN CENTRE.—Monday, November 30, at 6 p.m., 
at the South Wales Institute of Engineers, Park Place, 
Cardiff. Lecture. ‘‘ Switchgear Developments during 
the past 20 years,” by Mr. J. H. Thomas, M.I.E.E. 


Tue Institution or LocomotTivE ENGINEERS 
(Lonpon).—Monday, November 30, at 7 p.m., at the 
College of Technology, Sackville-street, Manchester. 
«‘ Vacuum Brake Ejectors,” by Mr. J. N. Gresham. 


Tue Rattway Cius.—Monday, November 30, at 
7.30 p.m., at 65, Belgrave-road, 8S.W.1. Second Cen- 
tenary Lecture. ‘‘ Railway Grouping and Economics,” 
by Mr. B. M. Bayley. 


THE BrRapForD ENGINEERING Society.—Monday, 
November 30, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture, ‘‘Water Meters,” 
by Mr. H. W. Swift, M.A., B.Sc. 


THe InstirvTIon oF AUTOMOBILE ENGINEERS: 
Giascow CENTRE.—Monday, November 30, at 7.30 
p-m., at the Royal Technical College, Glasgow. ‘‘ The 
Requirements of the Military Motor Vehicle,” by Capt. 
R. K. Hubbard. 


THe Royat Socrty or  Arts.— Monday; 
November 30, at 8 p.m., at John-street, Adelphi, W.C.2. 
Cantor Lecture. ‘‘Coal Ash and Clean Coal ”’ (Lecture 
II), by Mr. R. Lessing, Ph.D., F.C.S. Wednesday, 
December 2, at 8 p.m. Ordinary Meeting. ‘‘ The 
Future of the Motor Car,”’ by Lieut.-Colonel Sir Alan H. 
Burgoyne, M.P. 

Tue Institution oF Civit ENGINEERS.—Tuesday, 
December 1, at 6 p.m., at Great George-street, 8S.W.1. 
Ordinary meeting. Paper to be submitted for discussion, 
‘“Trafford Wharf Reconstruction at the Manchester 
Docks,” by Henry Ashman Reed, M.Inst.C.E. Wednes- 
day, December 2,at6p.m. Students’ Meeting. ‘ Esca- 
lators on the Central London Railway,” by Mr. Hugh 
Francis Molony, B.A. 


Tue InstITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MipLaND StupDENTS’ SEcTION.—Tuesday, December 1, 
at 7 p.m., at the University, Edmund Street, Birmingham 
“The Automatic Rotary-Converter Sub-Station,” by 
Mr. J. F. Lane, M.Sc. 


Tue Institute oF Metats: BrirMinacHam Locat| P® 


Section.—Tuesday, December 1, at 7 p.m., at the 
Chamber of Commerce, New-street, Birmingham. Dis- 
cussion on “‘ The Production of Sound Ingots.” 


Tue Instirute or Metats: Nortu-East Coast 
Locat Section.—Tuesday, December 1, at 7.30 p.m., 
at the Armstrong College, Newcastle-upon-Tyne. “ The 
Solidification of Metals,” by Mr. Maurice Cook, M.Sc. 


Tue Nortu-East Coast Institution oF ENGINEERS 
AND SHIPBUILDERS: MIDDLESBROUGH BrancH.—Tues- 
day, December 1, at 7.30 p.m., at the Cleveland Scientific 
and Technical Institute, Corporation-road, Middles- 
brough. ‘The Products and By-Products of a Modern 
Iron and Steel Works,” by Mr. G. Butler. 


Tue Instirution oF ELrectrican ENGINEERS.— 
Wednesday, December 2, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. Wireless Section Meet- 
ing. ‘‘The Performance of Amplifiers,” by Mr. H. A. 
Thomas, M.Sc. 


Tue InstITUTION oF SANITARY ENGINEERS.—Wednes- 
day, December 2, at 6 p.m., at the Shipping, Engin- 
eering and Machinery Exhibition, Olympia, W. “Garbage 
Reduction Processes,’ by Mr. G. M. Flood, F.1.8.E. 

Tue InstiruTIon oF ELECTRICAL ENGINEERS: 
Sourn Miptanp CENTRE.—Wednesday, December 2, at 
7 p.m., at the University, Birmingham. “An All- 
Electric House,” by Dr. 8. P. Smith, M.I.E.E. 


Tue InstrtuTIOoN OF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, December 2, at 7.30 p.m., at 
the Shipping, Engineermg and Machinery Exhibition, 
Lecture Hall (Gallery), Olympia, W. ‘‘ The Require- 
ment of Ablutionary and Recreative Bathing Establish- 
ments as affecting the Heating and Ventilating Engineer,” 
by Mr. J. E. Boaz. 

Tue LivERPOOL ENGINEERING SocieTy.—Wednesday, 
December 2, at 8 p.m., at The Temple, Dale -strect, 
Liverpool. ‘‘The Problems of British Industry,” by 
Sir Peter W. Rylands. 

Tue Royat AgronavuTicaL Socirety.—Thursday, 
December 3, at 5.30 p.m., at 7, Albemarle-street, W.1. 
‘“‘'The Control of Stalled Aeroplanes,” by Prof. B. Melvill 
Jones, A.F.C, 





Tue Institution oF ELEoTRICAL ENGINEERS.— 
Thursday, December 3, at 6 p.m., at Savoy-place, 
Victoria Embankment, W.C.2. Ordinary Meeting. 
** An All-Electric House,” by Dr. 8S. P. Smith, M.I.E.E. 

Tue InstiTuTION OF CrviL ENGINEERS: YORKSHIRE 
pra ogee one December 3, at 7.30 p.m., 
at the Hotel Metropole, Leeds. ‘‘ Waterworks Con- 
struction,” by Mr. Colin Clegg, M.Inst.C.E. 

Tre Institution or StructuRAL ENGINEERS.— 
Thursday, December 3, at 7.30 p.m., at Denison House, 
296, Vauxhall Bridge-road, S.W.1. ‘‘A Method of 
Testing Concrete Blocks,” by Mr. H. G. Lloyd, M.Inst.C.E. 

Tue InstiTuTION OF WaTER ENGINEERS.—Friday, 
December 4, at 10.30 a.m., at the Geological Society, 
Burlington House, Piccadilly, W.1. Discussion on 
“Recent Studies Relating to the Purification of Water, 
and the Action of Various Waters on Lead and Copper 
Pipes,” by Dr. John C. Thresh, M.D., and Mr. John F. 
Beale, B.A. ‘‘ Further Observations on the Biology of 
Jersey Waterworks,” by Dr. W. Rushton and Mr. P, A. 
Aubin, F.R.M.S. “An Analysis of Scottish Rainfall 
Records,” by Mr. W. N. McClean, M.A. ‘“‘ The Affores- 
tation of Watersheds,” by Lieut.-Col. J. R. Davidson, 
M.Se., M.Inst.C.E. Lecture. ‘“‘The London Water 
Supply,” by Mr. H. 8. Stilgoe, M.Inst.C.E. 

Tue Nortu-East Coast InstITuTION OF ENGINEERS 
AND SHIPBUILDERS. Friday, December 4, at 7.30 p.m., 
at the Literary and Philosophical Society, Newcastle- 
upon-Tyne. “Transmission of Power—The Present 
and the Future,’’ by Mr. G. Constantinesco. 

Tue Institute oF British FoUNDRYMEN: LAN- 
CASHIRE Brancu.—Saturday, December 5, at 4 p.m., 
at the College of Technology, Manchester. ‘“‘ Some 
Metallurgical Features of Electric Steel Castings,”’ by 
Mr. F. A. Melmoth. 

ARRANGEMENTS CANCELLED. 

Tue InstiITuTION oF MECHANICAL ENGINEERS.— 
Informal Meeting to-night, at 7 p.m. Annual Dinner, 
December 10. 

Tue Junior InstiTuTION oF ENGINEERS.—Lecturette. 
To-night, at 7.30 p.m. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland 
movement is still of a limited nature, and consumers 
are exhibiting little inclination to place orders for any- 
thing beyond actual requirements. One or two buyers 
have fixed up a little forward material, but the tonnage 
overall is not of much consequence. Producers have 
endeavoured to make prices such as will — to buyers, 
but the latter are mostly keeping up their holding-off 
policy of recent months. Inquiries are fair with a few 
more reported from the shipbuilding industry. The 
better feeling still prevails, but any actual opening out 
of business is extremely slow. The makers of black 
sheets are all well provided with orders, and steady 
employment is assured for some months ahead. This 
activity is largely confined to the thinner gauges and 
galvanised sorts for export. The home trade is not 
consuming much at present. Prices have allan easier 
tendency, and the decision of the Scottish Steelmakers’ 
Association to reduce boiler plates by 10s. per ton this 
week may stimulate buying. This reduction to 111. 
r ton marks a fall of 2/. per ton during the year, and 
is similar to the fall in price of both ship plates 
and sections. The following are to-day’s quotations :— 
Boiler plates, 111, per ton ; ship plates, 7/. 15s. per ton ; 
sections, 7/, 7s. 6d. to 7l. 10s. per ton; and sheets, 
ys in. to 4 in., 91. 58. to 91. 7s. 6d. per ton, all delivered 
Glasgow stations. 

Malleable-Iron Trade.—In the malleable-iron trade of 
the West of Scotland, there is little change to report, 
and hand-to-mouth conditions are all too common. 
The competition from Continental sources is still much 
felt, and even inquiries are not very numerous. In the 
steel re-rolling branches, quietness is very general and 

rices a reweak. The current quotation for Crown 
ars is 11/1, 58. per ton delivered at Glasgow stations. 


Scottish Pig-Iron Trade.—A dull tone prevails in the 
Scottish pig-iron trade, and the demand has not improved 
to any extent. The tonnage being consumed locally at 
the present time is not heavy, but there are prospects 
of some increase in the near future. On export account 
the sales are far behind former times, and no signs of any 
expansion seem to beforthcoming. Prices continue weak, 
and the following may be taken as the current quota- 
tions :—Hematite, 37. 188. 6d. per ton, delivered at the 
steel works ; foundry iron, No. 1, 80s. to 82s. 6d. per ton, 
and No. 3, 778. 6d. to 808. per ton, both on trucks at 
makers’ yards. 

Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, November 21, amounted to 1,135 
tons. Of that total, 1,007 tons went overseas, and 128 
tons coastwise. For the corresponding week of last 
year, the figures were 760 tons to foreign destinations 
and 177 tons coastwise, making a total shipment of 
937 tons. 





Royat Metrorotocicat Socrrty.—The Council of 
the Royal Meteorological Society has awarded the 
Symons gold medal for 1926 to Lieut.-Colonel Ernest 
Gold, D.S.O., F.R.S., Assistant Director of the Metcoro- 
logical Office. The medal is awarded for distinguished 
work in connection with meteorological science, and 
will be presented at the annual general meeting of the 
Society on January 20, 1926, 
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THE SHIPPING AND MACHINERY EXHIBITION AT OLYMPIA. 


(For Description, see Page 668.) 
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Since the date of our last issue our Country 
has been mourning the death of Her Majesty 
Queen Alexandra, who, from the time that 
she came among us, had won so warm a 
place in the heart of the Nation. By a life 
full of kindly acts she was an example to 
her people by adoption, who, through over 
60 years, have held her in affectionate esteem. 
Her memory will be long cherished. 


Our readers will, we are sure, join in 
offering a tribute of respectful sympathy to 
Their Majesties King George and Queen 
Mary, and to the Royal Family, in their 
bereavement. 


A ae a 
NAVAL ENGINEERS. 


It is with some feeling of apprehenson for the 
future that we regard the Fleet order issued last 
Saturday by the Admiralty, which deprives the 
naval engineer of military rank. It appears that in 
future the officers of the Navy are to be divided up 
into 13 distinct categories instead of the pre-existent 
five, and in this new classification a distinction is 
made between executive and engineer officers. 
The former alone will be eligible to succeed to the 
command of a ship or to exercise military control. 
The present regulation by which lieutenants (Ef) 
were allowed to revert to deck duties on promotion 
to the rank of commander is abolished. One step 
in this direction had already been taken in 1918, 
when engineer officers were deprived of the chance 
of attaining to the command of a battleship or of a 
fleet. 

Probably Parliament will in the near future be 
given an explanation of the reasons which have led 
to this complete reversal of the Fisher-Selborne 
policy inaugurated in 1902, as the result of a pro- 
longed agitation for more favourable treatment of 
the engineering branch of the service. Under this 
scheme all cadets received the same preliminary 
training at the naval colleges, and those who later 
on elected to specialise in engineering were still 
regarded as having military rank, the position of 
a lieutenant (E) being regarded as in every way 
equivalent to those who selected the gunnery or 
torpedo branches. All stood accordingly on a 





similar footing. 


8 | lieutenant of 19; 


Until this reform was made, engineer officers 
had a status in every respect inferior to those of the 
executive branch. They had merely relative rank, 
and this was in every case lower than the absolute 
rank of executive officers of the same age. Thus, 
an assistant engineer of 21 ranked with a sub- 
a chief engineer of 35 with a 
lieutenant (of eight years’ standing) of 29, and a 
fleet engineer at 43 with a commander at 36. The 
highest relative rank attainable was that of engineer- 
in-chief. He ranked as rear-admiral, but there was 
never at any time more than one engineer-in-chief, 
although there were many admirals. 

There was no engineer officer on the Board of 
Admiralty and no engineer officer could sit on a 
court martial, even though highly technical questions 
were involved. Moreover, reports on machinery of 
a ship came to the Admiralty signed by the captain, 
not by the engineer, who had of necessity prepared 
them, and whose draft reports the captain was free to 
alter as he wished. Even in the Naval Intelligence 
Department there was no engineering representative, 
although room was found for paymasters and marine 
officers. The engineer officers were, moreover, in 
general paid less than other officers of equal age. 
In fact, in 1891 an assistant engineer of 20 got only 
6s. a day, whilst a naval instructor of the same age 
received 12s. 

As a consequence of such conditions, great diffi- 
culty was found in getting recruits for the engineering 
branch of the Navy. To make good the shortage, 
every conceivable expedient, save that of improving 
the pay and status of the engineer, was tried 
in turn by the Admiralty, but conditions steadily 
got worse. Competition for entry into Keyham 
fell off alarmingly. The Admiralty circularised 
the head masters of our public schools, urging 
them to send up boys for the entrance examina- 
tion, but at the head masters’ conference held 
subsequently it was decided that this course 
could not be recommended to parents under the 
then existing conditions. It was next attempted to 
establish a system of direct entry into the Navy 
from the technical colleges and the larger engineering 
works. This also failed. Only six candidates came 
forward in 1902, of which but three were able to 
pass the examination. As a further step the 
standard was lowered, but, in spite of liberal adver- 
tising, not a single candidate came forward for the 
January examination in 1902 and only two for that 
held in June. 

Still the upholders of the traditions dating from 
the “stick and string ’’ epoch were determined not 
to yield, and they hit upon the idea of giving 
sufficient engineering training to the executive 
officers to enable them to look after the electric, 
hydraulic and pneumatic machinery on ship-board 
without any assistance from the engine-room, hoping 
that the supply of competent ergineers might thus 
be economised. The preparation of a scheme for 
giving an ergineering training to gunnery and tor- 
pedo officers was entrusted to the captains of the 
Vernon and Excellent, with the co-operation of the 
Chief Inspector of Machinery at Portsmouth. The 
two former prepared a very elaborate scheme, for 
which they suggested a month’s training might 
suffice, but as their engineering colleague knew that 
to master such a programme as that presented would 
require some years, he refused to endorse their 
recommendations. The final proposal made, prior 
to the Osborne scheme, was to abolish engineer 
officers entirely and operate the engine-room with 
artificers only, under the nominal direction of 
executive engineers. Certain admirals insisted that 
a naval engineer need not be anything more than 
an engine driver. Nothing more, according to one 
of these authorities, was needed than a Lascar with 
an oil can, 

The whole of these ingenious plans failed, and on 
December 16, 1902, Lord Selborne announced the 
decision to adopt the Osborne scheme (largely due to 
the late Mr. D. B. Morison), in which, as already 
stated, all officers were to receive the same pre- 
liminary training, and to elect later for the engineer- 
ing branch in the same way as for guns or torpedos. 

The new Fleet order marks the definite abandon- 
ment of this plan, and the reasons which have led to 
this decision will be awaited with some anxiety. 





It is, however, interesting to note that the old 
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contention that the engineer’s work is so simple that 
anyone could do it is no longer maintained. In fact, 
the excuse put forward is that the requirements are 
so elaborate that the engineers must be whole-time 
officers. This is flattering, but, unless there is some 
more substantial recognition of the prime importance 
of the engineer’s work, there is a danger that the 
difficulty of securing recruits may recur. When the 
two branches were amalgamated in the American 
Navy it was anticipated that a due proportion 
would elect for engine-room duties. It turned out, 
however, that the “deck’’ had much greater 
attractions, and difficulties arose in consequence. 
The deprivation of military rank must of necessity 
lower the status of the engineer officer unless he is 
compensated by higher pay or in some equally 
attractive manner. 





PREVENTION OF COAL DUST 
EXPLOSIONS. 


WHEN the late Sir W. E. Garforth succeeded by 
1910, after many years of experimenting, in convinc- 
ing miners that many an insignificant firedamp ex- 
plosion only became disastrous because it ignited 
the coal dust which had accumulated in the mine, 
and that a covering of stone dust would suppress 
and prevent such explosions, two chief objections 
had to be met. It was argued that the stone dust 
would be ineffective unless applied in large quantity, 
and that then the stone dust itself would constitute 
a nuisance, and a danger to the lungs of the miners. 
Large proportions of stone dust, as much almost as 
the coal dust, were indeed found to be required in 
some cases. On the other band, Dr. J. 8. Haldane 
and other physiologists asserted that stone dust 
was not injurious to the lungs if free from gritty 
particles. Stone-dusting with soft shale is now 
very general practice. Of late, however, com- 
plaints about stone-dusty atmospheres have again 
come from various quarters, and a controversy 
has arisen, between two of the chief experimental 
stations engaged in this research, about the amount 
of stone dust that should be mixed with coal 
dust to make the mixture incapable of propagating 
flame when raised as a cloud in the air. 

The two bodies concerned are the Explosions in 
Mines Committee of the British Home Office, 
and the United States Bureau of Mines. The 
former has its experimental station at Eskmeals in 
Cumberland, the latter at Bruceton, near Pitts- 
burgh. Proportions of stone dust found efficient 
at Eskmeals failed to suppress explosions at Bruce- 
ton. In order to obtain comparable data, Dr. 
R. V. Wheeler has been experimenting at Esk- 
meals with the Pittsburgh coal, which is generally 
used for the varied tests at Bruceton, whilst Mr. 
G. 8. Rice has experimented at Bruceton with the 
Altoft Silkstone, which has almost exclusively 
been tested at Eskmeals. The two coals are similar 
in character, but the methods applied in the two 
stations differ. The results of the enquiry—which 
are described in Paper No. 13 of the Safety in Mines 
Research Board on “‘ Stone Dust as a Prevention of 
Coal Dust Explosions ”’ issued lately—are therefore 
not conclusive ; but they show at any rate that 
there is little difference in the behaviour of the two 
coals, and that the discrepancies do not materially 
affect the relative values of tests made at either 
station. 

The American tests were conducted in two par- 
allel galleries, 950 ft. long, 9 ft. by 6} ft., the British 
tests in a steel tube, 38 in. in diameter, 300 ft. long 
(the 7}-ft. steel tube at Eskmeals was not used for 
these tests). On the whole the American tests are 
more drastic as regards powder charges and dust 
stirring ; but they are not too drastic, the British 
experimenters acknowledge, in view of American 
mining practice. There is little discord in the 
results in the two cases except about the influence 
of the presence of explosive gas. At Eskmeals 
firedamp is admitted into the tube, and the effects 
of this firedamp did not begin to be appreciable 
until the lower limit of inflammability of that gas 
was reached. At Bruceton natural gas is used 
(which contains ethane, propane, &c., gases of 
lower limits of inflammability than methane), 
and 1 per cent. of natural gas was sufficient to 
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give rise to very long flames. This point is further 
to be investigated, but the different mining methods 
of the two countries might suffice to account for 
the practical discrepancies observed. In England 
the coal seams are mostly dip steeply, and several 
seams are worked simultaneously on the long- 
wall method. In America the more horizontal 
seams are generally worked singly and more 
intensely on the pillar and room, or pillar and 
stall method, with the aid of electric machinery, 
and the dust accumulation and risks are greater. 
In their recommendations the two bodies are fairly 
in accord. The Home Office suggests that 50 per 
cent. of incombustible dust should be maintained 
in the dust on the roadways underground, though 
66 per cent. has not always prevented flame pro- 
pagation, and the Bureau of Mines advises 55 per 
cent., though 85 per cent. has failed. Both authori- 
ties agree with Sir William Garforth that “it is 
better to be sure than sorry.” 

But most mine managers would probably give 
up stone dust if something better could be found. 
Sprinkling with water was unpopular because it 
transformed the dust into a mud and made the 
atmosphere too damp. Impregnating the coal in 
the seam with water under pressures of 25 atmos- 
pheres and more by the Meissner process was 
objected to because it meant introducing high- 
pressure plant underground and risking falls of 
roof. Professor W. M. Thornton facilitated the 
wetting of the dry dust with liquids, and reduced 
the amount of water required, by diminishing its 
surface tension with the aid of resinous soaps and 
other agents; he also used crude carbolic acid 
and petrol, and mixtures of soap and waterglass 
which would cake with the dust; but the petrol 
vapours and the dry soap dust were themselves 
explosive. 

A few years ago the late Sir G. Scott-Moncrieff 
suggested the use of Bituloid, which Mr. John Hines 
and the Roads Colloidal, Limited, had successfully 
used for laying dust on surface roads. Bituloid 
is a milky emulsion containing about 15 per cent. 
or 20 per cent. of Mexican bitumen, 30 per cent. 
or more of green tar oil, 1 per cent. or 2 per cent. 
of oleic acid and caustic soda, and 50 per cent. of 
water. This emulsion, which shows Brownian 
movements, is further diluted with water so 
that the proportion of oil and bitumen (together) 
amounts to 2} per cent. An account of experi- 
ments made with Bituloid for coal-dust laying 
at Eskmeals and in several mines was pre- 
sented to the South Wales Institute of Engi- 
neers at Cardiff in May, 1924, by Professor Henry 
Briggs and Mr. N. H. Wales; Sir G. Scott- 
Moncrieff had meanwhile died. The Bituloid was 
sprayed on the dust with the aid of a hose and 
nozzle. The authors of the paper themselves 
conducted explosion tests in the Straiton mine, 
Midlothian. The first results were encouraging, 
though it was found that several dressings should 
be applied of a 10 per cent. (not 2} per cent.) 
mixture, and that the roads underground should 
be cleaned and scraped of dust before applying 
the preparation. The Institute appointed a joint 
committee of representatives of various associations 
on behalf of which Professor George Knox, Messrs. 
G. D. Budge, John Kane and others conducted 
experiments in the Albion (Pontypridd), Llan- 
bradach and Wattstown National Collieries, South 
Wales. The report of this committee is reproduced 
in the Proceedings of the Institute of November, 
1925; it is admittedly disappointing. 

Whilst Dr. Wheeler had at Eskmeals come to 
the conclusion that the application of Bituloid 
rendered it impossible to raise and to ignite dust 
clouds, the committee observed that the stickiness 
of the films disappeared sometimes within 24 hours, 
when dust could be blown off from projecting 
surfaces. Stones and some wood remained sticky, 
but sandstone and Norwegian timber quickly 
absorbed the Bituloid, and steel surfaces developed 
dry patches. One of the chief troubles seems to 
be that even with three dressings the spray did 
not reach every ledge and crevice so that, as regards 
uniformity and thoroughness, the spraying did 
not come up to stone dusting. Thus zone dressing 
was found ineffective, the films of Bituloid on the 
electric wires interfered with the signalling, and 








the miners complained about stale smells and 
itching of the eyes. Some of the difficulties in 
application could probably be overcome. Thus, 
after each application of the solution, the bottom of 
the tank had a deposit of slush, indicating partial 
demulsification; that might be prevented. But 
Dr. Briggs admitted the failure of Bituloid, at any 
rate in well-ventilated mines like those at Watts- 
town, where the dry and wet bulb thermometers 
stood at about 80 deg. and 70 deg. F. respectively. 
Yet the decision of the committee to proceed with 
similar researches will be welcomed. The Ministry 
of Mines is interested, and the mining companies 
concerned are prepared to give further facilities. 





OIL-WELL POWER PLANTS. 


To people whose ideas of an oil field are derived 
from those pictures of derricks astride ‘“‘ gushers ” 
which illustrate offers of a fortune for a five pound 
share, the actual appearance of some of them would 
be something of a surprise, for in many producing 
fields derricks are absent, and the most prominent 
features are squat buildings, often crowning low 
hills, from which radiating in all directions, and mov- 
ing slowly to and fro, are steel ropes to the number of 
twenty or so. These ropes run to the wells, for the 
oil has generally to be pumped, and one of the main 
problems to be solved in this connection is the supply 
of comparatively small units of power (the average 
H.P. is estimated at 2-5 per well) at the slow rate 
required by the sluggish flow of the oil in an estab- 
lished field, and from a central to a number ot 
scattered points. 

The modern power, or jack plants, as they are 
called, at these centres, are worth study. They 
have been admirably described in a recent Bulletin 
(No. 224) of the Bureau of Mines, Washington. A 
main feature is a large pulley, sometimes 20 feet 
diameter, by about 15 in. width of rim, placed close 
to the floor with its shaft vertical, and carrying two or 
more eccentrics citherabove or below it, and making 
16 to 20 r.p.m. Fifty feet or so away is a small 
engine, steam, gas, or oil, with a driving pulley on 
its horizontal crankshaft. The two are connected 
by a leather or fabric belt which has, of course, to 
make a right angle twist. To effect this and to 
keep the belt tight, an idle pulley is provided, 
mounted on a slide with screw adjustment, or on a 
wheeled carriage with tension rope and weight. 
The eccentric sheaves are coupled to as many rods as 
are called for by the grouping of the wells, and these 
are led through the walls of the house to give a 
reciprocating motion to take-off posts, rods, or rails, 
to which the steel ropes known as shackle lines, 
above referred to, are attached. The eccentric 
stroke runs between 16 in. and 20 in., a pull one 
way only being utilised, ¢.e., on the up-stroke of 
the pump, the weight of the pump rods, etc., taking 
the gear back on the down stroke. 

The shackle lines have often to be carried consi- 
derable distances over rough country and present 
their special problems. Obviously, with anything 
between fifteen and thirty pumps the whole lot 
cannot be put out of action, say to repair one, and 
the function of the take-off posts is to provide a 
constantly moving source of power which can be 
utilised at will, just as is done with the indicator 
cord of an engine. The take-off posts are stout 
structures of wood or steel, either partially rotating 
on a vertical axis, or swinging pendulum-like from 
an overhead support, or again rocking on a bearing 
at the base. Two or three shackle lines can be run 
from one post, provided they do not diverge too 
widely. The lines are supported at intervals over 
level country, sometimes even across streets, 
either by levers hinged at the base, pendulums 
carried on simple frames, or by rollers or pulleys ; 
more rarely, on account of the friction, they are 
merely run over the ends of notched posts. As 
some wells of a group may require a different stroke 
from that provided by the take-off, it is often neces- 
sary to insert a pendulum or a rocking lever in the 
line, the attachment to which of the shackle line 
from the take-off is either above or below its conti- 
nuation, according to whether it is desired to increase 
or decrease the stroke. It is not possible to carry 
a shackle line across a gully as the “‘ power”? would 
merely take up the resulting slack of the cable 

















ed 


is, 
eS, 
ric 
ne 


ng 


nt 
ing 
lot 
nd 
> a 


tor 
yut: 
ing 
om 
ing 
un 
Loo 
ver 


ms 
yS 5 
are 


ke 
e8- 
the 
ine 
iti- 
ase 
ITy 
uld 
ble 

















Nov. 27, 1925.] 





without working the pump. The lines have, 
therefore, to be carried in the bottoms of gullies by 
‘ hold-downs ” and on the tops of ridges by “‘ hold- 
ups.” These may be described as variations of the 
bell-crank lever, with the fulcrum above and below 
the lever ends respectively. Somewhat the same 
thing is used for changing direction in a horizontal 
plane, the double lever being known as a “ butterfly.” 
The details of these several contrivances vary greatly, 
and specimens of ingenuity are to be seen side by 
side with samples of crudity, depending on the skill 
of the engineer, the prosperity of the company, or 
the material available. Sometimes the levers, posts, 
etc., are of rough green timber, sometimes they are 
made from disused pipes ; rarely are they purchased 
ready made. The foundations and anchorages 
likewise vary from substantial concrete blocks to 
adaptations of existing rocks, tree trunks, or other 
natural features. Similarly, the shackle lines may 
be composed of old drilling cable, or old pump 
rods in lengths of 20 to 30 ft., with cable connections 
where a slight change in direction is needed. 

The mechanism at the well, the jack, is often a 
bell-crank lever without disguise, but in the latest 
practice it does not operate the pump directly, the 
horizontal arm being connected by a vertical rod 
with what looks like an old Newcomen beam, one 
end of which serves the pump, the other carrying 
a balance weight. Turnbuckles are provided at the 
jack end of the line for purposes of adjustment. 

The belt-driven “‘ power,” though popular, is not 
universal. In some fields the horizontal wheel is a 
larger bevel gear driven by a pinion on the engine 
crankshaft. The older type of ‘‘ power ”’ is still to 
be met with, though modernised, It is known as a 
push-and-pull power, and may be briefly described 
as a winch, direct or belt driven, in which the 
drums are replaced by cranks. These cranks are 
connected by 10-foot rods, having universal joints, 
with large horizontal discs to which they give a 
reciprocating motion. The several shackle lines 
are attached to the circumference of the discs at 
suitable points so as to make them lead off tangen- 
tially. In passing, it may be said that the endless 
cable, found in the Burmese oil fields, has only a 
very limited application in the United States and 
appears to be looked upon as expensive in upkeep. 

But, not all wells can be operated in groups. 
Broadly speaking, the jack plant is most suited to 
oil fields which have settled down to a steady output 
of a few barrels per well per day. New wells often 
have much sand in them, This results in choking, 
and necessitates the frequent withdrawal of the 
pump rods and tube linings, the latter operation 
being known as pulling. They also may contain a 
large proportion of water, in which case they require 
a quicker stroke than the jack plant is designed for. 
Some fields then, have each well pumped by a 
separate unit, and both systems can be seen in 
operation together in a developing oil field. This 
unit system of pumping is known as working on the 
beam, the name being expressive of the contrivance 
used which is strongly reminiscent of the old 
Cornish beam engine, with a small prime mover 
driving a crank instead of a direct-acting plunger. 
The likeness is often heightened by the use of a 
counterbalance arrangement of a box of stones or 
old iron once familiar enough in this country. 

Both the beam and jack plant are operated by 
small engines without any characteristic feature. 
The choice of a prime mover depends on several 
circumstances, the steam engine is not so much used 
as it was formerly, the gas engine running on natural 
gas being easily first. The oil engine, of both the 
ordinary and semi-Diesel types, is of comparatively 
recent adoption, while electric driving has only been 
really seriously tackled as lately as 1913. Its use 
is now, however, extending rapidly. The most 
common practice is for the oil company to buy 
high voltage current from outside the oil field, and 
step it down by transformers situated conveniently 
to the jack plants, where motors, sometimes with a 
countershaft or reduction gear, take the place of 
the usual small engine. Experiments are now being 
made in the use of the direct drive. It is claimed 
that the smoother running of motors as compared 
with steam, gas, or oil engines, gives a longer life 
to driving belts with fewer breakages of shackle lines. 

For steam-driven plants the locomotive type of 
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boiler, once almost universally adopted, is still 
popular, but the horizontal dry-back multi-tubular 
boiler with a brickwork setting is gaining ground. 
Newer installations embody two features not found 
in British practice, 7.e., that of setting each boiler 
of a battery in independent brickwork, and making 
the combustion chamber of a half-barrel vault 
hinged at the bottom. Jor the evaporation of over 
8,000 Ib. per hour, the water-tube boiler in its 
various forms is preferred. There is little that is at 
all notable in oilfield practice as regards boilers, and 
it is stated that the average thermal efficiency of the 
locomotive and horizontal types, when fired with 
oil or gas, is as low as 50 per cent. The use of 
natural gas as a fuel is, however, receiving more 
attention with a view to improving the efficiency of 
combustion. In 1922, for instance, experiments in a 
Californian oilfield led to the production of 240 h.p. 
from the same quantity of gas as had been burned 
previously in such a way as to produce no more than 
40 h.p. In the locomotive boiler thus fired the 
fire-box capacity was increased by some 75 per cent. 
by adding a long, narrow brickwork furnace under 
the fire-box and barrel. 

The most notable feature as regards oil burning is 
the growing practice of regulating the furnace air 
supply by noting the density of smoke in the flues, 
this being determined by light passed through it and 
reflected to the observer. This device has been 
known here for some time, but its use has not been 
developed quantitatively; in the oilfields it is 
preferred to a CO, recorder. In addition, automatic 
control gear for the oil supply is being developed. 
Gas for fuel in boilers and engines is obtained in 
modern plants from the oil, in which it is entrained, 
by a gas trap, which is merely a vertical tank—an 
old boiler shell set up on end is often used—into 
which the oil is led about half-way up. The sudden 
reduction in the velocity of the pumped oil due to 
the increased area results in the separation of the 
gas, which is then drawn off from the top of the 
trap. 

A brief reference may be made to the use of air in 
oilfields, which, generally speaking, is found to be 
an expensive method of power transmission. In 
certain rather limited areas, compressed air is piped 
to cylinders on the well heads, the pistons being 
connected to the pump rods. The up-stroke is 
effected by the air, the down-stroke being an exhaust 
one under the weight of the gear. Displacement 
pumps, in which the oil is practically blown out of 
the wells, are used on shallow fields, and the air-lift 
system has been tried recently. The two objections 
to the latter system are that the water content of 
the oil appears to be increased, and it is very 
costly. The somewhat surprising statement has 
been made that in one field the pumping of three 
wells by air lift costs more than pumping 56 wells 
on the beam. Some plants have been discarded 
from this cause. 

Besides the pumping plant, an important part of 
the surface machinery is the pulling gear for drawing 
the pump-rods and lining. With the beam actuated 
by a steam engine, pulling can usually be done by 
the pumping unit, as the full load can be put on the 
stationary gear. This is obviously impossible with 
the gas or oil engine without some complication in 
the way of a clutch. As regards electricity, trials 
are being made of two-speed, two-power motors, 
with the idea that these can be used for both pump- 
ing and pulling. Where the pulling is done by the 
beam unit, the familiar-looking drilling derrick is 
often left in place for convenience, but with a jack 
plant the modern practice is to remove the derrick 
and use a mast or pole when pulling, the actual work 
being done by a portable winch mounted on a tractor, 
electrically or petrol driven. These outfits are 
generally of 30 h.p. or thereabouts, 





InDIAN ForEIGN TRADE DURING SEPTEMBER.—H.M. 
Trade Commissioner at Calcutta has forwarded to the 
Department of Overseas Trade information concerning 
India’s foreign sea-borne trade during September last. 
The trade returns of British India for that month showed, 
as compared with the preceding month, a decrease in the 
values of imports, exports, and re-exports. The imports 
of private merchandise totalled Rs. 18-53 lakhs, and 
showed a decrease of Rs. 2-7 lakhs as compared with the 
preceding month. The value of the exports of Indian 
produce and manufactures also fell from Rs. 28-30 lakhs 
in August to Rs. 27-19 lakhs in September, whilst 
re-exports decreased by Rs. 2 lakhs to Rs. 92 lakhs. 
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NOTES. 
Tue NatioNAL DEVELOPMENT Or PowER 
RESOURCES. 

It has been known for some time that what has 
come to be called the Weir Report had been pre- 
sented to the Government. This Report deals 
with the development of electrical energy in this 
country, and some dissatisfaction has arisen from 
the fact that it has so far been withheld from 
publication. It is thought that the Report may 
recommend far-reaching measures affecting an 
industry which has seldom been free from some kind 
of legislative interference, and the uncertainty which 
the potential effect of the Report carries is to some 
extent unfavourably influencing the present gene- 
rally satisfactory progress of the industry. What 
may safely be interpreted as some indirect light on 
the matter was given by Lord Weir at the dinner 
of the British Electrical and Allied Manufacturers’ 
Association, which was held at the Connaught 
Rooms, London, on the 19th inst. Lord Weir 
proposed the toast from which we have taken the 
title of this note, and after stating that he had no 
authority to divulge the contents of the Report, 
but that at the same time he could not see why it 
should not be published, he thought the best thing 
he could do would be to forget the Report altogether 
and tell them something of his own views on the 
development of our power resources. We have not 
the space to follow Lord Weir in detail, but it may 
be said that he stated that ‘‘ he was a convinced ad- 
vocate of the earliest possible adoption of a standard 
frequency in this country.” He also thought 
interconnection and waste-heat development of 
immediate importance. Some explanation of the 
delay in the publication of the Report was given 
by Lieut.-Colonel Wilfrid Ashley, the Minister of 
Transport, who responded to the toast. He 
incidentally suggested that Lord Weir had laid bare 
the minutest details of the Report, and went on to 
say that “in the present state of the country’s 
finances it was not easy to conjure out of the public 
purse such sums as might be perhaps lightly put 
down in the Report.” From these two speeches 
it may be inferred that the Weir Report recommends 
standardisation of frequency and _ considerable 
financial assistance with public money to carry it 
out. The matter should be removed from the 
sphere of speculation very shortly, as Colonel 
Ashley stated that a decision on the matter would 
be taken before Christmas. 


THe PanaMa CANAL. 


In the course of the fiscal year ending June 30 
last, 24 flags were represented in the traffic through 
the Panama Canal, the predominant nations being 
the United States and Great Britain. The ships 
which passed through the waterway numbered 
4,673, carrying a total cargo of close upon 24,000,000 
tons. The British figures were 1,211 ships and 
5,917,058 tons of cargo. In terms of cargo carried, 
vessels of the United States accounted for 54-5 
per cent., and British vessels for 24-6 per cent. 
of the total. Then followed Japan with 3-9 per 
cent., Norway, 3-5 per cent.; Germany, 3-4 per 
cent. ; Holland, 2-5 per cent. ; France, 2 per cent. 
The German ships numbered 163, carrying a total 
cargo of 830,512 tons. The flags of Argentina, 
Belgium, Ireland and Nicaragua, which were not 
seen in the Canal in 1924, appeared in the 1925 
traffic. Irish ships numbered eight, and represented 
24,286 tons of cargo. The net income from tolls 
and other miscellaneous receipts grouped together 
as transit revenue was 13,465,924 dols. as com- 
pared with 16,307,948 dols. in 1924 and 10,001,066 
dols. in 1923. The total net revenue of the 
year from all sources, exclusive of the Panama 
Railroad Steamship Line, was 15,757,751 dols. 
It is interesting to note that of the 4,673 
vessels which passed through, there were 4,300 
steamers, 282 motorships, 50 motor schooners, and 
41 sailing ships, tugs, &c. Of the 4,300 steamers, 
2,984 burned oil, 1,296 burned coal, and 20 
were fitted for either fuel. In regard to the work- 
ing of the Canal, the Report of the Governor, from 
which we take these figures, states that the average 
number of lockages per day was 12-7 at Gatun, 
13-6 at Pedro Miguel, and 13-3 at Miraflores. The 
total number of lockages at all locks was 14,480, as 
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compared with 16,352 in 1924, a decrease of 11-4 
per cent. With the passage of the British battle 
cruisers Hood and Repulse through the Canal on 
July 23 and 24, 1924, new records were established 
for size of ships handled. Approximately the same 
dredging equipment was used as during the pre- 
ceding year, namely, three 15-yard dipper dredgers 
and two 20-in. pipe line suction dredgers. Slides 
occurred during the year at several places in the 
Gaillard Cut, necessitating the removal of 656,300 
cub, yd. of material, but they did not interrupt or 
delay navigation. The gross revenue of the Panama 
Railroad was 1,508,501 dols. during the same fiscal 
year, as against 1,418,652 dols. in the preceding year. 
The track maintained aggregated 160-26 miles, 
or 107-48 miles of main lines, yards and sidings, 
42-38 miles of Panama Canal tracks, and 10-40 
miles of United States Army tracks. The staff 
employed on the Isthmus on the Panama Canal 
and by the Panama Railroad Company increased 
from 11,511 in June, 1924, to 12,270 in June, 1925, 
namely, by 6-59 per cent. 


MINERAL RESOURCES OF WESTERN AUSTRALIA. 

A Summary of the Report of the Department 
of Mines of Western Australia for the year 1924, 
containing the latest available information regard- 
ing the progress of the mining industry throughout 
the country, has recently been published. The 
value of the total mineral output of the State for the 
year was 2,581,162/.; this is 76,788l. less than 
that for the previous year. The gold yield showed 
a decline compared with that for 1923, the produc- 
tion being 485,035 fine ounces, valued at 2,060,298/., 
a fall of 19,476 ounces in quantity and of 82,7301. 
in value. Coal comes next in importance to 
gold, as a source of mineral wealth. The output 
of this commodity last year amounted to 421,864 
tons of a value of 363,255/. Although the quan- 
tity raised was 1,150 tons in excess of that mined in 
1923, the worth declined by 5,6941. It is note- 
worthy that the output per man was 627 tons in 
1924, an increase of 37 tons over the return for 
1923. Though good coal seams are known to exist 
at Wilga, in the Wellington district of the country, 
no new collieries were opened up during the year 
under review. Lead and silver lead ore amounting 
to 4,854 tons, and valued at 83,095/. was exported, 
representing increases in quantity of 1,682 tons and 
in value 39,6791., compared with 1923. Copper 
ore was exported to the amount of 2,795 tons and 
the value of 40,676/. This sum is no less than 
8,231/. short of that returned for 1923. Silver 
is also mined in the State, the year’s production 
amounting to 89,146 fine ounces valued at 13,409/. 
These figures, compared with those recorded for 
1923, show decreases of 19,859 ounces and 2,627/., 
respectively. Tin produced amounted to 87 tons 
valued at 12,008/. In 1923 the quantity mined 
was 131 tons and its value 15,095/. Small quan- 
tities of manganese, magnesite, molybdenite, and 
other ores are exploited. It is evident that in 
general the mining industry is in an unsatisfactory 
condition. In commenting upon the 1923 Report 
in a note which appears on page 204 of our issue 
of August 14 last, we drew attention to two main 
factors adversely affecting it, namely, taxation and 
tariffs on necessary mining requisites. Both 
Federal and State Governments have given very 
considerable relief as regards taxation during 124, 
and it is hoped that this will be reflected in an 
improvement in mining results in the near future. 
Strenuous efforts are now being made to obtain 
relief from high tariffs. The Government has 
appointed a Royal Commissioner, who is at present 
engaged in a thorough investigation of the mining 
industry, in order to ascertain how it can best be 
placed on a satisfactory footing. The necessity for 
this step will be apparent from the fact that whereas 
the mineral exports of the State, exclusive of coal, 
were valued at 6,920,118/. in 1903, and constituted 
81 per cent. of all exports in that year, exports of 
this class for 1924, exclusive of coal, were valued 
at 1,424,319/.,and amounted to only 13 per cent. 
of the total exports of the year. 





PrRSONAL.—The address of the registered office of 
the British Aluminium Company, Limited, is now 
Adelaide House, King William-street, and not 109, 
Queen Victoria-street, Brno E.C.4, as formerly, 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution of 
Mechanical Engiueers was held on Friday last, 
November 20, at Storey’s Gate, St. James’s Park, 
Westminster, the president, Sir Vincent Raven, 
occupying the chair. 


GROUND GEARS. 


After the transaction of the usual business, a 
paper on ‘Characteristics and Uses of Ground 
Gears,’’ was presented by Mr. H. F. L. Orcutt, of 
Birmingham. This paper is reproduced in abstract 
on page 691. 

Mr. G. A. Tomlinson, of the National Physical 
Laboratory, opened the discussion by stating that 
his experience roughly bore out the contention 
of the author of the paper, that grinding was the 
only means of obtaining highly accurate gears. The 
difference between a ground and a cut gear was 
similar to that between a ground and a turned 
shaft. A good ground gear of the ordinary com- 
mercial type could be made to limits of three or 
four ten-thousandths of an inch on all dimensions. 
The two most common types of gear for the 
transmission of heavy amounts of power were the 
helical cut gear and the ground hardened gear. 
One reason why the helical gear was largely chosen 
was because of its known ability to transmit 
velocity more uniformly, as a rule, than the spur 
gear. Mr. Tomlinson showed slides depicting the 
momentary motion transmitted from one wheel 
to another in combinations of ground and un- 
ground gear wheels. The regularity of motion in 
the ground case was most marked, but the other 
showed a record with as many waves in it as there 
were teeth in the wheel. For accurate transmission 
hardened gears, unground, were almost worse than 
useless. The state of motion and vibration of the 
shafts and the frame carrying the shafts, with such 
a pair of gears, must be very bad. 

Professor E. G. Coker was greatly interested 
in the variety of suggestions made by Mr. Orcutt in 
relation to research work ; the field of attack was, 
apparently, large. He had entertained himself 
by making a few experiments, in order to explain 
tooth action to students and to get rough ideas of 
the nature of the distribution of forces and stresses. 
He then proceeded to demonstrate the line of 
action of the forces operating in gear wheels by 
deductions made from the examination of celluloid 
models with polarised light. Further, he showed the 
disturbing effects due to the use of keys. 

Mr. P. V. Vernon, after commenting upon the 
difficulties which had attended the work which 
Mr. Orcutt had done, and complimenting him on the 
results, remarked that the difficulties surmounted 
by him still existed for those who wished to use 
ground gears, but had not Mr. Orcutt’s facilities for 
producing them. He observed that Mr. Orcutt was 
of the opinion that, up till the present, machine-tool 
makers had made practically no use of ground 
gears. He did not think the statement quite 
accurate. To a limited extent many machine-tool 
makers had experimented with and were using 
ground gears, but could not get them easily. The 
machines for their production were limited in 
number and in range. Moreover, there was not 
much unanimity as to the best system to employ. 
For the larger gears no machine was available, and 
many of the gears that machine-tool makers used 
were, of course, larger than those used by motor-car 
makers. It was true that it was possible to get 
gears of reasonably large size ground by certain 
firms, but the machines upon which these were 
ground could not be obtained. Machine-tool 
makers, like other engineers, were reluctant to 
place their output in the hands and at the mercy of 
a firm they could not control. Machine-tool makers 
had to give quick deliveries and could not wait 
for long deliveries of ground gears. On the 
question of accuracy, there were one or two points 
on which reflection was worth while. In the paper, 
and in the discussion, gears were regarded as a means 
of transmitting motion. He presumed that in the 
N.P.L. tests the gears had been entirely so regarded. 
As a matter of fact, however, gears were a means of 
transmitting power or force. The results of treating 


a pair of gears as a geometrical problem might be 
perfect, but was it certain that such results would be 
achieved when the gears were transmitting power ? 
It was said that ground gears should be accurate 
within three ten-thousandths of an inch, and he 
had been told that for quietness some gears should 
be accurate to one ten-thousandth of an inch. 
Supposing a load to be put upon an accurately 
ground good gear. The gear tooth was a cantilever. 
How far did it depart from its original involute form 
when under load? As had been said, the contact 
was not a line contact, but a surface contact, because 
the faces momentarily in contact were distorted 
and compressed, so that the actual form of a gear 
under load was not the beautiful involute produced 
when it was ground. That ground gears were not 
quiet might be due to the cause he had indicated, 
but yet another cause might be the character 
of the surface. He had found that many gears 
needed running-in with an abrasive, and even 
Mr. Orcutt’s perfect ground gear might be further 
improved by this running-in. The effect, if done 
with moderation, was not to alter the form to any 
appreciable extent, but to alter the character of the 
surface. In the design of ground gears for diffi- 
cult cases, where it was hard to get them to 
run smoothly and quietly, he had found that by 
modifying the form of a tooth it was possible to 
make gears which only had contact on the receding 
side of the centre line, and such gears were more 
readily rendered quiet than gears in which there was 
direct contact as the teeth approached each other. 
Mr. H. I. Brackenbury, C.B.E., referred to the 
motor car industry, and said it was customary to 
think of gears in terms of hardening, but it followed 
that they must also think in terms of grinding. 
In the paper it seemed to be implied that accuracy 
was connected with the grinding. Of course dis- 
tortion resulted from hardening the gear, and 
grinding was therefore necessary. In the case of 
helical gears, the accuracy figures lately obtained 
were extraordinary. With the “creep” cut gears 
the inaccuracies were much less than those claimed 
for ground gears. On the question of noise, he 
would say that noise had not disappeared with 
these accurately ground gears. In this connection 
he thought that, in talking about the deflection of 
the teeth, Mr. Vernon had touched upon the right 
point. Mr. Vernon, he understood, had referred to 
deflection of the teeth that were in most intimate 
contact, but he would like consideration to be given 
to the suggestion that noise was caused by the teeth 
that were just coming into contact ; this was borne 
out by Mr. Vernon’s reference to teeth which only 
had leaving contact. The author of the paper 
had given striking figures of the pressures that the 
teeth would stand, but he thought that, on working 
out the deflection of the teeth under such pressures, 
the incoming teeth would be found to be a long way 
off correct position. Therefore, however accurately 
the gears were ground, with straight gears noise 
would never be got rid of. Although the same 
deflection existed with helical gears, the entering-in 
was always in a point, which, in his opinion, 
accounted for quieter running in the case of helical 
gear as compared with straight toothed gears. 
He asked the author what he meant by pitting. 
There were two kinds of pitting, one in which 
there was a sort of dented in line almost across 
the pitch circle. The second kind of pitting, 
occurring in the case of mild steel gears, was attri- 
butable to small irregularities, with the consequence 
that when pressure was put on the gear the pro- 
jections had to submit to greater pressure than they 
could stand. Cracks were formed, and _ these 
radiated, leading sooner or later to little thin flakes 
coming out. After a certain number of pieces had 
flaked out, the surface sufficed to withstand the 
pressure, and there would be no more flaking, only 
a slight rubbing down of the high spots, the gears 
gradually getting better, until at last a good sur- 
face was obtained. Trouble with gears, whether 
hardened or soft, was generally due to some in- 
accuracy in the aligning of the shaft. 
Lieut.-Colonel A. E. Davidson, D.S.O., R.E., 
described the experiences of the War Office with 
ground gears. In 1913, when drafting a specifi- 
cation for the subsidy lorries, the War Office had 
hoped to introduce a clause to the effect that 
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all the lorries should have all their gear wheels 
ground, but the small number of machines avail- 
able made the stipulation impracticable. A few 
ambulances, on a 1-ton lorry chassis, were bought, 
and in this instance, as a special test, the 
wheels were ground. Gradually the motor car 
firms were converted to the advantages of silent 
gear running, and most of them resorted to 
ground gears, at any rate for the most important 
pairs of wheels. He desired to lay emphasis on 
the idea of accuracy, which he thought more 
important than grinding, which it necessarily pre- 
ceded. Mr. Orcutt had been wise to get, at the 
outset, the machines into his own hands, as this 
plan secured accuracy. Correctness in mounting 
the wheels when ground should always be em- 
phasised. He believed that the value of ground 
gears was thoroughly understood in the motor 
industry, and other industries would be gainers by 
giving such gears an adequate trial. 

Mr. H. J. Troughton, who spoke from the point 
of view of the traction industry, in particular 
tramways, remarked that in traction matters 
other questions than that of pure accuracy arose. 
From the commercial side, he pointed out that the 
prices of hardened gears (unground) were 25 per cent. 
to 50 per cent. higher than those of the soft gears, 
while the price of the ordinary soft gear over its 
pre-war price was something like 200 per cent. 
Price had to be considered, because if the life of the 
ordinary gear was represented by one unit the 
expected life of a hardened gear was in the neigh- 
bourhood of four, which was out of all proportion 
to cost. Former tramcar practice was very crude 
with respect to the mounting of the gear on the 
axle and to the bearings, on which alignment de- 
pended. In traction work, after a certain number 
of years, the pinion would wear, and it became a 
question of whether to scrap both pinion and gear 
or put in a new pinion to work with the old gear. 
If it were possible to work pinion and gear out to 
the same life, with ground gears and pinions, that 
probably would be the better solution. 

Mr. J. H. Hyde. of the National Physical Labora- 
tory, remarked that there was considerable difficulty 
in cutting the gear to anything like three ten- 
thousands of an inch, and he had been surprised to 
learn, from the discussion, that any such accuracy 
could be obtained in cutting. His experience with 
helical gears, especially gears cut by the “creep” 
method, was that the periodic error in pitch 
appeared as numerous high spots on the face of the 
tooth. 

There was a kind of wave formation along the 
face of the tooth, which meant that the load 
was taken by the high spots. He had seen many 
gears in which the length of the line along the gear 
face on which the load was taken was less than 10 
per cent. of the width of the face of the tooth. That 
meant that the gear was overloaded. The metal 
soon suffered from disintegration, and probably 
this was one of the reasons for pitting. Often it was 
a race between the wearing down of the high spots 
on the tooth, so relieving the load, and the develop- 
ment of a crack. He did not quite agree with the 
author that there was no rolling motion between the 
teeth of gears ; on the contrary, he thought there was 
considerable rolling motion, and “‘ pitting’ might 
thereby be explained. With rolling at the maximum, 
the oil film was squeezed out from between the teeth, 
and when the teeth slid out of mesh immediately 
afterwards, the surfaces were bereft of any lubri- 
cant, and they became damaged. Viscosity of 
lubricant was to be avoided, because when the teeth, 
had very little clearance, when there was very little 
backlash, a considerable amount of work was done 
on the oil in expelling it from between the teeth. 

Mr. L. A. Legros called attention to the fact 
that errors were introduced in the dividing. Then 
there were the errors in the form of the teeth 
due to backlash. Without giving the name of 
the machine, he wished to refer to generating 
machines working with a slotting action, developing 
a tooth which was different on the two sides ; 
the side against which the pressure was maintained 
by the action of the tooth cutter and the feed 
had one shape, while the side on which the tool 
could get away from the work had another shape. 
If two such wheels were geared together one driving 





and the other being driven, there were four combina- 
tions in which the wheels might be put together and 
it would be found that out of the four combinations 
there was one which was quiet compared with 
the others. That fact had been noted by a great 
many motor-car builders, who had used with 
these machines the trueing method employed by 
Mr. Orcutt. Supposing the tooth to be right as 
produced on the generating machine, the tooth, 
as had been pointed out, altered its shape owing 
to the pressure on it, regarding it as a cantilever, 
and also due to the unequal distribution of pressure 
over its length. Another important point was that 
when the wheels were trued and had been ground 
on their faces by Mr. Orcutt’s method, there would 
probably be minute flaws due to the state of the 
generating surfaces unless the process was absolutely 
continuous ; he did not see how that could be done 
with an ordinary shaped grinding wheel. The 
wheel could be trued up to its work by the accurate 
method of trueing it after each cut. Anyone who 
had spent five minutes in the printing office of an 
evening paper, producing 30,000 copies to the hour, 
would find the noise difficult to describe. The 
noise always had its origin in irregularity of velocity, 
and it was quite possible that the machine itself 
would compel that point to receive attention at 
the hands of machine builders. 

Mr. H. F. L. Orcutt, in replying to the discussion, 
said that how far the spur wheel would supply 
the place of the helical-gear was a question of 
accuracy ; with perfect accuracy, he did not see 
how the velocity ratio could be anything but perfect. 
With regard to Professor Coker’s interesting experi- 
ments, he would say that the General Electric 
Company, of the United States had gone into the 
matter in detail. Machine-tool makers would, 
he felt, be obliged to take up ground gears more 
extensively. Some were already alive to the need, 
but he thought Mr. Vernon would admit that at 
present few machine-tool makers had adopted 
them. With regard to accuracy, if the gear lost 
accuracy under load, the only remedy was to make the 
gear stronger, so that it was not distorted by the 
load. Nearly all motor car gear-box gears were over- 
loaded, and they could not be blamed for making 
a noise. He had made many trials of running- 
in, but had not found it a practical or satisfactory 
solution of gear troubles. Polish and high finish 
had been referred to; these were certainly neces- 
sary for the best results. Gears of certain design 
would work more quietly than others. In motor- 
car work the use of stub teeth was being abandoned 
by nearly everyone ; they were much more difficult 
to make than the “full depth” tooth. He could 
not give any information as to the accuracy of 
helical gearing, as he knew little about it. In some 
gears noise was absolutely got rid of. Unless 
they had alignment the effectiveness of gears 
could easily be destroyed. Colonel Davidson had 
spoken of the accuracy of ground gears and of 
putting the machines on the market so that they 
would be more extensively used. Many people 
wondered why this had not been done, but they 
had not dared to do it. The whole process of gear 
grinding was only partly developed, and there were 
still many troubles. He had no doubt that later 
his firm would supply machines if they had 
one that the public wanted. Mr. Troughton had 
remarked about prices, and he might say that the 
motor-car people were gradually coming to realise 
that if they wanted a good gear they would have 
to pay for it. With regard to tramways, if it was 
a question whether they wanted quiet, noiseless gear 
or long-life gear, again they must pay for these 
things. The present gear doubtless answered their 
requirements. If a pinion be hard and accurate, it 
would keep the larger gear in accurate form. When 
the pinion was worn out, it was quite easy to re- 
place. Mr. Hyde remarked upon the concentra- 
tion of load on gear-teeth that were inaccurate 
as a serious thing. To have the load suddenly 
thrown on one point was bound to cause trouble, 
and he regarded it as one of the greatest virtues of 
the ground gear that the load was distributed 
theoretically accurately all over the tooth. He 
adhered to his view that the gear-teeth could not 
be said to roll. As to pitting, his reference related 





to the little holes which occurred near the pitch 


line, and not the sort of pitting in which a deep 
groove was cut. The dividing question brought 
forward by Mr. Legros was very important, and he 
agreed that dividing could not be too accurate. He 
had spent more time on eliminating errors of 
division than on everything else. 

Having remarked on the interest and importance 
of Mr. Orcutt’s paper, Sir Vincent Raven called for 
a vote of thanks from the members. 

The President then made the announcement 
that since the meeting had been commenced, the 
sad news had been received of the death of Queen 
Alexandra. In view of the association of the Royal 
Family with the Institution, which His Majesty 
King George V. honoured by accepting Honorary 
Membership in 1899, an example followed, in later 
years, by H.R.H. The Prince of Wales, and H.R.H. 
The Duke of York, he felt it would be the desire 
of the members that a letter of condolence should 
be sent on behalf of the Institution to His Majesty 
the King. ; Out of respect for the Royal Family, it 
was decided to postpone the annual dinner of the 
Institution, which H.R.H. the Duke of York, had 
previously intimated his intention of attending. 

The proceedings were terminated by the announce- 
ment that an informal meeting would be held to- 
night, when Mr. W. P. F. Fanghaenel (Member 
of Council) will open a discussion on ‘‘ The Work of 
the Mechanical Engineer in Non-Engineering Indus- 
tries.” This, however, has since been can- 
celled. An ordinary general meeting will be held 
on Friday, December 11, when a paper on “‘ Foundry 
Practice,” will be submitted by Messrs. J. G. Pearce 
and J. E. Fletcher. 





PUBLIC WORKS, ROADS AND TRANS- 
PORT CONGRESS 

Tue Public Works, Roads, and Transport Congress 
for 1925 opened on Thursday, November 19, at the 
Royal Agricultural Hall, London, N. The first day’s 
conference began at 11 a.m., Mr. G. A. Hart, M.Inst.C.E. 
occupying the chair at the morning session. 

ACTIVATED SLUDGE. 


After a few introductory remarks, the Chairman 
called upon Mr. H. C. Whitehead, of Birmingham, to 
give an abstract of his paper on ‘‘ Partial Purification 
of Sewage by Activated Sludge.” The problem of 
sewage treatment as a whole, the author said, might be 
divided into the following operations: (1) removal of 
settleable solids; (2) removal of colloidal solids; 
(3) oxidation of dissolved impurities in the liquor ; 
(4) treatment and disposal of resultant sludges. For 
sewage-treatment works in this country, which were 
liable to receive intermittent discharges of trade 
wastes, sedimentation tanks, as a preliminary to any 
form of activated sludge or bacteria-bed treatment, 
should be regarded as _ indispensable since, in 
addition to performing their desired function of 
removing settleable solids, they acted as a buffer to 
the inhibiting effects of trade wastes by inducing 
mixing and diffusion of the weaker with the stronger 
liquors. Usually a well sedimented tank effluent 
contained sufficient organic matter to feed any activated- 
sludge process. To create more activated sludge than 
was sufficient for sewage-purification purposes would 
only be justifiable when such a procedure was com- 
mercially profitable. 

The partial removal of colloidal solids was usually 
effected by sedimentation aided by chemical precipi- 
tants, but often a considerable amount of colloidal 
sludge was passed on to the bacteria beds, which, 
however well they might be adapted for the oxidation 
of dissolved impurities, suffered considerably in effi- 
ciency when called upon to deal with an undue quantity 
of colloidal impurities. Chemical precipitation was 
costly, but in some instances, owing to the chemical 
composition of ‘the sewage, it might be the only avail- 
able method. The action of activated sludge, when used 
for partial purification, had been compared to that of 
chemical precipitation, but the changes brought about 
by the biological agent were much more profound and 
far-reaching than it was practicable to obtain by 
chemical action. Chemical precipitation reduced col- 
loidal matter to a limited extent, and did not appre- 
ciably reduce the odour and fly nuisances when the 
treated liquor was applied to bacteria beds. On the 
other hand, an activated-sludge treatment of short 
duration, followed by sedimentation for the recovery 
of the sludge, arrested putrefactive tendencies in the 
resultant liquor, checked the development of certain 
flies, and reduced the colloidal matter sufficiently to 
enable a bacteria bed to deal with at least twice as much 
treated liquor as it was formerly capable of dealing 
with in an untreated state. 

The economic efficiency of a bio-aeration plant was 
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dependent upon a combination of biological and 
mechanical efficiencies. The biological requirements 
might be said to necessitate an even, continuous, and 
intimate mixture of sewage liquor with a proportion of 
biologically-active sludge, for a period of time dependent 
on the required degree of purification, simultaneously 
with an exposure to the atmosphere of sufficient 
sewage-liquor surface to absorb enough oxygen for the 
process to continue. The principal mechanical opera- 
tions were mixing and aeration. The problem of 
aeration did not present the same difficulty as did that 
of mixing. The usual mechanical method of aeration 
was surface disturbance, the desired effect being 
similar to that of a pool subjected to heavy rainfall. 

Mr. Harris, who opened the discussion, stated that, 
at the Schieldall works in Glasgow, final purification 
was obtained by means of activated sludge and the 
effluent was discharged directly into the Clyde. The 
aeration plant had a capacity of 82,760 gallons, and a 
quantity of 330,000 gallons of sewage was treated 
daily. It was hoped that this latter figure would 
shortly be increased to 500,000 gallons. The author 
had said that it might be a distinct advantage to give 
a certain amount of aeration to sewage liquor, before 
subjecting it to activated-sludge treatment. This was 
a suggestion which had been put forward by himself 
on several occasions, and the value of the suggestion 
lay in the fact that it would increase the amount of 
oxygen available at the point of contact. The paper 
further stated that, on one occasion, owing to an 
accident to the sedimentation tanks, the sewage liquor 
supplied to the partial purification plant had become 
temporarily septicised. During this short period, the 
efficiency of the plant had dropped 50 per cent., 
although the difference in the strength of the sewage 
treated before and during the accident was inconsider- 
able. If the author had been able to supply oxygen 
at the initial point of contact, he thought he would not 
have had this reduction in efficiency. 

The discussion was continued by Mr. F. R. O’Shaugh- 
nessy, who stated that in Birmingham they had had 
two years’ experience in large-scale operations, and 
were making further extensions. Results obtained 
from large-scale experiments had been much better 
than they had expected. The question of the propor- 
tion of sludge was of great importance. It was 
advisable to work with the minimum quantity of sludge 
in the aeration tank and obtain from it the maximum 
amount of work as regards flocculation. Dr. E. 
Arden, of Manchester, who followed, was of opinion 
that some of the conclusions put forward by the author 
were somewhat bold. The problem could not be sec- 
tionalised into four subdivisions as had been done in 
the paper. The removal of settleable solids, for 
instance, was not always economical. Further, the 
author did not say what happened in the flocculation 
tanks. The pre-aeration of sewage was a_ subject 
which had been much discussed ; in the United States 
the concensus of opinion was to the effect that pre- 
aeration was not advantageous and not economical. 
The fact that American sewage was more dilute than 
was the case in this country might, however, have a 
bearing upon the subject. 

As no other delegates desired to speak, Mr. White- 
head made a very brief reply to the discussion. 


StupGe EXPERIMENTS AT BRADFORD. 


The second paper of Thursday morning’s conference 
was by Mr. J. A. Reddie, F.I.C., and dealt with acti- 
vated-sludge experiments carried out at Bradford. 
Bradford sewage, the author stated, contained an 
abnormal amount of albuminoid and protein matter 
due to a large proportion of liquid trade effluent 
from the wool-scouring plants in the city. A series 
of daily determinaticns of the nitrogen content of 
Bradford sewage was carried out over a considerable 
period, and the average of the results gave 12-265 
parts total nitrogen per 100,000 parts of crude sewage. 
In view of the figures obtained, an experimental 
activated-sludge tank, on a very small scale, was put 
into commission and the nitrogen figures determined. 
Into the empty tank, which was fitted with a porous 
tile, was placed a measured volume of a mixture of 
liquor and sludge from the Bradford deep aeration tank. 
The volume of this liquor, which might be termed the 
seeding liquor, was equal to 1/31 of the capacity of the 
tank. This liquor was aerated for 48 hours, and was 
then in good active condition. On each of the succeed- 
ing 30 days, a volume of ordinary Bradford sewage 
equal to that of the seeding liquor was added to the 
tank, but no liquor or sludge was withdrawn from it, 
so that at the end of 30 days the tank was full, except 
for loss from evaporation and sampling. The nitrogen 
figures of the original seeding liquor were determined, 
and also the nitrogen, and some other figures, for the 
daily volume of sewage added to the tank. Results 
showed that 71-3 per cent. of the free and saline 
nitrogen was lost, and 100 per cent. of the nitrate 
nitrogen was lost; while there was a gain of 2-07 per 
cent, in the albuminoid nitrogen, and of 34-3 per cent. 
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in the ‘‘ X”’ nitrogen. On all the forms of nitrogen the 
loss worked out at 8-6 per cent., or a retention of 
nitrogen of 91-4 per cent. A second test was carried 
out in a precisely similar way, and resulted in a loss 
on all forms of nitrogen of 18-60 per cent., or a reten- 
tion of nitrogen of 81-4 per cent. 

The treatment of sewage by activated sludge was 
generally regarded as a process complete in itself. 
In the case of strong sewages, which might contain 
abnormal amounts of difficult trade wastes, however, it 
seemed that it might usefully be considered as a partial 
process, either as a final method after a preliminary 
tank treatment, or as a preliminary to a high-rate 
filtration process. Early aeration experiments, using 
normal periods of aeration, had entirely failed to 
produce an effluent such as was usually the result of 
activated-sludge treatment. In one experiment, 
however, which lasted for a period of nearly two years, 
interesting results were obtained when considered from 
the point of view of partial treatment only. A small 
aeration tank was fitted up and was worked through- 
out, as a fill and draw tank; the volume of sludge 
put into the tank was 25 per cent. of the initial working 
volume of the tank. After one week, regular work was 
commenced, one filling per day being treated. In view 
of the strength of the sewage, striking results were 
obtained ; the most interesting feature in the effluent 
being, that it was nearly always within the prescribed 
limits for absorption of dissolved oxygen. Further- 
more, this effluent consistently passed the methylene- 
blue test. 

It was very quickly realised that a large destruction 
of sludge was taking place in the tank, since the amount 
of suspended matter in the effluent was but a fraction 
of the suspended matter content of the ingoing sewage. 
The normal sludge from the Bradford sewage had a 
grease content ranging from 40 per cent. to 50 per cent. 
on the dry solids. The result of treatment in the 
activated sludge tank was a sludge with a grease 
content in the neighbourhood of only 4 per cent. of the 
dry solids. 

In opening the discussion, Dr. H. T. Calvert,-of the 
Ministry of Health, stated that the problem of the be- 
haviour of nitrogen was not solved, The results obtained 
by Mr. Reddie confirmed previous experiments. Referr- 
ing to the maximum safe filtration rate for producing a 
satisfactory effluent, the author had said that the vital 
factor was the dose per square yard, not the dose 
per cubic yard, since a double square-yard dose over a 
filter of twice the depth, would not produce so good an 
effluent. The question depended on such a variety of 
factors that one could not dogmatise to any great 
extent. Two delegates, Captain W. E. Speight, of 
Bolton, and Mr. W. D. Scouller, of Huddersfield, 
expressed surprise at the destruction of solids which 
had occurred in the tank, the figure of 91-2 per cent. 
of solids destroyed in the space of 14 days having been 
given by the author. Dr. Ardern thought that the 
conditions under which the experiment was carried 
out were very unusual and had no reference to what 
might obtain under practical conditions. The first 
portion of liquor placed in the tank was aerated for 
32 days, while the last portion only had one day’s 
aeration. Such conditions were quite different from 
ordinary works practice. 


THE SEWERAGE OF RuRAL AREAS. 


Dr. I. G. Gibbon, C.B.E., was Chairman at the 
afternoon conference of Thursday, November 19, 
and the first paper considered was that by Mr. W. H. 
Makepeace, of Stoke-on-Trent, entitled ‘‘ Sewage 
Disposal in Rural Areas, both from an Engineering and 
Economic Aspect.’” The author stated that improved 
travelling facilities had brought with them a greater 
desire for people of large industrial areas to reside 
in rural districts. One of the most important pro- 
blems in connection with this migration was that of 
sewerage and sewage disposal. In order to deal with 
the sewage of a village, very long lengths of sewers, 
often at great depths, had been put in, particularly in 
the early days of the bacteria-bed era, and very little 
consideration appeared to have been given to the possi- 
bility of dividing such scattered areas into groups, 
which, with an intelligent method of disposal of the 
sewage on the land, could be dealt with more cheaply. 
In such cases, sewage from groups of from 30 to 40, 
and even up to 100 houses, according to the nature of 
the sub-soil available, could be successfully treated 
by a decentralised method of disposal rather than 
by a centralised one. Decentralisation would do 
much towards improving the sanitary conditions of 
rural areas, and financial support, in the form of 
national or county grants, would prove of very great 
assistance in the matter. 

The discussion on this paper chiefly centred round 
the financial aspect of the question. Mr. A. J. Martin, 
of Westminster, and Mr. J. H. Garner, of the West- 
Riding Rivers Board, both said they could not approve 
of State or county funds being granted to rural com- 
munities in order to help them in their problems of 





sewerage and sewage disposal. On the other hand, 
Mr. W. Redfern, of Honiton, thought thatthe suggestion 
of giving financial aid to country districts had not 
been put forward with enough force by the author 
of the paper. The grants should come from national 
funds. There was a need for the whole country to 
take an interest in the rural areas, as the latter did 
not, and could not, stand by themselves. The rura! 
districts could not live, from a sanitary point of view, 
unless State aid were granted. In his reply, Mr. Make- 
peace stated that if the nation could subsidise housing 
they could at least do something in the way of helping 
the sewerage problem. 


StupcGe Disposat. 

The last paper taken on Thursday was by Mr. P. G. 
Lloyd, of Kingston-on-Thames, and dealt with the 
subject of sludge disposal. For cities situated on 
or near the sea, the author stated, the dispcsal of 
sludge by dumping it at sea was probably economical. 
London sludge was discharged at Barrow Deep over 
a length of some 10 miles. For the year ended 
March 31, 1924, 2,344,000 tons of 92-9 moisture sludge 
was sent to sea, at a total cost of 7-41d. per ton. 
Glasgow, Salford, Dublin, Manchester, and Southamp- 
ton also disposed of sludge by sending it to sea. Given 
ample area of suitable land, shallow burial was 
economical, and was in operation at several works at 
the present time. Lagooning might be described as 
the pumping or gravitating of sludge on to a specially 
prepared bed of clinker or similar material; under 
favourable conditions it became spadeable in a few 
days. Lagooning was, to-day, by far the most popular 
system in vogue. A somewhat similar method was to 
pump sludge on to land, and, after allowing it to drain, 
to plough it in. Here again, the amount of available 
land entered into the question. Where land was 
plentiful, however, the question of sludge disposal 
did not cause much anxiety; it was the works with a 
restricted area which was faced with difficulties. 

The cost of burning sludge, mixed with house refuse, 
had proved prohibitive, and the method had been 
abandoned. The digestion of sludge in tanks, in 
operation in Birmingham, might be cited among the 
recent scientific developments of disposal. It was 
stated that the reduction, due to the formation of 
gases, chiefly methane, carbon dioxide, and nitrogen, 
amounted, in the course of five months, to about one- 
third of the dry solid matter. The sludge, after diges- 
tion, was more granular, and in a condition which was 
more readily separated from the water. This process 
was preliminary to pumping on to drying beds. and 
ultimately, after further drying in sheds, the sludge 
was ground for use as a base for fertilisers. 

The discussion which ensued chiefly turned upon 
the question of the sale of manure produced from 
sewage. Mr. G. A. Hart, of Leeds, stated that, while 
sewage engineers had received much help from scientific 
agricultural circles, they had had to contend with a 
great deal of prejudice on the part of farmers. Other 
speakers echoed this opinion. Several delegates, 
however, stated that they had no difficulty in marketing 
their products, and some instances were mentioned 
in which farmers, though at first averse from using 
sewage manure, were now welcoming the material. 


REGIONAL COMMITTEES FOR WATER SUPPLY. 


On Friday morning the proceedings began at 11 a.m., 
with an extraordinary general meeting of the British 
Waterworks Association, the President, Alderman 
C. G. Musgrave, J.P., of the Metropolitan Water 
Board, occupying the chair. At the conclusion of 
the business, the Chairman called upon Mr. M. R. 
Barnett, M.Inst.C.E., of Keighley, to read his paper 
on “ Regional Policy Committees.” 

The allocation of the water resources of this country 
had been carried out in such a haphazard manner, the 
author stated, that it was to be feared that it might 
already be too late to formulate any policy at all. 
The time had now come when it was absolutely neces- 
sary that the few remaining areas still available should 
be appropriated to the best advantage, and not handed 
over to the most enterprising and pushful city or town. 
The fear of nationalisation was one of the chief objec- 
tions to the establishment of committees. The author 
was quite sure, however, that our water resources must 
not be nationalised ; they must not be controlled and 
directed from a central authority in, say, London, 
to any greater extent than was the case at the present 
time. 

The question of the preparation of plans and the de- 
signing and constructing of works, for, say, twenty years, 
fifty years, or any number of years ahead, was not 
relevant to the subject. It would not be the function 
of regional committees to lay out and design works 
at all; this would still rest with the various local 
authorities. The committees would merely decide 
policy, which was quite another matter. There were 
several regional water committees already in exist- 
ence, and they were working remarkably well. The 
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Metropolitan Water Board and the Derwent Valley 
Water Board were both notable instances. The West 
Riding of Yorkshire Rivers Board, and the Mersey and 
Irwell Rivers Board, were established for the adequate 
protection of the purity of rivers in their constituted 
areas, and they were invested with considerable statu- 
tory authority. He suggested that regional committees 
should be set up without further delay, and that the 
constitution and definition of the powers of such 
committees should be fixed by Act of Parliament. 
The actual division of the county into areas should be 
carried out by an expert Commission composed of 
three members appointed by the Ministry of Health, 
and three members by the British Waterworks 
Association. 

Mr. R. P. Fletcher, of Birkenhead, stated that the 
natural growth of the population of this country 
rendered it imperative that our water resources should 
be thoroughly surveyed and scheduled. He was in 
complete agreement with the suggestions put forward 
by Mr. Barnett at the end of his paper. 

The Chairman here intimated that the next two 
papers would be read, and, following upon this, all 
three papers dealing with regional committees would 
be discussed together. 

Mr. I. G. Gibbon, C.B.E., D.Sc., of the Ministry of 
Health, then read his paper on ‘“‘ Advisory Regional 
Committees for Water Supply.” He stated that, two 
years previously, he had put before the British Water- 
works Association some suggestions as to the need 
for regional water committees. Apart from discussion, 
not much practical result had as vet ensued. He had 
advocated that the large authorities should have a 
policy of water supply, in general outline, for fifty years 
ahead. In addition, they should have a detailed 
programme for twenty years. If this were not done, 
there was always a danger that the authority would be 
rushed when the need arose, and would have to decide 
upon, and to execute, works in a hurry, which inevit- 
ably meant waste. 

Another recommendation was that, for any areas 
where neighbouring authorities had a common interest, 
either in the source or in the supply of water, there 
should be appointed regional committees representa- 
tive of all the authorities in the area. The South-West 
Lancashire area might be taken as an example. The 
position in this district was that a number of autho- 
rities were already faced with a shortage of water, and 
others might be faced with the same difficulty in a few 
years’ time. It was quite clear that the necessary 
supplies of water must be secured from some distance 
away. In the circumstances, it was obvious that the 
right course was that which had been taken, viz., that 
the local authorities who had a common interest in 
this matter should confer together, ascertain their 
probable needs over a long period systematically and 
thoroughly, and then proceed to consider how best 
these needs could be met. 

In the Sherwood area, matters were on a different 
footing ; there, a large number of authorities drew their 
supplies from wells in the Sherwood Bunter Beds. 
In the past, measures had been taken in a somewhat 
haphazard fashion, from the point of view of the needs 
of the area as a whole. More eloquent than any verbal 
description was a plan showing how present supplies 
were intermingled—supplies for Nottingham, Mansfield, 
Newark, Warsop, Skegby, and other places. The 
joint consideration by the several authorities of their 
requirements, and the finding of a joint policy, was a 
most urgent matter. In the West Riding of Yorkshire 
the supplies for Sheffield, Leeds, Bradford, and other 
large centres were also closely interwoven. There was 
urgent need that existing sources should be utilised to 
their utmost capacity, and that full use should be made 
of any available local sources not now utilised. If 
it turned out that new big supplies had to be sought 
from further afield, this should be done according to a 
well-considered policy, which would yield the best 
results for the area as a whole. There was a demand 
for a national policy as regards water supply, and the 
Ministry of Health, in conjunction with the Water 
Advisory Committee, were taking steps to this end. 

Mr. A. R. Atkey, J.P., of Nottingham, then gave a 
very brief address on ‘‘ Water Resources and Supply : 
A National Policy without Nationalisation.” In 
Nottingham, he stated, the demand for increased 
water supply had steadily risen in recent years, and the 
difficulties of water undertakers had also become 
treater. The augmentation of Nottingham’s water 
supply presented an almost insoluble problem. In 
some circles there had been a demand for national 
control, and this really amounted to nationalisation. 
To entrust the control of our water resources to a 
central bureaucracy stationed in London would, in 
his opinion, be a retrograde and fatal step. What was 
required was the grouping of local interests in order to 
obtain a national policy; the national policy would, 
in fact, be built up by local authorities. It was interest- 
ing to note that at the present moment there was in 
operation at the Ministry of Health an advisory com- 


mittee comprising water engineers and other technical 
experts in water supply. This committee was working 
in close co-operation with the Ministry of Health and 
was doing much good work. 

In the course of a brief speech, Sir Henry Keith, who 
represented the Burghs of Scotland, stated that, 
North of the Tweed, the problem of water supply was 
very different from that which confronted English 
authorities. No supplies were drawn from under- 
ground ; there were no areas similar to the Sherwood 
Bunter Beds, and the Scottish watersheds only were 
utilised. The national policy, which had been outlined 
by the three previous speakers, was quite satisfactory, 
so far as England was concerned, but it would be 
preferable to allow Scotland to settle her own water- 
supply problems in her own way. 

Continuing the discussion, Mr. P. Griffith, of London, 
thought that the formation of regional committees 
presented great difficulties. The question of our water 
resources and supplies was a very intricate one; a 
multiplicity of interests was involved. In his opinion, 
the grouping together of five or six scattered areas 
would not be an advantage—difficulties would merely 
be increased. He believed in national control, if this 
took the form of a friendly lead and not arbitrary 
dictation. Alderman C. H. Bird, of Cardiff, was gene- 
rally in favour of regional committees, provided that, 
when established, they were given only limited 
powers. Mr. T. A. Johnson, of Northwich, said that 
the appointment of advisory regional committees 
would have his cordial support. He had seen the 
result of co-operation in the Mid-Cheshire rural areas, 
and had, therefore, had some experience of the working 
of the regional policy. Mr. L. Holme-Lewis, of Man- 
chester, advocated the establishment of committees, 
but thought they should be used purely for gaining 
information. Mr. A. E. Hesketh, of Blackwell, was 
whole-heartedly in favour of regional committees. 

Dr. Gibbon, in reply, stated that Mr. Griffith was 
apparently of opinion that, as far as water policy was 
concerned, the local authority should be dispensed 
with, and a central governing authority appointed. 
There was no hope of making an advance except with 
the co-operation of the local authorities. Unless they 
could organise and utilise the large amount of infor- 
mation at the disposal of local authorities, they would 
not get very far during the next decade. The com- 
mittee he had in mind would be purely advisory. 
The water problem, he considered, was acute, and 
unless local authorities took the matter in hand at 
once the situation would grow worse. It was incum- 
bent on local authorities not to look at their own 
boundaries alone, but to consider the problem from 
the point of view of the general welfare of the country. 


Domestic WATER FROM RIVERS. 


On Friday afternoon, Alderman C. G. Musgrave 
again occupied the chair. The first paper taken was 
one by Sir Alexander Houston, K.B.E., C.V.O., on 
“The Extended use of Rivers for Supply of Domestic 
Water.” The author stated that, if London and 
a few other places were excepted, the tendency had 
been for large towns to fight for the possession of 
far-distant gathering grounds for water impounding 
purposes, irrespective, too often, of the needs of 
smaller communities, their neighbours, or the country 
as a whole. The rush for the uplands had a good 
origin; it arose from the wise belief that it was 
better to drink a water which required no purifica- 
tion than a water which had been purified by artificial 
means to a high standard of perfection. Several 
things had happened within comparatively recent 
years to alter the outlook. One was, that there were 
but few upland and virgin sources of supply still 
available, in a practical sense, for waterworks purposes. 
Another was, that science had made enormous progress, 
and it was now known that it was feasible to purify 
impure water economically to almost any pitch of 
perfection desired. 

There were two main ways of extending the use of river 
water, of which one was by diminishing the pollution. 
This, unfortunately, was a very thorny subject. As our 
knowledge of sewage purification processes extended, 
however, it might be possible to secure purer and safer 
effluents at less cost than was now possible. Large 
sums of money might still be usefully expended on 
the investigation of the problems of diminishing 
pollution; he entirely dissociated himself from the 
view that our knowledge had reached a stage where 
further advance was impossible or improbable. The 
other chief way of extending the use of rivers was the 
ability to show that impure waters could be so purified 
as to render them fit for human consumption. About 
80 per cent. of the water supplied to the London 
consumers, nearly seven million in number, came from 
rivers not free from the charge of pollution. If impure 
or doubtful water could not be adequately purified, 
why was it that London had such an excellent record as 
regards freedom from water-borne disease ? 
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Worcester, and other authorities obtained water 
supplies from rivers, and he could not see why the use 
of river water should not be extended, provided, at 
all events, that the rivers were no worse than the 
Thames, Lea, and New River, and that the methods of 
purification were as good as those practised by the 
Metropolitan Water Board. In London they thought, 
rightly or wrongly, that they were not only providing 
consumers with a safe water, but one possessing a wide 
margin of safety. 

Chemical and bacteriological tests of London’s 
water supply showed that 84-7 per cent. of the 
samples of raw Thames water contained bacillus coli 
in 1 c.c. In the case of the filtered waters 82-5 per 
cent. of the samples contained no B. coli, even in 
100 c.c. In the case of the Lea, the comparable 
figures were 77-7 and 70-5, respectively, and as regards 
the New River the corresponding figures were 46-7 
and 79-0, respectively. The colour of Thames-derived 
filtered water as compared with raw Thames water 
was also excellent. The fact that impure water could 
be purified to a high standard had now been proved. 

The New River was a variable mixture of upper 
Lea River water of questionable purity, and pure 
well water. During the non-flood months of the year, 
the results were so good that filtration alone was 
considered a sufficient protection. In flood time there 
was a marked change. owing to deficient storage 
accommodation, and within recent years chlorination 
had been carried out during these periods with great 
success. At the chlorination plant at Highfield, the 
average dose was | in 2-83 millions, or 3-53 Ib. of 
chlorine per million gallons of water. Permanganate 
was generally used (about 2 lb. per million gallons) 
as well, to eliminate the taste. The net result was 
that there was no deterioration due to winter flood, 
this being prevented at a cost of less than 2s. per million 
gallons ot water treated. For the year ended 
March 31, 1925, the average number of first-class 
samples (i.e., no typical B. coli in 100 c.c.) of New 
River filtered water was 83-8. 

Taking the whole of the Lea, and that portion of 
the Thames supply which was not chlorinated (South- 
wark and Vauxhall, Chelsea and Lambeth water), 
reliance was placed wholly upon adequate storage 
followed by sand filtration at the slow rate of about 
2 gallons per square foot per hour. The storage, if 
pooled, would amount to 46 days. For the year 
ended March 31, 1925, the percentage number of 
first-class samples (i.c., no B. coli in 100 c.c.) was :— 

East London (Lea) filtered water ... 74:7 
Southwark and Vauxhall filtered water 80-3 
Chelsea filtered water see wee OOPE 
Lambeth filtered water.... hehe ww. 1604 

As regards chemical results, the percentage reductions 

were :— 


Ammoniacal nitrogen .... es - 63-4 
Albuminoid nitrogen _.... saat we 29-4 
Permanganate .... is sen we 208 
Turbidity... a aed ea w. 84-9 
Colour _.... : w. 45°8 


The only disadvantage of storage was that sometimes 
over-development of growths was obtained ; although 
harmless in themselves, they were apt to cause diffi- 
culties in filtration, and occasionally produced taste 
troubles. 

The rest of the Thames supply, which was chlorinated, 
(Kempton Park, Sunbury, Grand Junction and West 
Middlesex Works) amounted to from 70 to 80 million 
gallons a day. It was stored and filtered as well, 
although at some of the works concerned the storage 
was short. In the aggregate it amounted to about 
10 days, with an additional reserve of 44 days supply 
in the Staines reservoirs. 

If chlorination were practised, there seemed to be 
no logical reason why additional supplies should not 
be drawn from the river. One real source of danger, 
he thought, was about to disappear. Taste had been 
the bugbear of the chlorinator in the past. It had 
led, in some cases, to dangerous reductions of dose 
to meet the complaints of consumers. Quite frequently 
it had led to a compromise between safety and 
immunity from taste troubles. Now our knowledge 
had increased, and, by the use of de-chlorination 
methods, or the addition of ammonia or permanganate, 
it was nearly always possible to avoid taste troubles 
and secure perfect sterilisation. 

The excess-lime method of purification and sterilisa- 
tion had disadvantages: for example, the cost, the 
difficulties attendant upon the neutralisation of the 
excess of caustic alkalinity, and the problem of dis- 
posing of the lime sludge in the case of hard waters. 
On the other hand, the advantages were considerable. 
Questions of taste were eliminated. Hard waters 
might be softened and soft waters hardened by the 
process. Hard, impure waters were not only softened 
and rendered safe bacteriologically, but were improved 
greatly as judged by physical and chemical standards. 

The lecture was illustrated by means of lantern 
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slides. A short film, depicting the activities of the 
various purification plants of the Metropolitan Water 
Board, was also shown. The discussion, which 
ensued, chiefly turned on the necessity of preventing 
the pollution of rivers and waterways. Several 
speakers emphasised the need of co-operation between 
water-supply. associations and bodies representing 
fishery interests. 


UNDERGROUND WATER. 


The second paper taken was entitled ‘ Protection 
of Underground Supplies of Water,” and was by 
Mr. W. B. Cleverly, of the Stourbridge and District 
Water Board. The author stated that, in the year 
1921, at least two important events occurred—the 
drought and the issue of the final report of the Water 
Power Resources Committee. - Probably the most 
important result arising from this report was the for- 
mation of an Advisory Committee on Water. In 
May of the present year, this committee issued their 
report on measures for the protection of underground 
water, and he was desirous of drawing attention to 
that document. The committee proposed that power 
be given to the Ministry of Health to schedule areas 
where the demands on underground water were such 
that special measures of protection should be adopted. 
Further, that special measures for preventing pollu- 
tion be taken, by the acquisition of land, by restrictions 
on its use, or by requiring particular measures of drain- 
age, and the like. The subject of waste by colliery 
companies was also dealt with in the report, and atten- 
tion was drawn to the fact that if wholesale waste 
were to continue, water authorities would be compelled 
to draw their supplies from more distant sources with 
consequent added expenditure. 

Waste from overflowing bore holes was a matter of 
concern. It was proposed to eliminate this evil by 
making it unlawful to leave any unused borings un- 
sealed, or to allow more water to overflow than was 
necessary for the requirements for which the bore hole 
was constructed. Penalties were suggested for con- 
travention. The whole of these proposed measures 
showed, in a most marked degree, the care that had 
been exercised in endeavouring to avoid any inter- 
ference with existing conditions, unless it was proved 
to be necessary for the public welfare. The common 
law regarding contamination was inadequate; while 
the Public Health Acts, admittedly, did much towards 
the prevention of pollution of underground supplies 
by regulations regarding streams, sewage disposals, 
and the like, yet they were confined to surface con- 
tamination. These remarks applied equally to the 
Public Health Bill published in February last. In 
special areas it was suggested that powers should be 
conferred on the Minister of Health, to make regula- 
tions and take certain measures to ensure the purity 
of underground supplies of water, to determine by 
what authorities these regulations should be enforced, 
and also to make provision for compensation upon their 
enforcement. 

Mr. A. B. Cathcart, of Brighton, who was the chief 
speaker in the discussion, stated that he was very glad 
to find that it had been suggested that penalties for the 
wilful contamination of underground supplies of water 
should be much increased. In the Report on Under- 
ground Water, of the Advisory Committee of the 
Ministry of Health, to which reference had been made 
in the paper, the phrase “* vicinity of a well’? had been 
mentioned. Unless this radius were more clearly 
defined, a great deal of litigation might be involved. 
Mr. Adkey thought that the report of the Advisory 
Committee should be as widely circulated as possible ; 
he appealed to all the delegates present to do everything 
in their power to stimulate the interest of local author- 
ities upon the subject cf the protection of underground 
water supplies. 


FINANCIAL MANAGEMENT AND CONTROL OF WATER 
UNDERTAKINGS. 


The last paper, considered on Friday afternoon, was 
by Mr. F. W. Davies, M.I.Mech.E., of Nottingham, and 
had reference to the “‘ Financial Management and 
Control of Water Undertakings.”’ In the year 1910, the 
author stated, it became necessary to overhaul, 
thoroughly, the financial anc administrative working of 
the Nottingham Water Department. After careful 
consideration, the Water Committee decided to place 
the whole of the staff of the undertaking, which had 
hitherto been divided into engineering and financial 
departments, under the single control of the engineer, 
believing that, by so doing, a more efficient and 
economical administration would be secured. One 
important economy was the abolition of outdoor water- 
rate collection, and the introduction of a novel system 
whereby the payment of water rates was made through 
banks. Arrangements were made with the bankers to 
receive payments of water rates at the head office and 
the various branches, and to credit their account, at 
the bank’s head office, with the cash received daily and, 


cash receipt books through the post to the water office. 
The experiment of obtaining payment without a 
collector was first tried in two districts, and, two years 
later, a third district was included. Having satis- 
factorily tested the system, the remaining six districts 
were treated in the same way, and outdoor collection 
was completely abandoned in the early part of the 
European War. No real difficulties had been encoun- 
tered, either during the transition period, or since the 
practice of collecting ceased, and the cost of collection 
was now comparatively nil. 


TRANSPORT FOR PUBLIC CLEANSING WORK. 


At the conference on Saturday morning, Mr. J. A. 
Priestley, of Sheffield, read a paper entitled ‘‘ The 
Factors to be Considered in the Selection of Transport 
for Public Cleansing Work.” ‘The author stated that 
no uniform system of transport would meet all the 
conditions imposed; a compromise between horses 
and motors would be found necessary. The advantage 
which the horse gained by its lower capital cost, on 
waiting time, might be balanced by the motor’s advan- 
tage on travelling time and longer distances. This 
usually resulted in the employment of the former on 
what might be called inner circuit work, and the latter 
on outer circuits. 

(To be continued.) 





TRAFFORD WHARF RECONSTRUC- 
TION AT THE MANCHESTER 
DOCKS.* 

By Henry AsHuMAN REED, M.Inst.C.E. 

Tue building of Trafford Wharf, a timber structure 
2,362 ft. long, was commenced during the construction 
of the Ship Canal, and an extension was completed 
soon after Manchester Docks were opened for traffic. 
Since the wharf had fallen into a bad state of repair, 
it was decided to reconstruct it in reinforced concrete, 
with a subway for the discharge and conveyance of 
grain to the adjoining grain-silo, four five-floor transit 
sheds being provided to deal with general cargo.t 

The scheme provides for a frontage of 2,028 ft., of 
which a length of 1,653 ft., with the foundations for 
two transit sheds at the rear, has been completed as the 
first instalment. The wharf is of novel construction, 
consisting of a front and back line of reinforced-concrete 
boxes each 25 ft. long, weighing 67 tons and 62 tons 
respectively. The boxes are carried on steel cruciform 
piles protected by reinforced-concrete cylinders filled 
with mass concrete. 

The reinforced-concrete boxes form the sides of the 

grain subway, 15 ft. 1 in. wide and 6 ft. high, the floor 

of which is formed of precast reinforced-concrete beams 
resting on ledges on the sides of the boxes. The roof of 
the subway forms the deck or quay, and is of heavily 
reinforced concrete. The floor of the subway and the 
surface of the wharf are asphalted, and the latter is 
provided with crane roads and two lines of railway. 

The transit sheds are each 450 ft. long by 132 ft. 6 in. 

wide. The foundations generally are carried on groups 
of piles at 25 ft. by 26-ft. 6-in. centres, the front walls, 
however, being carried on the back line of cylinders ; 
the wharf decking is continued inside the sheds to the 
first line of columns. 
Pile-driving was done by a 3-ton semi-automatic 
hammer falling 3 ft. 4 in., with a maximum of about 
30 blows per minute. The sets obtained in the actual 
work were more than those obtained in the tests, and 
the number of piles in the foundations was increased 
to reduce the load per pile to safe limits. A foundation 
with five piles was tested with a load up to 82-4 tons 
per pile, with a maximum settlement of ~ in., of which 
ys in. took place with a load of 60 tons per pile; the 
piles recovered after the load was removed and were 
within } in. of their original level in 10} months. 
The Wellington formula for safe loads on piles, and 
a modification to meet the conditions at Trafford Wharf, 
are described. A diagram shows the safe loads for 
various sets; Dutch rule results are also plotted. 
Experiments were made to compare the driving of piles 
with the 22-deg. contract type of shoe with that of 
piles with blunter shoes. Contrary to expectation, the 
blunt shoes drove more easily than the contract type. 
Various piles were re-driven after a few months’ interval, 
the results being tabulated: the average value of the 
sets was less than half that obtained at the first driving. 
Certain of the foundation blocks for the first row 
of shed columns moved slightly towards the water 
during the progress of the work, and the steps taken to 
stop the movement are described. The erection of the 
superstructure of the transit sheds has not yet been 
taken in hand. Details of the cost of the work are 
given. 


* Abstract of a paper to be read before the Institute of 
Civil Engineers on Tuesday, December 1, 1925. 
ft An illustrated account of this work was given in 





SOLID SMOKELESS FUEL. 


UnperR the conjoint auspices of the Chemical 
Engineering Group and the Yorkshire Section of the 
Society of Chemical Industry, the Institution of 
Chemical Engineers, the Institution of Gas Engineers 
and the Midland Institute of Mining Engineers, a 
meeting was held in the Mappin Hall of the University 
of Sheffield on Friday, November 20, to read and 
discuss a number of papers relating to the production 
and use of solid smokeless fuel. Of these, two, one 
by Dr. C. H. Lander and Dr. Margaret Fishenden, and 
the other by Mr. E. C. Evans, had been read and 
discussed at a previous meeting of the chemical socie- 
ties concerned, at Leeds, in July last. In addition 
to these papers there were five new ones, of which 
one was presented by Dr. E. W. Smith, and was the 
conjoint work of the Research Department of the 
Woodhall-Duckham Companies, Messrs. T. C. Fin- 
layson, H. M. Spiers, and F. 8S. Townend having colla- 
borated with Dr. Smith in its production. It dealt 
with the ‘‘ Principles and Practice of Coke Manufac- 
ture, with Particular Regard to Gas Works Practice.” 
The second paper was by Professor R. V. Wheeler, 
and was entitled “‘ The Production of Free Burning 
Solid Smokless Fuel at High Temperatures,” and the 
three remaining papers, on ‘‘ Combustibility and Reac- 
tivity of Coke,” on ‘‘ Coke Quenching,” and on “ Coke 
Handling, Screening, and Breaking,” were by Messrs. 
E. V. Evans, Douglas Rider and F. M. Birks, respec- 
tively. 

Sir Frederick Nathan, the chairman, explained the 
objects of thé gathering, which numbered some 400 
persons, as being in the interests of the conservation of 
the fuel resources of the kingdom, and designed to put an 
end, if possible, to the wasteful practice of burning raw 
coal, either domestically or industrially. It was also 
convened for the purpose of discussing methods for the 
production of coke and other free- burning solid products 
of a similar nature. He announced that, in view of 
the large number of persons who had intimated their 
wish to take part in the discussions, the convening 
committee had decided that the specific subject of 
low temperature carbonisation would have to be 
excluded from consideration. As this was dealt 
with, more or less, in most of the papers before the 
meeting, the ruling was one which inevitably hampered 
somewhat, several of the speakers, although, for the 
most part they managed, more or less skilfully, to 
evade the embargo. As “‘ smokeless fuel” connotes 
both high temperature and low temperature coke, and 
is, indeed, associated in the public mind chiefly with 
those free-burning products which still retain a sufti- 
cient proportion of volatile matter to render them 
readily ignitable, to hold a symposium on the subject 
and yet leave out the low temperature products may 
have created an uneasy feeling amongst some of those 
present, that low temperature processes were not receiv- 
ing their full measure of fair play, a feeling for which 
there could have been, on the other hand, no real 
justification. It may even have raised some slight 
suspicion that an attempt was being made to divorce 
the phrase ‘‘ solid smokeless fuel’’ from its hitherto 
accepted and wider sense, and to pre-empt it, exclu- 
sively, in favour of high temperature gas coke, and 
coke oven products. It must, nevertheless, be con- 
ceded that the ruling was a wise one, as despite the 
broad general view which seems to prevail in this 
country, that low temperature carbonisation has not, 
as yet, made out a full case for itself, it has many very 
enthusiastic supporters, and some of them are apt to 
become unduly voluble in defence of the faith which is 
inthem. In any case, the subject is one which covers 
far too wide a field and embraces far too many interests 
to derive any advantages from merely incidental and 
summary discussion and it was fairly obvious, in the 
sequel, that the decision was one with which the great 
majority of those present were in sympathy. The 
rival merits of low temperature and high temperature 
coking need a conference to themselves, merely to 
consider the fringe of the subject. 

With low-temperature carbonisation ruled out, it 
soon transpired that ‘solid smokeless fuel” was 
merely an euphemism for plain coke, and, for the most 
part, gas works coke at that, and that the highly 
important industrial aspects of the whole question were 
to be overshadowed by, and subsidiary to, the problem 
with which the gas industry is faced in the matter of 
the disposal of its coke, chiefly for domestic consump- 
tion. The importance of this problem cannot, of 
course, be overestimated, but there are others of equal 
and collateral importance. The larger interests of 
power generation and of metallurgical uses hardly 
found, in the circumstances, adequate expression, not- 
withstanding the growing and very highly commendable 
tendency to use more coke in, for example, the former 
industry, as exemplified by such installations as those 
at Barton and at Greenwich. The use of coke under 
boilers was referred to by very few of the speakers. 
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On the other hand, the gas interests represented were 
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obviously out to interpret the phrase “ solid smokeless 
fuel’ as synonymous with gas works coke alone. 

These remarks, it should be observed, apply only to 
the discussions and not to the papers themselves. 
Several of the papers, and notably those presented 
by Dr. Smith, by Mr. E. C. Evans, and by Mr. E. V. 
Evans covered, in the very widest sense, the whole 
ground. It is to be noted, however, that while the 
gas works engineers did not, as one of the speakers 
deplored, actually contribute a single paper to the 
proceedings, they otherwise displayed the keenest 
interest in the meeting, and it is a pity that other 
interests did not follow their excellent example and 
display the same degree of vitality and zeal. In its 
larger aspects the meeting was intimately connected 
with the truly national problem of the more efficient 
utilisation of raw coal. This means the ultimate 
cheapening of methods of producing heat, not in 
domestic grates and boilers alone, but in industrial 
boilers and furnaces as well. It bears on metallurgical 
practice and on power generation, and on the chemical 
industries which derive many of their raw materials 
from the by-product recovery plants. There is hardly 
an interest of any industrial importance which the 
question does not affect, yet very few interests voiced 
their needs at the meeting, and Mr. Biddulph Smith 
was the only coke oven expert to hold an adequate brief 
for that industry, while many more were, it is to be 
feared, totally unrepresented. 

In the absence of Dr. Lander, Dr. Margaret Fishenden 
presented a brief abstract of the conjoint paper read in 
Leeds last July. The original paper was a lengthy 
survey of the whole fuel situation and gave many 
interesting details about low-temperature coke pro- 
duction both .in externally and in internally heated 
retorts. By the former process the theoretical thermal 
advantages possible were somewhat discounted by the 
fact that the fuel required for heating had to be allowed 
for, while in the latter the smokeless fuel yield was 
reduced in favour of the gas yield, the total thermal 
efficiency being about 70 percent. At the present time 
the only proved economic process for the production of 
solid smokeless fuel, other than metallurgical coke, 
was that of the gas works, which utilised high-tempera- 
ture carbonisation. On the other hand, the experi- 
ments conducted by the Fuel Research Board had shown 
that a wide range of coals, both caking and non-caking, 
could by blending be treated satisfactorily by a suitable 
low-temperature process for the production of a free 
burning solid, smokeless fuel. Coke was somewhat 
more efficient than bituminous coal for steam-raising 
purposes, particularly at low rates of steaming. It 
could be burned completely, in ordinary boiler practice, 
with a minimum excess of air, which was not the case 
when bituminous coal is used. The gas yielded from 
the carbonisation of such an amount of coal as would 
produce coke sufficient for all steam-raising purposes 
would be far in excess of any demand at present likely 
to be created. On the other hand, as the demand for 
gas increased, there should be no difficulty in finding a 
ready outlet for all the coke produced. If reasonably 
dry it burned well in open grates and yave better 
radiation than bituminous coal. This contention was 
well borne out by some very convincing coke fires 
shown at a demonstration, given during the luncheon 
recess, in an adjoining room. 

Dr. Fishenden’s statement ended on a note in which it 
was not difficult to detect a predilection for low tem- 
perature coke, although she admitted, with perfect 
candour, that the economic conditions with regard to 
its production were still in an unsettled condition. In 
any case, she felt assured that coke, quae coke, would 
solve the domestic fuel problem, and that the gas under- 
takings were the best equipped to deal with the demand, 
while the best method of producing coke would pro- 
bably be found in the co-ordination of the features of a 
number of different methods, rather than in reliance 
upon any single one of them. 

Dr. E. W. Smith then gave a precis of the paper com- 
piled by the Research Department of his firm. It 
dealt exhaustively with its subject, and was, in parts, 
of a subtly controversial nature. In their introduc- 
tion, the authors laid particular stress on the evils 
which attend the use of coal as a domestic fuel owing 
to the atmospheric pollution which results from burning 
it raw, and at the same time deplored the lack of co- 
ordination amongst the advocates of coal substitutes 
for domestic purposes. These were gas, which was too 
dear if used alone for domestic heating, and electricity, 
which was not only too dear, but, for heating purposes, 
was, in any case, a wasteful application of coal. Gas 
was really the most efficient way of utilising coal. The 
case for coke was then presented. The authors thought 
that once the domestic consumer had been persuaded 
about the wisdom of the course he might abandon burn- 
ing the 40 millions of tons of coal he now used in the 
raw state, if he were provided with an alternative fuel 
“at a price comparable with domestic coal . . . . and 
at the same time satisfactory as a free burning smoke- 
less fuel,” and that the change over would not, in these 


circumstances, take long. Some interesting coke 
statistics followed, a point being made in regard to the 
fact that in methods of proper blending much of the, 
at present, almost unmarketable breeze could be used 
over again in the retorts. With a ready sale of the 
whole coke output of a gas works, the average selling 
price would approximate to that of household coal; 
the moral being that this would appeal to the house- 
holder and accelerate the change over. The authors 
then turned to the industrial and metallurgical uses of 
coke. Some 80 to 100 million tons were used industri- 
ally. In this connection, it was stated that at electric 
power generation stations and for industria] steam- 
raising purposes where mechanical stoking and forced 
draught could be efficiently applied, almost any size of 
coke could be burned, and, in particular, small sizes. 
The authors deserve all possible praise for pointing 
out these possibilities, which. are, it would appear, 
less well known than they ought to be. It would be of 
great service to industry in general if details were forth- 
coming of instances where such practice is being 
followed, as this would give a lead in what is, undoub- 
tedly, the right direction. Mixed coal and coke firing 
has proved, in a number of instances, highly efficient 
and satisfactory. 

Perhaps the most interesting portion of Dr. Smith’s 
paper was that which attracted comparatively the least 
attention. He defined coke “reactivity” as the pro- 
perty which coke possesses of combining or reacting 
readily with a substance other than oxygen, in con- 
tradistinction to the property of combining with oxygen, 
to which, in his opinion, the term “ combustibility ” 
should be applied. The latter he further differentiated 
from ignitability. He is an exponent of-the more 
modern view that coke does not combine with oxygen 
in two stages, according to the cherished traditions of 
blast furnace practice. The formule :— 


(1) 20 +0, = 2C0. 
(2) 2 CO + 0, = 2 C02 


are discarded and C + O, = CO, substituted. Sub- 
sequently, at high temperatures, the endothermic 
reaction CO, + C = 2 CO takes place. The ease with 
which a coke can react with carbon dioxide at-high 
temperatures is a measure of the “reactivity” of 
the coke with this gas. 

Much valuable detail about coal blending, ash con- 
tent, and coal constitution, together with its effect, and 
that of the binder during coking, and the general 
mode of coke formation were to be found in this excel- 
lent paper on coking practice, and although gas coking 
was more particularly dealt with other kinds of coke 
were not neglected. Reference was also made to the 
mysterious, and possibly catalytic, effect of certain 
inert substances in the coking process. Finally, the 
authors dealt lucidly with the question of coke structure 
and with methods of testing. 

The papers by Professor K. V. Wheeler and Mr. E. V: 
Evans were taken next. The former was entitled ‘The 
Production of Free Burning Solid Smokeless Fuel at 
High Temperatures.’ Professor Wheeler, in giving 
a short abstract of his paper, commented on the exclu- 
sion of the subject of low temperature coking from the 
consideration of the meeting, and pointed out that 
underlying practically all the papers there could be 
discerned a common train of thought, and that was the 
great advantage and almost unlimited possibilities 
of blending coal in proportions suitable to the specific 
requirements, both as to gas and coke qualities and yield 
which industry might, from time to time, be most in 
need of. The quality of the products could, without 
doubt, be improved by blending the coal, but it was to 
be remembered that present views on blending were 
based largely on laboratory tests and on theoretical 
considerations, and that very little actual and practical 
experience had as yet been acquired. In the coking 
process it was surmised, and that surmise, while still 
but theoretical, was in all probability a correct one, 
that the plastic layer formed at an early stage and, 
according to its extent and persistence, hindered the 
transmission of heat throughout the mass. If that 
plastic layer could be eliminated, the coking process 
could be accelerated. Blending had, as its object, 
the prevention of the formation of that plastic layer. 
Any excess of the plastic, or binding constituents of 
the coals employed, would require to be diluted by 
the addition, to the mixture, of coals containing less 
of the binding constituent. The narrow high tempera- 
ture vertical oven was probably the form best suited 
to the rapid transmission and transference of heat from 
the walls to the charge, and he urged the necessity of 
further study of the whole subject of heat distribution 
within the coke mass. 

Mr. E. V. Evans followed with a precis of his communi- 
cation on ‘‘ Combustibility and Reactivity,” and in 
respect of the latter made the frank admission that 
accurate information. was lacking, and that many 
more facts would have to become known before definite 
views on the subject could be entertained.. He also 
considered that the methods of testing coke were in an 





unsatisfactory state and that standardisation in this 
respect was urgently needed, if results were to be 
properly comparable. If, for instance, tests for 
combustibility were to have any value at all it would 
be necessary that the oxygen ratio should be kept as 
low as possible, and this introduces difficulties in mani- 
pulation. He described the use of a modification 
of the Buchner filter for testing the range and rate of 
combustibility in solid fuels. In regard to domestic 
supplies, something would have to be produced which 
was equal, if not superior, in every respect, to the coal 
for which it was sought to substitute it. The problem 
did not need the aid of a Government subsidy. 

The collective papers were then declared open for dis- 
cussion. Mr. E. C. Evans’s paper was not read, but very 
frequent references to his views by different speakers 
served to show the interest and attention they attract. 
It is to be regretted that the subject of reactivity was 
not adequately discussed, although dealt with in at 
least three of the papers. 

Dr, Travers said that the evolution of tar fog adversely 
affected both low temperature and gas works processes 
of coking. It clogged the pores and damped down the 
rate of carbonisation. Dr. Parker, who followed, said 
that the difficulties, in high temperature coking, of 
heat transmission could, in great measure be solved 
by judicious blending, and the plastic trouble could 
thus be obviated. It was important not to degrade 
the coke by too high a temperature or too long a contact 
with the walls, yet, at the same time, not too much 
volatile matter ought to be retained in the centre of 
the mass. Internal and external heating, in conjunc- 
tion with the use of water gas gave, in combination, 
very good results. He gave some figures relating to the 
carbonisation of Mitchell Main gas nuts by a combined 
process of that nature. 

Mr. Biddulph Smith thought that in times of stress 
such as those from which the iron and steel trades 
had been suffering of late it might help the coke oven 
manager if he were able to change over to the manu- 
facture of a solid fuel with a wider range of applica- 
bility. He had had very satisfactory results by 
mixing the proper proportion of breeze with the coal 
prior to coking. An effective and economic method of 
mixing breeze was much needed, as in ordinary circum- 
stances it was a difficult substance to mix uniformly, 
Mr. H. C. Armstrong pointed out that the interests 
of industry were far more important than those of the 
domestic consumer, who burned far less coal. 

A further Conference on the whole subject is to be 
held in Manchester next February. 





THE INSTITUTION oF CIvIL ENGINEERS.—In the course 
of a lecture on ‘‘The Relative Economy of Different 
Classes of Concrete for Reinforced Concrete Work *” 
delivered before the Institution of Civil Engineers by 
Sir E. Owen Williams, K.B.E., on November 11 last, 
it was pointed out that when concrete was first used in 
mass, weight was intrinsically valuable. The thickness of 
a retaining wall, for example, could not be less than a 
certain minimum size, whatever the quality of the 
concrete. Hence engineers believed that the necessary 
amount of cement in mass concrete was such as would 
just prevent the concrete returning to original ballast. 
Experimental work was devoted to determining mixes 
of ballast and sand necessitating the least amount of 
cement. With the advent of reinforced concrete weight 
of concrete was no longer of any value itself, but consti- 
tuted a burden to be reduced. Compressive strength, 
adhesion to steel, and water-tightness became of primary 
importance, for increases in any of these values enabled 
areduction to be made in the size of a structural member. 
From the results of experiments made by the lecturer to 
determine the influence of the percentage of cement 
on these qualities of concrete, it was concluded that all 
properties of concrete varied directly with the percentage 
of cement contained in it. Consequently, he thought 
it was as reasonable to take a load of 860 lb. per square 
inch on a 2: 1: 1 concrete as a load of 510 lb. per square 
inch on a 4: 2:1 concrete, for the first concrete had 
about 860 lb. of cement content in each cubic yard and 
the second about 510 lb. of cement in each cubic yard. 
That was, in a column of any size, within limits, a ton 
of cement would give the same bearing capacity whatever 
the size of the column. Thus there was no less economy 
obtained by the use of rich mixtures. It might be 
questioned where this increased proportion of cement 
should end and why cement alone should not be used. 
The answer was that practicable sizes’ of members 
demanded a greater volume than would be economically 
supplied by the calculated weight of cement, and to 
produce these sizes ballast and sand were necessary. In 
the case of slabs carrying the same superficial loading 
on the same span, if a 6-in. slab of 4: 2:1 mix cost 
100 per cent., then a 54-in. 3 : 1}: 1 slab cost 97 per cent., 
and a 4}-in. 2: 1:1 slab likewise 97 per cent. For 
columns carrying the same load, if a 12-in. diameter 
4:2:1 column cost 100 per cent., then a 10-7-in. 
3:14: 1 column would cost 88 per cent. and a 9-5-in. 
2:1: 1 column 76 per cent. These figures showed the 
advantage of using better concrete. Sir E. Owen 
Williams found that, in practice, beams and slabs necessi- 
tated a concrete between 3:1}: 1-and 2:1: 1 pro- 
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THE CARDIFF ENGINEERING 
EXHIBITION. 


THERE seems to be no doubt that the small 
‘specialised engineering exhibitions held in the 
various cities throughout the country afford an 
excellent opportunity for the successful demon- 
stration of the value of new plant intended to 
meet the needs of the industries of the district. 
Cardiff Engineering Exhibition may be cited as an 
example. The value of this to manufacturers and to 
the engineers and colliery managers of South Wales 
may be gauged by the way in which the space is 
taken up by exhibitors and by the numberof visitors. 
One important reason for the success of this exhi- 
bition is that it makes no appeal to the general 
‘ public, and consequently the time of the exhibitors 
is solely taken up in explaining the features of their 
display to potential purchasers or to the work- 
people, who might later be concerned with the opera- 
tion of the machines. For the organisation of this 
Show in the Drill Hall, Cardiff, the engineers of the 
district are indebted to The South Wales Institute of 
Engineers, and in particular to Mr. H. Spence 
‘Thomas, the president, and Mr. Martin Price, the 
secretary. A characteristic feature of the previous 
engineering exhibitions at Cardiff, has been that 
the displays on all the stands were complete and 
ready for immediate inspection on the opening day. 
This was again the case yesterday, Thursday, 
when the exhibition was formally opened by Mr. 
H. Spence Thomas. It will remain open until 
Saturday, December 5. 

The exhibition is mainly of a mining engineering 
character, though there is much to be seen which 
makes a wider appeal. At the present time it is 
essential that every endeavour should be made to 
reduce the costs of winning coal, and the Cardiff 
show has therefore a greater significance than its 
mere size would indicate. Cardiff does not possess 
a single hall suitable in floor area to house the 
whole of the exhibits, and use has had therefore 
to be made of the communicating sections of the 
Drill Halls to obtain adequate space, but even 
with this arrangement one of the exhibits—a 
20-ton all-steel mineral wagon, made by The Cam- 
brian Wagon Company, Limited, of East Moors- 
road, Cardiff, has had to be stood outside. This 
wagon, which has four side and two end doors 
can be tipped either end. It is an example of 
substantial rolling-stock construction and the best 
features of modern design, and was built to the 
specifications and drawings of the Great Western 
Railway Company for registration for main line 
traffic. 

As a result of the increased use of electricity 
in coal mines, switchgear and other appliances 
for use in its distribution with safety, have 
latterly received considerable attention on the 
part of manufacturers, The conditions of opera- 
tion of any electrical plant in a pit are such 
that the designers of appliances for the purpose 
must not merely concern themselves with the 
problems associated with the ordinary control 
of the power in the generating station, but 
must also get over the difficulties involved in 
the use of switches, plugs, &c., in the pit work- 
ings, where the possibilities of causing explosions 
always have to be contended against. The feeders 
used below ground in the mine must have sub- 
stantial protection both against the possibility of 
electrical breakdown and against external mech- 
anical injury. For the purpose of testing cables 
and, indeed, for all services where a variable pres- 
sure, which must be applied gradually, is required, 
induction regulators and boosters have been intro- 
duced. An example of thi: type of plant is illus- 
trated in Fig. 1. This shows a set of 25 kw. capacity, 
which was made and exhibited by Messrs. Switch- 
gear and Cowans, Limited, of Elsinore-road, Old 
Trafford, Manchester. Essentially these induction 
regulators are each single-phase transformers, of 
which the ratio is variable. By their use a test 
pressure can be obtained from the secondary side 
of the system, which can be gradually increased 
from zero to a maximum. Worms turned by the 
movement of a handwheel, are used to give motion 
through a worm wheel in each regulator to a vertical 
spindle, on which are mounted the primary windings 
and their iron core. Any change of relative position 
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of the two windings alters the induced voltage in 
the secondary coils, and as this may be done 
gradually it is possible to raise the test pressure 
to the value required without subjecting the system 
to any sudden rises of voltage. In the set depicted 
in the illustration, Fig: 1, there are three regulators 
for a three-phase cable system. They are oil- 
cooled, and the necessary auxiliary equipment is 
mounted on a switchboard erected on the same 
underframe. For feeder pressure regulation these 
transformers are arranged for direct or remote 
hand control and also for motor operation by hand- 
worked switches or by automatic gear which 
responds to changes of pressure in the lines. 

Example of types of switchgear suitable to meet 
the varied requirements of the different purposes 
in mines are shown in the illustrations, Figs. 2 to 5 
on Plate XLIV. These are also products of Messrs. 
Switchgear and Cowans, Limited. Of this series 
of illustrations the first shows a flameproof draw-out 
unit on a dwarf pedestal, provided with core 
balance earth leakage protection. This is suitable 
for use in fiery mines, as it is of flameproof con- 
struction throughout, and its height permits its 
use in situations where the headroom is limited. 
The series of interlocks in use in this unit makes 
it impossible to withdraw the circuit breaker 
when the switch is on and, should it be out, it 
cannot be replaced until the switch is off. Further, 
if the circuit breaker is not plugged right home, 
the switch cannot be closed. Provision is made to 
prevent the accidental pulling of the circuit breaker 
off the slide bars. Another feature of the equip- 
ment is that the oil tank cannot be removed until 
the breaker is withdrawn, and replacement of the 
breaker is impossible unless the tank has been put 
back in place. 

An interesting exhibit of the same firm is the 
new ironclad unit-type of air-break switchgear, an 
illustration of which is given in Fig. 3. In the 
construction of these units bakelite tube is used 
throughout as insulation, and all live parts are 
carried on steel bars. Each pole or phase is 
enclosed in its own compartment, the cases being 
divided by fireproof insulating barriers which can 
be easily removed and replaced. <A notable feature 
of the equipment is that the moving contacts are 
not hinged, the hinge principle having been discarded 
in order to obtain greater strength and security. 
The moving contacts have a reciprocating motion 
and thus no torsional stress is put on the insulation. 
The system of interlocks ensures that the covers 
cannot be opened while the switch is on, nor can 
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it be put on if the covers are open. To ensure 
that it is not possible to withdraw a live fuse, it is 
arranged that the fuse case cannot be opened as 
long as the switch remains on. The mechanism 
for the operation of the switches gives a positive 
quick make and a rapid break with two ruptures 
of the circuit on each pole. The fuse handles are 
composed of a_ heat-resisting non-hygroscopic 
moulded material, which has much greatermechanical 
strength than porcelain, and is capable of standing 
up to hard usage. Fuse contacts, which are self- 
aligning, are used and these are very readily 
removed for replacement. A removable baftile 
chamber surrounds the fuse wire, and in it the 
are is split up and discharged through a number 
of vents, which are so disposed as to cool off and 
damp out the flame and thus prevent arcing to the 
case. The units are made for use on pressures 
up to 650 volts, and as units containing switches, 
fuses and busbars are available, as well as standard 
pedestals, they may be used to build up boards 
to suit any requirement, and may be combined 
also with units of the draw-out oil-immersed 
pedestal type. 

An exhibit is also made by Messrs. Switchgear and 
Cowans, Limited, of draw-out truck type switchgear 
such as is shown in Fig. 4. The cubicle has arrange- 
ments suitable for pressures up to 6,600 volts 
three-phase, and is fitted with isolating plugs of 
the spring-cushioned self -aligning type; the 
sockets are removable. The truck runs on wheels 
having ball races to ensure easy running. Actually 
there are two sets of wheels; one set serves as 
alignment wheels and carries the truck when it is 
inserted in the cubicle while the other set is used 
for the transport of the truck when it is withdrawn. 
The side frames of the truck are cast in two pieces 
and bolted together. Fitted to this truck there is 
an oil-immersed circuit breaker, which is illustrated 
in Fig. 5. This breaker is suitable for panel or 
cubicle mounting, as well as for cell or wall mounting 
with remote mechanical control. In it the fixed 
contacts are self-aligning plates freely suspended 
on tempered steel clip springs. Operation is 
effected by the use of a large hand lever of the 
true free handle type, and its position affords a 
definite indication as to whether the breaker is 
open or closed. There is no possibility of the 
contacts being left in a partially closed position. 
and it is also not possible to hold the breaker in 
the closed position when the automatic features are 
tending to operate. 

On the stand of Messrs. Mavor and Coulson, 
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Limited, of 47, Broad-street, Mile End, Glasgow, 
are shown examples of their coal-cutting machines 
driven by compressed air turbines and three-phase 
electric motors. The examples chosen are suitable 
for work in thin seams, as their overall height is 
no more than 12 in. Particularly noticeable in 
these designs is the feature of interchangeability, 
which is characteristic of all the sizes of coal 


cutters made by the firm. The bar coal cutter |. 


shown may easily be converted to a chain machine 
by fitting a chain gear head, and the reverse 
change may be made with the electric-driven 
chain coal cutter which is shown. Similarly, 
the motors of the two units may be interchanged, 
and the exhibits illustrated excellently how easily 
one electric motor unit can be replaced by an 
oil turbine. An electrically-driven portable air 
compressor also forms part of Messrs. Mavor 
and Coulson’s exhibit, and is shown in Fig. 6, 
Plate XLV. This machine is mounted on a truck, 
with wheels of small diameter, for which brakes are 
provided, and is as portable as a full tub of coal. 
It has been designed for use in association with 
other coal face machinery employed in the various 
methods of intensive machine mining. The com- 
pressor is a double acting single-stage machine, and 
has a capacity of compressing and delivering 55 
cub. ft. of free air per minute at a pressure of.70 Ib. 
per sq. in. when it is run at 480 r.pm. Water 
cooling is provided for the cylinder, and the circula- 
tion is maintained by a rotary pump of the gear 
type, which is driven by a chain from the crank- 
shaft. The bearings are of the ball type, and are 
lubricated under pressure by an oil pump, positively 
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driven from the crankshaft. A motor of the en- 
closed type, constructed by the firm, is used to drive 
the compressor, and this it does through reduction 
gears with straight cut teeth. The two gear wheels 
are mounted on the motor and compressor res- 
pectively, and correct alignment is assured by having 
on the end shield of the motor a flange with a spigot 
register, which is used when bolting up to the com- 
pressor. This arrangement is valuable in the main- 
tenance of alignment, quite independent of any 
outside structure. A main switch is fitted as a 
component of the motor. In use, the air compressor 
is taken as near as possible to the place where the 
compressed air is required for an air drill, and the 
trailing cables from the switch-box are plugged 
into the gate-end box used for the supply of the coal 
cutter or conveyor. 

Another feature of Messrs. Mavor and Coulson’s 
exhibit is a three-phase electric putter, illustrated 
in Fig. 7, Plate XLV. This is a sturdy, compact 
haulage gear which is easily portable. The service 
to which this putter is applied may be appreciated 
if the whole transport system underground is con- 
sidered. For economic working it is necessary to 
use coal cutters and conveyors to take the coal 
obtained to the trams. Mechanical haulage is 
usually applied in a modern pit for the main and 
auxiliary transport. Only in the distance between 
the advancing coal face and the auxiliary haulage is 
there a gap in the transport system where waste 
may be encountered. If the trams are moved 
by man power or horse haulage in this region, 
losses on a considerable scale may easily result, 
for it is not merely a question of the use of 








expensive transport, but also of the speed possible. 
These processes are so slow that only a very low 
rate of production at the face would be possible, 
otherwise it would not be possible to get the 
material away. It is in this gap of the transport 
scheme that the electric putter is applied, and its 
installation will result in accelerated working and 
the reduction of costs. The putter is mounted be- 
tween the angles of a sledge to which it is secured 
by heavy bolts. The extensions of the sledge 
runners beyond the putter can be used as bases 
for props to fix the equipment in position. For 
the drive a squirrel-cage motor is used, and its 
motion is taken through to the deep grooved pulley 
or drum by a worm and worm wheel, which are 
totally enclosed. The rotor shaft of the motor is 
carried in ball bearings, and there is a ball thrust 
bearing at the end. A switch of the reversing type 
and of barrel construction is attached to the inside 
of the hinged end cover of the motor. Dust and 
flame-proof characteristics are secured by complete 
enclosure, and yet the working parts are all readily 
accessible. 

Switchgear for use in mine installations made 
by Messrs. A. Reyrolle and Co., Limited, of Hebburn- 
on-Tyne, was shown on the stand of Messrs. Haslam 
and Stretton, Limited, of 11, Windsor-place, Cardiff, 
who act as agents in the South Wales district for 
the constructors. Of the examples displayed, two 
switch pillars are illustrated in Figs. 8 and 9, on 
Plate XLV, while a gate-end connector is shown on 
Fig. 10 on this page. Both of the switch pillars 
illustrated are suitable for use underground, and 
have been submitted to flame-proof tests, which 
they passed successfully, at Sheffield University. 
The pillars may be used as single units, or 
any number of them may be combined to form a 
complete switchboard. In construction, they con- 
sist of two portions, the circuit breaker, which is 
removable as a self-contained unit, and the fixed 
part which accommodates the bus-bars. All the 
working parts, adjustments, coils, &c., form part 
of the circuit breaker unit, which can be easily with- 
drawn and locked-off from all possible contact with 
the bus-bars. The plug receptacles which are the 
only live contacts, are very deeply recessed to 
prevent any possibility of accidental contact, 
and as a further safeguard a locking-off door is 
provided. The oil tanks of the circuit breakers are 
made from heavy boiler plate steel, the components 
of which are welded together. They have wide 
machined flanges in order to provide an effec- 
tive joint. As the bus-bar chambers and the 
dividing boxes are filled up solid with compound, 
the possibility of any accumulation of explosive 
gases in the switch pillar is almost completely pre- 
vented. Inter-locking devices safeguard against 
any action which might cause an accident, and the 
pillars may be fitted with earth leakage protection. 
As the instruments and meters designed for use 
with these pillars have reinforced glass covered dials, 
and all their joints are made with wide flanges, 
protection from the emission of sparks or flames is 
most effective. In their design, due consideration has 
been given to the rough usage to which all types 
of plant are commonly subjected in a mine and the 
parts have been made suitably heavy to meet the 
conditions. A panel similar to that shown in Fig. 8, 
but of a dwarf type and, therefore, suited in service 
where the headroom is small, is shown in Fig. 9. 
On the panel, it will be noted, that in addition to 
the flameproof ammeter, a flameproof three-pole 
relay for use with earth leakage protection is 
fitted. On the front of the relay a push-button 
attachment is provided, which is also flameproof 
and can be used to trip the relay to test whether the 
operation under fault conditions is satisfactory. 
Beside the dwarf panel in Fig. 9, may be seen a 
100-ampere mining plug, designed for mechanical 
and electrical interlock and to meet the require- 
ments specified in the Coal Mines Acts. 

An oil immersed circuit breaker arranged as a 
gate-end switch, suitable for a 6,600-volt three-phase 
system and for 60 amperes, is shown in Fig. 10 above. 
With this are associated two mining type plugs suit- 
able for 100 amperes. In use these plugs are mechani- 
cally interlocked with the switch-handle mechanism, 
but in addition, an electrical interlock may be pro- 
vided which ensures that the circuit breaker cannot 
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Fie. 13. Expiostion-Proor CoNTROLLER; THE 
Evrectro-MEcHANICAL BRAKE COMPANY, LIMITED. 


be moved to the on position unless the plug is 
definitely home in its socket at the coal-cutter 
end. Covers, which attached by chains to the 
switch for insertion in the sockets when the 
plugs are removed, are provided to enable the 
switch to be tried-out, to see if it is working 
satisfactorily. 

A very good illustration of the manner in which 
resistances, switches and controllers, have been 
made explosion-proof to comply with the require- 
ments of the Coal Mines Acts, is afforded by 
many of the exhibits, and as showing the views of 
constructors on these matters reference may be 
made to Figs. 11, 12 and 13. These figures represent 
two of the items exhibited by The Electro-Mechanical 
Brake Company, Limited, of West Bromwich. The 
resistance shown in Figs. 11 and 12, in addition to its 
explosion-proof characteristics, which are obtained 
by its complete enclosure in a strong steel casing, 
possesses also the advantages of rustless construc- 
tion and the use of a continuous length of drawn 
resistance metal. Experience in the construction 
of heavy resistances for telphers, cranes, tram- 
ways and welding current controllers has afforded 
the firm much valuable data with regard to 
unbreakable construction, with the result that 
guarantees covering many years of service may now 
be given. As the coils are arranged they have little 
inductive action on each other, and may therefore 
be used on alternating-current circuits, as well as for 
those where the supply is of the continuous-current 
type. Cast grids in resistances are always liable to 
irregularities in cross-section, and are subject to 
local fusing actions. This, however, is avoided in 
the resistance illustrated as the material used is 
drawn, and is therefore cf uniform cross-section. 
The grids are separated by washers of natural mica, 
and are mounted on steel rods passing through special 
heat-resisting micanite tubes. The cables used in 
the resistances are secured by a split-head set-screw 
and lock nut, the terminals being bolted to a grid 
loop and locked with a castle nut. The controller, 
illustrated in Fig. 13, also a product of The Electro- 
Mechanical Brake Company, Limited, is built on 
the same lines as their standard steel case con- 
trollers, except that the case is built up of welded 
plates and the flanges are purposely made broad to 
obtain a flameproof joint. On the side of the 
controller a terminal box is welded, through the 
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base of which the terminal stems pass in heavy 
insulators to the controller. Tests were made by 
Professor D. Hay. of Sheffield University, which 
showed that explosions of firedamp and air could be 
caused artificially within the controller casing, with- 
out igniting similar explosive mixtures on the 
outside. There are some features of this controller 
which warrant particular attention. In the first 
place the drum is of larger diameter than usual 
and permits the use of sufficient working surface and, 
what is of more significance, an increased arcing 
distance. The drum can be removed in a very short 
time by slacking back four bolts on the cover 
plate, and as the cover plate is spigotted to the 
controller case the drum can be replaced or a new 
one fitted, without disturbing the alignment of 
drum and fingers. Boxes for the cables can be 
fitted to receive the cables on any of three sides, 








and these have filling holes of such a size that the 

















“ENGINEERING” 





HavtaGce Enarne; Mzssrs. Nortons (Tivipave), LimirEpD. 


compound can be poured into them from a bucket. 
In mining, work haulages of many types are 
required, and these are shown in great variety on 
many of the stands at Cardiff. An example is 
afforded by the haulage engine illustrated in Figs. 14 
and 15 on this page, which show the details of a 
self-contained unit operated by compressed air. 
This is one of a series of standard haulage engines 
made by Messrs. Nortons (Tividale), Limited, of 
Hecla Works, Tipton, Staffs. It has cylinders 10 in. 
in diameter and the stroke is 12 in. The interesting 
features of this set are numerous. The drive from 
the main engine shaft is taken by machine-cut steel 
gears to two drums, which have steel drum centres, 
combined with the drum barrel, and rolled steel 
cheeks, bolted in position. The brake posts may be 
lifted out of place for relining without dismantling 
any other part of the gear. Wooden blocks are used 
for the actual braking surface, and these may be easily 
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Fie. 16. Arr-Torsrine Lonawatt Coat Ourrer: Messrs. ANDERSON, BoyEs AND Co., LimTED. 
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taken out of place when it is necessary to fit new. 
Steel sections, &c., are used for the construction of 
the frame, which is so arranged that nothing projects 
below the parts used for bolting to the foundations. 
At the corners of the bed there is a double depth of 
rolled-steel section and this, with the gussets intro- 
duced into the construction, ensures that a firm and 
rigid seating is in contact with the foundations. 
Lubrication has been satisfactorily provided for 
wherever there is relative movement between the 
components and every facility has been arranged 
for the inspection of the working parts. The rope 
speed obtained from this engine is 4 m.p.h. 

Coal cutting by machinery is now an essential in 
mining if the winning of coal is to be effected with 
economy. Attention may be drawn to machines of 
this class constructed by Messrs. Anderson, Boyes 
and Co., Limited, of Flemington Electrical Works, 
Motherwell. Two examples of these equipments 
may be referred to, the one an air turbine driven 
chain type of machine (see Fig. 16 above) and the 
other an arewall machine driven by an electric motor. 
This is depicted in Fig. 17. Either type of drive 
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is fitted to the standard coal cutter, which is suit- 
able for longwall, shortwall or heading work. Chain 
or rope haulage gears can be fitted. The jibs of the 
chain coal cutters are standardised for undercuts 
of 4 ft., 5 ft., 6ft. and 8 ft. Strong and rigid con- 
struction is a feature of these jibs, which are 
arranged to permit of removal and replacement 
quite easily underground. Renewable wearing 
strips are fitted, and the usual provision is made on 
the machines for chain tensioning. A simple device, 
of a reliable kind, is provided for disengaging the 
cutter chain, while all the controls are very accessible. 
The machines are steel-clad from end to end, and 
when electrical driving is resorted to, flameproof con- 
struction is adopted. For any power the length of 
these standard machines is 7 ft. 9 in., and the width 
is 2 ft. 0} in., and this narrowness makes them suit- 
able for work under tender roofs. In every way 
the parts are standardised and the gear-head, 
motor and haulage gear constitute three distinct 
and independent units. This is a feature which is 
much appreciated when overhauls have to be made, 
since replacements by spare units can be made 





while those requiring attention are subjected to the 
necessary inspection and adjustments. 

The fundamental difference between a longwall 
and an arcwall machine, such as is shown in Fig. 
17, is the provision in the latter of a chain haulage 
to turn the jib through any angle. For this pur- 
pose the haulage chain is led along each side of the 
machine and round a specially constructed gear- 
head to obtain a circular swing for the jib and cut- 
ting chain. When the machine is taken into a 
heading and the driving gear is engaged, the jib 
can cut to either side, according to the setting of 
the picks. Whenever the cutting operation is 
completed a clutch disengages the haulage chain 
but leaves the haulage gear in action for flitting. 
The travelling wheels, which have roller bearings, 
and the chain drives, are of substantial construc- 
tion and suited ‘to the exacting conditions under 
which they work. Two speeds are provided in 
this machine, a slow one for sumping-in or negoti- 
ating bends in the road when flitting or for climbing, 
and a quick one to expedite flitting on straight runs. 
These machines are particularly suitable for room 
and pillar working, as well as for driving headings, 
and they can sweep out an arc in a few minutes. 

To convey coal from the working face to the 
trams, shaker conveyors are commonly applied. 
An example made by the Uskside Engineering Co., 
Limited, of Uskside Iron Works, Newport, Mon., is 
illustrated in the two views, Figs. 18 and 19, on 
this page. The engine of this is a compressed air 
operated unit, which is self-contained and has a 
variable stroke. In actual working the forward 
stroke is effected by the use of the air pressure, 
while the return is performed under the gravity 
action of the troughing in which the coal is carried. 
A quantity of air is trapped behind the piston in the 
cylinder on the return stroke, and this is used as a 
cushion to bring the troughing to rest before the 
operation of the next cycle. The illustrations, 
Figs. 18 and 19, show the means adopted for the 
support of the troughing. The rails on which 
the wheels run are curved so that the troughing 
receives an effective shaking motion. The engine 
stroke can be varied at will. As every part of the 
mechanism is enclosed there is no danger that falling 
stones will interfere with its operation. This jigger 
conveyor system, in addition to the merit of making 
it possible to increase output and reduce the costs 
of moving coal from the face to the trams, entails 
little physical exertion in charging, as compared 
with tubs, for it stands only 12 in. high. Three 
standard sizes of engines are built, having cylinders 
of 9 in., 11 in. and 14 in. diameter. 


(To be continued.) 





CHARACTERISTICS AND USES OF 
GROUND GEARS.* 


By H. F. L. Orcutt. 
Part I, 


Introduction.—There is at present a demand from 
engineers for high-duty spur-gearing. This demand 
will increase, when there is a wider knowledge of the 
service that it is possible to secure from the straight 
spur-gear made from hardened steel with the teeth 
accurately finished. The ground gear is practically a 
new mechanical product except in motor-car practice, 
and even in the motor-car gear-box it is adopted by 
only a portion of the automobile makers. Hence, it 
may be said that its application or use is so limited that 
it may be almost regarded as unknown in general 
engineering, for its virtues, characteristics, and difficul- 
ties of production are understood by very few. 

Characteristics of Ground Gears.—The two outstanding 
characteristics of ground gears are (1) extreme accuracy 
and (2) the possibility of making a straight tooth 
spur-gear of material with any desirable physical 
properties. Any alloy steels or heat treatments can 
be specified, and even with the hardest material an 
accuracy of tooth finish with limits of errors even 
smaller, with few exceptions, than are demanded in 
cylindrical grinding can be obtained. This combination 
of high grade material and accurate finish of the teeth 
would be impossible without the grinding wheel. 
The standard of accuracy which is required in ground 
gears to make them superior in endurance and 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, November 20, 1925. Abridged. 
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noiselessness to cut gears is not generally understood, 
and it is desirable to say a few words on this subject. 

The ordinary commercial gears with the teeth either 
hobbed, milled, or generated give satisfactory service 
when they are run at slow speed and when they are not 
too heavily loaded. The same gears when run at high 
speeds develop objectionable noises, and unless they 
are lightly loaded have a short life. Cut gears with 
straight teeth, as used in the motor-car gear-box, 
begin to develop objectionable noise even when run at 
light loads and low speeds. 


Fig.1.ERRORS IN PARALLELISM OF 72 TOOTH GEAR. 
MATERIAL: TOOL STEEL, CASE-HARDENED. 
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Experience in motor-car work has demonstrated that 
to secure quiet running, errors in gear tooth shape, 
in placement of teeth and indexing, must not exceed 
00003 in. It is believed that the task of keeping the 
errors of 250 teeth (the average number in an ordinary 
gear-box) uniformly within this limit is, as a mechanical 
operation, without parallel in production. It certainly 
cannot be achieved with any cutting tool but the 
abrasive wheel, and it demands the employment of the 
most accurate and refined grinding machine. It calls 
for special experience, highly special measuring instru- 
ments and extraordinary inspection and supervision. 
In fact, the production of really quiet gears requires 








17 TOOTH PINION. 
ERRORS IN PARALLELISM. 
MATERIAL: TOOL STEEL, CASE-HARDENED. 
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a special organisation and equipment, which the 
ordinary manufacturer can rarely, if ever, afford to 
operate. The reasons why this accuracy is essential 
must now be examined. 

In straight spur-gears all tooth action takes place 
by sliding and all tooth contact occurs on a line. 
There is, moreover, the additional complication that 
the load is constantly transferred from one tooth 
surface to another. This action takes place in an 
incredibly short time, in many cases 100,000 and even 
200,000 times per minute. 
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The statement that contact takes place on a line 
cannot, of course, be challenged. The line of contact 
should be straight and continuous. If it is not, noise 
is the result. The greater the departure from exact 
contact the greater the noise. If these conditions 
are kept in mind, it is not difficult to understand the 
importance of especially accurate indexing and of 
smooth tooth finish. The abrasive wheel gives the 
desirable qualities of finish and accuracy of form, and it 
is practically impossible to secure them with any other 
cutting tool. Hence there is in the gear-grinding 
machine the only instrument which will produce 
straight teeth gears which will run quietly at high 












speeds. Moreover, gears with the teeth finished by 
grinding have special characteristics of great importance 
to the mechanical engineer. These characteristics are 
of such a nature that they make possible new develop- 
ments in power transmission. They will be brietiy noted. 

The ground gear finished to a degree of accuracy neces- 
sary to quiet running possesses full theoretical efficiency 
in respect to load, life and stresses. Contact can be 
maintained along the full width of the teeth and with 
perfect regularity from top to bottom of the working 
surface. These qualities are not found in any cut 


Fig.Ja.ERRORS IN PARALLELISM OF 72 TOOTH GEAR. 
MATERIAL: TOOL STEEL, CASE-HARDENED. 
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gear, and in all gears which are hardened after cutting 
there is still greater departure from them. In ordinary 
cut gears the loads are constantly shifted from one 
part of the tooth to another, and, owing to irregularities 
of form, stresses are concentrated on high spots. The 
gear which is hardened or heat treated after cutting has 
much more strength than the soft steel or cast-iron 
gear. It is, however, on account of excessive irregu- 
larities impracticable for high speeds. It must have 
very large dimensions, as load is constantly thrown 
onto short lines of contact. a 
Fig. 1 is well worth detailed study. The irregularities 
of tooth finish illustrate what is found to a greater or 
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less degree in gears which are hardened after the 
teeth are cut. The measurements shown were made on 
a gear and pinion which are used in electric railway 
service. This gearing gives a much better service than 
soft gears, but it is noisy and of excessive dimensions 
and weight for the load it carries. If run at a very fast 
speed it is quite evident that excessive hammering 
would occur. Irregularities increase as wear takes 
place. The back-lash variation in this pair of gears is 
over 0-040 in. with a maximum of over 0-060 in. A 
gear and pinion of these dimensions with ground teeth 
could have a back-lash variation of no more than 0-003 


Fig. 2. PINION, 14 TEETH. ERRORS IN PARALLELISM. 


Diagram shows errors exaggerated to 10 times actual. 
Dotted line indicates amount and direction of error. 
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box, a grinding allowance from 0-003 in. to 0-005 in. 
is necessary on,each side of the teeth, or from 0-006 in. 
to 0-010 in. on the tooth thickness. On large diameters 
up to say 30 ins., 0-040 in. on the tooth thickness is 
necessary or all teeth will not completely finish. 
Advantages of Ground Gear Teeth—With full theore- 
tical efficiency and no limitations respecting choice 
of material, straight spur-gears can be designed with 
minimum dimensions. This is valuable in many 
cases where restrictions are imposed by weight and space. 
A good example is found in a pair of reduction gears, 
many of which are in service in a well-known makers’ 
aeroplane engine, with the 
following dimensions :— 


Gear, 12-46 P.D. 
Pinion, 5-34 P.D. 
Teeth, 3-9326 pitch. 
Width of gear, 2-6 in. 
H.P. transmitted, 650. 
Load per inch of face, 
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in, and be finished to give any desired amount of back- 
lash. The teeth would be parallel with a maximum 
error of 0-001 in, Eccentricity on the pinion need not 
exceed 0-001 in. Another interesting record of errors 
is given in Fig. 2, which represents what is found in the 
ordinary tramway pinion. This pinion is of steel, 
hardened after tooth cutting. 

Gear makers and steel makers have given much 
attention to the quality and treatment of steel which 
would have a minimum distortion when heat treated. 
When the teeth of gears are to be ground, any reasonable 
distortion need not be feared. This is important, for 
it permits of the use of material which can be selected 
solely on account of its physical properties and which 
can therefore be made of minimum dimensions. In 
practice the best combination of these desirable 
qualities is found in a case-hardening steel. 

Although the greatest distortion takes place in such 
steels, these give the longest life and bear the heaviest 
tooth loads. Hardening distortions vary with size 
and shapes of gears and must obviously be kept within 
certain limits. In small gears as used in the motor-car 





A peripheral speed of 3,000 
ft. per minute is commonly in operation with quiet 
running, and it is reported that there are in use ground 
gears transmitting considerable power at a peripheral 
speed of no less than 10,000 ft. and even 20,000 ft. per 
minute. ° 

Direct comparative tests have been made which 
demonstrate that gears accurately and smoothly 
finished have longer life than those which are inaccu- 
rately or roughly finished. 

It is suggested that many cas2s of the so-called 
“pitting ’’ are directly due to rough or inaccurate 
finish, the theory being that rough projections on 
the teeth are pushed by sliding action towards the 
pitch lines, and near the pitch lines particles of metal 
are pressed into the surfaces of the teeth, causing 
these well-known blemishes. Support is given to this 
theory as pitting action is always found close to the 
pitch lines of the teeth where the sliding action is 
least, and rolling action is more nearly approached, 
and lubrication is less effective than on those parts 
of the teeth where sliding action is more pronounced. 
In theory it seems that the ground gear should have 





the longest life, as it is a fact that in nearly all 
mechanical action the maximum wearing qualities 
exist in those surfaces which most nearly approach 
mathematical perfection. Actual service tests have 
shown that railway transmission gears with ground 
teeth outlast all others. 

It is quite possible that there will be distinct 
advances in gear-tooth service when more gears are 
designed with a long line of action and with as many 
teeth in contact as possible. Multiple-tooth contact: 
is, however, not of much practical value in gears when 
they are finished by ordinary cutters or are hardened 
after cutting. The slightest imperfections of indexing 
or of variation in form prevent division of the load, 
which should in theory be evenly distributed on two 
or more teeth. 

Back-lash, under certain conditions, directly affects 
the life of gearing. It is much talked about and much 
misunderstood. To it are attributed erroneously 
many evils; with its elimination are expected many 
improvements. It should be mentioned in passing 
that it does not affect noise, speed, nor to any great 
extent load capacity. A certain amount is just as 
necessary to good gear running as clearance is to good 
spindle running. But the amount of it must be 
strictly under control, and it has already been seen 
that variation can be limited to a fraction of a 
thousandth of an inch by grinding, as compared with 
variations ten times as great in cut and hardened gears. 
Uniform teeth forms and uniform back-lash are, of 
course, natural accompaniments. 

Recent tests have been made in America to obtain 
definite data as to effect of inaccuracy of spacing on 
the strength of gear teeth at high speeds ; it was found 
that, in a broad way, at pitch velocities of 1,000 ft. 
per minute and upwards, gears whose inaccuracies of 
spacing do not exceed 0-001 in. will carry twice as 
much load as those having inaccuracies of spacing of 
0-006 in.; and strength of gears having inaccuracies 
of spacing of 0-002 in. is about half-way between the 
two. These tests were on cut gears, but they are 
significant and applicable, of course, to ground gears. 

Conditions which, as far as known, seem indis- 
pensable to the best running results for straight spur- 
gears, may be briefly summarised :—(1) Accurately 
formed teeth. (2) Indexing as near perfect as pos- 
sible. (3) Teeth with sections and area well above 
those demanded by the load they must carry. (4) 
Gears mounted so that good tooth contact is main- 
tained. (5) Connecting drives and transmitting shafts, 
if possible arranged so that oscillations and vibrations 
are not transferred to the gears. 

In respect of (1) and (2) it may be predicted that the 
ground gear will more closely approach perfection 
than any other. 


Part II.—Uszs. 


The foregoing details must be very carefully 
considered before the ground gear can be correctly 
appraised. 

The successive stages of evolution of the straight 
toothed spur-gear are :—({a) The wooden cog of the 
old millwright. (b) The foundryman’s gear with cast 
teeth. (c) The gear of the machine-tool engineer, 
either milled, hobbed, or generated. (d) The gear 
hardened after the teeth have been machined. (e) 
And finally the gear with teeth ground after hardening. 

It is rather curious that the machine-tool makers 
have not yet made use of ground gears. Customers 
will certainly demand better gears. Conditions which 
the machine-tool makers have to face in the near 
future will force the pace of adoption. These condi- 
tions are of a twofold nature: one is the fact that 
machine-tool design has never really “‘caught up” 
with high-speed steel; the other is founded on the 
probability that non-ferrous metals—some of the newer 
bronzes—will very largely replace cast iron. If this 
occurs, cutting speeds will have to be increased much 
beyond the present fastest speeds, and in such circum- 
stances the gears as now used will be perfect “‘ howlers,”’ 
intolerable for noise alone, to say nothing of short life 
with costly upkeep and expensive renewals. Ground 
reduction gears for electric motor drives will probably 
be extensively made use of by the machine-tool maker, 
that is, single reduction gears of comparatively small 
dimensions and run at high speeds, using small power 
motors, with gear mountings adapted to these con- 
ditions. 

An important application of ground gears is beginning 
to interest electrical engineers. The ground gear has 
many features which make it especially applicable as a 
direct reduction unit between the motor and axle of 
electric locomotives. It is simple, smooth running, 
quiet, will stand very high speeds, can be of small 
dimensions, has a high factor of safety, and long life. 
So far as applied it has demonstrated its safety and 
life and smooth running. It has not, however, been 
made use of with dimensions and speeds outside of 
the specifications usual for soft steel. The‘dimensions 
stipulated are very much in excess of those which are 
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safe. Why is a factor of safety of 16 necessary ? 
There is much to be done in the way of standard 
specifications for this gearing. Specifications now 
usually given are meaningless; as far as fixing limits 
are concerned they are of no use. The requirement 
that a gear tooth must be accurately cut with a 
14}-deg. pressure angle is capable of a wide inter- 
pretation. Back-lash, indexing errors and eccentricity 
are of vital importance in high-duty gearing. Tooth 
forms are not of much importance as long as they are 
exact, although design of forms should be considered 
for each special service and ratio. 

A specification for railway traction gears should 
include (1) smooth finish on teeth, (2) a maximum 
back-lash of 0-02 in., (3) a maximum back-lash varia- 
tion of 0-002 in., (4) parallelism of teeth, maximum 
error of 0-001 in., (5) index errors from tooth to tooth 
in gear and pinion not exceeding 0-0005 in. 

It is strongly recommended that research work, 
especially on electric traction gears, be undertaken, 
as there are practically no data available for this new 
class of gearing, which in the near future may be 
extensively used. The hardened gears not ground, 
now quite extensively in use, both for main line and 
tramways, are very inaccurate, so inaccurate that it 
is quite possible they are actually preventing the electric 
railway engineer from making distinct improvements 
in his power unit. 

So far as is known, the ground gear is not used by 
any electrical engineer in ordinary engineering speed 
reductions, so commonly demanded where direct motor 
drive is employed. There is a very large possible 
application in this particular direction. The ground 
gear for motor drives will certainly replace in many 
instances helical gears, laminated gears, fibre gears 
and chain drives, in many cases saving in first cost 
as wellas giving an equally quiet and a more lasting 
service. There are many cases where helical gears 
are used to secure quiet running where end-thrusts 
are undesirable. In these cases the straight tooth 
ground gear may possibly be used as a satisfactory 
substitute. 

For anything except comparatively slow speeds it is 
now impossible to make use in gearing transmission 
of the alloy steels with extreme physical - properties. 
When the teeth of gears are ground after heat treat- 
ment the engineer has an unlimited choice of metals ; 
he can select that which gives him strength combined 
with light weight and small sections, or large sections 
giving the maximum life and withstanding severe 
shocks and loads. Two extremes may be cited: 
(1) In the aeroplane where light weight and reliable 
service are indispensable ; (2) in a rolling mill gear, 
where breakdowns and repairs are costly, and heavy 
loads and shocks are not to be avoided. 

It is quite possible that chain transmissions will be 
replaced in many instances by ground gears, giving 
full reliability, quiet running, a saving in first cost, 
and in weight, and troubles due to stretching 
chains. 

Whether ground gears will be used for turbine 
transmission very extensively or not it is impossible 
to say. They have been in service for some time, 
but only to a limited extent. Gear grinding on large 
diameters with fine pitches has not been very much 
developed. There is, however, no reason why it should 
not be successful. It will certainly be available in 
the near future with every degree of accuracy now 
found in small ground gears. 

A further use is anticipated in gears where heavy 
loads are carried and which, made of soft material 
wear out quickly. In many cases such gearing is 
replaced at very great expense, chiefly on account of 
cost incurred through loss of output while repairs 
are undertaken. If gearing that will last, say, 6 or 9 
months, instead of 3 months can be put into such 
plants, first cost will be of little consideration. 

Methods of Grinding.—Two methods of gear tooth 
grinding are in use: one is adopted by those who have 
developed the so-called generating machines; the 
other by those who employ the formed wheel. There 
are now on the market half-a-dozen different machines 
of the generating type. In some of them a very large 
grinding wheel is employed and the width of gear is 
limited to about 1 in., as nc motion either of the gear 
being ground or of the wh»el parallel with the axis 
of the gear takes place. In other generating machines 
there is a reciprocating motion as well as a rolling; 
on these machines gears of wide face can be ground. 
In one other type of gear grinder the tooth form is 
dependent on an involute form from which the gear 
teeth are “‘ generated.”’ In some generating machines 
only one side of the tooth is ground, in others both 
sides of the teeth are finished at once. 

In the machines using the formed wheel the entire 
tooth space is acted upon by the formed wheel revolving 
while passing through the tooth space. On them, 
width of gears to be ground is limited to the traverse 
of a reciprocating slide carrying the formed wheel. 
So far as is known, none of the formed wheel type 





of ‘machines are on the market, at least not in the 
European market. 

It has been found necessary to devise and make 
entirely new measuring instruments for inspecting the 
teeth of ground gears and for checking index errors. 
These instruments are absolutely necessary to the 
production of ground gears. They are of little practical 
use in the production of cut gears. 


Part III.—ReEsEARCH. 

Gear tooth grinding is now on a commercial basis, 
and gears with accurately ground teeth are available, 
but not in very large dimensions. The principal develop- 
ment of course has been in connection with motor-car 
transmission gears. Quite a lot has been done on gears 
for electric traction work. For this class of work 
gears can now be ground on a commercial basis up to 
about 3 ft. diameter and 8 in. wide, and 2 diametral 
pitch. Little or nothing has been done on gears with 
a finer pitch than 12 diametral. Any material can be 
ground. The process has been so far tested in motor- 
car gears as to demonstrate conclusively that the 
cheapest way to get a quiet gear is to have the teeth 
ground. Gears for aeroplanes have been successfully 
ground in considerable numbers. 

It should be noted that the future of gear grinding 
will not be confined to hardened gears. There is now 
a demand for unhardened straight toothed spur-gears 
with an accuracy which it is practically impossible to 
produce uniformly in the cut gear. It is believed that 
gears finished on the gear tooth grinding machine meet 
this demand. 

Much research work is necessary on straight-toothed 
gearing. It is important to make tests and experiments 
with the special object of fixing the limitations of cut 
gears; these limitations are pretty. well known for 
cast-iron and soft steel. They are not, however, 
sufficiently well defined on hardened gears in respect 
to loads and life. Maximum allowable errors for specific 
services are not recorded. It is desirable that they 
should be done, especially for gears made from alloy 
steel treated to withstand heavy loads and shocks. 

Gear tooth grinding is now sufficiently advanced 
to indicate that further progress in spur gears is almost 
wholly a matter of accurate finish, and that extensive 
research on high-duty cut gears is either useless or 
impossible. 

It is difficult to laydown an exact programme of re- 
search. One of the first things to determine is the maxi- 
mum practicable accuracy of cut gears. both soft and 
hard. In this work it will probably be necessary to 
make use of ground gears finished with predetermined 
inaccuracies. 

When the engineer knows definitely how far he can 
rely on cut gears, he can decide when he must make use 
of ground gears. The next step in research work should 
be made with a view to fixing data for ground gears. 
Enough facts are known to warrant extensive tests. 
These tests may be broadly subdivided under: (1) 
Endurance or life, (2) speeds, (3) noise, (4) loads, (5) 
accuracy, limits of error and effects of same. 

Endurance.—Tests to include gears made from alloy 
steels, air-hardened, oil-hardened and case-hardened. 
It is especially important to carry out endurance tests 
on the case-hardening steels. A special study should 
be made as to how far a smooth tooth finish affects 
the life of gears. It is desirable to investigate to what 
extent accuracy alone does affect endurance. 

In connection with endurance tests, separate in- 
vestigation should be made to determine what materials 
and treatment are most suitable for spur gears which 
have to stand severe shock and reversalloads. These 
tests are especially required for gears used for electric 
traction purposes, or for services like rolling mills or 
tube mills. For this latter service long life is also a 
valuable quality as repairs and renewals are very 
costly. 

Special investigation might be desirable on motor-car 
gears as to the best material for clashing gears. Gears 
for this service have to bear heavy running loads 
but only for short periods, and they must withstand 
excessive wear from clashing. 

Speed Tests.—The limits of accuracy in relation to 
satisfactory running at high speeds are not definitely 
fixed. Gear grinders know that certain limits must not 
be exceeded for a certain service. These limits are 
finer than those called for in any ordinary mechanical 
operation, almost as fine as are common in gauge work. 
The relative importance of the various tooth errors is 
not thoroughly understood. The various measure- 
ments must include tooth forms, indexing, eccentricity, 
parallelism and tooth depths. A series of tests on each 
one of these dimensions is necessary to determine how 
far individually they affect good running. In con- 
nection with these tests, lubrication must be investi- 
gated. For very high peripheral speeds both the qua- 
lity of the lubricant and method of application must be 
considered. 

Tooth Areas.—There is very little definitely known as 
to the tooth areas and loads. Investigation of these 





details is of extreme importance. Tests to destruc- 
tion will be necessary. Many motor-car gear-box 
gears bear loads of over 3,000 lb. per in. of face, some 
4,000 lb. As these loads are only required for short 
periods, it is not altogether safe to adopt them for con- 
tinuous running. 

Noise.—It is definitely known that extreme accuracy 
of tooth form is indispensable to quiet running. The 
exact relation of accuracy to speed is not known, 
neither has it been definitely ascertained how far 
different sorts of inaccuracies are responsible for diffe- 
rent noises. Gear grinders are, of course, dealing with 
these problems daily. The art is sufficiently advanced 
to give good results, but not enough to satisfy demand 
for real silence. It is known that beyond certain 
errors quiet running may not be expected. It is desir- 
able to know how quietly gears will run when they are 
ultra-accurate, and, of course, how far extreme refine- 
ments are commercially attainable. 

Minor Tests.—To cover what may be called minor 
tests includes a study of pitch, angle of tooth pressure, 
ratios, arc of action and number of teeth in contact. 
Some curious and as yet unexplained troubles occur 
in certain gear ratios. The same troubles do not occur 
in other ratios. These discrepancies may disappear 
with further perfection in production. 

It is suggested that possibly very useful data might 
be secured by tests of certain ratios in which the design 
of the teeth varies, for instance with different pressure 
angles or modified addenda and dedenda, varying these 
details on a series of tests of gears without varying the 
ratios. 

Efficiency.—In respect to loss of power in trans- 
mission possibly there is not very much difference 
between super-accurate gears and very good cut 
gears. Still, there must be a difference, and it should 
be known. With the ground gear it is possible to 
make comparative tests which have hitherto not been 
of much value. i 

Distortion Measurement.—Exact distortion records 
are certainly desirable, especially for the cut gear. 
It is necessary to the ground gear as a means of saving 
production costs in grinding. It is, of course, unecon- 
omical to grind off more stock than is necessary. We 
should have more definite knowledge as to the differ- 
ences in distortion between the oil hardened and the 
case-hardened gear. In the case of the hardened gear. 
it is desirable to have the hardened surface as uniform 
as possible, as it is well known that the hardest portion 
of gear teeth is on the surface. Distortion tests are 
not difficult, as they involve only measurements and 
not much mechanical outfit. It is suggested that these 
tests may include gears which are accurately ground 
before hardening. 

Mounting Gears.—It is apparent that gears with small 
tooth areas from which long life, high speeds and quiet 
running are expected must be correctly mounted. 
Before accurate gears were available, investigations in 
this important matter were not of very much use. 
Research in gear mounting is now a necessity. Diffi- 
culties with accurate gears are common, and there are 
many disappointments experienced with those who 
expect the ground gear to cure all their troubles. 
Motor-car engineers are just beginning to recognise 
this problem. In many cases it is found that gear- 
boxes themselves must be entirely re-designed or 
details altered before gears will run quiety. In other 
cases engine and back-axle defects or peculiarities, 
make themselves objectionable in the gear-box. Con- 
nections have to be altered and isolation studied. 
Certain patterns of gear-box cases seem to be specially 
designed to magnify vibrations; some are perfect 
sound boxes. It is well known that the silent ball or 
roller bearing is not yet made. Some are more noisy 
than others. Limits of workmanship in gear-boxes 
need defining. Exact centre distances are not so 
important as parallelism of shafts. Clearance in ball- 
races needs investigation. Resonance certainly must 
be a matter of considerable amount of study before the 
gear-box is completely satisfactory. Marine engineers 
have been obliged to give serious consideration to gear 
mounting as well as to the development of exact gear- 
teeth. It has been found that certain reduction gears 
will give satisfactory service in one position and will 
invariably break down if placed in another position 
between the turbine and the ship propeller. 

Bearing Loads and Pressure Angles of Teeth.—Tests 
made some time ago indicate that the pressure angle 
of gear teeth does not have very much effect on the 
bearings, whether the pressure angle is 14}, 20, 224 or 
25 degrees. As pressure angles are increased there 
is a possible increase in bearing loads of not more than 
6 per cent. The tests were made on cut gears. It is 
certainly desirable to make further tests with ground 
gears. It is very often necessary to good gear design 
to increase pressure angles. An alteration of this 
nature is often objected to on the academic assumption 
that increased pressure angles increase bearing loads 
to a degree that is possibly dangerous. 








. ea ae a a 


SsS-3 = 7m O28. ©®@ Berna 





DEC. 4, 1925.] 


ENGINEERING. 


695 





THE FREEDOM OF THE SEAS. 
(Concluded from page 663.) 

In February, 1915, the German Government 
declared submarine war upon merchantmen, and 
the Allies, in answer, issued the retaliatory Order 
in Council of March 11. In this new Order the 
Allies announced that they would stop all ships and 
cargoes going to Germany either directly or indi- 
rectly, and that they would condemn cargoes of 
contraband; non-contraband cargoes would be 
stopped but not confiscated. All cargoes coming 
from Germany would be treated in the same fashion. 
What was the legal significance of this new Order ? 
It is obvious at first sight that it was quite a new 
departure from our previous policy. What we had 
hitherto been attempting to achieve by a slow, 
methodical progress we were now doing outright. 
By putting the law relating to reprisals into our 
service, we conferred the rights inherent in blockad- 
ing forces upon our squadrons in the Channel and to 
the north of Scotland, although it was quite obvious 
that they were simply squadrons intercepting 
commerce upon the high seas. We did not, for the 
moment argue that the law of blockade had altered ; 
but claimed that the special circumstances obtaining 
gave us a right to act as though we were maintaining 
a watching cordon off the German coasts. So long 
as we upheld the position which we first took up, 
and justified the March Order as an act of retaliation, 
we were on firm ground; but when, later on, Sir 
Edward Grey argued that our forces at sea were 
really blockading Germany, he was, obviously, 
abolishing what had been considered a basic legal 
distinction for at least three hundred years. The 
Order was none the less made the corner-stone of our 
whole policy, and the blockade of Germany dates 
from the moment of its promulgation. 

Although the new Order vested our squadrons 
with the rights of blockading forces, it gave them 
none of their facilities. Being the maritime equiva- 
lent to besieging armies, blockading squadrons had 
hitherto found no difficulty in distinguishing 
between what could or could not be seized. Nothing 
was easier to detect than an intention to pass a 
blockading cordon. A ship’s course and behaviour 
when sighted were usually sufficient evidence ; and 
if that were not conclusive, her papers practically 


always gave the additional facts required. In 1915 
the position was absolutely different. Whatever 


rights we might claim, the duty of distinguishing 
between goods intended for Germany and goods 
intended for adjacent neutrals remained untouched ; 
and in this we could get no assistance from our 
squadrons afloat. Neither they nor the authorities 
at Whitehall could hold up a ship bound for Chris- 
tiania, or Copenhagen or Stockholm, unless it were 
known that the cargo was going to Germany subse- 
quently. Mere presumption would not do; _posi- 
tive knowledge, based on fact, was what was 
wanted ; and unless the facts necessary to condemn 
cargoes were obtainable, our Order in Council was 
useless, 

The blockade of Germany was a progressive 
effort to overcome these difficulties by a complex 
of measures which taken singly, vary in their aims 
and purposes but which taken together, are a vast 
structure of law and policy. By their complexity 
and number, they show the enormous ramifications 
of international commerce, and the immense 
difficulty of strangling the overseas trade of any 
great industrial country; and as they are the 
modern equivalent to those blockades which 
previously were enforced by maritime power, it is 
highly important to form some notion of their 
legal status. To do this, it is necessary to be quite 
clear on one point. The blockade of Germany was 
imposed by a combination of economic and naval 
strength; doubtless, it could never have been 
imposed unless the Allies had dominated at sea ; 
but their naval predominance, in itself, would not 
have sufficed to have reduced Germany to the 
condition of a beleagured city. It is this very fact 
that economic and naval forces joined hands, which 
makes the blockade of Germany unique in the 
history of international law. Belligerent and 
neutral rights at sea have for centuries been defined 
in treaties, conventions, and books of law, on the 
underlying assumption that a power at war can put 





restraints upon neutral commerce only by means 
of ships and squadrons. International lawyers 
had never touched the question of putting restraints 
upon neutral commerce by economic bargains, 
because it had never arisen. The measures which, 
taken together, constitute the blockade of Germany, 
should therefore be analysed on the guiding principle 
of discovering to what extent each one of them 
was enforced by naval or by economic power. 
They fall into three distinct classes: (i) special 
arrangements with corporations of neutral traders, 
and shipping firms in which the British Govern- 
ment’s power of bargaining was a derivative of its 
strength at sea; (ii) arrangements of the same 
kind in which Great Britain’s economic strength 
was the sole source of its bargaining power ; (iii) 
the rationing system ; and (iv) measures taken to 
discriminate between enemy and neutral cargoes 
by means of secret commercial intelligence. Each 
should be examined in turn. 

(i) Arrangements in which the British Govern- 
ment’s Power of Bargaining was derived from its 
Strength at Sea.—Agreements of this kind were, as 
a rule, made with shipping firms. Our squadrons, 
though not actually blockading the German coasts, 
were none the less effectively inspecting all the sea- 
borne traffic in the eastern Atlantic ; so that it was 
in our power to put enormous restraints upon 
neutral traffic. Neutral ship owners had, there- 
fore, a great interest in coming to a working agree- 
ment with Great Britain. The agreement generally 
stipulated that if they would carry only such cargoes 
as the British authorities approved of ; if they would 
refuse to carry the goods of firms which we had 
reason to suspect; and, if they would supply the 
British Government beforehand with full particulars 
of the cargoes which they intended to load, and 
abide by the British Government’s approval or 
veto, they would be allowed to pass our patrols. 
In the same class were those agreements which we 
compounded with specially formed corporations of 
neutral merchants. In Holland, Denmark and 
Switzerland, we persuaded the leading import and 
export merchants to form themselves into a cor- 
porate body and to be the sole consignees of all 
cargoes which we intended to prevent from going to 
Germany. These corporations undertook to dis- 
tribute the goods which they were allowed to 
receive, to give guarantees against re-export, and 
to receive further guarantees from al! the firms to 
which they distributed. 

This class of agreement holds a peculiar position 
in the law of nations. At first sight international 
law would appear to have nothing to do with them : 
they were compounded with private firms, and 
were enforceable only under the law of private 
agreements ; the law of nations which deals with 
the relations of states and not of individuals could 
not be applied to them. Their exact status is, 
however, not quite so definite. In the first place, 
the driving power behind these agreements was our 
belligerent rights at sea. Neutral merchants and 
neutral shipping firms would never have put up with 
them from us had they not known that we should 
exercise our rights under the March Order and hold 
up cargoes wholesale, if they were obstinate. These 
rights of visit, search and detention were entirely 
within the scope of international law ; and it was 
always possible that a neutral government would 
contest them, and forbid its merchants to form them- 
selves into corporate associations for the purpose 
of facilitating illegal belligerent action. This class 
of agreement, though possibly outside the scope of 
international law was thus well within the range of 
neutral policy. The degree of their legality, on 
the whole, falls to be decided by the legality of the 
March Order in Council to which they were a 
corollary. 

(ii) Arrangements in which Great Britain’s Eco- 
nomic Strength was the Sole Source of Her Bargaining 
Power.—Agreements of this kind can be dealt with 
more rapidly. They were bargains enforced by ex- 
port regulations which forbade any neutral country 
the use of British commodities until satisfactory 
guarantees had been given against re-export; by 
further regulations which prevented any neutral 
vessel from using British bunker coal until her 
owners had given us assurances that she. was not 
carrying cargoes intended directly or indirectly, for 


the Central Powers ; and by regulations which pre- 
vented any neutral export firm suspected of being 
engaged in enemy trade—they were called black- 
listed firms—from having their goods carried in 
British ships. Also, arrangements were made with 
the City to make it impossible for any suspected 
firm to obtain any form of assistance from British 
banks, or British insurance companies. It would 
be a great subject for a man of genius to describe 
how these measures spread their hold over the 
world’s commerce, how firms of Asiatic merchants 
who had never learned a syllable of a European 
tongue, were paralyzed in their grip, and how even 
the native collector of guano and copra in the 
Pacific islands found his petty traffic crushed by the 
oppressive weight of our restrictions, until, even 
those who devised the measures—strange generals 
of a strange alliance between British coal, British 
ships and British banks—were amazed at the 
extent of their own powers. This, however is not 
strictly relevant to the subject. Could neutral 
governments justifiably protest against these 
measures? Hardly: the American Government 
did, undoubtedly, protest most angrily against 
one section of them; but, as Sir Edward Grey 
answered, the restrictions were imposed upon British 
export goods, British coal. and British shipping ; 
and it was certainly within the competence of any 
sovereign state, great or small, to dispose of its 
goods and property as it chose. There can, indeed, 
be no doubt upon this side of the question at all : 
policy and not law will always-determine how far 
this form of pressure can be applied. It may, in 
the future, provoke as much irritation, and as 
many diplomatic incidents as privateering did in 
the past; but there can be no doubt as to its 
legality. 

(iii) The Rationing System.—This branch of the 
blockade requires practically no explanation. It 
meant that the western Allies allowed every country 
adjacent to Germany the same quantity of goods 
as it had received before the war, but no more. 
As soon as statistics showed that this figure was 
being exceeded, all cargoes were stopped. It 
seems, at first sight, quite extraordinary that neutral 
powers should ever have suffered such restraints. 
upon their commercial liberty ; and it would seem, 
moreover, as though such practices could never 
receive that general sanction of civilised states, which 
is, after all, the test by which new rules are incor- 
porated into the law of nations. This conclusion is 
emphasised by the view which our own courts of 
justice have taken. British Admiralty judges 
have refused to allow that the evidence of general 
statistics is enough to condemn a specified consign- 
ment of goods. To secure the condemnation of a 
particular cargo, proof must be forthcoming that 
the bales, crates and goods actually in the ship’s 
hold, when it was arrested, would be re-exported, 
if they were allowed to pass. It is not enough to 
show, by general import statistics, that the neutral 
country to which the cargo is directed, is importing 
more goods of the kind than it did before war began. 
Figures relating to the whole of a country’s imports 
may prove that a large proportion of them are being 
re-exported to the enemy: they prove nothing 
against a particular cargo or a particular consign- 
ment, As the whole rationing system is built up 
upon those very import statistics which our courts 
refuse to admit as evidence, it is easy to see that it 
lacks a legal basis. Is it, on that account, an illegal 
measure, imposed upon weak neutrals by the arbi- 
trary violence of a powerful maritime state ? 
Hardly; for the following reasons. First, it is 
quite possible to conceive of a rationing system 
which would operate entirely by the machinery of 
private agreements. Norway and Denmark were, 
in fact, rationed by contracts with trading associa- 
tions and guilds of manufacturers ; Holland could 
have been rationed by agreements of a similar kind, 
and would have been had not the Netherlands 
Government intervened and created a special 
department of state to make the necessary arrange- 
ments.* No system is illegal which can be built 
up without violating a single international custom. 
Secondly, those instruments of the rationing 








*The Nederlands Uitvoer Maatschappij—known as 
the N.U.M. 
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system which are not private contracts are as much 
genuine agreements between sovereign bodies as 
treaties of peace and alliance. The Dutch-Allies 
agreement of November, 1918, was simply a com- 
mercial treaty terminable at a certain date. It is 
hard to see how the rationing system can be stamped 
as ultra vires when some parts of its machinery are 
registered on the statute book of the law of 
nations. 

Thirdly, the whole system is derived from the 
well-known rule of law, established by many 
English, French and American judgments, that 
goods intended for the common stock of a neutral 
country are free, and those in excess of it confiscable. 

Viewed thus, the rationing system has a certain 
legal status ; and it was certainly no breach of any 
positive rule of law or general standard of inter- 
national comity. But it must be admitted the 
system has a savour of compulsion. The agree- 
ments between Great Britain, neutral merchants, 
and neutral governments are hardly compacts 
signed by free and equal parties. Neutrals signed 
the contracts and agreements, which, taken as 
a whole, put their country under rations, because 
they were confronted with a naval and economic 
coalition of enormous strength; and the tacit 
assent of neutral governments was given for political 
reasons. Probably, therefore, the rationing system 
will always remain outside the scope of international 
jurisprudence in a no-man’s-land between law and 
policy. 

(iv) Measures taken to Discriminate between Enemy 
and Neutral Cargoes by means of Secret Commercial 
Intelligence.—There is, admittedly, an open gap 
between what was actually done on this head, 
and what the law allows. If the matter is to 
be understood, we must return to an explanation 
already given with regard to the Declaration of 
London. It has already been said that the law, 
as it stood in 1914, took no heed of modern methods 
of transport and communication, and assumed 
tacitly that evidence against shipments of contra- 
band would be collected as it always had been in 
the past, from ship’s papers, bills of lading, manifests 
and charterparties. Merchants and persons engaged 
in overseas trade knew that this was not so; but 
there was no liaison between the City, the Foreign 
Office and the Admiralty when the Hague Conven- 
tion and Declaration of London were signed. City 
magnates never criticised the technical aspects of 
either document, and those who contributed to the 
controversies which they raised did so on party 
lines. As a result of the international lawyers and 
diplomatists of the day being completely ignorant 
of the methods and procedure of modern commerce, 
it was agreed that ‘“‘the postal correspondence of neu- 
trals or belligerents, whether official or private in 
character, which may be found on board a neutral 
or enemy ship at sea is inviolable ”’ (11th Convention, 
Article 1, Hague Peace Conference 1907). But, as 
in 1914, neutral traders in contraband relied exclu- 
sively upon mails, wireless and ordinary telegraphy 
for commercial correspondence; and as evidence of 
their intentions could only be collected from those 
neutral and belligerent mails which we had declared 
inviolable, this convention was little but a contra- 
band shipper’s Magna Charta. It has to be admitted 
outright that the British Government detained and 
inspected neutral mails ; and that this was, possibly, 
the one single breach of positive law in the whole 
of our blockade measures. 

Thus far then an analysis of the blockade of 
Jermany leads to the following conclusions : (i) the 
whole structure of it rested upon the right of 
visit and search upon the high seas, and the power 
of the British Navy to intercept all cargoes which 
were going to northern Europe or coming from it ; 
the right of visiting and searching all vessels met 
upon the high seas, and of taking action accordingly 
has not been contested since the seventeenth 
century; effective intercepting dispositions relate 
purely to naval tactics and naval strategy, and 
are outside the scope of the law of nations ; (ii) the 
trading agreements with neutral firms are equally 
outside the range of positive law ; (iii) the rationing 
system, having been made the subject of treaties 
between sovereign states, has found its way on to 
the statute book of the law of nations ; but (iv) cer- 
tain purely technical measures for enforcing admitted 





principles of law are definitely in conflict with 
existing conventions. 

But this piecemeal analysis leaves over a 
supremely important question: all our rights of 
detaining neutral commerce rested upon the re- 
prisals order of March, 1915. By it we trans- 
ferred the rights of a blockading force to a squadron 
of cruisers intercepting commerce upon the high 
seas; and so broke away from two centuries of 
legal doctrine. We justified the Order as an act 
of reprisal ; later Sir Edward Grey claimed that the 
Tenth Cruiser Squadron and the Downs Boarding 
Flotilla were actually blockading Germany in the 
modern sense of the word. Our defence of what 
we did was, thus, not strictly consistent. If the 
March Order was only a reprisal, it ceased to be 
legal when the need for retaliation disappeared; if, 
under modern conditions of war, a cruiser squadron 
several hundreds of miles from an enemy’s coast, 
may Claim the rights of a blockading force, then the 
British Government needed only to state the fact ; 
the law of reprisals should never have been appealed 
to in aid. 

The legality of our naval measures of blockade 
really turns upon a question which is likely to rouse 
great passion if it is ever publicly debated : Are the 
laws of naval belligerency, as defined in two centuries 
of treaties, conventions, and law books to be 
altered because new types of ships, and new weapons 
have altered the practice of naval operations, 
Many persons will answer at once, that law cannot 
be made subordinate to weapons. The law of 
nations must at least be granted the supreme 
status, whether or not it be breached or violated, 
whether or not there be a tribunal to enforce it. 
To alter the law because mines and submarines 
can keep hostile fleets away from a coastline is 
to reverse the natural order of precedence. The 
opposite case may be stated thus: The right to 
stop an enemy’s commerce is inherent in naval 
war; and the law of blockade was little but the 
admission of a right which pre-existed the legal 
definition of a blockaded place. The right to stop 
all commerce was limited to a blockaded place in 
order to strike a balance between the conflicting 
claims of belligerents and neutrals. Is an admitted 
belligerent right, embedded as it is in centuries of 
history, to be made contingent upon the development 
of naval material. The argument about the supre- 
macy of law is two-edged ; a belligerent’s admitted 
rights have as much good law behind them as a 
neutral. These are the two extreme claims; the 
mean bétween them is roughly this: For several 
centuries a place was said to be legally blockaded 
from the sea, if it was encircled by a cordon of ships 
which controlled the approach routes as absolutely 
as an investing army would control the roads and 
highways to it on the landward side : loca obsidione 
obsessa, circumsessa et investita was the defining 
phrase ; it left no ambiguity. The Declaration of 
London left this old and venerable doctrine practic- 
ally untouched: mines, submarines, the growth 
of minor attack, and the fact that heavy squadrons 
have only a low sea-keeping capacity, had made it 
impossible of observance. 

No country which has any power of naval 
resistance can any longer be “ besieged from the 
sea’ in the old sense of the word ; and intercept- 
ing cruisers have necessarily to perform the duties 
of blockading forces. The reprisals Orderin Council, 
which transferred the rights inherent in blockaders 
to the Tenth Cruiser Squadron, seems, at first sight 
an extraordinary novelty ; on closer inspection it 
seems more like a newcomer announced abruptly 
to a company which knew perfectly well that he had 
been a long time upon the road. Had the naval 
delegates at the London Conference brought up the 
technical aspects of naval blockades for discussion, 
there can be little doubt that Articles 1 and 2, 
and Monsieur Renault’s commentary upon them, 
would have been very different. If international 
opinion insists that the old rule shall be upheld 
in all its rigour, the belligerent right to stop the 
whole of an enemy’s seaborne commerce—a right 
which is as old as sea warfare itself—will dis- 
appear from naval warfare. In its reprisals order, 
the British Government claimed rights which will 
probably be claimed and enforced by other naval 
powers, later on ; and—a very’important point to 


remember—a blockade by the League of Nations 
would probably be enforced by naval measures 
which would involve the same restraints upon 
neutral commerce, and would differ as much from 
the strictly legal conception of a naval blockade, as 
our own did. 

Enough has been said to show that the blockade of 
Germany was, throughout, enforced by legal means ; 
that it was not, as many maintain, an overthrow of 
the few rules of law which remained upright after 
the German Government had declared submarine 
warfare upon merchant shipping; and that it was 
never a mere policy of pressure upon neutrals 
which had no means of resistance. If indeed the 
British government were challenged to defend her 
practices at sea, she could justify, item by item, all 
the measures she took, by reference to the principle 
of the law, to the law itself, and to the history of sea 
warfare. It would indeed be a positive advantage to 
this country if international comity allowed a state 
to argue a case of the kind before a deciding tri- 
bunal. The matter would then be condensed to a 
charge sheet, a reply, two sets of arguments and a 
judgment ; and it would be over when the judgment 
was given. As matters stand the British Government 
will have to maintain its position in a long drawn- 
out controversy ; and not in a court of international 
jurisprudence. If public opinion is well informed of 
the subject ; if the matter does not become involved 
in Liberal and Tory controversies, as it did in the 
last century, and before the war; if the nation can 
be made to grasp that it had better disband its fleet 
than admit that our method of using it is illegal, 
then. doubtless, the British Government will be able 
to stand firm against the official, semi-official and 
unofficial arguments of the Continental school of 
jurists. If the matter rouses no public interest, 
the British Government’s position will be far more 
difficult ; for there can be no doubt that the United 
States will lead the onslaught against us. It will 
at once be asked: Are they still free to do so? 
Has not their active participation in the blockade 
of Germany made it impossible for them ever to 
return to their old attitude? The point is worth 
clearing up, and the facts are these. 

From 1914 to 1917, the American Government 
protested repeatedly, in the harshest and most 
exasperated language, about the British blockade of 
Germany. The central point of their contention was 
that the reprisals order of March 1915, was illegal, 
and that all the corollaries to it were so also, From 
1917 to the end of the war they contributed in the 
most handsome fashion to a measure of war which 
they had previously denounced as improper. But, 
although the American contribution to the blockade 
of Germany probably inflicted more loss and suffer- 
ing upon neutral nations in Europe than all measures 
of restraint upon neutral commerce taken previously 
by the Allies, it was none the less given in a form 
which was perfectly consistent with the American 
Government’s earlier attitude. America as it were 
closed the blockade of Germany by placing a general 
embargo upon all American trade with the northern 
neutrals ; and by issuing special licenses for trade 
in particular commodities. The American Govern- 
ment’s measures with regard to neutral trade and 
contraband were always municipal laws and 
regulations for the control of American owned goods 
and produce. With regard to naval operations, the 
Washington government sent a battle squadron 
to join the Grand Fleet, reinforced our cruiser 
squadrons on foreign stations and our destroyer 
forces in home waters ; and supplied us unstintedly 
with mines and naval material; but it never 
allowed its naval forces to take a hand in the 
operations of the Tenth Cruiser Squadron—the 
blockading force—or to assist us in diverting neutral 
shipping to British harbours, and inspecting neutral 
mails ; nor did it ever confirm our « ontraband lists. 
From first to last the assistance given never conflicted 
with the previous protests of the American Govern- 
ment. When, just before armistice, President 
Wilson invited the Allies to agree in common, to 
certain principles, he placed the “freedom of the 
seas amongst them. The inclusion was significant ; 
it proved that the American Government considered 
that it was quite uncompromised by the assistance 
it had given to the Allies, and that it was free to 
return to its traditional policy. 
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in any position. It also ensures a positive return 
on CARDIFF ENGINEERIN G EXHIBITION. of the troughs without jamming, and makes possible 
i the attainment of an increased output, particularly 
“a when delivering against a gradient. The valve gear 
a is positively operated by the piston, but the main 
valve is controlled by air pressure. This arrange- 
ment obviates any of the operating system being 
of outside the engine casting and, in consequence, 
8 5 wear and tear are reduced to a minimum. The 
of ‘““Meco”’ hammer drills make use of flap valves, 
ved which, as they are floating on air, permit of rapid 
” reversal and, when working, result in the imparting 
ra by the piston of rapid blows to the drill. By the 
ia careful balancing of the machine undue shocks are 
- avoided, and the fatigue to which the operator is 
1 subjected is greatly reduced. 
Messrs. John Mills and Co., of Railway Foundry. 
- Llanidloes, Mont., display examples of their 
“ standardised haulage gears. One item is a pair 
x4 of 10-in. diameter and 12-in. stroke double-drum 
i engines, capable of carrying about 1,000 yards of 
A 8-in. rope (see ENGINEERING, vol. cxviii, page 766). 
. This equipment has a rigid steel frame and all the 
- gearing and clutches are also made in steel, while 
- the powerful post brakes are lined with Ferodo. 
* A new type of 50-h.p. haulage gear is also shown, 
which makes use of an electric drive through 
“ machine-cut gearing. 
of Rock drills are shown by the British Flottmann 
d Drill Company, Limited, of Allensbank Works, 
x Cardiff. Of these perhaps the most interesting are 
7 two models, one for breast hole working, such as 
A driving headers and tunnels, and the other for sinking 
" and quarrying operations, both making use of twin 
4 ball valves. ‘Two independent balls control the air 
f supply to the cylinder. By duplicating the valves 
; the port area to the cylinder is considerably increased, 
: and the inertia of the reciprocating ‘parts of the 
2 valve is reduced. These two machines have front 
I head rotation, for which the spirals are straight 
; flutes machined in the piston stem, and thus the 
. need for weak and rapidly-wearing rifle bores and 
: nuts is obviated. The heavier of the two units has 
. Fic. 20. EtecrricaLty-Driven Arr Compressor; Mxssrs. FULLERTON, a four-pawl ratchet mechanism. Another feature of 
Hopeart AND Barciay, Limtrep. this machine is the provision of an axial hole to 
t provide a powerful blast of compressed air, inaddition 
: THE CARDIFF ENGINEERING automatic regulating valve is fitted and is actuated |to the exhaust air which is normally used, for the 
if EXHIBITION. by the rise and fall of the pressure in the receiver. | purpose of clearing the chippings out of the holes. 
is iiaeaman 691 Water cooling is provided for the valve chests as} Forming a part of the cylinder forging in the larger 
1 (Concluded from page 691.) well as for the cylinder. machine there is an automatic pulsation lubricator. 
” DuRING the past few years great improvements| As examples of air-using machinery, reference may | Air compressors also form part of the exhibit 0, 
. have been made in the means adopted for the supply | be made to the display of the Mining Engineering|the British Flottmann Drill Company, Limited 
‘ of compressed air for use in mines in connection|Company, Limited, of Meco Works, Worcester,|Two examples are shown, each compressing and 
. with coal cutters, jigger conveyors and haulages. | consisting of conveyors and hammer drills. A belt | delivering 50 cub. ft. of free air per minute at 100 lb. 
“ The greatest development has been made by the/| conveyor is one of the interesting features of the|persquareinch. One unit is a single-stage machine, 
e introduction of large turbo-compressors, but the/display. This has a gear box, which is totally} but the other is of the two-stage differential piston 
7 smaller equipments which are also necessary, have | enclosed and enables the gears to be run in oil.|type. The valves of both machines are of the 
" also been considerably improved in design. As | Speed reduction is effected in two steps, first by |spring-loaded plate type, and the suction valves 
A an example of a small electrically-driven com-|means of balanced worm gears and, secondly, by|are controlled by a weight unloader. Pneumatic 
* pressor set, attention may be called to the main|spur gears, which carry motion to the two-drums | lubrication serves for the cylinders, but drip lubrica- 
™ exhibit of Messrs. Fullerton, Hodgart and Barclay, | at the driving end of the system, under and over | tion is provided for the crank pins and gudgeon pins, 
l Limited, of Vulcan Foundry and Engine Works, | which the belt is passed. Connection between the | and ring oiling for the main bearings. Both machines 
. Paisley. This set is illustrated in Fig. 20 above. | gears and the driving drums is secured by means of | are of the horizontal type, the single-stage compressor 
s The complete equipment is mounted on a single | jaw couplings, so that the gear-box may be quickly | being totally enclosed, whilst the two-stage set has a 
4 bedplate, and comprises an electric motor, working | removed and placed on the other side of the con-| heavy splash-guard surrounding the crank. An 
d on a three-phase 50-period supply at 400 volts, | veyor head or taken to the surface for examination | intercooler, working contra-flow, is mounted above 
d running at 715 r.p.m. and driving, through | and overhaul, without dismantling the frame. The | the cylinders. 
is gearing, a compressor capable of dealing with | belt of this conveyor follows rolls on the floor and| A good selection of hammer drills was also 
“4 130 cub. ft. of free air per minute, which it delivers | it is claimed, will convey satisfactorily up or down |shown by the Climax Rock Drill and Engineering 
"a at a working pressure of 25 lb, per square inch. The | hill on a gradient as steep as 1 in 4. Wooden rolls | Works, Limited, of Carn Brea, Cornwall. These 
. compressor is of the vertical totally-enclosed type, |on frames, at intervals of 2 yards, serve for the | consist of a 26-lb. hand hammer drill in which the 
A and has a single cylinder of 113 in. diameter. In| support of the woven cotton belting and a tension | valve gear is of the tubular type, and there is a 
“4 this there works a differential trunk piston, the |drum is provided. As small coal may get on the|blow-out valve to send live air down the drill 
. smaller diameter of which is 9in. Air is compressed | return belt when loading, it is necessary to remove | steel for the removal of debris. With it, solid or 
“ above the piston and also in the annular space|it, and so prevent caking under the drums and | hollow twisted auger steels are used, and holes of 
a between the trunk and the cylinder, and the two | damage to the belt. For the purpose a rotary brush from 5 ft. to 8 ft. depth may be cut rapidly 
31 supplies are taken to a common branch piece. The|is used, set at an angle to the belt, and is|by its use in coal or ore, and up to 10 ft. 
a air valves are of the plate type and have the charac- | given a positive drive by an enclosed skew gear.|in softer material. The ratchet ring is fitted 
= teristics of lightness and a very small lift. They | To throw off all large pieces, a deflector plough is| with lugs which lock into grooves in the handle 
‘d are automatic, and are not furnished with gear for | fitted in front of this brush. Reversing gear is|forging, and thus prevent the ring from slip- 
operating them, but they are effectively guided and | included in order that the conveyor, in addition} ping. Other units suitable for heavier duty are 
. are practically frictionless. Forced lubrication is |to the removal of mineral from the workings, may|also shown having valves of the differential 
“a available for every working part of the compressor, a | be used to take timber up to the face. spool type carried in a valve box made in one 
se valveless pump being driven from the crankshaft to| The shaker conveyor shown by the Mining|piece with the cylinder. In these machines a 
“i maintain the supply of oil. This is drawn from a | Engineering Company, Limited, uses an air motor,|push button is operated on the valve when an 
d well in the bedplate through a strainer. A regulat- | which may be operated either as a single or double- | auxiliary blow out is required. Some of the out- 
- ing valve, a relief valve and a pressure gauge are|acting engine. This has the advantage that the|standing features of these hammer drills are the 
0 provided in connection with the pump system to|use of air on both sides of the piston facilitates | renewable chuck bushing, bore-hole blowing device, 
ensure correct control. On the air cylinder inlet an'starting up under load with the troughing rollers | automatic oiling, and four-pawl rotation. The 
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machine may be converted into a drifter by erecting 
it on a light cradle mounting, and it may be used 
for making flat holes on the headings and down 
holes on the bench. The standard Britannia 
hand hammer drills are also shown by this firm 
in two sizes, 26 lb. and 36 lb., as well as pneumatic 
picks and other tools making use of compressed 
air. The Climax coal-cutter is designed on similar 
lines to the reciprocating type of rock drill, but the 
stroke is considerably longer, the blow is of a 
different character, and the total weight is less than 
that of a rock drill of similar size. A column is used 
for mounting, on top of which there is a ratchet 
screw jack for use in tightening the column up into 
position before clamping the drill in place. The 
clamp consists of a rotation sleeve, and carries 
the cone seating on which the machine is mounted, 
and also the worm, which engages the worm wheel 
of the clamp ring, and is used for swinging. The 
rotation of the worm by means of a simple hand 
crank swings the machine round the column, and 
forward feed for the cutter is obtained by the use of 
a feed screw handle at the back of the cradle 
holding the air cylinder. 

In the endeavour to obtain easy and flexible 
working of an air-driven haulage, Messrs. Daniel 
Adamson and Co., Limited, of Dukinfield, have 
resorted to the use of a four-cylinder vertical air 
motor, with a single overhead cylindrical valve. 
The working of this air motor haulage is demon- 
strated on the stand of the company, and the easy 
way in which variations in running may be effected 





to meet momentary requirements can be seen by 
operating it when running against the action of a 
brake. The features of this haulage set are of 
great interest, and the illustrations, Figs. 21 to 23, 
on this page, and Fig. 24 opposite, have been 
prepared to show its construction. The views show 
that the drive is taken from the air motor through 
an enclosed gear, the shafts of which are mounted 
in ball bearings. Outside, on the shaft of the 
larger of the wheels of the first-reduction gear, 
there is a clutch operated by a hand lever, seen 
beside the air engine in Fig. 23. When this clutch 
is in action the drive from the first-reduction gear 
is taken by the outside pinion to the toothed rim 
onthe haulagedrum. At the other side of the drum 
a brake is provided, the construction of which is 
clearly seen in Fig. 23. This brake comes into 
action immediately a pedal controlling the position 
of the brake lever, is allowed to rise. Whenever the 
operator takes his foot off the pedal, the haulage 
gear is brought to a standstill by the braking action. 
Before terminating the references to this part of 
this haulage engine, attention should be called to 
the fact that the coupling of the drum or disc on 
the main shaft of the gears and brake is such that 
the transmission of power is direct between the 
working parts, so that the main shaft is not stressed 
by torsion, but only by the bending due to the 


rope pull. 
The most interesting feature of the intallation 
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is the air motor, which, being separate from the 
gear, may be used as a power engine for any duty 
in places where compressed air is available. It has 
four cylinders cast en bloc, and is completely en- 
closed and thus protected from damage, dust or 
damp; the only protruding part is the rotating 
shaft, which transmits the motion from the main 
gears to those of the haulagedrum. The valve is of 
the rotary cylindrical type, and is driven by a train 
of ball-bearing supported gear wheels from the 
crankshaft (see Fig. 24.). By changing the position 
of the valve horizontally in its cylindrical bushing, 
variations in the speed of running, stopping and 
reversing may be effected. For the purpose of 
making these changes in its position a short lever is 
provided with connection to a groove cut on the 
end of the cylindrical valve, and to vary the setting 
of the shaft on which this is keyed a gate change 
hand lever is provided. It is thus impossible to 
go directly from ahead to reverse working without 
passing through the stop position. 

The air motor is of the uniflow type. Com- 
pressed air is led into the valve and_ passed 
directly to the different cylinders through suitably 
arranged ports. Under normal full load conditions 
the charge is about 45 per cent. of the cylinder 





volume. The air is expanded during the remainder 


oS; 
HavwaGce : Messrs. DANIEL ADAMSON 
LIMITED. 


of the stroke, and exhaust takes place through 
openings in the cylinder walls when the pistons 
reach the bottom of their strokes. There is a 
complete separation of the ingoing and outflowing 
air and, thus, the cold exhaust does not draw any 
heat away from the incoming supply. Governing is 
effected by the use of special slots in the rotary 
valve, through which passes the small amount of air 
remaining in the cylinders after the exhaust ports 
have been closed by the ascending pistons. Com- 
pression is carried on to a pressure nearly equal to 
that at inlet, and the resulting heat is transferred to 
the incoming air. Automatic lubrication is used, 
the oil for which drips from a lubricator into the air 
supply pipe and is carried along with the air. 
In consequence, wherever the air goes oil is taken 
with it, and lubrication is thus provided for the 
rotary valve as well as for the pistons in the cylin- 
ders. All the ball bearings of the crankshaft and 
gears are lubricated by means of grease, and as there 
is no oil in the crankcase the air motor may 
be used in any position. One feature of these 
motors is their low consumption of air, and it is 
claimed that in the 12 h.p., 30 h.p. and 50 h.p. sizes 
only 20 cub. ft. of air is used per minute per 
brake horse-power when the supply is obtained at 
65 Ib. per sq. in. 








of a squirrel cage motor. 
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Fig. 24. Srcrion or Four-CyntinpER VERTICAL AiR Motor; Messrs. DANIEL 
ADAMSON AND Co., LimirEp. 


Electrical plant forms the greater part of the 


display of British Brown-Boveri, Limited, of 


Trafalgar House, Waterloo Place, London, and one 
of the most interesting features is a 2) h.p three- 
phase induction motor with a built-in starter. 


‘The starter, including resistances and switch 


elements is mounted on the shaft in place of the 
usual slip-rings, and in consequence there are no 
external rotor connections. Each section of the 
starter resistance is connected to a pair of studs 
inside the casing, and the short circuiting of the coils 
is effected by the establishment of contact between 
them by circular metallic plates. Each of these 
plates is at the end of a short pivoted lever, and is 
kept away from the contacts, when the motor is 
stopped, by means of springs. When starting takes 
place the machine acts like an ordinary slip ring type 
of induction motor, but as the speed increases the 
resistances are automatically cut out until the 
rotor is as effectively short-circuited as in the case 
To ensure that the 
starting resistance is cut out in stages the springs 
of the contact devices are all of different strength, 
and these are overcome by centrifugal forces as 
higher and higher speeds are attained. As the motor 
speeds at which the contact switches open are 
considerably lower than those at which they close 
increased reliability is obtained on overloads. 
Another electrical device of the firm is their auto- 
matic pressure regulator which is demonstrated in 
action. In principle this consists of a spring con- 
trolled motor system influenced by the line pressure. 
The armature, or the moving coil, in a direct current 
regulator is lightly pivoted and transmits its move- 
ments to two or more contact sections. These roll 
freely over the contacts of the field regulating resist- 
ance, and thus vary the shunt field resistance and the 
excitation current. To obtain rapid regulation the 
moving system is made as light as possible, and to 
prevent hunting, a damping system is flexibly 
connected to it by means of a spring. The contacts 
have grooved surfaces and the corresponding séctions 
of silver strip, which forms the peripheries of the 
sector enable good contact to be obtained with an 
almost frictionless rolling movement. The entire 
moving system is enclosed in a dust-tight case with 
a glass front, and the regulator is entirely self- 





contained and can be easily mounted on any exist- 
ing panel. The device may be employed for the 
limitation of short-circuit currents in generators, 
for the automatic control of induction regulators, for 
the speed control of continuous current motors, for 
the power factor regulation of synchronous motors, 
for the control of electric furnaces, the charge and 
dissharge of batteries and in various other ways. 

Messrs. Evershed and Vignoles, Limited, of Acton- 
lane Works, Chiswick, London, show electrical 
testing equipment. Perhaps the most interesting 
feature of this display is an earth continuity tester, 
which was designed to enable mine managers to 
comply with the Coal Mines Act in regard to the 
testing of all joints and portions of the earth circuit 
in mines. This instrument consists of a moving coil 
indicator with a scale graduated in ohms, together 
with a cell of the nickel-iron type and a pair of 
leads with testing spikes. Normally the length of 
the leads supplied is about 6 ft., but for special 
purposes a longer length may be obtained. Experi- 
ence has shown that when testing the continuity of 
low-resistance circuits it is essential to pass a 
considerable current to make sure that the joints 
have sufficient area of contact to carry any leakage 
current likely to occur, and for this reason the 
instrument is so arranged that on its lowest range a 
current of about 5 amperes passes through the 
resistance under test. There is a compensator 
available to correct for variations in the pressure of 
the cell which supplies this current. 

The reduction of friction is as vital to the successful 
running of mining machinery as it is with appliances 
which are used under better conditions. Considera- 
tion must therefore be paid to the types of bearings 
used and the nature of the lubricants as well as 
their separation from impurities. In many mining 
machines of modern design ball bearings and roller 
bearings are used, and The Skefko Ball Bearing Com- 
pany, Limited, of Luton, display on their stand many 
examples of the application of their well-known 
products. These, in addition to examples such as 
are afforded in general engineering plant as well as 
in mining plant, included the wheels of pit tubs, 
where the diminution of friction, as it reduces the 
effort needed to move the tubs, must prove useful in 
accelerating the work underground. As far as 





selection of lubricants is concerned, mine service is 
very exacting, and for that reason careful investiga- 
tion of the results with particular products is essential 
to economy. Fortunately for the colliery owner, 
much of this investigation work is unnecessary, for 
some of the lubricating oil people have studied the 
actions at first hand, and can provide the most 
suitable blend of oils for any specific purpose below 
ground as well as on the surface. Messrs. W. B. 
Dick and Co., Limited, of 26, Grosvenor-gardens, 
London, §.W.1, is a firm which has undertaken such 
investigations, and the variety of products which 
they exhibit for the many duties in a pit is a good in- 
dication that the conditions of use must be carefully 
studied if economy is to be effected. In a pit oil is 
liable to become contaminated with coal dust and 
grit, which must be removed if friction is to be kept 
to a minimum. For the purpose centrifugal 
separators are available, and Messrs. De Laval 
Chadburn Company, Limited, of Wellington House, 
Buckingham Gate, London, show one of their 
portable electric-driven sets suitable for use at 
collieries. 

There are few engines on show, but attention 
should be called to the exhibit by Messrs. Black:- 
stone and Co., Limited, of Rutland Engineering 
Works, Stamford, of a 17 brake horse-power cold- 
starting oil engine. The fuel is injected into the 
cylinder of this engine by means of a spring plunger 
composed of two members with a spiral spring 
in between them. To one end of this plunger 
the fuel oil is delivered by a governed pump. This 
fuel moves the whole of the plunger with its spring 
bodily outward. Compression of the spring then 
takes place through the action of a lever on the 
outer member of the plunger, while the inner one 
is pressing against the oil. At the inward end 
of its travel the lever relieves the pressure on 
a second or auxiliary spring, which normally keeps 
the fuel injection valve closed against the injection 
pressure, and allows the pressure of the fuel to 
open the valve, when the spring of the plunger 
expands and forces the fuel past the valve into 
the combustion chamber, where it is ignited by 
the heat of the compressed air. These engines 
have a self-starting device consisting of two valves 
and a pressure container with its wheel valve 
and pressure gauge. The valve which controls the 
admission of pressure to the engine cylinder is 
cam-actuated, so that false starts are reduced to 
a minimum. When working on full load, tests 
have given the mechanical efficiency of these 
engines at 92-8 per cent., with a fuel consumption 
of 0-5 lb. per brake horse-power hour, when using 
oil of a net calorific value of 18,160 B.Th.U. per 
pound. 

Messrs. Davey Paxman and Co., Limited, of 
Colchester, call attention to their engines by the 
use of models. These are fitted with the Paxman- 
Lentz valve gear and an inertia type of governor, 
which is sensitive enough to keep the speed within 
1} per cent. of the normal, when half the load is 
suddenly thrown off. They also show examples 
of their “Economic” and vertical boilers. The 
former of these is an 8-ft. diameter unit. It has 
a cylindrical shell with two internal flues and 
return smoke tubes from end to end. At the 
back of the boiler a combustion chamber of brick 
receives the products of combustion, and the gases 
are then passed through the small smoke tubes 
to the smoke-box in front, and finally return 
outside the boiler shell through brick flues in 
the setting to the chimney. One advantage of 
the brick combustion chamber is that it gets 
practically red hot, and thus assists in the obtaining 
of perfect combustion of the gases. 

Boiler-feed water of a satisfactory character is 
not always available, and in consequence troubles 
due to deposits of scale within boilers are frequently 
experienced. Treatment of the water prior to its 
admission to the boiler may reduce the action, 
but a method has been introduced which claims 
the prevention of scale formation though the hardest 
water is fed directly into the boiler. This depends 
on the production of an emulsion within the boiler 
from the mucilage, which can be liberated by 
the action of steam on linseed. The appliance 
for the purpose is known as the “ Filtrator,” and 
is exhibited by Messrs. Haslam and Stretton, the 
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South Wales agents of Messrs. Filtrators, Limited, 
Cory Buildings, Fenchurch-street, London. Our 
readers are probably familiar with the device, and the 
tests undertaken over a period of eighteen months 
with it on the 8.8. City of Cambridge (see ENGINEER- 
ING, vol. cxvii, page 623). Two other features of 
interest to the boiler user are the furnaces made by 
the Turbine Furnace Company, Limited, of 2383, 
Gray’s Inn-road, London, W.C.1, in which the grate 
is subdivided into a number of distinct units each 
with its own firebars, air troughs and steam jet for 
the control of the air currents, and the forced-draught 
furnace and smoke burner of the Heywood Air- 
Tight Damper Company, Limited, of Grove Foundry, 
Gomersal, Leeds. In the latter all the air for the 
combustion chamber passes under the bars, and 
the air passed through the bridge is controlled from 
the front of the furnace. Other devices of interest 
shown by the Heywood Air-Tight Damper Company, 
Limited, are expansion joints for boiler settings to 
prevent air leaks being caused by the expansion of 
boilers, and air-tight dampers and chain boxes for 
economisers. 

The construction of superheaters is shown by two 
exhibits—those of The Dee Superheaters, Limited, 
and of the Unit Superheater and Pipe Company, 
Limited. The former firm, which has its works 
at Bishtons Bridge, Netherton, Worcestershire, 
shows examples of plants with expanded tube 
joints, and also with connections to the headers of 
the union type. Both superheaters have solid- 
drawn steel headers which are D-shaped. In 
the expanded type the handholes are cut in the 
flat surface and have machined metal-to-metal 
joints. As the tubes are expanded into the semi- 
circular section of the header as many as eight 
tube ends are accessible through a single handhole. 
The union-jointed superheater has double headers, 
the flat surfaces of which receive the seatings for 
the joints. All the tubes are identical, and there- 
fore form interchangeable units. In the super- 
heaters of the Unit Superheater and Pipe Company, 
Limited, of Unit Works, Swansea, the entire plant 
is made up of detachable and interchangeable units, 
and the construction is such that no special lifting 
tackle or tools are required for their erection. 
The ends of the tube elements are provided with 
steel collars, and there is, therefore, no need for 
the use of a tube expander. 

An air-driven arcwall heading coal-cutter shown 
by the Diamond Coal-Cutter Company, Limited, of 
Stennard Works, Wakefield is illustrated in Fig. 25 
on this page. This machine is designed to run on 
the pit tram rails, and to facilitate movement 
the wheels are provided with ball-bearings. In 
flitting, it is handled as easily as a tub of coal. 
Prior to operation the machine is run as far as 
possible up to the coal face, with a short cutting bar 
in place, and it is then secured by tightening up the 
adjustable slewing post to the roof. After slewing 
the bar round a little to the left, it is fed forward 
by means of the control hand-wheel until it 
has penetrated the face to a depth of about 8 in. 
The machine is then started up and the power 
feed is engaged. The bar is then automatically 
fed across the heading. After one cut has been 
completed the bar is brought back to its starting 
position and under-cutting to a further depth of 8 in. 
takes place. For cutting-in and cutting-out it is 
possible to feed forward or backward by hand while 
the power-feed is still engaged. As part of the 
standard equipment, two bars are supplied by means 
of which cutting can be done to depths of 2 ft. and 
4 ft. respectively. Whenever necessary it is possible 
to continue the cutting: to a depth of 6 ft., as the 
plain part of one cutter bar can be inserted in the 
near part of the cut which has already been made. 
The rate of automatic slewing feed may be varied 
at will, and a disc is provided on the side of the 
machine which indicates the rate for which the 
machine is set. A quick reversing motion is avail- 
able to bring back the bar to the starting position 
for the next cut. This is actuated by pushing in the 
feed handle, and for considerations of safety it is 
arranged so that, for the quick traverse to function, 
the handle must be held in all the time the 
movement is required. The height from the rail 
level to the centre of the cutter bar is 19} in. 
Machines similar to that illustrated in Fig. 25 but 
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CoMPRESSED-AIR AROCWALL AND HEapine Coat Cutter; THE Diamonp Coa. 


Curter Oompany, LIMITED. 




















Fie. 27. 
Fies. 27 anv 28. 


with an electric drive are also made. Under normal 
working conditions a heading 11 ft. wide can be 
undercut to an average depth of 4 ft. 3 in. in 
63 minutes by this machine, cutting in coal of a very 
hard nature. In test under such conditions the 
air consumption was found to be 150 cub. ft. of free 
air per minute, with a supply ata pressure of 50 Ib. 
per square inch. These conditions being somewhat 
exceptional give an index to the value of the machine 
on heavy work, but under normal conditions the air 
consumption works out at between 100 and 120 
cub. ft. of free air per minute. 

Another exhibit of the Diamond Coal-Cutter 
Company, Limited, is a low type of jigger conveyor, 
an illustration of which is given in Fig. 26. The 
use of such appliances at the coal face is now 
accepted practice, especially in thin seams where 





Fig. 28. 
Snap-Lip AccUMULATOR ; MEssRS. OLDHAM AND Sons, LiMiTED. 


hand labour cannot be employed profitably. By 
their application a regular sequence of operations is 
possible. The face may be cut, the coal filled-off,. 
and the conveyor moved over at regular intervals. 
The compressed air-engine of this conveyor is 
single-acting and pulls the troughing quickly up the 
gradient of the cradle, thus causing the coal to move 
forward. The troughing then falls by gravity. 
and brings the piston of the engine back to the 
starting position. There are two standard sizes of 
engine having cylinders of 9} in. and 11 in. diameter 
respectively. The former is recommended for short 
faces up to 80 yards where a fairly small output 
only is obtainable from a thin seam, while the 
larger engine will operate 100 yards of standard 
troughing on the level. In the illustration is shown 
a side-drive for the troughing, holes being provided 
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in the wing piece to allow of slight variations 
in the relative positions of engine and troughing. 
As many holes are also available for use at a lap 
joirt in the adjustable pulling-rod, it is possible to 
obtain a wide range of extensions to suit prevailing 
conditions. 

In the design of accumulators for use in miners’ 
safety lamps there are two matters of importance 
which require consideration. The first is the 
complete protection of the cells from any intrusion 
of coal-dust or other foreign material when they 
are in service in the pit; and the second, that all 
parts may be rapidly inspected in the lamp room. 
Both these requirements have been effectively met 
by Messrs. Oldham and Sons, Limited, of Hyde- 
road, Denton, Manchester, in their new pattern of 
snap lid accumulator. When it is stated that 
an entire cell can be totally dismantled, and its 
components reduced to the condition shown in 
Fig. 27, and then reassembled in less than a minute. 
it will be understood that the requirement of accessi- 
bility for inspection has been adequately met. 
Protection from coal-dust and dirt is afforded by 
the complete closing of the cell-case by the snap 
lid. It will be noted that the top part of the 
celluloid case of the cell is cylindrical in shape, 
and that the lid is a disc, shaped so that its lower 
edge can be put into the shallow groove on the 
inside edge of the case by the use of a slight pressure. 
If the lid is snapped into place, it may be quickly 
removed by the aid of the simple lever shown in 
use in Fig. 28, while the cell is held firmly in 
a metal container, also shown, expressly designed 
to accommodate the cell and facilitate the opera- 
tion. -With a view to providing miners’ lamps of 
greater candle-power than is customary, Messrs. 
Oldham and Sons, Limited, have now put on the 
market a double-cell unit, the large outer case of 
which is of a shape similar to that illustrated. The 
firm also exhibit a bulb-testing device for service in 
the determination of candle-power, consumption and 
the effects of shock, which is useful in facilitating 
the work in a mine lamp-room. 

It is well known that there are great variations 
in the chemical composition and combustion 
properties of the coals available for steam-raising 
in factories in various parts of the country. South 
Wales is a very good example of a district where such 
conditions prevail, and, in consequence, great 
difficulties have been experienced in the provision 
of suitable stoker equipment to obtain as near an 
approach as is possible to regular and complete 
combustion. For this reason, it is found that 
mechanical stokers which prove successful at one 
colliery are far from being so in others only compara- 
tively short distances away. Effective working with 
whatever fuel is available is, of course, desirable, 
and that it is attainable has been clearly demon- 
strated. Messrs. Edward Bennis and Co., Limited, 
of Little Hulton, Bolton, are amongst the firms 
who have tackled the problems involved. This 
company has, as a result,introduced a type of 
chain-grate stoker, and also a sprinkler type of 
stoker in association with an arrangement of com- 
pressed-air furnace. Both of these contributions to 
combustion equipment are shown at the Exhibition. 

The cellular chain grate stoker which is illustrated 
by a sectional view in Fig. 29, Plate XLVI, is 
generally used in association with water-tube boilers, 
and is eminently suitable for dealing with semi-bitu- 
minous fuels where the use of forced draught is 
necessary for successful combustion. This chain 
grate is composed of links, known as the Bennis 
narrow type of dowelled links, which were designed 
to give a maximum proportion of air space to the 
actual bars in the area of the grate. The purpose 
of this arrangement is to obtain the highest possible 
rate of combustion when low-grade fuels are being 
burned, The grate is driven through a worm- 
reduction gear by the use of a totally-enclosed gear- 
box, in which the gears, which provide for six 
changes of speed, are run in oil. On the front 
sprocket shaft of the grate is the main worm wheel, 
and this has a safety release gear, which, in the event 
of abnormal resistance to the movement of the 
grate, automatically disconnects the shaft of the 
front driving sprocket and allows the grate to come 
to a standstill before any breakage can result. There 
are transverse compartments or cells, underneath 
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and extending the whole length of the grate, into 
which the air is admitted under control as to the 
quantity passed. By the use of this arrangement 
the air supply under pressure is directed to any 
portion of the grate where it is required. The supply 
for each compartment is directly controlled. What- 
ever quantity of bituminous or semi-bituminous 
coal is being consumed, its perfect combustion is 
at all times assured by arranging that the supply 
of air to each cell is suited to the needs of that 
particular portion of the grate. At the exhibi- 
tion only a length of grate and two cells are shown 
for the purpose of demonstration, but the construc- 
tion is adaptable to any length or width of grate, 
such as is shown in Fig. 29. 

The design of the furnace and stoker, when the 
sprinkler type is adopted in association with pressure 
air, for the burning of low-grade fuels, is shown in 
Figs. 30 to 35, on Plate XLVI. In this exhibit, a 
mechanical stoker, with a variable rate of feed, is 
associated with a grate, the movement of the bars 
of which can be changed at will to meet an alteration 
of conditions when a different fuel is being burned. 
The coal is raised into the bunkers above the boiler 
and is fed to the stoker through the hoppers seen in 
Figs. 30 and 31. Charges of fuel fall into the stoker 
at the bottom of the hopper and are propelled for- 
ward by the rocker mechanism which is shown in 
the general] view in Fig. 31. A section through the 
feeder is also given in Fig. 32. The coal falls on 
the reciprocating grate, composed of a number of 
built-up sections, the alternate ones of which move 
to and fro together. Below these sections are the 
air-inlet pipes, through which steam jets induce 
a current of air. Sections of these at two points 
in the length of the grate, are shown in Figs. 33 and 
34, and afford information regarding the way the 
grate is built up and the shapes of the spaces be- 
tween adjacent pairs of bars, while Fig. 35 shows a 
plan of the complete grate. Both boilers on show are 
arranged to be fed from hoppers receiving fuel from 
a Bennis bucket elevator, and thus the complete 
display affords an indication of the plant required 
for economical operation. The bucket elevator 
has a rotary safety feeder, which ensures a steady 
but controllable supply of fuel to the buckets, and 
at the same time prevents them being jammed in 
the boot of the elevator due to over-feeding. When 
the hoppers are full, the elevator is arranged to 
stop automatically and only to re-start when more 
coal must be raised. 
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Maschinenlehre der elektrischen Zugforderung. I.—Aus- 
riistung der elektrischen Fahrzeuge. Second Edition. 

By Dr. W. Kummer. Berlin: Julius Springer. [Price 

9°60 gold marks. ] 

THE subject of electric railway vehicles is attracting 
a good deal of attention on the Continent, and has 
recently provided material for several treatises, of 
which the present edition (the first was published 
in 1915) of Dr. Kummer’s work is an excellent 
example. The title—the equipment of electric 
rolling-stock—is, perhaps, not sufficiently compre- 
hensive to include all the contents. The considera- 
tion of electric railway vehicles—locomotives and 
motor coaches—involves a number of both inter- 
dependent and independent problems; it is not 
surprising, therefore, that the treatment should be 
somewhat disjointed, and to a certain extent 
incomplete. For instance, but little comment is 
made about the arrangement of driving and bogie 
axles for given circumstances, a matter of primary 
importance as determining the riding qualities of 
the vehicle, especially in the case of the express 
locomotive. On the whole, however, the author 
has done his work admirably. 

Chapter I deals analytically with speed-time 
curves in both a _ simplified and a more 
advanced form. The latter is, perhaps, some- 
what involved in consequence of the author’s 
attempt to take so much into account in his 
expressions; e.g., his expression for the tractive 
resistance to train motion is w,-+ w,v*; while 
the assumption of zav* = constant for the 
torque-speed curve of the series motor is not the 
simplest that might have been chosen. Again, the 





expressions for distance and time, though mathe- 
matically rigid under the assumptions, are left in a 
form involving inverse tangents and hyperbolic 
logarithms, and look too complicated to have an 
easy nomographic solution. The second chapter 
deals with railway motor characteristics, and the 
consideration of regenerative braking. The method 
of tackling this problem, as originally given in the 
“Schweizerische Bauzeitung,” did not, however, 
fit the case of the series motor compound-excited for 
recuperation purposes, and for this the author has 
since had recourse to a paper published in the 
Journal of the Institution of Electrical Engineers of 
August, 1923. 

In his treatment of the single-phase railway 
motors, Professor Kummer is to be congratulated 
on having omitted all irrevelant machines: he 
treats only the neutralised series motor for driving 
and the same machine modified as a doubly-fed 
machine for regenerative braking. In Chapter III 
the locomotive is met with, and motor dimensions, 
construction, and applications to individual-axle 
drives are discussed. Chapter IV is concerned with 
collective drives and especially with the periodic 
vibrations which have been the cause of much 
anxiety to, and controversy among, locomotive 
designers. Among the able controversialists, the 
author may be numbered. Adhesion and the 
behaviour of wheels on rails are dealt with in the 
fifth chapter, together with the effects in this 
connection of the pulsating torque furnished by 
single-phase motors, and a consideration of the 
motion of a vehicle on a straight or curved track as 
influenced by jerking, vibration, swaying (in both 
the vertical and horizontal planes) and pitching. 
The final chapter gives tables of comparative weights 
of locomotives and motor coaches, and a note on 
accumulator traction. Altogether the book will 
undoubtedly prove very useful to specialists and 
others interested in this subject. The general 
appearance of the volume—with its almost complete 
immunity from half-tones—is in accord with other 
publications of the house of Springer. 





The J. and P. Transformer Book: being a Practical Tech- 
nology of the Power Transformer. 8S. AusTEN 
Sticant, M.I.E.E., and H. Morean Lacy, B.Sc., 
A.M.I.E.E. London: Johnson and Phillips, Limited. 
[Price 5s.] 

Tus publication is intended to be a general survey 

of the practice concerning power transformers in 

Great Britain, and in compiling it, the authors have 

had in mind the everyday requirements of those 

electrical engineers who have to deal with static 
transformers in all their varied aspects, for the 
transmission and distribution of electrical energy 
for power and lighting purposes. Attention has 
been confined entirely to oil-immersed, self-cooled 
transformers for outputs up to about 2000 kv.-a., 
and so far as general descriptions of construction 
are concerned the treatise has been limited to the 
circular core type of transformer. These limitations 
were adopted owing to the scope of the book, as 
the authors felt that to attempt to enlarge its field, 
so as to deal with other and less widely used types 
and sizes would be a disadvantage rather than other- 
wise. An exception has been made in the case of 
heavy current low pressure furnace transformers, 
where it is recognised that the shell type of trans- 
former is the more suitable. Beyond 2000 kv.-a., 
the authors state that artificially cooled oil-immersed 
transformers are desirable, and that such trans- 
former being required for the transformation of 
energy in bulk and for interlinking power stations 
and systems require very special consideration, and 
for this reason have not been included in the book. 

Nevertheless, there is a large amount of matter 

dealing with general principles.which will, of course, 

also apply to such transformers. 

There are in existence many books dealing purely 
with the question of transformer design, but it 
is probable that there is room for an additional 
book which deals with all those problems which 
arise when, it is desired to purchase a transformer 
which will fulfil the purpose for which it is required. 
The first essential in such a procedure is to set forth 
exactly what these requirements are in the initial 
enquiry for the apparatus. This should contain 
a full and explicit statement of the conditions 
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which have to be met from the customer’s point 
of view, so that the manufacturer may put forward 
a suitable tender. It might perhaps appear quite 
unnecessary to mention such an obvious matter, 
but it is unfortunately a fairly common occurrence 
for essential information to be omitted. There 
are two chapters in the book dealing with this 
aspect of the matter and in which model specifi- 
cations of both transformers and transformer oil 
are included. 

The next essential is to ascertain by final factory 
tests that the necessary guarantees have been 
complied with, in so far as this is possible by such 
means. This question is dealt with in a separate 
chapter, and one follows dealing with shipping, 
installation and maintenance. These questions of 
shipping and installation are matters of considerable 
importance, particularly when the transformer is 
being sent abroad. It is essential that all trans- 
formers should be as free as possible from moisture 
before being placed into commission. Due to 
the hygroscopic nature of the oil and of the insu- 
lating materials used, an appreciable amount of 
moisture will be absorbed by both during transport, 
and drying out on site is therefore very advisable 
in all cases of high tension transformers, for pressures 
of 6,000 volts and upwards. The chapter dealing 
with this matter describes means for doing this, 
and also gives descriptions of suitable apparatus for 
purifying the oil. 

In addition to the above, there are chapters deal- 
ing with polyphase connections for coupling the 
phases of transformer banks, etc., parallel opera- 
tion, neutral point earthing, transformer protection, 
transient phenomena, causes of failure and other 
matters, all of which contain extremely useful 
information. The book has been written by men 
who write upon a subject with which they are 
concerned in their daily lives, and they are to be 
congratulated on having made a valuable contri- 
bution to transformer literature. 








MESSRS. BROWN BAYLEY’S STEEL 
WORKS. 


(Continued from page 654.) 


THE nature of the processes used for tyre making 
may be followed more readily by preliminary 
reference tu Fig. 99, which shows tyres in various 
stages. The block in front is the sliced ingot, 
which after being reheated is slabbed and the central 
hole punched out under a 1,200-ton press. The 
external periphery of the punched blank is then 
rounded up under the same press as shown in 
Fig. 100, on Plate XLVII, the product at this stage 
being shown in Fig. 99 behind the sliced blank. 
When the tyre bloom is to be made entirely by 
forging, the ingot is cut up hot under the press. 
The ingot, as mentioned above, is drawn out from 
18 in. to about 12 in., and after the block has been 
cut off and up-ended the central hole is punched, 
and the blank rounded up as in Fig. 100. It 
is then coned, the rim formed, and the diameter 
enlarged under the becking hammer (Fig. 101), 
and finally finished in the tyre-finishing mill. 
A general view of this mill is given in Fig. 102. 
It was supplied originally by the Brightside 
Foundry and Engineering Company in 1916, 
but, owing to the war, was not put into service 
until 1919, and alterations of some importance, 
all of which are included in the view shown on 
Fig. 102, have been made in it since then. 

Originally the back shaft carrying the main roll 
was longer, and had a third bearing fixed above the 
roll, as is the common practice in recent mills. It 
was found, however, on the one hand, that through 
the difficulty of keeping three bearings in alignment 
stresses were apt to result in the shaft beyond what 
it was designed to carry, and, on the other hand, that 
considerable time and output were lost through the 
necessity of removing the third bearing before 
changing the back roli. Accordingly, the back shaft 
was altered as shown in Figs. 103 and 104, from 
which also can be seen the present method of 
mounting the back roll. The shaft is tapered 
to receive the roll, which is bored to suit it. 
When the roll is being placed on the shaft it 
is packed up between the bottom of the roll 





and the shoulder on the shaft, allowing the roll 
just to rest on the tapered part. The drive 
is by a key through the top of the roll, as shown. 
When the tapered part of the shaft becomes worn, 
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which are made in stainless steel, are given in Figs. 
108 and 109. It will be seen that both leathers can 
be replaced without taking the piston clear of the 
cylinder. The main hydraulic supply is from steam- 
driven three-throw pumps, and Fig. 110 shows a 
section through the pump body. The mill can be 
changed over from the smallest tram tyre to the 
largest engine tyre in the course of 20 minutes. All 
parts of the hydraulic piston and all steam and 
hydraulic valves in connection with the mill and 
pumps are in stainless steel. The valves are found 
to require grinding only once in about two and a-half 
years. 

A combined machine is shown in Fig. 111 for 
detecting and correcting possible defects, though 
their office in these works is practically a sinecure, 
as it is found more economical to prevent the defects 
from arising by care in manufacture. The rounder, 
seen on the left, is a simple hydraulic press working 
in vertical guide columns, with the lower anvil 
block at floor level. If a tyre should be found to 
have been rolled slightly oval, or have become so in 
heat treatment, it is rolled between the columns, 
arranged with its longer axis vertical, and reduced 
in diameter by the pressure of the press ram, which 
has been lowered on to its upperedge. The process 
is repeated until the tyre is truly circular. The 
ringer is an equally simple machine, used for testing 
any tyre for cracks that may have escaped notice 
on superficial examination. It consists of an anvil 
block at floor level, from which vertical columns rise, 
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it is lifted an inch, and the shoulder turned|on which is a guided trip hook. By means of a 


down in situ by means of a tooi fixed on the mill 
bed-plate. 

Another alteration, shown in Figs. 105 to 107, 
allows the side roll also to be removed with the least 
loss of time. It will be observed that the side roll 
shafts are eccentric in form, so as to allow the position 
of the side rolls relative to the horizontal centre line 
of the mill to be varied to suit the direction of 
rotation of the mill, which can be driven in either 
direction, so as to get the maximum life out of 
the bevel gear that forms the main drive. The 
inside roll shaft is carried in the bed of the mill by a 
moving carriage, which is actuated by a 10-in. 
double-acting hydraulic cylinder working at from 
15 ewt. to 40 cwt. per square inch. Details of the 


piston and rod in the hydraulic cylinder, all parts of | 





small, electrically-driven winch the suspected tyre 
is raised some 4 ft. or 5 ft. above the anvil block, on 
to which it is then dropped by tripping the hook, 
and its fate is decided by the note it gives. 

The mill is driven by a compound horizontal non- 
condensing high-pressure engine, with Joy’s radial- 
type reversing valve gear, built by Messrs. Markham 
and Co., Limited, of Chesterfield, a view of which is 
given in Fig. 112. It runs with superheated steam 
at 160 lb. per square inch, is 20 in. by 32 in. by 36 in., 
and at 120 r.p.m. develops 750 h.p. A machine-cut 
bevel pinion is mounted on an extension to the 
crankshaft, and drives the main bevel wheel on the 
back shaft of the mill. 

The improvement in quality of tyres since the old 
methods of making them from welded rings, rolling 
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Water Inlet (Continued from page 675.) 
Praccmne: Te tiny Sg Ds Curtine to precision by the use of an oxygen jet 
associated with a heating oxy-acetylene or oxygen- 
coal-gas burner has now become a recognised means 
of reducing the cost of producing regular and 
irregular shapes in steel plate of any thickness. 
This has followed upon the use of a jointed frame for 
the support of the cutter head and the control of 
its motion against the edge of a template mounted 
above the cutter jet. Mr. Alfred Godfrey, of 
the Godfrey Engineering Works, Boundary-road, 
Westbury-avenue, Wood Green, London, has stan- 
dardised three sizes of machines for this class of work, 
two of which were described in ENGINEERING of 
July 25, 1924. The third machine is capable of 
doing work on a bench or may be obtained mounted 
on an iron bedplate supported on standards, as shown 
in Fig. 31, Plate XLVIII, or can be mounted on 
runners to enable it to be moved about alongside the 
plate to be cut, when large johs, such as locomotive 
side-frames, are being shaped. In many ways the 
new machine, which is shown at Olympia, differs 
from the earlier types, but the quality of the work 
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Connection it oan 
yy 0 Tank tt tT done with it is of the same high standard as is the 
Mercury. ed case with the other models, For regular cutting 
the essential requirement is the provision of means 
_jfhermastat to obtain regular motion round the template. 
(9374.8) “ENGINEERING (ase.8) This is done in all the Godfrey machines by the 
ee motion obtained from a revolving disc by a friction 
Fie. 34. Depra Inpicator; Messrs. Fic. 38. PressurE AND TEMPERATURE Con- drive to a small pulley. In the foreground of the 
QUANTAMETERS, LIMITED. TROLLER ; THE Steam Firrinas Company, LimivTEb. illustration, Fig. 31, this part of the equipment 


is seen. A drive from a small electric motor is 
taken to the large disc by a double belt system and 
variable speeds may be obtained from the disc by 
moving the small pulley nearer to or farther from 
the centre. A scale is placed above the rotating- 
dise so that the speed for any particular class of 
work can be obtained immediately. From the 
variable speed driving system the motion is taken 
to the machine by means of a flexible shaft. In this 
model the motion given to the cutter may be in any 
direction as the carriage for the cutter head may be 
moved outwards on horizontal supporting arms, 
which can themselves be traversed along the 
machine as they are supported on bars running 
the length of the machine. Every endeavour has 
been made to reduce the friction between these 
components so that the cutter head can move 
freely from point to point. In cutting any 
shape it is essential that the movement of the jet 
should be perfectly regular, whether a straight line 
or any shape of curve is being cut. The provision 
made on this machine for this purpose con- 
sists in carrying the drive from the flexible shaft to 
a roller which is always pressing against the tem- 
plate. In consequence the movement of the 
cutter depends solely on the rate of rotation 
obtained from the variable speed drive and is not 
affected in any way by the shape of the template. 
The machine is portable and in consequence can 
be set in position to suit the work. This is of great 
importance as when heavy plates are being dealt 
with, they may be left in any suitable position and 
the light machine brought up to the best loca- 
tion for cutting. The work produced by the 
machine and by the jointed frame type, which is 
also exhibited, has edges which are so well cut that 
subsequent machining is unnecessary unless they 
are to be used as working surfaces, when they may 
be rapidly finished to requirements by light grinding. 

Messrs. Boulton and Paul, Limited, of Norwich, 
are showing a number of their specialities, including 
two examples of the Boulton water elevator. One 
of these elevators was shown at the last exhibition, 
and was described on page 295 of our issue of 
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gaa . sega’ September 7, 1923. It is unnecessary to repeat 
this description, but it may be mentioned that one 

Fires. 35 to 37. Humipiry Inpicator AND CONTROLLER; THE STEAM FITTINGS of the ptt shown Pi action, at the present 
Company, LimiTED. exhibition, is of much larger size than that described, 


and is capable of raising approximately 12,000 
them as weldless rings, and casting the blanks as| square inch, are now produced to stand the falling | gallons of water per hour. The firm are also show- 
cheese slabs were successively abandoned, has been| weight test prescribed by the British standard|ing examples of their “ Electrolite” generating 
steady and considerable. Under the methods | specification forsteel of a maximum tensile strength | sets, which are designed to run on paraffin, and 
described above, tyres for heavy wear made in| of 69 tons per square inch. made in a range of sizes of from 1 to 5 kilowatts. 

steel, having a minimum strength of 70 tons per (T’o be continued.) An interesting new exhibit shown by this firm is a 
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small oti pumping unit, known as the Lowrev 
set, and designed for use asa fireengine for factory or 
country house protection. It willbe evident, however, 
that it will be equally useful for a variety of other pur- 
poses. The set is a development of the portable unit 
made by the same firm for a number of years. It is 
illustrated in Fig. 32, Plate XLVIII, and as the illus- 
tration is practically self-explanatory, it will be suffi- 
cient to give the leading particulars. The engine is 
a single cylinder water-cooled model, identical with 
that used on the firm’s “ Electrolite” set. The 
cylinder has a bore of 3? in., the stroke being 4} in., 
and the engine develops from 4 to 5 brake horse- 
power at 1,000 r.p.m. It is fitted with high-tension 
magneto ignition, pump circulation, and Solex 
carburetter, and is of substantial construction 
throughout. The pump is of the six-stage type, 
with a cast-iron casing and gun-metal impellers. 
The engine and pump are direct-coupled, and are 
mounted together as one unit on a two-wheeled 
chassis of ample stiffness. A metal dashboard 
serves to carry the petrol tank, pressure gauge, 
and magneto switch. The engine and tank are 
completely protected by a _ sheet-metal bonnet. 
The total weight of the set is 700 lb., and the pump 
will deliver 80 gallons of water per minute against 
a pressure of 40 lb. per square inch. The effective 
height of the fire jet through a }-in. nozzle is 55 ft. 

The demand for apparatus for reading the level of 
fluids at some central and distant point, has been 
met by the invention of a number of ingenious 
devices based on different principles. An instrument 
in which electrical transmission is employed, for- 
merly made by the Aster Engineering Company 
(1913) Limited, Wembley, is shown on the stand 
of Quantameters, Limited, Bush House, W.C.2, 
the objects being to minimise internal friction 
and to avoid time-lag, as well as to reduce the 
number of parts employed. The general principle 
can be gathered from Fig. 34, page 703. A 
cast-iron chamber, containing mercury, carries a 
vertical steel tube to which the mercury has access 
and terminates in a gunmetal junction box with a 
screwed cap. The junction box holds the terminals 
of a choking coil, which is encased in a steel tube 
running down to the mercury container, and is 
embedded in a hard insulating material. Over this 
choking coil is a copper tube sealed at the bottom ; 
thus forming a float in the mercury. A connection to 
the tank, the contents of which are to be measured, 
is led to the mercury container, and the pressure of 
the fluid causes a rise of the mercury column to a 
sufficient height to balance it. The float follows 
the movements of the mercury with precision, and 
as it moves over the choking coil, causes a variation 
in E.M.F. To complete the instrument, an alter- 
nating current connection from any convenient 
source is required, and the terminals are also con- 
nected to a special voltmeter, which by appro- 
priate calibration, can be made to read direct in 
teet of water, or tons, &c., as may be required. 
As the operation of the instrument depends upon 
hydrostatic head, changes of volume in the tank do 
not affect the readings, whereas corrections for tem- 
perature are necessary in any method involving the 
measurement of depth or quantity only. The wearing 
parts, being of extrem> simplicity, it is claimed the 
instrument retains its initial accuracy, and that by 
submerging the terminals in a plastic varnish, all 
danger of fire from sparking can be eliminated. 
Fig. 33, Plate XLVIII, shows a modification of the 
instrument for use with a closed tank either under 
pressure or vacuum. A connection is made to the 
top of the float tube, so that there is no pressure on 
the mercury, the effect being obtained from the 
motion of the mercury in vesponse to the changes 
of the liquid level in the storage tank alone. 

Some interesting novelties are shown on the stand 
of The Steam Fittings Company, Limited, of West 
Drayton, Middlesex, of which two are of particular 
interest. The first of these, a humidity indicator 
and controller, is illustrated in Figs. 35 to 37. This 
instrument is designed to record and regulate 
atmospheric humidity in such processes as textile 
work, tobacco drying and wood bending. The 
basic principle of action is similar to that employed 
in the wet and dry bulb thermometer. The two bulbs 
are filled with a liquid having a high coefficient of 


expansion, the motion being transmitted by means 
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of special liquid-tight pistons, which serve to seal; pointer moves over a chart showing curves of 


the bulbs. 


by means of which the movement of the pistons is|shown in Fig. 


The essential details of the mechanism | relative humidity in percentages. 


This chart is 
37. The dry bulb thermometer, 


transmitted to the indicating and regulating appa- | operating through further link motion, actuates a 
ratus are shown in Figs. 35 and 36. The wet and dry | second pointer moving over a scale of temperatures 


bulb thermometers are placed side by side at the (Fahrenheit). 


A reading of the temperature from 


base of the instrument, and their pistons together | this scale is referred to the corresponding temperature 


actuate a single pointer, termed the depression indi- 
cator, by means of independent sectors, 
motion being combined through a differential. 


line on the chart ; following along this, the position 


the |of the first pointer gives the relative humidity 
The|on the depression curve. 


Fig. 35 shows that 
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each thermometer actuates a lever in addition to 
the pointer, these levers being swung on knife edges 
and carrying contacts at their freeends. The travel 
of the contact of the dry bulb thermometer is 
always the same as that of the spindle, the fulcrum 
being fixed halfway along the beam, but that of the 
wet bulb can be varied by a horizontal movement of 
the fulcrum, determined by the adjustment visible 
in Figs. 36 and 37. This adjustment is provided for 
the purpose of setting the instrument to maintain 
any desired relative humidity. By setting the 
graduated handwheel, on the outside of the instru- 
ment shown in Fig. 37, a predetermined degree of 
humidity can be obtained, since the wet bulb lever 
bears a ratio to that of the dry bulb, such that with 
a constant relative humidity both contacts move 
together, and the circuit through the control is 
complete. A decrease in relative humidity alters 
the travel of the contacts relative to one another, 
causing them to separate, thus breaking the circuit. 
Conversely, an increase in relative humidity results 
in the contact being re-made. 





|operation are to be kept constant. 
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It therefore 
replaces the separate reducing valve and thermo- 
static control. The valve on the steam pipe-line, 
shown in section at the bottom of the illustration, 
is of an ordinary double-beat type, but the spindle 
is prolonged and attached to a diaphragm enclosed 
in the casing visible at the top. The spring in this 
diaphragm tends to close the main valve, which is 
normally kept open by the pressure upon the 
diaphragm of a relay medium, which may be either 
air or water at a constant pressure of about 15 Ib. 
per square inch. The inlet connection to the 
diaphragm casing, fitted with a strainer, is seen 
at the left hand; the outlet, which is on the 
centre line, branches to the right and left to two relay 
valves, the sloping pipes from which are simply 
discharge pipes. Outside the relay valves, and 
supported on the same bracket, are two cylindrical 
casings, each of which contains a metallic bellows 
having a concertina-like action. The bellows on the 
left hand contain steam from the outlet, or low- 


If electric control is | pressure main ; the one on the right hand contains 


used, a valve, damper, or motor-starter can be |a fluid capable of ready and marked expansion when 
operated, but when more convenient, a small air | the thermostat, shown at the bottom of the figure, is 


valve can be used as the relay. 


show the instrument as above described, with the | same. 


| 


bulbs directly on the case, but, on occasion, distance 
readings may be necessary. In this event, the 


Figs. 35 and 36|heated. The action of both controls is precisely the 


The main valve spindle carries a floating 
crosshead, which acts as a fulcrum for levers con- 
nected to the two spindles of the bellows. The relay 











bulbs are connected to the instrument by capillary | regulating valves are held on their seats, against the 
tubing. Fig. 37 shows this arrangement, the | action of compression springs on the spindles, by 
details, with the exception of a compensating device | the contraction of the bellows. If, say, an increase 
for the dry bulb, being identical with those of the | of temperature occurs, the bellows expand, and the 
instrument already described. | right end of the lever is depressed; the relay valve 

The second instrument, to which we have referred | then opens and immediately relieves the relay fluid 
as being of particular interest, is the “‘ Drayton” | pressure on the diaphragm. This causes the main 
steady automatic combined temperature and pres- | valve spindle to move upwards. The control spindle 
sure regulator. This instrument is illustrated in| pin then becoming the lever fulcrum, the relay 
Fig. 38. The regulator is designed for those processes | valve is closed again, the movement being repeated 
in which both the steam pressure supplied to the | only when a further increase of temperature occurs. 
apparatus employed and the temperature of the| The action of the valve is, therefore, that of a 
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temperature regulator up to the maximum point 
at which the thermostat is set. Beyond this point the 
steam pressure on the outlet side of the main valve 
is exceeded, and the other relay functions, the 
action being that ofanordinary reducing valve. Inde- 
pendent adjustments, which are not visible in the 
illustration, are provided for altering both pressure 
and temperature settings. Other interesting fittings 
shown by the same firm are an automatic feed-water 
regulator on the thermostatic principle, an oil and 
air regulator for controlling oil burners operated by 
compressed air, and a distant reading boiler-water 
gauge. 

We referred to the Burn transmission, shown on 
the stand of Messrs. Stothert and Pitt, Limited, of 
Bath, in our last issue, and this week we illustrate 
an electrically-driven pump for marine service, 
which is being exhibited by the same firm. The set 
is shown in Figs. 39 to 41, opposite, from which it 
will be seen that it consists of a pump of the makers’ 
positive displacement rotary type, driven through 
reduction gearing from a vertical motor. The pump 
is built under the Feuerheerd patent, and consists of 
two concentric rotors revolving in the same casing. 
The inner rotor is roughly in the form of a triangle 
with rounded corners and hollow sides ; while the 
outer rotor is provided with four recesses or pockets, 
with which the corners of the inner rotor successively 
engage. By this means line contact is always main- 
tained between the two moving parts, and the pump- 
ing action is obtained by the water being alternately 
drawn into, and expelled from, the pockets. It 
should, of course, be understood that the outer rotor 
is driven by the inner. 

The position of the motor is clearly shown in the 
three figures. The drive is transmitted to the pump 
through a hardened and ground steel worm engaging 
with a phosphor-bronze worm wheel, the whole 
being totally enclosed in a cast-iron worm box, as 
shown in Figs. 40 and 41. Combined ball and thrust 
bear:ngs are used for the worm shaft, and the single 
bearing of the motor is of the ball type, so arranged 
that it is free to move along the shaft. The motor 
is manufactured by Messrs. Lawrence Scott and 
Co., Limited, of Norwich, and is equipped with their 
contactor pattern starter. The latter is mounted 
above the pump, as shown in Figs. 39 and 40. It 
will be appreciated that by the employment of 
reduction gearing, it is possible to employ a high- 
speed motor, and thus to effect a very appreciable 
saving in first cost, space occupied, and weight. 

As illustrated, the pump is designed for fresh and 
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sea-water duties; but units which are generally 
similar in design can be supplied for dealing with 
lubricating or fuel oils. For the latter purpose, the 
shaft bearings of the pump are embodied in the 
end covers, and are of the plain journal type. The 
design as a whole provides a unit which is quiet in 
operation, and special attention has been paid to 
providing facilities for easy inspection and overhaul. 

Visitors will at once be struck by the unusual 
design of the stand of Messrs. Thos. Firth and Sons, 
Limited, Norfolk Works, Sheffield. This stand is 
in the form of a large ingot of Firth “‘ Staybrite ” 
silver steel, suspended trom a joist supported on two 
square vertical columns of the same material. Apart 
from the high polish of the material forming the 
surface of the ingot and its supports, this central 
exhibit is made the more interesting since the sur- 
face of the ingot itself will be actually undergoing 
a corrosion test by running water during the whole 
of the exhibition. Besides this feature of the stand, 
there is a wide range of exhibits dealing more parti- 
cularly with the developments of Firth stainless 
steel and the new super-rustless Firth “‘ Staybrite ” 
silver steel, which is suitable for hot and cold 
pressed work of all descriptions. Firth ‘“‘Stay- 
brite ” Steel has an exceptional ductility, combined 
with maximum corrosion-resisting qualities, and 
may be cold pressed to a degree far in advance of 
the so-called stainless irons. ‘‘Staybrite,” more- 
over, presents no difficulties in manipulation, since 
it can be welded, soldered, brazed and riveted with- 
out trouble. 
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The numerous examples of stainless steel turbine 
blading are of particular interest to marine engineers, 
and we may draw attention to a set of actual blades 
taken from a turbine after 15 months’ service, 
demonstrating the superiority of Firth stainless 
steel over the more usual 5 per cent. nickel steel. 
Another interesting feature is a display of cold-drawn 
tubes made from Firth ‘‘Staybrite”’ steel, includ- 
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corrosion-resisting steels, dock, harbour and irriga- 
tion engineers will be interested in the examples of 
large dredger bucket castings and dredger spares, 
together with other steel castings for which the 
Firth foundries are famous. Besides the above, 
the stand contains numerous examples of the firm’s 
well-known small tool productions, such as hack 
saws, files, rivet snaps, cross cut and circular saws, 
and variously shaped cutter block knives for wood- 
working machinery. 

Most of Messrs. Firth’s exhibits are of interest only 
to engineers and metallurgists, but one of them has 
in addition, aroused much interest. This is a deep 
water diving suit made from Firth’s rustless steel. 
As will be seen from Fig. 42, page 705, this suit is 
metallic, and is therefore pressure resisting, resemb- 
ling in these respects the German invention recently 
noted in the daily press as being used in connection 
with the attempt to locate submarine M.1. It 
should be explained that the suit as exhibited is not 
in working condition, the ends of the arms, for 
example, are left in an unfinished condition. 
and therefore appear to be useless. In the com- 
pleted suit, there are very ingenious mechanical 
hands with separately-articulated fingers, which, 
moreover, can be changed for special tools while 
under water, and will each carry a powerful electric 
searchlight to illuminate the work being done. 
This incomplete condition is accounted for by the 


ing condenser tubes, for which special application | fact that the suit was constructed for obtaining data 


this material has shown itself much superior to the 
original forms of rustless steel and iron. Show- 
cases on the stand contain a very wide range of 
articles made from Firth stainless steel and Firth 
‘““Staybrite ” steel. These exhibits include articles 
made from the new super-rustless steel in various 
forms, such as forgings, castings, hollow-ware, 
both cold and hot pressed, cold-drawn wire of 
various gauges, spinnings, tinsmiths’ productions, 
examples of welded, brazed and soldered work, a 
large variety of ornamental pressings and polished 
wares. In addition, there is a comprehensive range 
of corrosion tests, in which specimens of “ Stay- 
brite ’’ steel are shown immersed in the various 
corrosive media, thus demonstrating the complete 
resistance to corrosion which this material enjoys. 
Since the introduction of stainless steel by Messrs. 
Thos. Firth and Sons, Limited, the firm have speci- 
alised in the casting of steel turbine diaphragms 
having in-cast vanes or blades of stainless and 
“Staybrite ” steels, and examples of this work are 
on view. 

Although the exhibits deal primarily with the 





on such points as strength against collapse, water 
tightness, &c., the inventor, Mr. J. S. Peress, of 
Messrs. Tarrants, Byfleet, having commenced work 
upon it five years ago. It has been tested to work 
safely at a depth of 650 ft., the air being supplied 
at about atmospheric pressure through an armoured 
pipe, which contains telephone wires, in addition 
to an outflow pipe for the vitiated air. The latest 
model can however be made with a self-contained 
oxygen system, as in the case of the German appa- 
ratus, which gives more freedom of action for the 
wearer. It is further constructed so that it can be 
put on and taken off more easily, and also gives a 
greater range of vision. The suit weighs, as it 
stands, about 550 Ib., and has two ball and socket 
joints on each limb. These joints are retained in 
the latest model, one of them being illustrated in 
detail in Fig. 43. The essential feature of the 
joint is a rubber container, filled with water through 
the small valve shown on the right. This fills the 
socket of the joint, the “ ball ” portion being central 
and the bottom of the container overlapping on each 
side. As the socket is spherical, movement of the 
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joint does not throw increased strain on the con- 
tainer, but merely alters the position of the water in 
the joint; while the pressure of the external 
water on the limbs causes a thrust which is trans- 
mitted to the walls of the socket, and ensures water 
tightness. The dotted lines, of bellows form, in 
Fig. 43, indicate a safety device, in the form of a 
rubber bag, which is intended to exclude the water 
in the event of a broken joint, whilst the diver is 
being hauled to the surface. 

Messrs. Vickers-Petters, Limited, of Ipswich, are 
exhibiting a four-cylinder, direct-reversing marine- 
engine of 100 b.h.p.; a 60 kw. ship-lighting set, 
and a two-cylinder heavy oil engine, of 70 b.h.p., 
for industrial work. 

The 100 b.h.p. engine is fitted with electric starting 
apparatus which enables it to be started up immedi- 
ately from cold. Reversing is carried out by means 
of compressed air, the operation being controlled by 
a single handwheel. All three engines operate on 
the two-stroke cycle, and are of the low-compression, 
airless-injection type. They are a development of 
the firms’ well-known two-stroke hot-bulb engines, 
the distinctive feature of the new design being the 
completely cooled combustion chamber. This 
feature results in much cooler working of the engine, 
and in a very appreciable reduction in the consump- 
tion of both fuel and lubricating oil, while still 
retaining simplicity and a low working pressure, 
both of which tend to reduce upkeep charges. 

We illustrate the engine for the 60 kw. ship- 
lighting set in Figs. 44 to 48; Fig. 47 showing the 
fuel system, and Fig. 48 the method of starting. 
The general construction of the engine conforms to 
the best modern practice, and hardly calls for 
particularcomment. It may be mentioned, however, 
that the design of the transfer passage and 
of the various ports in the cylinder enables a 
symmetrical piston to beutilised, as shown in Fig. 44. 
The cylinder head is also symmetrical in form, and 
this fact, in conjunction with the complete water 
jacketing of the combustion space, should entirely 
eliminate trouble due to distortion. The cylinder 
liner is a separate piece inserted into the cylinder 
casting, provision being made to allow it to expand 
freely, so that there is little likelihood of cracks 
developing in either the liner, piston, or head. 

The arrangement of the fuel system is illustrated 
in Fig. 47, which shows the system for one cylinder 
only, it being understood that each cylinder is 
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; provided with a separate fuel pump and atemiser, 
the two pumps being controlled by a common 
governor. From the tank, the fuel passes to a 
heater, which is jacketed by the exhaust gases. 
The fuel leaves at the top of the heater, from which 
point it is conveyed to the fuel-pump suction valve. 
The method of operation of the pump, by means of 
the vertical rocking lever shown, will be clear from 
the illustration; but it should be mentioned that 
means are provided for altering the position of the 
pump-actuating cam on the main crankshaft. The 
fuel pump has a constant stroke, but the quantity 
of fuel delivered to the atomiser is regulated by a 
by-pass valve, which is opened by the governor 
before the end of the stroke of the fuel-pump 
plunger, at a point regulated by the speed of the 
engine. The atomiser is arranged to deliver the fuel 
at the correct pressure irrespective of the load or 
speed of the engine. This is effected by the use of a 
spring-loaded needle valve, which can be arranged 
to open at any predetermined pressure. It is 
also adjustable to suit different grades of fuel oil. 
Turning now to the starting system, shown in 
Fig. 48, it will be seen that the movement of the 
starting handle into the starting position introduces 
a rocker arm between the cam and the foot of the 
starting valve. While the handle is in this position, 
the valve will be held open for the required 
portion of the stroke, during which compressed air 
from the receiver will be admitted to the cylinder. 
A non-return valve, which remains closed while 
the starting handle is in the running position, is in- 
troduced into the system close to the cylinder head. 
The necessary initial heating, to ensure the positive 
ignition of the first injection of fuel when starting, 
is provided either by the rapid starting burner shown 
in Fig. 45 ; or, if preferred, by a low-voltage electric 
starting plug. Immediately the engine has attained 
running speed, the use of the burner or plug be- 
comes unnecessary, as the heat generated by the com- 
pression of the air is sufficient to ensure ignition. 
Lubrication is carried out on the dry-sump 
system, and it is claimed by the makers that as a 
result of using this arrangement the oil consumption 
is exceptionally low for an engine of this type. 
The engine will run at all loads from dead-light 
upwards, even immediately after starting up from 
cold, with perfect combustion and regular firing, 
and without the use of external heat. The exhaust 
is claimed to be practically invisible at all times. 
Amongst the well-known products on the stand 
of Babcock and Wilcox, Limited, Farringdon-street, 
E.C.4, is an example of a comparatively new branch 
of their activities in the shape of a totally enclosed 





steam winch. The general appearance of this 





machine will be evident from Fig. 52 on page 710, 
while the various sections shown in Figs. 49 to 51 
serve to illustrate the details. An outstanding 
feature of the winch is the complete protection 
afforded to all the gears and to the moving parts 
of the engine, a point of great importance in deck 
work, and not without value in land operations 
where dust and stone chips abound, as in quarrying. 
At the same time this enclosure does not involve 
inaccessibility, as all the parts can be easily reached 
through hinged doors, and more thoroughly stripped 
by the removal of bolted covers. The winch has 
two cylinders, and is fitted with a large barrel 
and with warping and whipping drums. As will 
be seen from the figures, the gears are straight 
tooth. They are all of steel, and are machine 
cut, which ensures very noiseless action, a charac- 
teristic which is enhanced by their total enclosure. 
Not the least of the advantages of the form of 
construction adopted is that it enables provision 
to be made for adequate and continuous lubrication 
of the bearings. The method of attaching the 
steel gear wheel to the cast-iron barrel is clearly 
shown in Fig. 49. The clutches for whipping, &c., 
appear in Fig. 51, and do not call for any special 
comment. A brake band is fitted to the barrel, 
and is operated from the driving position. 

A noticeable feature of the winch is the flexibility 
obtained by means of the special valve gear fitted. 
There is only one valve between the two cylinders, 
and no eccentrics or link motion. The valve is 
a rotary one, and is driven from the crankshaft 
by a pair of machine-cut bevel wheels. These 
wheels can be seen in Fig. 51, and from the same 
figure it will be seen that the valve shaft is supported 
in a pair of bearings, beyond which is a socket 
coupling with a bolt through it, tight in the valve 
spindle itself but engaging in slots in the socket of 
the valve shaft. This construction enables the 
valve spindle to be moved along its axis whilst 
rotating, by means of a pair of levers on the 
reversing shaft, visible near the stuffing-box. The 
valve itself has a very ingenious system of ports, 
one set of which comes into cperation on the ahead 
drive. Reversal, following the longitudinal displace- 
ment of the valve, brings another set of ports into 
operation, and it will be obvious that there will 
be intermediate positions between the two extremes, 
in which effects analogous to “linking up” or 
“linking out,’ with the usual eccentrics and link, 
can be obtained. This not only permits of steam 
regulation proportionate to the work being done, 
but a braking effect can be obtained by admitting 
steam to the other sets of ports than those in use 
at the moment. Complete control in rapid opera- 
tions can, therefore, be obtained from one lever. 
The machine is exhibited working under compressed 
air supplied from Messrs. Reavell’s stand, and the 
smoothness of reversal and other features can be 
studied at first hand. The attachment of the 
cylinder to the frame can be seen in Fig. 50, in 
which the renewable cylindrical sleeve for the 
crossheads, and also the oil sump in the bedplate, 
are noticeable. The winch is manufactured with 
either single or double gear, the lifting power with 
100-lb. cylinder pressure in the first case ranging 
from 24 cwt. to 60 cwt. according to size, and in 
the second case from 48 cwt. to 120 cwt., the 
approximate weights being between 70 cwt. and 
90 cwt. 

(T'o be continued.) 








Triat TRIP oF THE STEAMER “ Kaponaa.’’—A success- 
ful trial trip was recently made by the collier and 
general cargo steamer Kaponga, which has been built to 
the order of the Union Steamship Company of New Zea- 
land, Limited, by Messrs. William Gray and Co., Limited, 
of West Hartlepool. ‘The vessel is constructed on the 
top-side cantilever-frame system, with poop bridge, 
winch decks and forecastle, and has a length overall of 
292 ft. 6 in., a breadth of 44ft. 3in., anda depth of 21 ft. 
1} in. The hull is fitted with double bottom, top-side 
tanks, and large fore and after peaks for the carriage of 
water ballast, whilst the Hogg-Carr corrugated steel 
hatch covers provide ample openings to enable cargo to 
be rapidly handled by ten steam winches and a warping 
winch aft, ten steel derricks and six coaling gaffs. The 
propelling machinery, fitted aft in the vessel, consists of 
triple-expansion engines, made by the ship builders, and 
having cylinders 204, 33}, and 55 in. in diameter with a 
stroke of 39 in. Steam is supplied by two multi-tubular 
boilers operating at a pressure of 190 lb. per square inch, 
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THE LATE MR. H. W. MORLEY. 

WE regret to have to record the death of Mr. H. W. 
Morley, which took place at Northampton, on 
November 19, last, at the early age of 59. The deceased 
gentleman was for many years managing director of 
Messrs. Cole, Marchent and Morley, Limited, of 
Bradford, a position which he relinquished in 1913 
owing to indifferent health. Since that date he has 
practised as a consulting mechanical engineer. 
Mr. Morley, who was the son of the late Alderman 
J. L. Morley, of Bradford, was educated at Turton 
Hali College, Gildersome, Leeds. He served an 
apprenticeship with Messrs. Kitson and Co., Limited, 
Airedale Foundry, Leeds, remaining with that firm 
for about fourteen months. He then took the 
engineering course at Bradford Technical College, 
becoming one of the first batch of day students. 
In 1885 he was away for a short period of service 
as an engineer on a Cunard liner. In 1886 he spent 
some time in the drawing office of Messrs. Hick, 
Hargreaves and Co., Limited, of Bolton. He later 
took up an appointment as draughtsman with 
Mr. Wilson Hartnell, of Leeds, and remained with 
him for some fourteen months. In 1890 he became 
manager and partner of the old-established business 
of Cole, Marchent and Co., which was subsequently 
styled Cole, Marchent and Morley, Limited. Mr. 
Morley was an able engineer and introduced many 
improvements in mill engine practice. He designed 
and patented a type of piston drop valve gear which 
attracted some attention and which has been applied, 
to a considerable extent, to the engines made by 
his firm. He became a member of the Institution 
of Mechanical Engineers in 1896, and took a prominent 
part in the proceedings of the local branch. He was 
also one of the founders and a past president of the 
Bradford Engineering Society, in which he always 
displayed considerable interest. 





Essay Competition.—In connection with a “ Special 
Education Week,” held recently in Barrow-in-Furness, 
Commander C. W. Craven, O.B.E., R.N., has offered a 
prize of 4/. for the best essay, written by a Vickers’ 
Apprentice, on ‘‘The Making of a Steel Rail: From 
Raw Material to Finished Product.” 


INTERNATIONAL Or EXHIBITION, CRYSTAL PALACE, 
1926.—It is announced by the management of the 
Crystal Palace, London, 8.E.19, that an International 
Oil Exhibition will be held there from April 21 to May 8, 
1926. The whole of the main exhibition building, 
comprising 100,000 sq. ft. of space, under one roof, and 
all on the ground level, has been reserved for the purpose. 
It is also intended to hold an International Petroleum 
Congress during the run of the exhibition, and the chief 
Governments of the world are to be approached in 
connection therewith. 





PerRsonaL.—Mr. F. Morton, Huddersfield House, 
Low Moor, Bradford, has now severed his connection 
with Messrs. Robert Heath and Low Moor Limited, of 
Bradford, and is devoting himself to private work ; 
he is in a position to quote for, and to supply, pumps for 
all purposes to his own special designs.—Messrs, Sleeper 
and Hartley, Inc., of 335, Chandler-street, Worcester, 
Mass., U.S.A., makers of high-speed automatic wire-coiling 
machinery, have taken over the spring-coiling machinery 
department of the American Can Company, of New York 
and Chicago.—Messrs. Alexander Chaplin and Co., 
Limited, Cranstonhill Engine Works, Govan, Glasgow, 
have appointed as their agents for the London area 
the Harvie Corporation Limited, of Broadway, West- 
minster, 8.W.1. 


SurpPpinGc Exurpition DiIvNeER.—On Tuesday, Decem- 
ber 1, Sir Charles A. Parsons presided over a represen- 
tative gathering at a dinner in honour of Overseas 
Visitors to the Shipping, Engineering and Machinery 
Exhibition, at Olympia. The speakers for Great Britain 
include Professor H. 8. Hele-Shaw, Brig.-General M. 
Mowat, and Mr. D. A. Bremner, while the guests were 
ably represented by Sir John A. Cockburn, Australia, 
Captain James B. Stevenson, Commonwealth Liaison 
Officer; Mr. J. Butler, representing the Sawmillers’ 
Association of New Zealand; and Mr. F. W. Watson, 
representing the Chemical, Metallurgical and Mining 
Society of South Africa. Visitors were present from all 
the Dominions and from the United States of America, 
Holland, Japan, France, Belgium, and other countries. 
Several of the speakers alluded to the great advance 
rendered possible in engineering by the discovery of 
stainless steel, Professor Hele-Shaw referring to under- 
water operations as a case in point. He mentioned 
the diving suit shown on Messrs. Firth’s stand as an 
illustration. Mr. Watson stated that the metal would 
prove very valuable in mining in South Africa, where the 
waters were sometimes so acid that he had known a 
pump to become riddled with holes after only 48 hours 
service. Sir Charles Parsons pointed to its value in 
connection with high-pressure steam, in speaking of 
which he forecasted the use of 1,500 Ibs. pressure in an 
engine more economical than the oil engine. Mr. Butler 
drew the attention of engineers to the four and three 
quarter millions of water horse-power still unharnessed 
in New Zealand, and Mr. Bremner sounded an optimistic 
note in his remarks on the machinery export statistics, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The feeling of increased confidence 
that has recently become manifest in the heavy trades, 
has, owing to a variety of causes, found less substantial 
expression in Sheffield and district than in allied engi- 
neering centres. The position as regards steel billets is 
far from satisfactory. Export orders are difficult 
to obtain in face of foreign underquoting, and while 
local requirements are considerable, they are insufficient 
to feed extended plants with a capacity tor much quicker 
output than formerly. Despite recurrent hopes, there is 
little real improvement in shipbuilding steel, while 
makers of wire rods and bar iron are facing severe 
difficulties. Only a general policy of waste elimination 
has prevented heavy losses being incurred in several 
important instances. Increased competition for inland 
traffic, with the consequent development of motor and 
steam lorry services, has caused widespread attention 
to bé focussed on the greater possibilities of special 
steels for constructional and shock-absorbing purposes. 
Leading firms that have devoted extensive research to the 
improvement and increased efficiency of steels of this 
class have, by the receipt of orders from automobile 
makers, more than compensated themselves for a falling 
off in the demand from British railway engineers. The 
manufacture of magnet steel has become a specialised 
branch. Users that were largely dependent on Germany 
are now making greater calls on Sheftield output. Makers 
of wireless apparatus for domestic and shipping use, and 
the home and foreign telephone services, are taking large 
quantities of small magnets. The gross demand has 
grown so substantially since the war that extensions to 
existing plant are under consideration. The tool trades 
are finding an outlet for virtually the whole of their 
current production, though as regards hand tools compe- 
tition from the Birmingham area has resulted in the 
severe pruning of prices. More Russian inquiries are in 
circulation for agricultural requisites, edge tools, saws and 
files. 


South Yorkshire Coal Trade.—While there is no actual 
rush of orders for house coal, the increased business 
recently placed in commission has complicated the 
traffic problem, and complaints of delays in delivery are 
becoming more numerous. New bookings are mostly for 
best-grade house coal, inferior qualities being easier 
without showing any quotable change. The railway 
companies are taking larger supplies of steams. The 
tonnage available for export appears to be in excess of 
requirements, despite price adjustments to meet the 
position. Washed fuel is an active market, and an 
improvement is reported in cobbles and nuts. Quotations: 
Best branch handpicked, 3ls. to 34s.; Barnsley best 
Silkstone, 28s. to 30s.; Derbyshire best brights, 24s. to 
26s. 6d. ; Derbyshire best house, 23s. to 25s. ; Derbyshire 
best large nuts, 17s. to 20s. ; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 16s. 6d. to 19s. 6d. ; 
Derbyshire hards, 16s. to 19s.; rough slacks, 9s. 6d. to 
12s. 6d.: nutty slacks, 6s. to 7s. 6d.; smalls, 3s. 6d. to 
5s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron is still 
in only moderate request for export, but home sales keep 
on quite -a good sale, and supply is none too plentiful. 
Stocks are low, and makers, being fairly well placed as 
regards orders, have agreed to fixed minimum price at 
advanced rates. They state that they have been com- 
pelled to take this step owing to increased cost of pro- 
duction chiefly due to rise in values of furnace coke. 





Cleveland pig-iron prices have been moved up 6d. No. 1 
is now 68s. 6d. for home consumption and 69s. for export ; 
No. 3 g.m.b., 66s. 6d. for home consumption and 67s. for 
export; No. 4 foundry, 65s. to 65s. 6d.; and No. 4 
forge, 64s. to 64s. 6d. 


Hematite.—There is continued good home and export 
demand for East Coast hematite iron. Scarcity is a good 
deal complained of, and the increased production by the 
re-kindling of three additional furnaces this week promises 
to be fully absorbed. Mixed numbers are 75s. to 75s. 6d. 


Foreign Ore.—Foreign ore is, if anything, stronger. 
Market rates are based on best rubio at 21s., c.i.f. Tees. 


Blastfurnace Coke.—-Durham blastfurnace coke is in 
improving demand and is moving up in price. Good 
medium qualities are 21s., delivered here. 


Manufactured Iron and Steel.—There is more doing in 
finished iron and steel, and prices are steadier. Messrs. 
Bolekow, Vaughan and Co. have, in face of keen British, 
Continental and American competition, secured orders 
for 23,000 tons of steel rails for the Egyptian State 
Railway, and have also been successful in booking orders 
for 80 per cent. of the materials required for six new 
steamers being built on the Wear for the Silver, Line, 
as well as the order for plates for a new vessel to be built 
on the Tyne. Common iron bars are Ill. 5s.; iron 
rivets, 121, 15s.; packing (parallel), 8/.; packing 
(tapered), 11/.; steel billets (soft), 7/.; steel billets 
(medium), 7/. 10s.; steel billets (hard), 8/. 28. 6d.:; 
steel ship, bridge and tank plates, 7/. 5s. ; steel angles, 71. ; 
steel rivets, 12/. 10s.; steel joists, 7/.; heavy steel rails, 
8/.; fish plates, 12/.; and galvanised corrugated sheets 
(24 in. gauge, in bundles), 171. 


Shipments of Iron and Steel.—Shipments of pig iron 
and steel from the 'Tees last month totalled 85,667 tons 
comprising 33,323 tons of pig-iron, 6,883 tons of manu- 
factured iron, and 45,461 tons of steel, as compared with a 
grand total of 100,985 tons in October. Last month’s 
total, however, is rather higher than the average monthly 
shipments this year, and it would have been still higher 
but for the bad weather, which has interfered with shipping 
arrangements and caused some delay in shipments. Of 
the pig-iron exported 21,763 tons went to foreign ports, 
and 11,560 tons coastwise. Italy was the largest foreign 
customer with 4,507 tons, Belgium received 4,540 tons, 
America 2,980 tons, France 1,980 tons, Denmark 1,409 
tons, and Germany 1,330 tons. The manufactured iron 
and steel exports fell from 66,278 tons in October to 
52,344 tons in November. India was once more the 
biggest customer for steel, taking 13,871 tons. Other 
principal importers of steel were Cape of Good Hope 
4,334 tons, Egypt 2,187 tons, Japan 1,440 tons, and Natal 
1,373 tons. ‘ 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade a 
dull tone continues to prevail, and even the lower prices 
now quoted have failed to bring out much fresh business. 
The reduction made in the price of boiler plates last 
week has not so far added many new orders to the 
books, although a few have been forthcoming. Ship 
plates and sections are both quiet, but there is a little 
more doing on the part of constructional engineers. 
The brighter feeling is still prevalent and getting stronger 
every day, but, while the inquiry is again larger, fresh 
commitments are still somewhat limited. In the black- 
sheet trade the position has not changed, and active 
conditions continue. The output of the lighter gauges 
and galvanised sheets is on a large scale and order-books 
are well filled for forward delivery. The current quota- 
tions are as follow :—Boiler plates, 11/. per ton; ship 
plates, 7/. 15s. per ton; sections, 71. 7s. 6d. to 71. 10s. 
per ton; and sheets, 7, to } in., 91. 5s. to 91. 7s. 6d. 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—The West of Scotland malleable 
iron trade shows no sign of recovery yet, and conditions 
at the works have not altered. Managements are finding 
great difficulty in securing enough business to keep the 
plant now in commission running for a week on end. 
In the steel re-rolling departments quietness prevails. 
Inquiries all over are poor. The price of ‘‘ Crown ” bars 
is unchanged at 111. 5s. per ton delivered at Glasgow 
stations. 





Scottish Pig-Iron Trade.—No change of any impor- 
tance can be recorded in connection with the Scottish 
pig-iron trade this week. Periodically a few good lots 
are secured, but there is a lack of continuity, and business 
keeps on a low level. Local demands are small owing 
to general trade conditions, and export inquiries are also 
very poor. Prices are steady, and the following are 
to-day’s quotations :—Hematite, 31. 18s. 6d. per ton, 
delivered at the steel works; foundry iron, No. 1, 80s. 
to 82s. 6d. per ton, and No. 3, 77s. 6d. to 80s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, November 28, amounted to 775 
tons. Of that total 685 tons went overseas and 90 tons 
coastwise. For the corresponding week of last year 
the figures were 687 tons to foreign destinations and 
41 tons coastwise, making a total shipment of 728 tons. 


Wages in the Iron Trade Advanced.—Sir John M. 
McLeod, C.A., Glasgow, has made the following intima- 
tion to Messrs. James C. Bishop and Owen Coyle, joint 
secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board :—“ In terms of the 
remit, I have examined the employers’ books for Sep- 
tember and October, 1925, and I certify that the average 
net selling price brought out is 11/. 19s. 1-82d.” This 
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means that there will be an increase in the wages of the 
workmen of 2} per cent. 

Scottish Shipbuilding.— With the year 1925 fast drawing 
to a close and only one more month to run, the ship- 
building figures are not looking nearly so bad as at one 
time seemed probable. Certainly the output will be a 
long way short of that for the record year, 1913, but when 
general trade conditions are taken into account this 
year’s figures are very gratifying. During the past month 
the outputs from the various Scottish districts, with the 
totals for the year to date, were as follow :— 








November, Eleven months, 
1925. 925. 

Vsls. Tons. Vsls. Tons. 
The Clyde -- 10 21,509 196 492,527 
The Forth as ee 2 839 25 8,006 
The Tay af me 1 6,000 5 20,152 
The Dee and Moray Firth 1 914 13 5,843 
Total ... 14 29,262 239 526,528 


The Clyde figures for the past month are much below 
the average, and are the poorest monthly output of the 
year to date. They are 35,600 tons less than for the 
month of November last year, but, nevertheless, bring 
up the output for the eleven months to 196 vessels of 
492,527 tons. The latcer total has, however, been passed 
on eight occasions during the past twenty years—war 
years being excluded. The work which has been turned 
out shows that there has been a fair amount of activity 
in the yards this year, but when the very high oncost 
charges are remembered, the output would require to 
be on a much larger scale to be on a profitable basis. 
The new contracts reported as having been placed during 
the month of November number over twenty, and it is 
satisfactory to record that the machinery for one of the 
two cruisers which are being built in the Royal Dockyards 
is to be constructed by the Fairfield Shipbuilding and 
Engineering Company, Limited, Govan. Despite these 
contracts and those already on hand, the prospects in the 
shipbuilding industry are not very bright. 








NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

The Coal Trade.—Shipments of coal as cargo from 
South Wales in the past week reached the highest total 
for any similar period this year, and reflect the increased 
activity which has been manifest in the coal trade during 
the last three weeks. Exports foreign from all the South 
Wales ports amounted to 518,170 tons, compared with 
432,440 tons in the previous week and 508,610 tons in the 
corresponding period of last year. The improved trade 
with South America and the activity recently shown in 
outward chartering is indicated by the returns. Ship- 
ments to the Argentine in the past week amounted to 
93,800 tons and to Brazil to 43,200 tons. Trade with 
France, however, was comparatively quiet, the depreci- 
ation in the value of the frane continuing to cause 
consumers to hesitate to buy British coal, and exports 
amounted to only 96,900 tons. Italy took 49,500 tons, 
Egypt 24,900 tons, Las Palmas 22,100 tons, and Portugal 
and Spain 16,700 tons each, while the United States 
absorbed 21,500 tons. Exports from Cardiff were raised 
from 257,770 tons to 343,720 tons, at Newport from 
48,490 tons to 64,830 tons, at Port Talbot from 47,120 
tons to 50,480 tons, and at Llanelly from 2,710 tons to 
3,260 tons, but at Swansea they were feduced from 
76,350 tons to 55,880 tons. Meantime the strength and 
scarcity of small coal continues to be the outstanding fea- 
ture of themarket. Prices have further increased and are 
now steady on the basis of 16s. 6d. to 17s. 6d. for No. 3 
Rhondda small, 13s. to 13s. 6d. for coking small, 12s. 6d. 
to 13s. for best bunker smalls, lls. to 12s. for good 
bunker smalls, and 9s. to lls. for cargo smalls, with 
supplies none too readily available. In the large coal 
section, best and second Admiralty large is steady at 
238. to 23s. 6d. and 21s. 6d. to 22s. 6d., respectively, while 
ordinary dry large is also steady at 21s. to 21s. 6d., but 
Monmouthshires are erratic at 18s. 6d. to 20s., and best 
dry large easy at 22s. to 23s. The failure to settle the 
strike of anthracite miners in the United States raises 
hopes that further business will come to South Wales, 
while the possibility of trouble with the soft-coal miners 
is also causing anticipations that orders will be placed for 
steams in the near future. One of the French railways 
which, in the early part of last year, decided not to take 
further supplies of Welsh coal, recently contemplated 
placing contracts for this fuel over the first quarter of 
next year, but have now definitely decided to buy 
German coal in view of tho depreciation in the value of the 
frane. 

Shipping Company’s Losses.—The plight of the shipping 
industry during the past year, particularly as regards 
boats engaged in the near Continental trade, is shown 
in the report of the Llewellyn Shipping Company, 
Limited, Cardiff, which shows a loss of 23,2191. for the 
year ended June 30 last. The loss is attributed to the 
depressed state of the coal trade and the keen competition 
amongst vessels for what business was offering. 





Launcu or THE §.S. “ Scrmtonran.”—Messrs. Ailsa 
Shipbuilding Company, Limited, launched on November 
17 from their Troon yard, the screw steamer Scillonian, 
a special vessel built to the order of the Isles of Scilly 
Steamship Company, Limited, for trading between 
Penzance and St. Mary’s. The triple-expansion machi- 
nery will be supplied by the Ailsa Company from their 
Troon engine works. The vessel will be classed 100 A.1., 
special survey, with Lloyd’s Registry of Shipping. She 
will also comply with the Board of Trade regulations for 
home trade passenger service. 





NOTICES OF MEETINGS. 


Tue Institution oF WatTEeR ENGINEERS.—To-day, 
at 10.30 a.m., at the Geological Society, Burlington 
House, Piccadilly, W.1. Discussion on “ Recent Studies 
Relating to the Purification of Water, and the Action 
of Various Waters on Lead and Copper Pipes,” by 
Dr. John C. Thresh, M.D., and Mr. John F. Beale, B.A.; 
“‘Further Observations on the Biology of Jersey Water- 
works,” by Dr. W. Rushton and Mr. P. A. Aubin, 
F.R.M.S.; “ An Analysis of Scottish Rainfall Records,” 
by Mr. W. N. McClean, M.A., ‘‘'The Afforestation of 
Watersheds,”’ by Lieut.-Colonel J. R. Davidson, M.Sc., 
M.Inst.C.E. Lecture, “‘The London Water Supply,” 
by Mr. H. S. Stilgoe, M.Inst.C.E. 


THE JUNIOR INSTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette, 
“* Super-Heterodyne Reception,” by Mr. A. E. Bower- 
Lowe. Wednesday, December 9.—Visits to various 
works at Letchworth, Herts. Friday, December 11, 
at 7.30 p.m., at the Royal Society of Arts, John-street, 

=» 





Adelphi, W.C.2.—Presidental Address by Mr. J 
Highfield, M.Inst.C.E. 


Tue Institute oF British FouNDRYMEN: LANOA- 
SHIRE BrRANcH.—Saturday, December 5, at 4 p.m., 
at the College of Technology, Manchester. ‘‘ Some 
Metallurgical Points in Electric Steel Castings and 
Notes on Defects,’’ by Mr. F. A. Melmoth. 


Tue Royat INstiITuTION oF GREAT BRITAIN.— 
Monday, December 7, at 5 p.m., at 21, Albemarle- 
street, W.1. General Meeting. 


THE Society or ENGINEERS.—Monday, December 7, 
at 5.30 p.m., at the Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ The Growth of the Gothic 
Church Window,” by Mr. H. E. Irving Taylor, M.A. 


Tue INSTITUTE OF TRANSPORT.—Monday, December 7; 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. ‘Some 
Financial and Political Aspects of Highway Develop- 
ment,’’ by Mr. A. Hacking. 


THE INSTITUTION OF ELECTRICAL ENGINEERS.— 
Monday, December 7, at 7 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Informal Meeting. Discussion 
on the ‘‘ Design and Performance of Protective Relays,” 
opened by Mr. C. L. Lipman. 


THE Royat Society or Arts.—Monday, December 7, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘‘ Coal, Ash and Clean Coal ” (Lecture III), 
by Mr. R. Lessing, Ph.D., F.C.S. Wednesday, Decem- 
ber 9, at 4.30 p.m. Joint Meeting of the Indian and 
Dominions and Colonies Sections. ‘‘The Imperial 
College of Tropical Agriculture,” by Dr. H. Martin 
Leake, M.A., F.L.S. 

THE SuRvEYoORs’ InstitutTION.—Monday, December 7, 
at 8 p.m., at Great George-street, S.W.1. ‘‘ Modern 
Methods of Road-making,” by Colonel C. H. Bressey. 


Tue InsTITUTION OF THE RUBBER INDUSTRY.—Mon- 
day, December 7, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘‘ The Importance of an Adequate 
Intelligence Service for the Rubber Industry,” by Dr. 
S. S. Pickles. 


THE INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, December 8, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ The Selection 
and Properties of Steels Used for Oil-Well Boring 
Equipment,” by Mr. J. H. 8S. Dickenson, Mr. B. Gray, 
and Mr. F. E. Cherry. 


Tue InstITUTE OF MARINE ENGINEERS.—Tuesday, 
December 8, at 6.30 p.m., at 85-88, The Minories, 
Tower-hill, E.1. “‘ Powdered-Fuel Developments,” by 
Mr. L’Herminier. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS: NORTH- 
Mipianp CENTRE.—Tuesday, December 8, at 7 p.m., 
at the Hotel Metropole, King-street, Leeds. ‘‘ An 
All-Electric House,’ by Professor S. P. Smith, D.Sc. 

THE InstTITUTION OF AUTOMOBILE ENGINEERS: 
CovENTRY CENTRE.—Tuesday, December 8, at 7.30 p.m., 
at the Broadgate Café, Coventry. ‘‘Sleeve-Valve 
Engine Development,” by Mr. W. Ferrier Brown. 

Tue InstituTK oF British FOUNDRYMEN: LANCA- 
SHIRE BRANCH—BURNL¥Y SEcTION.—Tuesday, Decem- 
ber 8, at 7.30 p.m. at the Municipal College, Omerod- 
road, Burnley. “Oil Sand and Production,” by 
Mr. West. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : NORTH- 
WESTERN CENTRE StupENTS’ SEcTION.—Tuesday, De- 
cember 8, at 7.30 p.m., at Milton Hall, Deansgate, 
Manchester. ‘‘The Treatment of Overhead Expenses,” 
by Mr. F. C. Lawrence. 

Tue INSTITUTION OF ELECTRICAL ENGINEERS: Scor- 
TISH CENTRE.—Tuesday, December 8, at 7.30 p.m., at 
the Roya! Technical College, George-street, Glasgow. 
** Electricity in Mines,” by Major E. I. David. 

Tue INsTITUTION OF CiIviL ENGINEERS.—Wednesday, 
December 9, at 6 p.m., at Great George-street, 5.W.1. 
Informal Meeting. Subject for discussion. “ The 
Use of Explosives for Scouring Purposes in Tidal Waters,” 
to be introduced by Mr. Charles Henry James Clayton. 

Tur Rapio Society or Great Brirain.—Wednesday, 
December 9, at 6 p.m., at the Institution of Electrical 
Engineers, Savoy-place Victoria-embankment, W.C.2. 
Informal Meeting. Talk on ‘‘The Acoustics of the 
Headphones and Loud-Speaker ” by Mr. A. E. Bawtree. 

Tue InstiTuTION OF ENGINEERS-IN-CHARGE.—Wed- 
nesday, December 9, at 7.30 p.m., at St. Brides Institute, 
Bride-lane, Fleet-street, E.C.4. ‘‘ Oil Fuel for Com- 
mercial Purposes,” by Mr. J. V. Stevens. 





Tue British ACETYLENE AND WELDING ASSOCIATION. 
—Wednésday, December 9, at 8 p.m., at the Old Colony 
Club, Aldwych House, Aldwych, W.C.2. “A Review 
of the Present Position of Oxy-Acetylene Welding and 
Cutting,”” by Mr. C. 8. Milne. 

Tur INSTITUTION OF CHEMICAL ENGINEERS.—Wednes- 
day, December 9, at the Chemical Society, Burlington 
House, Piccadilly, W.1. ‘‘ Magnetic Separation,” by 
Col. B. I. Rolling, D.S.O. 

THE INSTITUTION OF STRUCTURAL ENGINEERS: YORK- 
SHIRE BRANcH.—Thursday, December 10, at 6.30 p.m. 
at the Great Northern Hotel, Leeds. ‘*‘ Concrete Granary 
at Hull,” by Mr. E. F. Sargeant. 


THE InstitTuTE oF Metats: Lonpon Locat SEc- 
TION.—Thursday, December 10, at 7.30 p.m., at the 
Institute of Marine Engineers, 85-88, The Minories, 
Tower Hill, E.1. Joint Meeting with the Institute of 
British Foundrymen. ‘‘ Commercial Aluminium Alloys 
from the Users’ Point of View,”’ by Mr. J. B. Hoblyn. 


Tue Optica Society.—Thursday, December 10, at 
7.30 p.m., at the Imperial College of Science and Tech- 
nology, South Kensington, S.W.7. ‘The Demands of 
the Photogrammetric Surveyor on the Optical Instru- 
ment Maker.” (1) General Principles. By Col. H. S. L. 
Winterbotham, R.E. (2) Perspective. By Licut.-Col. 
M. N. MacLeod, R.E. (3) Precision. By Lieut. M. 
Hotine, R.E. 

Tue InstiruTION OF MECHANICAL ENGINEERS.—Fri- 
day, December 11, at 6p.m., at Storey’s Gate, S.W.1. 
‘‘Foundry Practice — Cast-Iron and Modern Engineer- 
ing Practice,” by Mr. J. G. Pearce. ‘Some Applications 
of Research to Modern Foundry Practice,” by Mr. J. E. 
Fletcher. 

THE INSTITUTION OF ELECTRICAL ENGINEERS: LON- 
DON StupENTs’ Srection.—Friday, December 11, at 
6.15 p.m., at Savoy Place, Victoria Embankment, Ww.C.2 
“The Rotary Converter Automatic Sub-Station, by 
Mr. F, J. Lane. 

Tue Institute or Metats: SwansEA Locat SEc- 
TION.—Friday, December 11, at 7.15 p.m., at the Uni- 
versity College, Singleton Park. ‘‘ Modern Metallurgy,” 
by Prof. J. H. Andrew, D.Sc. 


THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, December 11, at 7.15 p.m., at the Engineers’ 
Club, Albert-square, Manchester. ‘‘ Physics and Engineer- 
ing,” by Mr. A. P. M. Fleming, M.Sc. 

THE Rattway Ctius.—Friday, December 11, at 

7.30 p.m., at 65, Belgrave-road, S.W.1. ‘“‘ Some Little- 
Known Features of Railway Publicity,” by Mr. J. R. 
Hind. 
. Tue Institute or Metats: SHEFFIELD Loca SEc- 
TION.—Friday, December 11, at 7.30 p.m. at the Uni- 
versity, St. George’s Square, Sheffield. ‘‘ Nickel Silver,” 
by Professor F. C. Thompson, D.Met., B.Sc. 


THe Institute or TRANSPORT: NORTH-EASTERN 
Locat Secrion.—Saturday, December 12, at 3 p.m., 
at the Town Hall, Newcastle-on-Tyne. ‘‘ The Organisa- 
tion and Working of the Royal Victoria and Albert, 
and King George V Docks of the Port of London 
Authority,” by Mr. R. C. Mayes. 

THe InstiruTe oF BRITISH FOUNDRYMEN: JANCA- 
SHIRE BrancH—JuNIoR SeEctTiIon.—Saturday, Decem- 
ber 12, at 7 p.m., at the College of Technology, Sack- 
ville-street, Manchester. ‘“‘The Physical Testing of 
Foundry Products,” by Mr. J. 8. G. Primrose. 

Tue Hott Association oF ENGINEERS.—Saturday, 
December 12, at 7.15 p.m., at the Technical Colleye, 
Hull. Lecture: ‘“ Rolling Mills and the Manufacture of 
a 40,000 kv.-a. Turbo-Alternator,”’ by Mr. D. Weir. 














Arr ComPprREessoRS—ADDENDUM.—In connection with 
the reference on page 626 of our issue, November 13, to 
a catalogue of air compressors and vacuum pumps manu- 
factured by Messrs. Tilghman’s Patent Sand Blast Com- 
pany, Limited, of Broadheath, Manchester, it should be 
pointed out the firm’s compressors are not restricted to 
the — there given. They make compressors 
suitable for pressures up to 300 lb. per square inch. 





TENDERS.—In connection with the Sugar-Loaf- 
Rubicon hydro-electric scheme, the State Electricity 
Commission of Victoria, Australia, are calling for tenders 
for the supply of turbo-generators, transformers, switch- 
gear, cranes and accessory plant, to be presented not 
later than April 12, 1926. Further particulars may be 
obtained from the Department of Overseas Trade (Room 
52), 35, Old Queen-street, London, S.W.1. 





Tue INSTITUTION OF MECHANICAL ENGINEERS.—-The 
following prizes for papers read before Graduates’ 
Sections during the session 1924-25 have been awarded 
by the Council of the Institution of Mechanical Engi- 
neers: ‘‘ Pulverised Coal,’’ read before the Graduates’ 
Section, Midland Branch, by Mr. K. C. Barrell, M.A., 
5l.; ‘‘ Recent Developments in Solid-Injection Oil 
Engines,” before the Graduates’ Section, London, by 
Mr. K. Rowell, B.Sc., 41.; ‘‘ The Reduction of Factory 
Costs,”’ before the Graduates’ Section, North-Western 
Branch, by Mr. E. H. Lewis, M.Se., 41.; ‘‘ Involute 
Gearing,’’ before the Graduates’ Section, North-Western 
Branch, by Mr. F. W. L. Heathcote, B.Sc., 3l.; “‘ The 
Erection of Steam-Turbine Plants on Site,”’ before the 
Graduates’ Section, North-Western Branch, by Mr. J. B. 
Cushny, B.Se., 11. The Council have further decided 
that an abstract of Mr. Barrell’s paper shall be published 
in the Proceedings of the Institution. 
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CARDIFF ENGINEERING EXHIBITION. 


(For Description, see Puge 697.) 
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Fig. 32. 
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Messrs. Epwarp BEnnis AND Co., LimITED. 











(fo face page 702.) 








“UaANKNVA ONIMOUG usann UNVIGC GaHHONDG ‘“IOL “9 

















‘TOL 260g 2e8 Suoydisosaq 10,7) 


SMAOM THHLS SAWTAVA NMOUAH SoASSHAN LV LNV Id 


TIATX GLVId 61 ‘F AAMNEOAG ‘ONIMAANTONT - 











Sw 


CEG 





hog 
YY 





‘SHUAT, YOL ANIHOVIT ONILSAT, “LIT “OT 


ONTNTINIONS. (N Ovle, 
P . : & | 
i -ONTWESNION., Yi zz . ‘ . = ! 
a ' 7 - aa ~- 
t - ‘ B ~ 
: 4 ' 


Ls 








NAW 
WWW 
\V — 2 






















































































4 
— = | | i SS ie Ceo) 2 See eee) ORR ZOL cccncuehdeells =, . bane = 
« vale aie : = 
-------------~-----~---~--- FONG $9;)9  -=---=---—---——-=-——-- at 
GOL baz 
4 
p -ONIETANIONG. aN ae ,  pemend Wy 
¥ f — = Qs MA 
Sy 
1M KK 
Be) 
x1 

















I 
ms 
f~- 
See 















































Lt (> -evie) 
| CO Yfla.. VWF, YY; Y Y pt —— YELLE) 
Ss). | Lee 

Dopp NY. _|A PS a - a | 
N NGS net 























' 
! 
| 


CZ) 
JN LS) A 
CON (I % ' 
BS by -—yt—y--—-—- eS | 

















' 
| \ 
| ' 
1 ' 
Ae 

| 
\ 
' 
! 
| 
1 
' H 
! ! 





Wa 














Ya | GP 
2<. a — (| (WALL i 
Y ‘901 Graz 





‘THY ONIHSINI FAAT, ‘ZOT ‘1g 





(web!6) 





$2782 - 
/ 


& 


























B-B--- pet ——- 











PLATE XLVIII. 


ENGINEERING, December 4, 1925. 











THE SHIPPING AND MACHINERY EXHIBITION AT OLYMPIA. 


(For Description, see Page 703.) 
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THE DOLGARROG DAM FAILURE. 


On Tuesday the coroner’s inquest into the loss 
of life caused by the failure of the Lake Eigiau 
dam above Dolgarrog on November 2 was brought 
to a close. Though such. inquiries do not pretend 
to be technical investigations in the strict sense, 
and in fact are sometimes actually misleading on 
engineering matters, they possess the advantage, 
otherwise wanting in the case of an accident of this 
character, that technical evidence becomes available, 
whether the court is capable of assessing its value 
or not. 

In the present instance the evidence of this class 
given would appear to prove conclusively that the 
failure of this dam was due to water working its 
way under the too-shallow foundation of the 
concrete wall, as a result, possibly, of a very dry 
summer last year. The evidence of Mr. Ralph 
Freeman, of the firm of Sir Douglas Fox and 
Partners, stated definitely that in his opinion the 
work was not completed according to plan, the 
concrete being carried at the point of failure only 
18 in. down into the clay on which the work rested, 
instead of 6 ft., as planned. The dam was built 
in two sections, one in 1907-8 and‘ the other in 
1910-11. Mr. Freeman’s firm were consultants only 
for the latter part of the work. The dam appears 
to have failed at a point just within the part com- 
pleted in 1907-8. As the clerk of works in charge 
of the first part of the work is dead and the firm 
of contractors then employed has gone out of 
existence, inquiry in certain directions cannot be 
followed up. The evidence, however, of Mr. Free- 
man, that the exposed structure is at variance 
with the designs certainly supports the view of the 
coroner and jury that there was gross negligence 
in connection with the work. 

The reservoir failed by a gap 60 ft. long and about 
12 ft. deep being washed out underneath the 
concrete structure. It is pointed out that the dam 
has impounded water satisfactorily for fifteen years. 
On the other hand, attention was drawn to the 


S-} fact that, owing to the very dry summer last year, 





the water in the reservoir fell to an abnormally 
low level. It appears to be quite possible that 
under these conditions the upper layer of clay in 
the neighbourhood of the base of the dam would 
be affected, though to what depth any shrinkage and 
cracking would go it is, of course, impossible to 
state definitely. It seems likely, however, that 


3 | such effects may have occurred to a depth sufficient 


to constitute a danger at the point where the 
structure was only carried down 18 in. into the 
clay, but insufficient to give rise to the least risk 
where the concrete had been carried to the designed 
depth of 6 ft. 

It was suggested at the inquest by the coroner 
and jury that Government action of some kind 
would appear to be desirable in the event of 
such occurrences. There is much to be said for 
this. The coroner’s inquest, though often valuable, 
does not carry weight technically as does, for 
instance, a Ministry of Transport inquiry into a 
railway accident, or one by a specially appointed 
commission into failures such as have at times 
occurred in other engineering work. It should, we 
consider, be within the power of the Home Office or 
some department to appoint, in all cases, at least, 
where loss of life is involved or risked, a commission 
composed of, or aided by, experts, in order that 
the most complete evidence may be brought out, 
its value so appraised that blame may be properly 
apportioned, and any lessons to be learnt may be 
correctly stated, properly recorded, and given wide 
publicity. In this country we rely to a large extent 
upon the publicity following official inquiries of 
one kind and another to check undesirable practice 
of various types. A non-expert inquiry, however, 
often leaves intact some line cf defence, or may not 
probe the matter sufficiently for the possible lessons 
to be of benefit in the tuture. We are inclined to 
agree that, with the prospect of the increasing use of 
our water resources, even on the small scale feasible 
in this country, in the interests of the public and of 
the profession, thorough investigation in the event 
of failure should be possible under expert guidance. 
Good engineering has nothing to fear from any such 
step, while the profession would always welcome 
anything which tended to diminish possible risks 
from bad practice. 





ELECTRIC LIGHT AND POWER. 


WHATEVER Other defects may be charged against 
our provisions for the supply of electric light and 
power, they are certainly free from any tendency 
to over centralisation. Indeed the politicians who 
were responsible for the electric lighting legislation of 
the ’eighties of last century intended a multiplication 
of small generating stations. They were mainly 
actuated by the sanguine hope of establishing such 
a system of competition amongst undertakings 
that the consumer would get his current at a rate 
which would not cover the heavy costs inherent 
in all pioneering enterprises, the idea being that 
these should fall exclusively on the venturesome 
investor and be written off by him as a sort of bad 
debt. As is now evident to all, the “rescue” of 
London from a “Tramways Trust” has resulted 
in the ratepayers having to make good an annual 
loss of some hundreds of thousands of pounds. 
The results of the corresponding policy in the 
matter of electric light undertakings is less imme- 
diately obvious, but has beerf officially estimated 
as equivalent to a loss of 100 millions sterling. 
Moreover, it is evident from the report* just issued 
by the Electricity Commissioners that we have a 
marked instance here of the evil men do, living 
after them. A main object in the appointment of 
these Commissioners was to hasten the supersession 
of small stations, but progress in this regard is still 
slow. Each authority possessed of a generating 
station aims at extending it to the limit of the 
site capacity, and resents the alternative of accept- 
ing a supply in bulk from elsewhere. The claim is 
frequently made that the estimated cost of obtain- 
ing additional current by extending the station 
will be less than if further requirements were pur- 
chased in bulk from another authority. In some 





* Fifth Annual Report of the Electricity Commission, 
1925. H.M. Stationery Office. Price 2s. 
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instances, however, the estimated capital cost 
of the extensions has been materially exceeded. 
Moreover, it appears that undertakers offering 
a bulk supply often quote, initially, much higher 
rates than they are prepared to accept, and such 
a procedure naturally tends to maintain in being 
the small and inherently inefficient stations, while 
those responsible for the small station seldom, or 
never, have any regard as to what is to be done 
when the demand outgrows the capacity which it 
will be possible to instal on their site. 

In spite of these obstructions to a rational develop- 
ment of our electric supply systems some material 
progress is being made. In pre-war days the average 
size of unit installed in power stations was only 
522 kw. In 1918 the average size of unit installed 
had increased to 7,044 kw., but the war conditions 
specially favoured large sizes. Even to-day units 
as small as 12 to 200 kw. have had to be sanctioned, 
and indeed only three large units were arranged 
for during the year covered by the report. Of 
these one of 10,000 kw. is to be installed by the 
Aluminium Corporation at Dolgarrog, another of 
15,000 kw. is required for the Neasden station of 
the Metropolitan Railway Company, whilst one of 
40,000 kw. is to be provided at Bellingham by the 
Tees Power Station Company, Limited. In con- 
trast with this we have heard it said that certain 
American manufacturing companies are building 
30,000 kw. units to stock, but this is probably an 
exaggeration. Nevertheless in one station at 
Chicago there are now three units each of over 
50,000 kw. rating. Of these that being supplied by 
Messrs. C. A. Parsons and Co., Limited, will, we 
believe, have a thermal efficiency quite com- 
parable with that of a Diesel engine. 

Some very competent engineers are inclined to 
question the policy of purchasing such large units, 
and to maintain that it would be preferable to 
subdivide the load. ‘The steam turbine is, however, 
essentially a large-unit machine, just as the recipro- 
cator is best adapted to small outputs. The 
possible speeds of rotation are definitely fixed by 
the periodicity of the supply, and it is probably 
good policy to install the largest sizes compatible 
with these definite speeds. The argument that sub- 
division would cheapen construction and erection 
owing to the reduction in the weights to be handled, 
has been a good deal discounted by the extraordinary 
progress made in the design of high-speed generators. 
In 1920, Mr. J. B. Johnson, of the Westinghouse 
Company, gave a diagram of possible outputs, 
according to which the then limit for 3,000 r.p.m. 
was about 10,000 kw. At Bradford the English 
Electric Company have now installed a machine of 
20,000-kw. rating running at the speed stated. The 
single large unit has the advantage of avoiding a 
multiplicity of parts; it presents less surface 
requiring to be machined, and it becomes possible 
to introduce into it refinements commercially 
impracticable with smaller units, unless, perhaps, 
they were built to stock—a desideratum little likely 
to be realised in this country. 

As matters stand here to-day, nearly three 
quarters of the total output of electricity is 
generated at stations having an annual output of 
less than ten million units each. Present conditions 
are well illustrated in the London area. Of the 68 
stations at present in operation here, only those at 
Barking, Stepney, Southwark, Brimsdown and 
Deptford appear to, be considered as suitable for 
development as principal generating stations. The 
selection of Deptford is of particular interest, since 
it was here that Dr. Ferranti inaugurated the 
modern system of electrical supply from large 
stations over large areas. Evidently this pioneering 
station was admirably sited, and its ultimate develop- 
ment will probably surpass the most sanguine 
anticipations of those originally responsible for it. 
The suitability of a site is largely conditioned by 
the availability of condensing water. In this 
connection it is interesting to note that the North 
Metropolitan Electric Power Supply Company are 
desirous of obtaining condensing water for their 
Brimsdown station from the King George Reservoir 
of the Metropolitan Water Board. The Electricity 
Commissioners, after a thorough inquiry into the 
matter, considered that the project was a desirable 
one, and reported in this sense to the Minister of 





Transport. When, however, the latter intimated his 
intention of making an order giving effect to this 
proposal, the Water Board brought an action against 
him in the High Court, the result of which was still 
pending at the date of the report. 

Some interesting notes due to Mr. A. Page on 
electrical supplies in Scandinavia are quoted. The 
conclusion reached is that the wonderful electrical 
developments in these countries is largely attribu- 
table to the bold establishment of transmission lines 
in advance of the immediately obvious requirements. 
This conclusion receives confirmation from the ex- 
perience of the North Wales Power Company. In 
this case the establishment of a comprehensive 
transmission system over a large area has increased 
the demand for current more rapidly than had been 
anticipated. 

Long-distance transmissions are facilitated by the 
powers possessed by the Commissioners of securing 
way-leaves. The rental arranged for by them is 
commonly 1s. per 100 yards of underground cable, 
whilst in the case of the overhead lines the annual 
rent per pole ranges from 3s. to 10s., the price being 
regulated by the amount of interference occasioned 
in the normal use of the land. Several of the main 
transmission lines sanctioned are designed for a 
33,000 voltage, whilst in two cases the voltage is 
66,000. By one of these the North Wales Power 
Company will supply current to Crewe, whilst the 
other is to connect the Dunston station of the 
County of Durham Electric Power Supply Company 
with sub-stations at Aykley Heads and Hesleden. 








MARINE SALVAGE WORK. 


In the salvage of sunken vessels every stage in 
the work of preparing for the final operation has to 
be performed with such care that no new difficulties 
are introduced. Foresight of an exceptional nature 
is therefore demanded trom those in charge of the 
work, and the whole scheme of progression in the 
venture must be thought out beforehand, so that no 
unnecessary risk is taken at any time. The forces 
made use of in the work are considerable, and must 
be applied with care, while observation must be 
made continuously of their action. Weather and 
sea conditions have also to be contended with 
and, unless the worst is always prepared for, may 
be the cause of delay in the work and enormous 
increases in the cost. The salvage of vessels is 
therefore one of the technical callings requiring 
from its exponents the highest type of professional 
skill, while the appliances put into service must be 
absolutely certain in action, and so constructed that 
reliance may be placed on every part withstanding 
the stresses to which it is subjected and working 
with smoothness. In recent years a great advance 
has been made in the work of salvage, and Sir 
Frederick W. Young, in the course of a paper entitled 
“Salvage Work,” which he read at a meeting of the 
Institute of Marine Engineers at the Shipping and 
Engineering Exhibition at Olympia on Friday last, 
contended that this was largely due to the European 
War. Compared with pre-war days, greater lifts 
are now attempted and many operations are under- 
taken and accomplished which formerly would have 
been regarded as offering no promise of success. 
In the course of the war all the previous lifting 
records were far exceeded by the Admiralty craft, 
which consists of six hopper barges converted into 
lifting vessels. 

These barges are 165 ft. long and 36 ft. broad, and 
have a draught light of 5 ft. Each has a safe lifting 
power of 1,500 tons, with an immersion of 11 tons 
to the inch. In the conversion the entire super- 
structure of girders was cut away and the well 
coamings were cut down to 1 ft. in height. The 
hopper doors were plated over, and the vessels were 
strutted from side to side by 14-in. logs supported 
by log stanchions and all tied together. A deck 
was laid over the well with hatches for access, and a 
set of 9-in. lifting wires and other stores are carried 
in this space. Heavy pitch-pine logs were fitted 
on the deck edge and rounded off to take the wires. 
For the supply of steam to the winches a Cochran 
boiler was fitted on the forward end of each vessel. 
In lifting, these barges are used to haul in wire 
ropes which have been placed under the sunken 
vessel. Actually the most difficult part of the opera- 





tion is getting the wire ropes in place, especially if 
the vessel is embedded in sand’ or mud to any 
appreciable depth. Compressed air, pumping, 
explosives, and other expedients have to be resorted 
to for the purpose. Successful work was rapidly 
done in the case of one vessel by the use of monitors 
taken from the decks of two firefloats and lowered 
on slings to the top of the mud, the connection 
from the steam pump to the monitors being made 
with a 6-in. flexible bronze tube. By this means 
trenches 12 ft. long were tunnelled right under the 
bottom of the ship in the required places and 32 
wires were put in place in three weeks, when the 
ship, weighing 5,200 tons, was lifted by the barges, 
assisted by compressed air. Should there be little 
rise and fall in the tide submersible pontoons are 
used. In the case of the uprighting of the Gladiator 
these were attached to 9-in. wire ropes passing 
under the vessel and made fast to the upper side of 
the ship. The pontoons were sunk in position to 
begin with and the water was afterwards expelled 
by compressed air to right the vessel. ; 

The raising of the Vindictive proved a difficult 
task. When salvage operations were started on 
the Belgian coast she could have been floated 
and brought home and preserved as a relic of a 
great exploit, but before any decision was reached 
about the advisability of this, bad weather came on, 
and during a gale the ship broke her back. All the 
bulkheads had been shattered and the bottom 
practically blown to pieces by the charges used 
in sinking her. The removal of concrete and 
mud proved very difficult, and took a long time 
to accomplish. As there was little room for ships 
to pass, and it was probable that if the attempt 
was made to separate the two parts of the vessel 
for lifting she would fall into the channel, it was 
decided to tie the structure together by the use 
of very heavy girders. When raised by the lifting 
barges assisted by compressed air, the historic 
vessel was presented to the King of the Belgians. 

In the salvage operations undertaken in the 
period of the European War compressed air was 
used to a much greater extent than ever before. 
By its use thousands of tons of mud and sand 
were discharged from sunken vessels by means 
of simple ejectors composed of ordinary flexible 
suction hose with a small air pipe inserted at the 
lower end. An example is afforded by the battle- 
ship Britannia, which was saved from becoming 
a total loss by the use of compressed air. When 
entering the Firth of Forth she was obliged to alter 
course to avoid collision with a trawler, and ran on 
the rocks at high speed. Exposed to weather and 
liable to destruction by submarine attack, she was 
in a dangerous situation. The bottom was quickly 
pierced by the rocks and the double bottom flooded. 
By the removal of stores, ammunition and coal, 
the vessel was lightened and air connections were 
made to the lowerdouble bottom, and in twenty-four 
hours sufficient water had been expelled to provide 
the requisite buoyancy to float her off the rocks 
before high water. She was then taken away 
for repairs and made ready for further service. 
She was eventually torpedoed near Gibraltar on 
Armistice Day or the day after. 





ENGINEERING SCHEMES IN PARLIA- 
MENT. 


THE proposals for public works which are to be 
submitted to the next session of Parliament are 
both few in number and lacking in interest. Last 
year competitive schemes for railway construction 
in Nottinghamshire were submitted by the London, 
Midland and Scottish Railway and by the London 
and North Eastern Company. The object of each 
was to secure the traffic from new collieries in the 
Dukeries. This session the two companies have 
united to promote a bill with the object of construct- 
ing and working the railway in question as a joint 
undertaking. The principal line will run through 
mid-Nottinghamshire from Basford to Retford, a 
distance of about 22 miles. Supplementary works 
of the nature of junctions and colliery branches 
will bring up the total length to about 27 miles. 
In addition to this bill, the London Midland and 
Scottish Company seek power for branches to 
one colliery at Thoresby in the Southwell area, 
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THE ROYAL MAIL MOTOR PASSENGER LINER “ASTURIAS.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, SHIPBUILDERS, BELFAST. 











and another to the Welbeck Colliery in the Worksop 
District. The former will be about 2? miles long, 
and the other 3} miles. The most interesting feature 
in the Bill submitted by the Great Western Railway 
Company is the power sought for abandoning certain 
of their existing lines. Amongst these is the 
Dimbath Branch sanctioned in 1866, and the 
Castella line authorised in 1857. It is proposed 
to vest in the local authorities the bridges carrying 
highways over ‘the lines in question. In certain 
cases these bridges will be replaced by an embank- 
ment. The only new works contemplated are 
some widenings and deviations at Swansea and at 
Carmarthen. The Metropolitan Railway Company 
seek powers to construct at Willesden rather over 
3 miles of new line (partly underground), and in the 
same area to make a deviation of their existing 
Baker-street to Harrow line. The only other 
railway proposals are certain dock lines at Whitby 
and for the Manchester Ship Canal at Ellesmere 
Port. These will have a total length of about 33 
miles in all. 

The one noteworthy feature in connection with 
the urban anu suburban transport proposals is 
the fact that the local authorities at East Ham, 
Hartlepool, Worcester and at Colwyn Bay are 
seeking to abandon existing tramways in favour of 
trolley cars or motor buses. In the two areas 
last named the local authorities propose as a pre- 
liminary to purchase existing lines in their areas. 
Similar powers are being sought by the tramway 
companies at Kidderminster and Stourport, and at 
Mexborough and Swinton. The local authority 
at Rhondda seeks exclusive rights as regards the 
running of motor buses in their area. Another 
local authority asking for powers to run buses 
is the Walthamstow Urban District Council. 


ELEcTRICITY. 


Owing to the extensive powers of the Electricity 
Commissioners, there is much less need than 
formerly to promote private bills in connection with 
Supplies of electricity. The Metropolitan Electric 
Supply Company are, however, seeking for a con- 
siderable enlargement of their area of supply, 
which, if amended as proposed, will extend to 
Reading, Henley, Guildford and Reigate. Similarly, 





the Leeds Corporation seek to include within their 
area of supply Temple Newsam and Authorpe. 
Power to construct a generating station at Isle- 
worth is sought by a London power company. 
The condensing water is to be obtained from the 
Thames. The Bristol Corporation propose to 
construct a new power station at Portishead, the 
water needed being abstracted from the Severn, 
and the Hackney Corporation are demanding powers 
for obtaining condensing water from the Hackney 
Cut. In this connection it is interesting to recall 
that not many years ago the selection of sites for 
municipal power stations was governed mainly 
by rating considerations, and comparatively little 
importance was attached to the securing of adequate 
supplies of condensing water. 


WATER. 


The proposals to be submitted for improvements 
in water supplies are of no great engineering interest, 
Various additional works are proposed at Barnet, 
Bristol, Guildford, Hastings, Hull, Trowbridge and 
Wokingham. 


HARBOUR AND Dock Works. 


In the matter of harbour works the most import- 
ant proposal appears to be that of the Dover 
Harbour Board to construct two new shipping 
berths, of which one will be 900 ft. long and the 
other 700 ft. The Bristol Corporation seek 
powers for a new graving dock at Avonmouth, 
and the Newcastle Corporation proposes an exten- 
sion of their existing quay. A scheme for a wharf 
and landing stage on the west side of the Back 
River is promoted by the East Ham Corporation, 
the site being near the effluent outfall. New retain- 
ing walls are proposed by the Aire and Calder 
Navigation on each side of the Humber near its 
confluence with the Trent. 


BRIDGES. 


The Hull Corporation seek powers for a new 
opening bridge in substitution for the existing 
North Bridge, which will be removed. The inci- 
dental works will include a tunnel under the water 
for pipes and cables. Another opening bridge is 





also to be constructed by the corporation across the 








Hedon Haven. The Teignmouth and Shilden 
Bridge Company have a bill authorising the con- 
struction of a new bridge across the Teign, in 
addition to a substitution for the existing structure. 
In connection with the powers already obtained 
for a new high-level bridge across the Tyne the 
Corporations of Newcastle and Gateshead are 
asking authority to construct and operate lifts 
for passengers and goods from the quay to the 
bridge level. 
Roap IMPROVEMENTS. 


Extensive road improvements are proposed by 
the Corporation of Edinburgh, and powers for similar 
works are sought by the local authorities at East 
Ham, Margate, and Mynyddyslwyn. To these 
should be added the proposals of the Heysham 
U.D.C. for the construction of new sea walls and 
promenades. 





THE MOTOR PASSENGER LINER 
‘* ASTURIAS.”’ 


In view of the fact that she is the largest and most 
powerful motor vessel so far built, considerable interest 
is taken in the Asturias, now being completed for 
sea at Messrs. Harland and Wolff’s Belfast yard. We 
gave some particulars of the ship and her machinery, 
together with illustrations of one set of engines and 
of the vessel on the ways, in our issue of July 10 last, 
on page 45, and we now supplement these with the 
photograph reproduced above, which illustrates the 
progress made with the superstructure since that time. 
The Asturias, it will be remembered, is building for 
the Royal Mail Steam Packet Company, and will be 
employed—with a sister ship, the Alcantara, also being 
built by Messrs. Harland and Wolff at Belfast—in the 
former company’s South-American trade. 

The main dimensions of the Asturias are: length 
655 ft. 8 in., breadth 78 ft., and depth 45 ft., while 
her gross tonnage is now given as 22,500 instead of 
22,000, which was the figure mentioned in our previous 
article ; a difference has also to be noted in the total 
number of passengers and crew carried, which will be 
1,800 instead of 1,740. The hull is provided with 
11 water-tight bulkheads forming 12 compartments, 
and, as can be distinguished in the accompanying 
illustration, is designed with a straight stem and a 
cruiser stern. The illustration also shows the two 
pole masts fitted and the two short funnels, which give 
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the vessel a particularly distinctive appearance. A 
prominent feature of the illustration is the 150-ton 
floating crane, which forms an important item of the 
builders’ plant and has, of course, been used for placing 
the machinery and other heavy parts on board. 

The Asturias will be propelled by two four-cycle, 
eight-cylinder, double-acting Diesel engines of the 
Harland-Burmeister and Wain type, developing 20,000 
indicated horse-power between them, when running 
at 115 revolutions per minute, and driving twin 
screws. An illustration in our issue of July 10 
(page 45 ante) showed the engines being tested on 
the brake in the builders’ shops, but the results of 
their trials at sea are naturally awaited with interest 
by engineers in general, as well as by shipowners and 
naval architects; such trials, we understand, will be 
carried out early in the New Year. 

With regard to the passenger accommodation 
provided, it may be said that in this respect the Asturias 
fully maintains the high standard of luxury that, 
notwithstanding the severe depression in the shipping 
industry, has been a marked characteristic of many 
vessels built within the last few years. Her maiden 
voyage will thus mark an epoch in the South-American 
service, as well as in marine engineering. 








THE PUBLIC WORKS, ROADS AND 
TRANSPORT CONGRESS. 
(Continued from page 686.) 

CONTINUING our report of the Public Works, Roads 
and Transport Congress, held at the Royal Agricultural 
Hall, London, N., we have now to deal with the pro- 
ceedings of Monday, Tuesday, Wednesday, and 
Thursday, November 23, 24, 25, and 26. 


LAND SETTLEMENT AND SMALL HOLDINGS. 


On Monday afternoon, November 23, the chair was 
taken at 2 p.m. by Sir Francis Floud, K.C.B., Permanent 
Secretary, Ministry of Agriculture and Fisheries. The 
first paper taken dealt with ‘‘ Land Settlement in New 
Zealand. It was prepared by the Hon. A. D. McLeod 
and by Mr. J. B. Thompson, of the New Zealand Ministry 
of Lands, and was read by Mr. F. T. Sandford, New 
Zealand Immigration Officer, London. The paper 
dealt with the development, administration, classifica- 
tion, and modes of acquisition of land in New Zealand. 
The possession of a prosperous rural community was an 
absolute necessity to New Zealand, since she depended, 
almost entirely, on primary products. The second 
paper, entitled ‘“‘ Are Smail Holdings of Private Owners 
and County Councils in England and Wales Essential to 
National Prosperity ?”? was by Mr. F. H. Osmond- 
Smith. In this the author reviewed what had been 
done in the past in the matter of introducing statutory 
small holdings, and suggested how the system could be 
extended and improved in several directions. 


Matns IN Pusiio Hicuways. 

The conference on the morning of Tuesday, 
November 24, was under the auspices of the Associa- 
tions of Local Authorities and the chair was taken by 
Sir Henry P. Maybury, K.C.M.G., C.B. The first 
paper, on the subject of ‘“ Trench Openings in High- 
ways,” was by Mr. R. Fletcher, of Smethwick. In the 
opinion of the author, co-operation between highway 
and other departments responsible for the laying and 
maintenance of pipes and cables, could do a great deal 
towards minimising the inconvenience to the public, 
and the damage to the highways, caused by the digging 
up of road surfaces. In the case of all new thorough- 
fares, service mains for sewers, gas, water and elec- 
tricity should be in duplicate and disposed on either 
side of the carriage way. When closing an opening 
in a highway, a sufficient length of time must elapse, 
after the filling in of the trench, before permanent 
reinstatement took place. A minimum of one month 
should be allowed, and this might have to be increased 
up to twelve months in certain cases. 

Busy streets were, in some cases, becoming so full 
of pipes and cables, that, with regard to the laying of 
further pipes, the only solution left was that recently 
adopted by one London authority whereby the new 
pipe had been laid at considerable depth, the work 
being carried out by sinking shafts from the surface 
with headings driven between. The greatest possible 
care had, of course, to be taken in the filling and 
ramming of the headings and shafts. 

In a second paper, entitled ‘* Public Utility Services 
Under Highways,” Mr. G. P. W. Terry, gave a sum- 
mary of his paper entitled “ Digest of Statutory Rights 
to Break up Highways,” and considered the whole 
subject from the legal point of view. He stated that 
the hizhway authorities only possessed a vested 
interest in so much of the sub-soil as was required to 
keep up the highway, and so much of the superin- 
cumbent column of air as was necessary to admit of 
traffic of a normal height. The highway authorities 
did not own the highways. As a matter of both 
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history and of law, the view that the highway was only 
for surface users was utterly wrong. It was an abso- 
lute fact that there could not be human habitations 
without a water supply and without its complement, 
the sewer. After calling attention to the various 
rivers and streams in London which had become 
sewers under the roads, the author stated that the 
authorities, in whom were vested all these sewers— 
whether previously open streams or natural drains, 
or conduits made specially to serve as sewers beneath 
the highways—had of necessity the right to break up 
surfaces to get at them. 

The claim that the sewers and the water mains were 
‘* trespassers,”’ could not be maintained. Their presence 
was due to something more than a Parliamentary 
bargain, namely, an indefeasible right based upon 
historic past and present-day necessity. The abate- 
ment of the smoke nuisance was a question of vital 
importance and, to secure improvement under this 
head, modern substitutes for the raw fuel had to be 
conveyed beneath every street to the consumer by 
pipes and cables. The sub-surface sewers, water mains, 
gas pipes, electric and telephone cables, and, in some 
cases, pneumatic tubes were indispensable ; they were 
all liable to accident and had to be maintained, repaired, 
enlarged and renewed ; access to them had, therefore, 
to be permitted. Hence, the road surfaces had, occasion- 
ally, to be broken up, unless, or until, the highway 
authorities chose to supply subways, or else widened 
highways, leaving special strips for accommodating all 
the sub-surface apparatus. The author called attention 
to the order recently issued by the Ministry of Transport 
for reducing the inconvenience arising from the carry- 
ing out of sub-surface works in the Metropolitan area. 

The first speaker, in the discussion which followed, 
was Mr. A. Dryland, who was of opinion that no main 
or drain should be laid in the carriageway, unless there 
were no other place available. When houses were set 
well back from the road, the public utility services 
might well be placed in private soil. The life of a 
road surface, in urban districts, was much reduced by 
trenching operations. He maintained that the digging 
operations necessitated by the laying of one longitu- 
dinal main under an expensive pavement decreased its 
life by one-half. 

Mr. G. Whyatt, of Grimsby, stated that, in the case 
of some new roads made in his district, there were no 
mains of any description under the carriageway. The 
roads were 60 ft. wide, and were made of reinforced 
concrete, surfaced with bitumen. The public-utility 
services were disposed on each side of the road, under 
the footpaths. Mr. Fletcher had mentioned that a 
minimum of one month should be allowed, after 
filling in the trench, before permanent reinstatement of 
the road surface took place. In the majority of in- 
stances, he had been called upon to make good the 
surface in two days. 

Mr. H. H. Humphries, of Birmingham, said that, in 
his city, they had adopted the regulation that, before 
a trench of any kind could be made, notice had first 
of all to be sent to the surveyor. This official arranged 
matters in such a way as to reduce to a minimum the 
inconvenience to the general public. He thought that 
Mr. Dryland’s suggestion would prove expensive, but 
agreed with Mr. Whyatt’s proposed utilisation of the 
footpaths 

Colonel Martin, of Salford, thought Mr. Dryland’s 
suggestion a good one; in the new town-planning 
schemes, houses were set well back from the road and 
this gave plenty of room for pipes and mains. Sir 
Henry Maybury thought that co-operation between 
officials of highway and public utility services was very 
necessary. This view was supported by the authors of 
both papers in their replies to the discussion. 


TARRED Roaps. 


The third paper taken on Tuesday morning was by 
Mr. T. Glover of Norwich, C.B.E., and Mr. A. E. Collins, 
of Colchester, and dealt with ‘‘ The Use of Tar in the 
Construction of Roadways.” The adhesive resinous 
part of coal tar used for road dressing had been found 
to have considerable protective qualities in preventing 
the attrition of the aggregate forming the road crust, 
and a demand soon arose for a quality of tar 
having a higher percentage of the adhesive resins, 
and a lower percentage of the volatile parts. Local 
supplies of tar were advantageous to engineers of urban 
communities, and gasworks were called upon either 
to put in distilling plants or to get the tar treated 
otherwise for the removal of highly volatile naphtha 
and oils. Where the process had been carried out with 
care, to comply with the specifications afterwards 
issued by the Roads Department of the Ministry of 
Transport, the results had been, with few exceptions, 
highly satisfactory. 

Upon a good foundation, a coating of tar-macadam 
4 in. thick, rolled down to 3 in., was sufficient, and, in 
the author’s experience, it had never been found 
advantageous to lay thicker coatings. The application 
of the tarred aggregate to the road should be made on 
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and depressions made up and levelled off by rolling 
Each course of material should be laid to the desired 
thickness and separately rolled before the next course 
was laid. The consolidation of the material was best 
done by a roller of a weight of at least 10 tons. At the 
present time, there appeared to be a tendency on the 
part of authorities to favour imported tars from other 
sources than coal. These petroleum pitches were 
applied at a temperature of 300 deg. F. and over, and 
had little penetrating power. While they left a thicker 
coating than ordinary Road-Board tar, they could not 
be used with advantage on water-bound surfaces. 

Hitherto great quantities of pitch and oils derived 
from tar had been exported for the making of ‘patent 
fuel and for the preservation of timber. It would 
probably be agreed that a better use for the pitch 
could be found in road making and road maintenance. 
Any financial benefit derived from the more advan- 
tageous sales of gasworks by-products was ultimately 
returned to the community. The chief concern should 
be to obtain good, reliable results in use, as well as 
a satisfactory return for an important by-product. 

Mr. E. J. Elford, of Wandsworth, was of the opinion 
that, but for tar, the wonderful development of motor 
transport would not have taken place. Tar, however, 
had its limitations; he considered the authors over- 
stated the case when they said that approved practice 
in the construction of tar-macadam roads was respon- 
sible for the production of a non-skid surface, combined 
with lasting wearing properties capable of withstanding 
the heaviest possible traffic. 

Sir Henry Maybury thought that there was plenty 
of room for both tar and bitumen as road-making 
materials; the quantities required were very great. 
Mr. Collins, in a short reply, stated that tar-macadam 
was quite satisfactory for main country roads; it had 
not been intended to convey the impression that this 
material would withstand the heavy traffic of, say, 
Sheffield or Glasgow. 


THE STRENGTHENING OF BRIDGES. 


The chairman at the afternoon session was Mr. Frank 
Massie, of Wakefield. The first paper taken was 
“The Strengthening of Bridges,” by Messrs. Mitchell 
and Chettoe. We reproduce this on page 721 of 
our present issue. 

Mr. G. T. Cockerton, of the County of Oxford, 
who opened the discussion, referred to the authors’ 
Fig. 4, and stated that he was glad to see that the 
reinforced-concrete slab was not placed directly on 
the crown of the arch, but was resting at the centre, 
on an earth filling. He also referred to Fig. 18, 
which showed how a girder of moderate size might 
be deepened by having another girder riveted above 
or below it. He had adopted a similar method, 
some three or four years previously, for the bridge 
at Sonning-on-Thames. The Ancient Monuments 
Consolidation and Amendment Act of 1913, was 
working well, but he considered that before a bridge 
was scheduled as a historical monument, the County 
Council and its engineer should be consulted. He 
thought that the permissible maximum stress on 
concrete could be raised from 600 Ib. to 800 lb. or 
900 Ib. per square inch with perfect safety; the 
continued use of the figure 600 lb. was wasteful and 
extravagant. He had himself obtained seven-day 
crushing strengths of from 4,000 lb. to 5,000 lb. per 
square inch. 

The next speaker, Mr. A. E. Collins, said that he 
would like to hear what the authors thought of the 
injection of cement under air pressure, for repairing 
old bridges. The injection of silicate of soda for 
reconstituting old and perished mortar was another 
interesting proposition. Mr. Wilkinson, of Willesden, 
while agreeing with Mr. Cockerton as to the strength 
of concrete, thought that they would have to consider 
very carefully any reduction in the thickness of abut- 
ments. Mr. Horton, of the County of Derbyshire, 
referred to the author’s statement that where head- 
room and cross-sectional area of opening were 
unimportant, the relieving arch in a brick or masonry 
bridge, could be constructed within the existing one 
(Fig. 5), the abutments being thickened inwards at 
the same time. He stated that, some few years ago, 
he had strengthened a_ bridge in a similar manner, 
but had, in addition, put in a continuous invert as 
well. The weight was, therefore, carried on the 
whole of the bed. 

Mr. G. F. Gettings, of the County of Worcester, 
stated that he also had used the invert method in 
repairing several bridges. He had recently inspected 
the work done by engineers of the P.L.M. Railway of 
France. There were two old cast-iron bridges across 
the Rhone, each having spans of from 170 ft. to 180 ft. ; 
In one case there were five arches and in the other 
seven arches. A fully illustrated account of the 
strengthening of one of these bridges was given in 
ENGINEERING, vol. cxix, page 159. By methods of 
strengthening, using steel and concrete, they had been 
made perfectly satisfactory, and were now fully capable 
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on the railway. He had never seen reinforced-concrete 
work carried out more effectively. There were three 
bridges over the Severn which were of a similar 
character, having spans of 175 ft. He had recom- 
mended to his highways committee that these should 
be strengthened in a manner similar to that used on 
the Rhone railway bridges. 

Mr. T. P. Frank, of Cardiff, referring to the Tay 
Bridge disaster, said that, while traffic questions were 
important, the subject of wind pressure should not be 
lost sight of, and, in his opinion, more frequent in- 
spections were desirable. Mr. Ward, of Shrewsbury, 
was of opinion that the advisability of raising the 
allowable compressive stress on reinforced concrete 
by 50 per cent., as had been put forward by Mr. 
Cockerton, was very debatable. 

Mr. C. G. Mitchell, in his reply, dealt first of all 
with the crushing strength of concrete. The maximum, 
stress allowed on 4 : 2:1 concrete was certainly 600 lb. 
per square inch, but a new specification had since 
been issued, and this figure was now under considera- 
tion. Mr. Cockerton had obtained better results, but 
this was because his cement was better. They were 
thinking of allowing higher working stresses for 
better mixes. The question of permeability was of 
very great importance, and they were of opinion that 
4:2:1 concrete was not watertight. A richer mixing 
might have to be introduced. The injection of cement 
for repairing bridges was a subject upon which they 
were unable to supply information. He would like to 
remind Mr. Frank that the destruction of the Tay 
Bridge was not entirely caused by a storm ; the failure 
was also due to poor foundations. The remarks 
concerning the scheduling of ancient monuments would 
be passed on. 


RoaD CoRRUGATION. 


The second paper considered was by Mr. E. L. 
Leeming, of Barton, and was on the subject of road 
corrugation. The author stated that the wave trouble 
had come with the introduction of mechanically- 
propelled traffic. It followed, therefore, that it must 
be due to some particular feature of that traffic. The 
rear-axle drive was perfect only so long as the road 
was perfectly smooth, but even the best road did not 
possess this smoothness, with the result that vibration 
due to the drive was set up. On a smooth surface 
presenting an even tractive resistance the drive at 
the wheel contact was horizontal, and its transmission 
to the vehicle was likewise horizontal. No road, 
however, offered a constant tractive resistance, and 
therefore a great deal depended on whether these 
variations were slight or serious. In the ultimate, 
when the rear wheel struck the opposite slope of a 
‘ pot-hole ’’ or wave—and the action was, in fact, the 
same when the tractive resistance increased—the drive 
was partially upwards, and this set up a periodic 
vibration which was easily repeated. 

It was a matter of some difficulty to diagnose the 
reasons why some tar-macadam roads resisted wave 
formation and others, apparently made in the same 
way, did not. Roads repeatedly tar-sprayed often 
worked up into waves independently of the original 
surface; in such cases scarifying would remove the 
trouble. Large aggregate tar-macadam would resist 
movement better than that made with small aggregate. 

Regarding tyre equipment, the author held the view 
that solid-rubber tyres should be more heavily taxed. 
It was deplorable that pneumatic-tyred vehicles should 
be paying at their present rates for the damage 
caused almost entirely by solid-wheeled vehicles. 
Actually, it would damp vibration considerably if the 
load could be pulled from the front axle instead of being 
pushed from the rear. Six-wheel-vehicles were a step 
in the right direction, and particularly those which 
provided four driving wheels. If a three-axle, four- 
wheel drive vehicle, mounted on pneumatic tyres, 
were placed on the road, it should run with the smooth- 
ness of railway rolling stock. 

Mr. W. Bell, of Camberwell, thought that while the 
six-wheeled vehicle might tend to reduce corrugation, 
other difficulties would possibly arise in connection 
with their use. These vehicles might, for instance, 
experience difficulty in turning round corners. Several 
speakers, among them Mr. Codlin, of Irlam, Manchester, 
and Mr. Mathews-Jones, of Chester, testified to the 
excellent wearing properties of concrete roads. One 
of the roads in the Chester district, which was con- 
structed 13 years ago, Mr. Mathews-Jones said, was still 
in excellent condition, notwithstanding the fact that 
between 3,000 and 4,000 tons of traffic passed over it 
every day. Mr. Hasell, of Hambledon, thought that 
the corrugations, which appeared in all highway 
surfaces other than concrete roads, were primarily 
due to the initial spreading of the material. Short 
rolling was also a contributory factor. Ledges were 
formed in the early stages of spreading, and these 
persisted and caused corrugations to appear in the 
finished road. Mr. W. H. A. Court, of Peterborough, 
thought that scarifying was, in many cases, the initial 
cause of the waves. 
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Continuing the discussion, Mr. T. Elce, of Eccles, 
said that the author’s statement to the effect that, where 
uneven depths of foundations, or surface materials 
existed, corrugation was bound to occur, was correct 
It was wrong to superimpose new material over old 
when repairing aroad. He also agreed that scarifying, 
spreading and short rolling were frequently causes of 
corrugation. He was of opinion that the trouble they 
were discussing was caused, not so much by features 
peculiar to motor traffic, but by the enormous increase 
of that traffic in recent years. Concrete roads were 
giving excellent results, but they would not banish 
corrugation troubles entirely. Mr. Horton, of Derby, 
stated that it was difficult to construct concrete roads in 
country districts, as it was in many cases impossible to 
divert traffic. Corrugation was primarily due to 
traffic, and if the road were used during the whole of the 
time that material was being put down, the final surface 
was bound to suffer. Mr. T. P. Frank, of Cardiff, was 
of opinion that the addition of stiffeners to tar-macadam 
was the best means of avoiding the formation of waves 
in that material. Mr. A. D. Ennals, of Thewastre, 
asked the author if solid-rubber tyres did more damage 
to the road surface than did steel tyres. 

In his reply, Mr. Leeming stated that corrugation 
did occur on concrete roads, due to back-axle drive 
and solid-rubber tyres. These roads, however, did 
not corrugate at an early stage. Bituminous asphalt 
on concrete gave an excellent surface. He could not 
agree with Mr. Horton that concrete roads were impos- 
sible in country districts. The difficulties mentioned 
could be surmounted by the use of quick-hardening 
cements. With regard to the question of steel tyres, 
he had found that these had practically gone out of 
use. There was, however, no doubt about the destruc- 
tive action of solid-rubber tyres. 


(Zo be continued.) 





LETTERS TO THE EDITOR. 


NAVAL ENGINEERS. 
To THE Epriror oF ENGINEERING. 


Str,—In common with many other officers, I have 
read your comments on the alteration in the status 
of Lieutenants E and Commanders E with deep 
concern, The history of naval engineering has been 
a strange and eventful one, but the action now taken 
is one fraught with the gravest consequences to the 
future of the engineering branch. It is, perhaps, 
unnecessary once again to trace the path by which 
the older engineers succeeded in obtaining adequate 
recognition and fair treatment,* and the objects of the 
common entry of officers for deck duties and engine- 
room duties have been explained over and over again. 
Of the unworkability of common training and of inter- 
changeability of duties most of us had no doubts 
from the first, but the solid gains due to the Fisher- 
Selborne scheme are those of common entry and 
executive status for engineers. 

To-day there are on the active list Engineer Com- 
manders and Engineer Captains and Admirals of the 
old school and the Lieutenants E and Commanders E 
of the new school, and it is to the latter class that 
executive rank belongs by right, their very commis- 
sions being the same as those of their brother officers 
who elected to stick to the bridge. 

These Lieutenants E and Commanders E passed 
through Osborne and Dartmouth; they were invited 
and encouraged to specialise in engineering ; they were 
repeatedly assured their position was safe, and they 
have worked loyally together with the deck officers 
and with the older engineer officers. Now, by a stroke 
of the pen, their special status as executive officers 
has been taken away, and if they have not been reduced 
to the status of the civil branches they are perilously 
near it. If this is not a gross breach of faith there is 
no meaning in words. To reduce a large body of 
officers, some 250 in number, from executive rank 
to an inferior rank without their consent and against 
their will is a thing hitherto undreamt of, and I know 
not where in the history of our public services you 
would go to find a parallel case. 

It is more than 30 years ago since I entered the 
Navy as an assistant engineer for temporary service, 
knowing nothing of internal affairs. The very first 
day I joined, however, I was made acquainted with the 
grievances of the Engineering Branch. I found, too, 
I had unwittingly become a sort of black leg. As 
time went on I further discovered that the whole 
atmosphere in which the engineer officers lived and 
worked was one of inferiority and discontent. There 
were memoranda, statements, agitation committees, 
deputations, articles and letters in the Press, and 
questions in Parliament without end. Of all this the 





*See ‘The Rise of the Engineering Branch of the 
Royal Navy.” ENGINEERING, vol. cxiv, page 576. 








cadets who entered Osborne in 1903 should have 
known nothing, but the diehards had their way, 
and the engineer officers of the day were left with their 
old disabilities. The result was inevitable. Candi- 
dates did not come forward for maintaining the 
necessary flow of young engineers, and the Osborne 
officers, who in good faith did volunteer for engineering 
duties, are in their turn to suffer an injustice surpassing 
anything the old officers had to put up with. 

What can have led the Admiralty to throw the whole 
matter into the melting pot again when it was getting 
stabilised it is difficult to conceive. Even if the 
order depriving the Lieutenants E and Commanders E of 
their status were rescinded to-morrow, the incalculable 
mischief wrought cannot be altogether undone, and 
the new purple stripe will have a significance never 
borne by the old. 

Yours faithfully, 
Epa@ar C. Smita. 


December 2, 1925. (Eng. Capt. R.N., Ret.) 





To THE EpIToR OF ENGINEERING. 

Sir,—With reference to the latest engineer-officer 
developments in the Royal Navy, might I suggest 
that some action is called for on the part of the engineer- 
ing profession in general, and more particularly by the 
big engineering institutions, and that if you were 
once again to take up the case with the same energy as 
you did years ago, you might do much to secure a 
revision of the recent orders. We have now stepped 
right back to the time before Osborne was started 
(1902) and the bad discredited old system has been 
reinstituted without a tremor. Some people learn 
nothing and forget everything—unless, indeed, it be 
their old grudges. 

It is safe to say that no more Dartmouth or public- 
school cadets will volunteer for engineering and that, 
in future, officers will have either to be promoted from 
the lower deck or from a similar class of man passed 
through Keyham. Now, without saying a word 
against such men, there is no shadow of doubt that this 
does not tend to the same efficiency afloat, or in the 
Admiralty posts ashore, or towards unanimity in the 
wardroom as the system now superseded. The pro- 
moted lower deck hand is an unfortunate being. His 
old mates dislike him to a man. It is years and 
donkey’s years before he feels happy in his new estate. 
The greatest responsibilities and the hardest work in 
the ship are the engineer’s more and more, and yet 
he is to be denied executive work, to be fobbed off 
with an intermediate position and branded with a 
purple stripe lest he forget it. Another aspect—having 
officered one entire department from the lower deck, 
why not another? The gunnery officers have a con- 
siderable amount of machinery under their charge. 
Logically, this must disqualify them from right to 
command. Their turn must come next. 

And what about the unfortunates who, under a 
misguided trust in the nation’s promises, have chosen 
the engineering side and have carried on most success- 
fully up to now? Of course, they can be relied on to 
shrug their shoulders and to take it all in the day’s 
disappointments. We cheated them (in common with 
the other officers) out of the promised married-officers’ 
allowance, and they took it without a murmur. But 
what sort of a Nemesis are we inviting, if we for ever 
impose on patient merit and knuckle under to every 
noisy agitator ? 

Yours faithfully, 
November 30, 1925. pF 








LOW-TEMPERATURE CARBONISA- 
TION. 


To Tue Eprror or ENGINEERING. 

Srtr,—In view of a certain recent happening and of 
the urgent importance of more scientific and economical 
methods for the use of coa] in Great Britain, I suggest 
that it is high time there was formed an institution or 
association of fuel technology, to include specifically, 
low-temperature carbonisation, using the term in its 
broadest sense, and that a preliminary conference be 
held in London of the very large number of people 
interested in the matter. 

The general public, including engineers and chemists, 
have been hoodwinked long enough over this question 
of the proper utilisation of our valuable coal resources, 
especially the home production of oils and also of 
free-burning, smokeless fuel, and after all our pioneer 
work, we are now in danger of being left behind by 
the remarkable advances in Germany on the subject, 
which are, in many cases, equally applicable to bitu- 
minous coal as well as to the German brown coals. 

I have myself the details of over 120 processes for 
the scientific treatment of raw fuel, and few people 
realize the amazing amount of work that has been done 
on this matter in Great Britain, the United States, 
Canada, Germany, France, Holland, Scandinavia, 
Austria and Japan, while important investigations are 
now to commence in Spain, Chile, and Russia the 
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Soviet Government having established an important 
thermo-technical institute in Moscow. 

In Germany, for example, we have now the “ Fellner- 
Ziegler,” ‘‘ Thyssen,” and ‘“ Kohlenscheidungs Gesell- 
schaft’’ processes, all of which have had long-continued 
and large scale experience. In addition to these, of 
the greatest interest are the ‘‘ Delkeskamp,” “ Raffloer,” 
‘“‘ Dobbelstein,’”” and ‘‘Meguin’’ processes, besides 
the work of Julius Pintsch, of Berlin, and the very 
valuable investigations in connection with the utili- 
sation of brown coal, particularly by ‘‘ Seidenschnur,” 
“Lurgi A.G.,” “Limburg,” ‘“ Kohlenveredulungs 
A.G.,” “ Streppel,”’ and the ‘‘ Deutsche Erdoel A.G.” 
Then again there are the processes of epoch-marking 
importance, with which everybody is familiar, that is 
the work of Bergius in connection with hydrogenation 
and the ‘‘Synthol’? method for the production of 
liquid fuels. 

The day for burning valuable raw coal as mere fuel 
is fast passing, both in power stations and in private 
houses, and the hundreds of influential people in Great 
Britain interested, whether technically or otherwise, 
should unite without any further delay, especially 
as our country with its rich bituminous coal, relatively 
small distances for transport, and commonly employed 
open fires is the most suitable in the world for the 
application of such methods. 

Yours, 
David BROWNLIE. 

46, Grange Road, Ealing, London, W.5. 

November 30, 1925. 





MACHINE-TOOL OPERATIVES AND 
SKIN DISEASE. 


To THE Eprror or ENGINEERING. 

Sir,—We have previously called attention to the 
serious consequences, from both the humanitarian 
and the commercial standpoints, of the outbreaks 
of skin disease (epitheliotomous ulceration) amongst 
machine-tool operatives. Nevertheless, it is with 
surprise we note, on examining the statistics for 
diseases of occupations, that during October, 1925, 
there were four deaths from this cause to one from 
lead poisoning, and that 13 of the 66 cases of industrial 
disease from all occupations were due to ulceration 
caused by oil. 

Bearing in mind that deaths and officially-reported 
cases represent only a small proportion of the total, 
it will be seen that much unnecessary suffering to 
employees and loss to employers must be occasioned 
by the neglect of those simple precautions, which, 
it is now established, will effectively prevent such 
outbreaks, 

The use of antiseptic cutting lubricants, together 
with efficient means of freeing the skin from oil on 
leaving work, is all that is necessary as a preventive. 

Yours faithfully, 
ALEXANDER DucCKHAM AND Co., LimITED. 
6, Broad-street-place, E.C.2, November 25, 1925. 





Contracts.—The General Electric Co., Limited, 
Magnet House, Kingsway, W.C.2, have received recently, 
from the London Electric Railways, two further repeat 
orders for complete electric-traction equipments for new 
tube rolling stock. These comprise complete equipment 
for 48 motor coaches, 67 control trailer coaches, and 5 
ordinary trailer coaches.—The Barnstone Cement Co., 
Limited, Barnstone, nr. Nottingham, are installing a 
complete new cement factory, and have placed the con- 
tract for the whole of the cement-manutacturing plant, 
and the electrical eguipment, with Messrs. Edgar Allen 
and Co., Limited, Sheffield. The latter firm are also 
supplying two rotary kilns for lime burning, equipped 
with special apparatus for extracting dust from the flue 
gases, to Messrs. Joseph Crosfield and Sons, Limited, 
soap manufacturers, Warrington. The same firm have 
also recently received instructions, from the Standard 
Portland Cement Company, Limited, New South Wales, 
Australia, to proceed with the second of the 100,000 
ton cement-manufacturing plants, for which they 
received the main contract a few months ago. The 
Irish Free State have recently notified Messrs. Edgar 
Allen and Co., of their appointment as official con- 
tractors for stone-crushirg plants for the half-yearly 
period ending March 31, 1926. The Sulphide Corporation 
Limited, of London and Cockle Creek, N.S.W., have 
placed a contract with Messrs. Allen, for a second com- 
plete unit of Portland-cement manufacturing plant, 
including the electric motor equipment. This, together 
with the first unit supplied in April last, will bring the 
capacity for cement production up to 60,000 tons per 
annum,.——Subject to the approval of the Electricity Com- 
missioners, the million pound scheme for electricity ex- 
tensions by the Bristol Corporation, has been placed 
with Messrs. Vickers Limited, in conjunction with 
Messrs, the Metropolitan-Vickers Electrical Company, 
Limited.—The directors of the London and North Eastern 
Railway Company have placed a contract amounting to 
84,000/. with Messrs. Sir Wm. Arrol and Co., Limited, 
of Glasgow, for the reconstruction of a portion of the 
New Holland pier. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
SEPTEMBER. OCTOBER. NOVEMBER. 
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Nors.-——In the diagrams the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign’ and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 
those for steel rails are for heavy sections. The pig-iron prices are for East-Coast hematite and 
Cleveland iron, both of No. 1 quality. The price of quicksilver is per bottle, the contents of 
which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in other 
cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the 
horizontal lines represent 11. each, except in the case of the diagram relating to tin-plates, in 





which they represent ls. each. 
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LABOUR NOTES. 


THE strained relations which have existed for some 
time between the Russian trade unions and the Inter- 
national Federation of Trade Unions—in other words, 
the Amsterdam International—were the subject of 
an interesting discussion in London on Tuesday 
between the General Council of the Trades Union 
Congress and the Bureau of the International Federa- 
tion of Trade Unions. The desire of the Russian 
organisations appears, in effect, to be liberty to 
affiliate to the Amsterdam International without 
conforming to. its constitution. They have, at any 
rate, been told that if they accept the constitution 
there is nothing to prevent affiliation, and their 
rejoinder has been a request for an unconditional 
Conference to discuss terms of affiliation. The Con- 
tinental unions affiliated to the Amsterdam Inter- 
national, having suffered considerably through the 
activities of the ‘“‘ Red” International, are naturally 
strongly opposed to the entry of the Russians on 
Moscow’s terms—so strongly opposed, indeed, that a 
serious cleavage in the International Labour Move- 
ment has occasionally seemed to be imminent. Not- 
withstanding the dangers of the position the British 
Trade Union Congress instructed its General Council 
to get into touch with both the Moscow International 
and the Amsterdam International (it is, of course, 
associated with the Amsterdam International) in 
order, if possible, to bring about an adjustment of the 
difference. 

At Tuesday’s Conference, according to the official 
report issued at its close, discussion took place on 
‘* proposals of the British Trades Union Congress and 
the request of the All Russian Council of Trade Unions 
that an unconditional conference should be convened 
between the International Federation of Trade Unions 
and the All Russian Council of Trade Unions.” The 
Russian demand for “an unconditional conference ”’ 
has always, of course, been the trouble, and compromise 
on the point does not seem to be possible. Our 
General Council are, however, hopeful. ‘“‘A very 
full discussion took place,” their official report of 
Tuesday’s conference goes on to say, “‘ marked by the 
most cordial and unreserved spirit, and, as a conse- 
quence, misunderstandings were removed and the 
position was made more clear. It is felt that the 
conference has had the effect of enabling both parties 
to appreciate more fully the complexities of the 
international situation, A meeting of the General 
Council of the I.F.T.U. is to be held at Amsterdam 
on Friday, when a report of the London Conference will 
be presented, and, it is expected, a decision will be 
made with respect to the request of the British Trades 
Union Congress.” 





The Ministry of Labour states that on November 23, 
1925, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain was 
1,174,500—944,000 men, 31,000 boys, 171,900 women, 
and 27,600 girls. On November 16, 1925, the number 
was 1,196,237 —961,618 men, 33,086 boys, 173,425 
women and 28,108 girls—and on November 24, 1924, 
it was 1,190,592—909,960 men, 31,397 boys, 220,832 
women and 28,403 girls. 





In the course of a speech at Mansfield, on Sunday 
last, Mr. C. T. Cramp, the industrial secretary of the 
National Union of Railwaymen, took much the same 
view of the obligations that would be laid on transport 
unions joining the proposed Industrial Alliance as 
was expressed in these columns some weeks ago. 
It was undeniable, he said, that the transport unions 
were in a better position than some others to render 
stoppages effective. There was a multiplicity of unions, 
some of them engaged in very small operations. They 
were continuously negotiating with the employers, and 
if the aid of the transport unions was to be sought 
every time they were in trouble, the railwaymen would 
never be at work at all. Moreover, Mr. Cramp might 
have added, a general strike of all the non-transport 
unions in aid of the transport unions would achieve 
much less than the transport unions could achieve for 
themselves. 





At a recent meeting of the Rope, Twine and Net 
Trade Board (Great Britain) it was agreed to issue a 
notice of proposal to increase by }d. per hour the 
general minimum time-rates and piece-work basis time- 
rates at present in operation for female workers of 
18 years of age and over (with proportionate increases 
for female workers below 18 years of age), to increase 
by 1/25th the general minimum piece-rates at present 
in operation for female homeworkers for hand braiding, 
hand knotting or hand baiting nets made from fibres 
other than hard fibres, and to make corresponding 
variations in the overtime rates. No variations are 
proposed in respect of any of the minimum rates at 
present in operation for male workers, or in respect 
of the general minimum piece-rates for hand machine 





braiding (English netting looms and Scottish netting 
looms) set out in Part III. of the Notice R. (42), or in 
respect of the general minimum piece-rates for female 
workers employed on the hand braiding of trawl, seine 
or other nets from hard fibres set out in Part V. of the 
Notice R. (42). 





According to the Report of the Chief Registrar of 
Friendly Societies for 1924, the membership of registered 
trade unions has declined by 2,500,000 since the end of 
1920, a falling off of 150,000 members being recorded 
during 1923. The total membership at the end of 
that year was 4,400,000, or practically the same as at 
the end of 1917. The funds, however, increased by 
1,000,0007. during the year, and totalled nearly 
11,000,0007., or 2,000,000/. less than at the end of 1917. 
The 1,000,0007. expended on .unemployment benefit 
over and above the 2,500,000/. recovered from the 
Ministry of Labour under the State Insurance Scheme 
represents only one-third of the disbursement on this 
benefit during 1922. The amount expended in dispute 
benefit was smaller than in any year since the war. 





Nine unions, as compared with 16 in 1920, had over 
100,000 members at the end of 1923. The largest was 
the National Union of Railwaymen, with 363,230 
members, The other unions in order of size were the 
Transport and General Workers Union (307,273), 
the Amalgamated Engineering Union (263,979), the 
National Union of General Workers (201,476), the York- 
shire Mine Workers’ Association (158,572), the Durham 
Miners’ Association (158,339), the South Wales Miners’ 
Federation (147,611), the Amalgamated Society of 
Woodworkers (140,967) and the Workers’ Union 
(140,000). ‘These unions had an aggregate membership 
of 1,881,447, or nearly half the total membership of 
registered unions. Fourteen unions (not counting one 
federation) had between 50,000 and 100,000 members. 
The total income of registered trade unions during 1923 
was 11,300,0007. Of this sum 71 per cent. was derived 
from members, 23 per cent. from the Ministry of Labour 
for unemployment allowances, and 6 per cent. from 
other sources. 





During 1922 there was a decrease in income from 
members of 2,400,000/., and during 1923 a further fall 
of 900,0007. The average yearly contribution per 
member, however, remained practically stationary at 
11. 168., or 8d. per week. The income receivable from the 
Ministry of Labour for unemployment allowances, which 
rose to 7,800,000/. in 1921, fell to 5,400,000/. in 1922, 
and in 1923 to 2,600,000/., but the rate of diminution 
is not a true index of the decrease of unemployment 
among members of registered trade unions as some 
of the larger unions had ceased to administer State 
unemployment insurance during the two later years. 
Income from other sources totalled 1,900,000/. in 1921, 
1,000,000/7. in 1922, and 600,000/. in 1923, the figure for 
1921 being considerably inflated by transfers of funds 
on amalgamation. Leaving out of account income 
derived from other organisations, the income from other 
sources during 1923 (534,000/.) showed a diminution of 
200,000/., as compared with 1921, due, no doubt to 
loss of interest on investments realised to pay benefits. 





The funds of registered trade unions at the end of 
1920 totalled 15,800,000/., or 2s. 5d. per member. 
During 1921 the expenditure exceeded the income by 
5,000,000/., with a corresponding drop in accumulated 
funds, bringing the average per member down to 2s. 
A further decrease of nearly 1,000,000. was recorded in 
1922, but was almost recouped during 1923, so that the 
position at the end of that year was practically the 
same as at the end of 1921. Owing to the decreasing 
membership, however, the average funds per member 
rose by nearly 4s. during 1922 and a further 5s. per 
member was added during 1923. Most of the groups 
showed an augmentation of funds during 1923, the 
most noticeable being that of the mining group, which 
added 600,0001. The brick, pottery, etc., group almost 
doubled its funds during 1923, and the average per 
member showed an increase of 9d. Eight unions held 
funds at December 31, 1923, exceeding 250,000/., as 
compared with 12 at the end of 1920. The largest 
amount (1,606,710/.) was held by the Amalgamated 
Engineering Union. This represented an average of 
6l. 1s. 9d. per member as compared with 71. 4s. 6d. in 
1920. The National Union of Railwaymen held 
1,534,961/., or 41. 4s. 6d. per member. No other union 
held more than 1,000,000/. The highest average funds 
per member among the larger unions was shown by 
the Amalgamated Engineering Union, the National 
Union of Boot and Shoe Operatives, with 5/. 4s. 5d., 
being second. 

The strike of British seamen here, and abroad, 
is now fortunately at an end, and ships are free to 
resume their normal sailings. From beginning to end it 
was a most unhappy affair, not only for shipowners and 
shippers—who must have lost very heavily during the 


stoppages, but also for seamen and their dependants, 
whose wholly unnecessary suffering must have been 
considerable. The prestige of Trade Unionism might 
easily have declined if the leaders of the National 
Seamen’s and Firemen’s Union had been stampeded 
away from adherence to their agreement with the ship- 
owners. Happily they stood firm for the principle of 
collective bargaining and the sanctity of agreements, 
and, as a result, emerged from the trouble with 
increased, instead of decreased, prestige. 





Addressing the members of the Society of British 
Gas Industries the other day, Sir Alfred Mond, the 
president, said that those who were engaged in industry 
would eventually have to carry into practice the general 
principles of a new psychology of industrial affairs. 
This new psychology would follow from a realisation 
of the change which was bound to come in the relation- 
ship of those engaged in industry in every capacity. 
They were still burdened, Sir Alfred declared, with the 
phraseology of a definite epoch. They still read about 
‘employers and employed ”’ and about “ masters and 
men,” whereas they knew that they were all “em- 
ployed.” Practically all their concerns to-day were 
run by boards of directors, who were just as much 
employed as the man who was shovelling coal. All 
those phrases had no longer any meaning; the true 
phrase to-day was “co-workers in industry.” They 
were co-workers in different capacities and at different 
salaries, but all dependent upon the prosperity of 
the industry for the remuneration or the reward, 
whatever it might be. They must have a new psy- 
chology and a new phraseology, and then they could 
look forward to an era of economic and moral success 
in industry far greater than they had yet experienced. 





Sir Robert Hadfield, a past president of the organi- 
sation, also emphasised in the course of an interesting 
speech, the necessity for closer co-operation between 
all engaged in industry. A report on conditions in 
America compiled by its president for the Federation 
of British Industries stated, Sir Robert said, that one 
of the biggest buying concerns in the United States for 
general goods had decided upon placing orders to the 
value of 3,000,000 dols., and thought that, owing to the 
uncertainty of labour matters in England, it would be 
useless to attempt to obtain substantial supplies from 
this country, for purchases in which therefore they allo- 
cated only 75,000 dols. That should show, Sir Robert 
stated, Communists and others how very undesirable 
it was to let the idea get abroad that this country was 
out for strikes and stoppages. He firmly believed 
that the majority of the people in this country on both 
sides wanted to work harmoniously and to have 
co-operation. A good deal could be achieved, he 
believed, in that direction. 





Last week-end a strike of sea-going wireless operators 
took place which threatened, for a time, greatly to 
interfere with the sailings of both liners and cargo 
vessels. The stoppage was in resistance of a proposal to 
reduce wages, and it had the approval of the operators’ 
trade union. The actual inconvenience to shipping 
was, however, much less than was anticipated. Some 
large ships obtained other operators, and smaller 
vessels generally were temporarily released by the 
Board of Trade from the legal obligation resting on 
them to carry operators. There was talk during the 
week of an appeal by the operators’ union to the 
Seamen and Firemen’s Union. 





At the House of Commons on Wednesday, the 
executive of the Miners’ Federation of Great Britain 
considered the proposals for the nationalisation 
of mines and minerals, which they intend to put 
before the Coal Commission. Subsequently, they 
attended a joint conference with the executive of 
the Labour Party, the Parliamentary Labour Party, 
and the General Council of the Trades Union 
Congress, to consider the terms of a nationalisation 
Bill which it is proposed to introduce in Parliament. 
No official report of the joint conference was issued, 
but it was stated unofficially that the miners’ repre- 
sentatives objected to the proposed embodiment in the 
Bill of the principle of compensation—particularly 
to the owners of royalties and wayleaves. The Labour 
Party and some of the members of the General Council 
were not prepared to accept the policy of no compen- 
sation, and objected to any pogramme which might 
appear to take the form of confiscation. The conference 
was accordingly adjourned. 





MACHINERY INDUSTRY IN GERMANY.—The British 
Vice-Consul at Chemnitz informs the Department of 
Overseas Trade that the position in the machine-making 
industry in that district is apparently reaching a very 
critical state. The number of employees has been 
reduced during October, and most of the firms have also 
gone on short time. 
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THE PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 


(Concluded from page 668.) 


Tue top or surface dressing of roads for main- 
tenance reasons has come to be recognised as second 
only in importance to their construction on a sound 
basis selected for the special traffic conditions 
with which they will have to cope. Hence an 
increase of plant designed to further this develop- 
ment is natural. In this connection an extensive 
exhibit of specialised tar and bitumen-spraying 
plant and boilers was made by Messrs. W. Weeks 
and Son, Limited, Maidstone. The firm’s con- 
tinuous sprayer is illustrated in its re-designed form 
in Fig. 69, above. Itis available in three capacities, 
namely, for 320, 250 and 160 gallons, and consists 
of a standard solid-fuel fired bitumen boiler with 
an extra thick pan bottom, and large furnace. 
The bitumen is heated to 400 deg. F., and the 
boiler is fitted with a submerged pump of sufficient 
capacity (volume and pressure) to spray the 
bitumen effectively and without choking at the 
nozzle. Further to the same end the suction 
strainer is provided with a float, and unchokable 
valves, and the whole may be removed from the 
boiler as a single unit. A hot-air scavenging device 
is fitted, and serves to keep the delivery pipe and 
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nozzle clear of residual material by means of the | 


hot air which may be pressure circulated through 
both pipe and nozzle. Among other accessory 
fittings is a pulley with cord affixed to the fold- 
down chimney top for hoisting the delivery pipe 
beside the hot chimney to facilitate self-draining. 
A by-pass, also, is provided for testing the pump 
before turning the bitumen into the hose preparatory 








Continuous Hanp BItuMEN oR TAR SPRAYER; 
Messrs. W. WEEKS AND Son, LIMITED. 





Continuous Hanp BITUMEN SPRAYER; THE PH@NIx 
ENGINEERING Company, LIMITED. 


to starting spraying. A motor-driven four-nozzle 
sprayer for bitumen also is available. 

Messrs. Weeks also showed a new bitumen portable 
boiler, as supplied to the Road Board. It possesses 
the same important feature and improvement as 
the sprayer-boiler illustrated, in that it is con- 
structed to give a continuous supply of hot bitumen 
which is not affected when replenishing the boiler 
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Fig. 62. 


with cold bitumen. The hot bitumen is drawn off 
through a large bib-cock, or a flat (treacle) valve 
may be substituted if preferred. The boiler is 
constructed in sizes from 160 to 1,000 gals. Special 
provision against burning the pan bottom while the 
contents are in a semi-fluid state is made by so 
arranging the furnace and flues that the hot gases 
are conducted along a fire-brick arch the length 
of the boiler, and then split into two paths by 
a special end brick. The hot gases are then 
delivered into the two side flues before coming into 
contact with the pan bottom. Provision for cheap 
and expeditious renewal of the fire-brick lining 
and bridge without lifting the boiler and for 
cleaning the flue is another feature of the i improved 
boiler. 

The Phoenix Engineering Co., Limited, Chard, had 
on show a variety of road-dressing plant. Their 
exhibit included a selection of types of plant in 
which they have had an experience of some thirty 
years. Fig. 58, on page 718, shows a small 
portable combined road drier and patching outfit 
which -expedites darning pot holes while wet. 
There should be a goodscope for this handy appliance 
having regard to the effect of rain in showing up 
pot holes which, when the surface is dried are apt 
to escape the attention of the road staff. The 
Pheenix outfit comprises a fire-basket, under a 5, 
12 (the size illustrated), or 40 gallon tar container, 
and above it is a flanged tray for the chippings used 
for the patch ; the whole is mounted on a two-wheel 
trolley, with a drag handle. The Phenix Rapid 
tar spreader shown was of 160 gallons capacity, and 
is equipped with a jib crane for raising barrels, and 
has provision against over winding. “The fire-box 
is arranged in the centre longitudinally, with the 
furnace door at the near side. 
of the pan is a strainer which screens the hot tar 
onits way to the spreader. The spreader is fashioned 
like a tube with a perforated trough in front, and 
is divided into sections, one or more of which may 
be cut off to regulate the width of the spread. 
The outlet cock to the spreader is of the bib-type 
and is regulated by a worm gear, which may be 
Operated from both sides of the machine, by a 
couple of star-handles. Provision for cleaning 
and clearing the spreader tube is arranged for by 
two special doors. 

The Phenix Extra Rapid continuous heating 
bitumen hand-sprayer, of 160 gallon capacity is 
illustrated in Fig. 61. This it is claimed, will raise 
a full charge of bitumen ftom cold to 400 deg. Fahr. 
in under 80 mins., and, if competently managed 














PortTaBLE Or. ENGINE; Messrs. RustoN AND HornssBy, LIMITED. 


will deliver a continuous supply to the pump up to 
1,400 gallons per day, sufficient to cover 8,000 
sq. yards. The outfit includes a powerful double- 
acting, plunger-type, vertical spray pump with cone 
valves and operated by a two-handled lever. 
It is fitted with hot-air scavenging gear and a 
screening basket of wire gauze on the suction, .10 ft. 
of heat-resisting flexible tubing, a scythe sprayer 
pipe and worm-type nozzle, thermometer and bib- 
type outlet cock, and a short ladder for access to the 
top. Provision is made for admitting air into the 
flue by a series of pipes. Dampers are provided on 
both sides of the fire-box, and clearing doors are 
fixed on both ends of the casing. 

Among the exhibitors of crushing plant, Messrs. 
H. R. Marsden, Limited, Leeds, were represented 
by a standard 16 in. by 9 in, Blake-Marsden 
stone-breaker with lever motion, and a 20 in. by 
5 in. granulator. Fig. 59, on page 718, shows the 
latter machine, which represents a type in increasing 
demand for modern road construction and surfacing. 
The Marsden granulator may be used to crush 
beach-shingle, for concrete work and the production 
of road metal. The model on view had an output 
per hour of about 70 cwt. up to 1-in. size and 55 cwt. 
up to }-in. size. It is run at 270 revolutions and 
absorbs 14 to 18 brake horse-power. It weighs 
4} tons. The Blake-Marsden stone-breaker, also 
shown, produces per hour approximately 8 tons 
of 24-in. size, and absorbs 8 h.p. to 10 h.p. at 280 
revolutions. It weighs about 4} tons. 

The Acme granulator was shown by Goodwin 
Barsby and Co., Leicester, together with their 
patent Pyrus stone-drier and an improved portable 
loading conveyor. Other firms showing crushing 
plant included Messrs. Hadfield, Limited, Messrs. 


Across the centre} Robey and Co., Limited, and Messrs. Frederick 


Parker. 

In the Gilbey Hall the Gannow Engineering 
Company, Limited, showed granulators and pul- 
verisers. These are massively built and are arranged 
for wearing parts to be interchangeably replaceable. 
One type of granulator weighs about 3 tons and 
absorbs 25 h.p. to 30 h.p. One of the pulverisers 
weighs about 2} tons. It is claimed that the latter 
machine will deal successfully with municipal 
refuse and that the product is non-odorous or 
verminous, that the operating cost is much less 
than with a destructor, and that the pulverised 
recovered contents (nitrogen and phosphate) have 
a high manural value. 

Among the more miscellaneous exhibits, Messrs. 
G. Hatch, Limited, Queenhithe, Upper Thames- 





street, E.C., showed Barrett-type jacks, and the 
Duff pipe-foreing jack and extensible trench 
braces as leading lines. The forcing jack was 
reviewed in the report on the Public Works, Roads, 
and Transport Exhibition of 1923, and we cannot 
with advantage add to the account then given 
of it. Duff extensible all-iron trench braces 
are used to replace wedges and shores or beams of 
timber, as used for shoring the walls of trenches 
for pipe laying. The necessary adjustment for a 
given span is effected by a threaded section operated 
by a self-contained handle. The braces automati- 
cally adjust themselves to varying angles by means 
of ball-socket feet at the ends. For extra wide 
trenches there is a metal-wood combination having 
the same means of adjustment and self-alignment. 
This type is used for both transverse and vertical 
bracing requirements. Drills, jack hammers, and 
rock-breakers were very prominent. The Climax 
Rock-drill and Engincering Works, Limited, 4, 
Broad-street-place, E.C., showed the Climax pneu- 
matic pick. This is used for both new excavation 
work and for breaking up old foundations and 
for road-making and repair. It is made with 
two sizes of cylinder—namely, of lyy-in, bore 
and 1,-in. bore—and is of forged steel through- 
out. It is controlled by a trigger-handle which is 
a steel stamping bored to take the valve mechanism 
and threaded to fit the cylinder. Provision is made 
against the passage of grit with the air into the 
valve chamber. Cylinders and pistons have a 
ground-in fit; the piston is slightly reduced in 
diameter at the front and has three oil grooves. 
Another variety of the tool is the Climax pneumatic 
spade, which it is claimed can break enough ground 
to keep two or three men employed shovelling the 
loosened material. It is available also as a hand 
hammer-drill for rock drilling, shaft sinking and 
deep-hole cutting, and in another form as a pave- 
ment breaker for cutting asphalte, concrete, and 
other road materials. In connection with this 
plant there is a special drill-sharpening machine for 
operating by compressed air. It can be worked 
with as low as 60 Ib. pressure, and can form a 2-in. 
drill-bit in 20 seconds. 

As part of the extensive display of road-making 
machinery to which we have already referred, 
pneumatic tools were shown by. Messrs. Sir W. G. 
Armstrong, Whitworth and Co., Limited, Manches- 
ter and London. The hand tools comprised the 
A. W. pneumatic spade and pick, a pneumatic 
rock-drill and a pneumatic sand-rammer, and parts 
and fittings for these and other A.W. hand tools, 
including the handy Elswick pliers for pneumatic 
and other flexible hose, The pneumatic spade has 
two features likely to commend it; it is light and 
powerful, and is free from jarring, and works with 
little vibration. It is claimed that it increases the 
output per man fivefold to sixfold, which is testi- 
mony to the handling being without fatigue. 

The Sullivan Machinery Company, Salisbury 
House, London Wall, whose portable petrol-engine 
driven air-compressing plant has been referred to 
elsewhere, had the complementary outfit of pneu- 
matic hand tools, such as a pick hammer and 
spade and Rotator hammer drills for operating by 
compressed air, steam, or hydro-pneumatic pressure, 
the latter combination providing air pressure for the 
tool and liquid for washing away the swarf in course 
of operating in certain materials and when sinking 
shafts. 

Messrs. Holman Brothers, Limited, Camborne, 
showed pneumatic hand picks and shovels, hammer 
drills, road rippers and the Twin-grip pneu- 
matic drill sharpener. Messrs. Reavell and Co., 
Limited, Ipswich, showed their John Bull pneu- 
matic concrete breaker, which is now being made 
by the firm by arrangement with the Howard 
Pneumatic Engineering Company. The Ingersoll 
Rand Company, Limited, 165, Queen Victoria- 
street, E.C., also had a representative display of 
stationary and portable air compressors, and 
Leyner drill-steel sharpeners and a Leyner oil 
furnace, and a portable grinding outfit, pneumatic 
hoists, and pneumatic hand tools for road and other 
purposes. 

Messrs. Tangyes, Ltd., Birmingham, were repre- 
sented by heavy-oil engines and vertical petrol 
engines, a series of their Tan-Gyro centrifugal 
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pumps, vertical single-ram pumps, and a five-stage 
turbine pump with a vertical steam engine. De- 
tailed improvements of well-tried types rather than 
new models were the principal characteristics of this 
exhibit. Other specialities shown included lifting 
tackle, such as pulley blocks and jacks. Messrs. 
Ruston and Hornsby, Limited, Lincoln, also exhi- 
hited oil engines, as well as other specialities already 
referred to. A 25 brake horse-power, Mark 6 H 
engine shown was of the horizontal type and can be 
run on crude, residual, or tar oil. 

Fig. 62, page 719, illustrates their Nos. 2 and 3 
E.P. models in this range. The No. 3 E.P., actually 
illustrated, gives 16 brake horse-power on refined oil 
(paraffin) and slightly less on fuel oil, in both cases at 
380r.p.m. Provision is made as an extra for attach- 
ing a belt pulley and a progressive clutch, In the 
case of the two largest models, provision for the belt 
pulley is made by machined lugs against the fly- 
wheel’s spoke faces. The type is self-contained on a 
light but stout channel frame, mounted on four metal 
wheels. The cylinder has a hopper jacket with 
ample capacity for running unattended for long 
periods, and the engine is self-governing by a 
sensitive governor which operates a by-pass valve 
at the fuel pump. Starting is effected by a com- 
pressed oil-vapour lamp directed on to the vaporiser 
for a few minutes, after which the engine is self- 
firing. The two largest engines can be fitted, at 
extra cost, to start from cold by means of a petrol 
carburettor and high-tension magneto with spark 
plug equipment. With suitable fuel oils the 
consumption averages 0:5 Ib. to 0-6 lb. per brake 
horse-power-hour. The fuel charge is delivered 
into the vaporiser at a high pressure, so that the 
resulting atomisation, it is claimed, is a factor 
preventing carbon deposit in the cylinder and 
subseq wear and tear. Direct lubrication is 
fitted tc ue main bearings. 

Messrs. Crossley Brothers, Limited, of Bedford and 
Manchester, showed the first sample of a 3 brake 
horse-power horizontal type of petrol-paraffin engine 
with a hopper jacket and mechanical valves at 
the back of the head, which is water-jacketed and 
attached by four stud bolts. It is throttle-governed 
from an adjustable flywheel governor and has splash 
(all enclosed) ring oiling and high-tension magneto 
ignition. The base serves as a paraffin tank. There 
are two disc flywheels and a sleeve-pulley. The 
load speed is 650 revolutions. The engine is 
specially built for the market so long monopolised 
by imported engines of low price. 











THe Liner ConoreTE MacHINERY COMPANY. 


Novel concrete moulding machines were not as 
prominent as in former exhibitions. A simple ma- 
chine capable of being used for making every shape 
of concrete block required in house building, was 
exhibited by the Liner Concrete Machinery Com- 
pany, of Glasshouse Bridge, City-road, Newcastle- 
upon-Tyne. In this machine use is made of a 
moulding box having loose inside liners, and as 
this provision obviates any chance of suction 
taking place on the withdrawal of the prepared 
moulds, it is suitable for service with a wet aggre- 
gate as well as with semi-dry material. Exception- 
ally wet mixtures may also be dealt with if spare 
sets of loose inside liners are provided. These can 
be left around the blocks until they are taken 
away and set down. The moulding box, as is appa- 
rent from the illustration, Fig. 63 on this page, has 
a vertical up-and-down movement, and thus the 
depth of work it can be used for may be changed 
at will, while it is also, for that reason, suitable 
for making blocks of an ornamental character. 
The standard size of moulding box which is stocked 
is 6 ft. long and 13 in. wide, but any requirements 
may be met by using other sizes, which can be 
obtained to deal with specific classes of work. 
An elevator bogie serves the purposes of raising 
the carrying board and lowering when the mould- 
ing is completed, as well as the transport of the 
contents of the moulding box to the place where 
these have to be stacked. The actual elevating 
motion provided is 4 ft. 6 in. As by its use the 
boards of blocks may be stacked three and four 
high, considerable saving in floor space results, as 
well as the elimination of some labour. One feature 
of the elevator bogie which deserves mention is the 
provision of special springs to absorb any shocks 
caused by unevenness at rail joints, &c. 

The ‘“‘Kut-Out” pipe cutter, illustrated in 
Fig. 64, is a recent hand tool by Messrs. Weston, 
Shipley and Weston, 72, Rutland Street, Leicester, 
who make portable hand plant for cutting, drilling, 
and screwing pipe mains. It will be seen from 
the illustration of the standard cutting model that 
it is self-contained, portable, and easily fixed by 
clamping to the pipe to becut. It can deal with any 
class of metal, iron or steel, and with concrete-lined 
metal pipes. The size illustrated is the standard 
model, and will deal with pipes from 6 in. to 12 in. 
diameter (external). Other sizes are made, the 
general range of the tool covering external diameters 
from 3 in. to 36 in., each size being able to cope with 
a limited number of diameters. The bearing-ring 

















Fie. 64. Toe Kut-Ovr Pree Corrina 
MacuInE; Messrs. WESTON, SHIPLEY 
AND WeEsTON, LIMITED. 


which also carries the revolving cutter head, has six 
jacks, or screw-socket spindles, for centring the 
ring about the pipe to be cut. The three jacks on 
the underside are set so that when the three on the 
upper half are screwed up the head is automatically 
centred. These jacks are staggered in the bearing 
ring so that they form a double ring of contacts 
on the main and give a solid fixing without undue 
screwing up. The gear-ring with machine-cut teeth 
is arranged to work on the bearing portion of the 
ring, and on the front face are three tool heads, 
arranged to carry three cutters. These are inter- 
changeable and detachable and can be fixed on the 
gear ring in varying positions, so that the cutter- 
holder does not extend beyond the bearing of the 
cutter head. The cutters are of high-speed steel 
with No. 2 Morse taper shanks, and are located in the 
cutter holder with a screw which ensures the correct 
disposition of the cutter. A stop is affixed to the 
bearing-ring which carries the head and serves to 
trip-feed the cutters in turn, in step with the 
rotation of tke gear-ring. Two thread pitches 
are available for the feed screws—namely, with 
16 threads per inch for cast-iron and 20 per inch 
for steel. 

The hand-operating gear provides for three 
changes of speed—namely, direct through the 
hand-spindle chain drive, indirect at a slow rate 
with greater purchase, and indirect at a faster rate 
with less purchase, these changes being effected 
merely by withdrawing one wheel from mesh for 
direct and by reversing the two different diameter 
spur-gear wheels on the respective two spindles. 
There is besides a fixed big-step reduction of the 
pinion and gear-ring at the head. The larger sizes 
can be arranged for a motor-power drive with a 
chain and clutch and reduction gears. The tool is 
quite simple and effective, and finished to the usual 
standard of good-grade hand plant. The illustra- 
tion represents the No. 1 machine, cutting a 10-in. 
gas main gin. thick. Onsuch work, it is stated, the 
machine can be set up in 15 minutes, and a cut 
made by two men in 14 minutes. The cutting of a 
6-in. main occupies about seven minutes. The 
machines are built on the unit system, so that the 
range, say, of a 6-in. to 12-in. machine already in 
use, can be increased to deal with larger pipes by 
the purchase of the necessary bearing and gear rings 
which will fit in with the other parts. 
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THE STRENGTHENING OF BRIDGES. 


By C. G. Mrrcwetyt, B.Sc. (Eng.), A.M.Inst.C.E., 
and C. S. Cuettror, B.Sc. (Eng.), A.M.Inst.C.E., of 
the Roads Department, Ministry of Transport. 

In these days of increasing traffic the strength of 
road bridges must be of greater importance and 
sometimes of greater anxiety to those in charge of 
them than ever before. Some of these bridges are 
legacies from the Middle Ages, when vehicles were 
practically unknown and bridges were used by horses 
and pedestrians only. Others are of somewhat later 
date, down to the period of the industrial revolution 
and the inception of railways. The heaviest weights 
that these originally carried were probably stage 
coaches and heavy loads of timber. 

Many of these old bridges are naturally of great 
artistic and historical importance. Some are scheduled 
as ‘‘ Ancient Monuments,”’ under the Ancient Monu- 
ments Consolidation and Amendment Act, 1913. Any 
proposal for the demolition, removal or alteration of 
such bridges must, under the terms of that Act, be 
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notified to the Commissioners of Works at least a 
month before operations are put in hand. Supple- 
mentary lists of structures, scheduled by the Commis- 
sioners are issued from time to time, and the Commis- 
sioners’ staff are always available for consultation upon 
the archeological issues involved. 

These earlier bridges were built when there was little 
or no engineering theory, and results were obtained by 
experiment and rule of thumb. Often their original 
factor of safety must have been considerable, so that 
they are capable of carrying modern loads with but 
little strengthening, though repairs to the old work 
are often needed. With the dawn of engineering came 
cast-iron beam and arch bridges, suspension bridges, 
wrought iron and plate girder truss and arch bridges, 
and last of all steel bridges of similar types. Reinforced 
concrete, which is a young but healthy child, is barely 
considered in this paper. 

In many of the earlier structures theory was imper- 
fectly understood, and but little margin was left for 
live load stresses. These bridges cannot be made 
strong enough for present-day traffic. Many of the 
later bridges of the last century, on the other hand, 
need little or no modification to bring them up to 
the modern standard. 

It is rare that the question of strengthening an 
existing road bridge arises apart from that of widening. 





* Paper read before the Public Works, Roads and 
Transports Congress, London, on November 24, 1925. 
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| Generally the decision lies between the widening and 


strengthening of the existing bridge, and its total 
replacement by a wider and stronger modern bridge. 
In many cases where the old bridge is of great artistic 
or historical value it is possible to find an equally con- 
venient site elsewhere upon which an entirely new bridge 
can be built, leaving the old structure, adequately 
strengthened, to carry rigorously restricted traffic or 
to serve as a footway. As an alternative it may be 
decided to effect substantial widening and strengthening. 
Sometimes cantilevered footways will meet the case, 
although this would add to the dead and live load on the 
old structure. No further widening may then be 
required. A difficulty sometimes arises where the 
existing footways are thrown into the carriageway 
in that the surcharge from wheel loads on the spandrel 
walls is greatly increased. 

As a general rule where the existing bridge is narrow 
and cannot be economically strengthened, it is far better 
to demolish it and build a new and wider structure, 
and this rule should only be broken where the existing 
bridge is noteworthy for its beauty or antiquity. Ifthe 
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bridge is of no special value, historically or architec- 
turally, the question becomes purely one of engineering. 
It must be decided whether it will be cheaper to 
strengthen and widen the old bridge or to build a new 
one. In this connection maintenance costs should 
be considered. 

There are cases in which it may be possible to streng- 
then a bridge to take a somewhat increased Joad, but 
not to take the Ministry of Transport’s Standard Load 
or anything nearly approaching it. It is then generally 
best to reconstruct the bridge entirely, unless this is 
impossible on account of expense. Often, on the 
other hand, an existing bridge can be strengthened to 
take the Ministry’s Standard Load and widened for 
less than the cost of a new bridge, and it is generally 
worth while to consider carefully the two alter- 
natives. 

Types of Bridges.—For the purposes of this paper 
bridges may be divided into the following types :— 

(1) Brick or masonry arches. 

(2) Wrought iron or steel bridges, which can be 
subdivided into: (a) Trough bridges. (b) Multi- 
main girder bridges with plate girders or joists. 
(c) Through or deck main plate girders with cross 
girders and stringers. (d) Truss bridges. (e) Arches. 

(3) Cast-iron bridges, which can be subdivided 
into: (a) Beam bridges. (b) Arch bridges. 

(4) Suspension bridges. 

(5) Reinforced concrete bridges. 


(1) Brick or Masonry ARCHES. 


These are nearly always of the spandrel filled type. 
Some may require strengthening owing to excessive 
stresses induced by modern loads, although no dis- 
tortion or cracking has occurred in the bridge structure. 
Others may show by cracking that movement due either 
to settlement or overstressing has taken place. 

Arch Ring.—The best method of strengthening is 
generally to construct a plain or reinforced concrete 
relieving arch above the existing arch ring. This 
relieving arch should be given a good bearing on the 
old abutments, as shown in Fig. 1. It will, of course, be 
necessary to investigate the strength of the abutments 
to discover whether they are capable of withstanding the 
additional thrust. In structures of the arch type, in 
which rise, span and loading are constant and the 
moment of inertia of the cross-section is constant 
throughout the ring, deflections at similar points are 
inversely proportional to the modulus of elasticity x 
the moment of inertia. Hence if deflections are the 
same, the loadings on the arches will be directly pro- 
portional to E x I. In brick arches I is constant 
throughout the ring, and it will in most cases be constant 
throughout the relieving arch. The two will be in 
contact, so that deflections will be the same in both. 
Rise and span also will be approximately the same, so 
that 

load taken by old arch E x I (old arch) 

load taken by relieving arch‘ E' x I (relieving arch) 
From this the approximate required dimensions of the 
relieving arch can be obtained. The existing arch will 
carry the dead load of the relieving arch in addition to 
its own weight. If the existing abutments are not 
strong enough to take any extra thrust and a relieving 
arch is constructed without abutment (Fig. 2) this will 
act merely as a slab except for friction between it and 
the old arch, and as it will take but little load on itself 
is not recommended. 

A method which has been adopted where it is not 
desired to put further stresses on the abutments is 
shown in Fig. 3. Unless the material AA between slab 
and arch ring is so consolidated as to be practically as 
rigid as the slab itself, the effect of this will be to 
concentrate nearly all the live and dead load carried by 
the slab on the crown of the arch, further increasing 
the bending moment at the crown; so that the method 
has its dangers. It would be better to fill up below the 
slab on each side with plain concrete as shown on Fig. 4, 
the centre B being filled with earth. This arrangement 
might be of use where the span of the arch is small and 
abutments very weak, as the slab would transfer the 
loading to the arch haunches and would at the same 
time act as a tie. 

Where the arch is of fair size and the abutments are 
insufficient to take the additional thrust of the relieving 
arch, it is better, if possible, to strengthen the abutments. 
Tie rods at the level of the springings are generally 
impracticable or unsightly. Sometimes where head- 
room and cross-sectional area of opening are unimpor- 
tant, the relieving arch may be constructed within the 
existing one, the abutments being thickened inwards at 
the same time (Fig. 5). The objection here is that it is 
difficult to place the concrete of the relieving arch 
satisfactorily and also to ensure contact between reliev- 
ing and existing arch when centring is removed. Also, 
the old ring will carry the entire dead load except that 
of the new ring. 

Sometimes cracks more or less parallel to the centre 
line of the roadway appear in the arch ring due to 
spreading of the spandrel walls. The vault may then 
be tied together by transverse rods and plates, there 
being a rod above the extrados and one below the 
intrados to each pair of plates. A’ more satisfactory 
method where a relieving arch is employed and the 
spandrel walls are taken down and rebuilt would be to 
turn down the relieving arch (which must have good 
transverse reinforcement) well into the old arch ring 
(Fig. 6). Cracks in the old arch ring would, of course, 
be grouted up. 

In the case of multiple-span bridges, particularly old 
bridges, the vault may be strengthened by backing it up 
deeply over the launches, even up to the road forma- 
tion, as in the case of Bideford Bridge (Fig. 7). The 
extra depth over the haunches, as in this case, may prove 
useful as a foundation or anchor for cantilevers carrying 
a footway or footways. 

A few bridges have been constructed without filling 
but with a series of parallel spandrel walls. These 
support stone slabs on which the roadway is carried 
(Fig. 8). Stresses in such a bridge are more or less 
indeterminate, and a relieving arch cannot be employed 
for strengthening without removal of the internal 
spandrel walls. In most cases it is desirable to 
remove these internal walls, construct a relieving arch, 
strengthen the outer spandrel walls and fill the 
spandrels. 

Abutments.—If possible, these are best strengthened 
by excavating at the back in sections, and thickening 
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an alternative. If spreading has occurred, due to 
settlement of one or both abutments, it is often possible 
to check this by the construction of ties formed of 
old steel rails securely anchored into the abutments 
below stream-bed level. The ties could be surrounded 
with concrete (Fig. 9). It may occasionally be possible 
in the case of flat arches, where thickening of the 
abutments is difficult or costly, to strengthen the latter 
by the introduction of reinforced-concrete ties above 
and distinct from the arch ring. Heavy point loads 
should be prevented from coming on these ties. Such 
ties, which will be subjected to bending, should be 
constructed under the footways, and their ends would 
be united by reinforced-concrete beams (Fig. 10). 
They should not be monolithic with the arch ring. 


)Fig.8. | 
G 


Stone Slabs, S\_ 








r2 

SSS H 
S ; 
! 








Spandrel Walls.—If these show signs of weakness, 
they may be tied together by plates and steel tie rods 
coated with tar and felt. Steel tie rods are generally 
better in filling than reinforced-concrete ties. They 
are more flexible, and the latter tend to support an 
increasing amount of live load as the filling settles. 
Reinforced-concrete cross walls are an alternative. 
These must, of course, be well tied in at their ends to 
the spandrel walls. If the spandrel walls are straight- 
backed and a relieving arch is employed for the vault, 
this may be turned up at the ends to form relieving 
spandrel walls (Fig. 13). Counterforts can be used, 
if desirable. If the parapets are taken down and 
rebuilt, the top of this relieving wall can be bonded 
into the existing wall (Fig. 14). In some cases weak 
































































































It is, however, possible to arrange for such new 
girders or members to take any predetermined amount 
of dead load, and therefore to ease the existing bridge 
to any desired extent. 

One method of doing this is by the use of hydraulic 
jacks with pressure gauges to take a definite weight 
off the old work and transfer it to the new. Another 
is to transfer the weight by wedges, the deflection 
corresponding to the desired weight being previously 
calculated. Whether it is desirable to transfer dead 
load in this way depends on the type of bridge, the 
method of strengthening, and the proportion of live 
to dead load. 

An obvious way of strengthening any girder bridge 
is by the insertion of intermediate supports. The 
girder will then become continuous, so that the 
foundations of the new supports must be rigid. Shear 
stresses in the neighbourhood of the supports may 
necessitate additional material. By wedging up or 
otherwise raising the bridge at the new supports it 
may, within limits, be relieved of any desired proportion 
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Where the carriageway is of fair width, ties beneath 
the footways may not be sufficient. A suggestion for 
such a case is shown in Fig. 11. Steel tie rods con- 
necting reinforced-concrete blocks AA could be 
employed, and might be conveniently spaced beneath 
the carriageway. The blocks could be precast, and 
precast reinforced-concrete slabs BB would be dropped 
in between them. The weight of the filling above 
these slabs would counteract the moment produced by 
the pull in the tie rods. The filling behind these blocks 
and slabs should be well ccnsolidated and the rods 
should be given some initial tension. Another method 
is shown in Fig. 12. Here the blocks are anchored by 
steel rods let into holes drilled vertically into the abut- 
ments, After the insertion of the rods the holes would 
be grouted up. 

The strength of abutments is naturally influenced by 
the width of the bridge if the latter possesses substan- 
tial wing walls. In a narrow bridge a considerable 
proportion of the thrust is probably taken by the 
wing walls. Many old bridges have been found when 
examined, to be practically without abutments, yet 
have stood up to modern traffic. A new bridge of 
the same dimensions would fail, as the backing of its 
abutments would be unconsolidated, whereas the 
backing of the old bridge would have been converted 
by years of traffic into a mass nearly as rigid as the 
abutments themselves. 
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spandrel and wing walls can be strengthened by external 
buttresses. 

In connection with spandrel walls, it should be 
mentioned that if there is no footway on one side of 
a bridge, an 11-ton wheel of the Ministry’s standard 
traction engine against the spandrel or wing wall on 
this side will induce heavy stresses in it. A beam along 
the top of such a wall helps to spread the side pressure 
over a greater length of wall (Fig. 15). 


(2) WRovUGHT-IRON AND STEEL BRIDGES. 

These will generally be strengthened in one way or 
another by the addition of steelwork. Steel and 
wrought iron have roughly the same modulus of 
elasticity, so that stresses in the strengthened bridge 
will be the same as though the materials were homo- 
genous throughout. Where new material, such as 
flange plates, is added to existing members, these 
existing members will carry the dead load borne by 
them at the time of the strengthening, together with 
the weight of added material and their own proportion 
of live load. The new material will carry its proportion 
of live load and of any dead load such as concrete filling 
or roadway material added after the strengthening. 

Where new girders are inserted they will carry 
their own weight, together with their proportion of 
live load and of any dead load added after the 
strengthening has taken place. 


(9366.H.) 

















__._ Centre Line ___| 








of dead load stress. The Conway tubular bridge 
originally had a single span of 400 ft. This has now 
been converted into three spans of 45 ft., 310 ft. and 
45 ft. Continuous girders where settlement has taken 
place can sometimes be converted into cantilever 
bridges by the introduction of joints. 

(a) Trough Bridges and Trough Flooring.—It will 
generally be better to replace weak troughing rather 
than to strengthen it. The old troughing can often 
be relaid under the footways while new troughing is 
provided under the carriageway. 

(6) Multi-main Girder Bridges with a Number of 
Longitudinal Girders or Joists under the Roadway.—lf 
the girders or joists are embedded in concrete or 
support a jack arch and concrete deck it would 
generally be possible to lighten the bridge by the 
adoption of a steel deck, thus permitting heavier 
live loads to be carried. Maintenance costs would, 
of course, be increased, and a further disadvantage 
of this method is that the new floor would not be 
nearly as effective as the old in stiffening the main 
girders, and in distributing heavy point loads over 
two or more girders. In view of this it may be a 
desirable alternative to add one or more plates to 
each bottom flange (if this can be done without undue 
interference with the deck), relying on the compressive 
strength of the concrete deck to provide an adequate 
factor of safety as far as the top flange is concerned. 
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Where the added live load which would be provided 
for is not sufficient to meet traffic demands, it may 
be necessary to consider the insertion of intermediate 
girders. If this is done a new floor, either of steel 
or of concrete, must be provided except in the rare 
cases where the existing deck consists of a concrete 
slab reinforced top and bottom throughout and 
supported on the tops of the main girders (Fig. 16). 

If the floor is of troughing, intermediate girders 
could again be inserted, or plates could be added to 
the bottom flange if this would help matters. The 
top flange must not be overstressed. Additional 
stiffeners could be provided, and if the girder is weak 
in shear, panel plates in the end panels joggled over 
the flange angles, could be added. Extra cross bracing 
between girders may be desirable. 

With a buckled plate floor of any of the usual types 
(unless supported on cross girders above the main 
girders), it would be difficult to insert intermediate 
girders satisfactorily, without reconstructing the floor. 
Buckled plate or flat plate flooring can be stiffened 
by the addition of Tees, but if such a floor is weak it is 
best to reconstruct it entirely. 

Type (b) may sometimes be converted to type (c) 
by the introduction of new main girders and cross 
girders, the old main girders resting on the new cross 
girders, and thus being converted into stringers (Fig. 
17). This can only be done where headroom permits. 

(c) Through or Deck Main Plate Girder Bridges with 
Cross Girders and Stringers.—New intermediate cross 
girders and intermediate stringers can be inserted if 
necessary. A girder of moderate size may be deepened 
by having another girder riveted above or below it 
(Fig. 18). Much of the metal, however, will then be 
uneconomically placed. Where flange plates are 
added to a girder these will generally carry only their 
own proportion of the live load, the old flange plate 
taking the whole of the dead load. The new plates 
will thus never be stressed as highly as the old. 

The addition of a flange plate necessitates the cutting 
out of all the flange rivets along the seat of the new 
flange plate. These rivets would be cut out one at a 
time, each being immediately replaced by a bolt. 
The nuts of these bolts must be removed during the 
attachment of the new plate. This involves a tem- 
porary weakness of the girder, forthe strength of a 
riveted joint depends largely on friction between the 
plates produced by rivet contraction. It is therefore 
best to fix the new plate when there is little traffic 
over the bridge, and it may be desirable to make it 
in two halves, fixing first one and then the other. 
When the plate is in position the bolts are immediately 
screwed up and new rivets put in one at a time. As 
in the case of type (6), additional stiffeners and panel 
plates may be required, also new diaphragms and cross 
bracing. Cross girders may need additional or 
stronger gussets connecting them to the main girders. 

Another method of strengthening plate girders is by 
trussing either above or below. Through bridges 
would have the additional members above (Fig. 19), 
and the top members would generally be connected by 
overhead bracing. What may, perhaps, be con- 
sidered a development of this method is the conver- 
sion of a plate girder bridge into a bowstring girder 
(Fig. 20). An example of this is Vauxhall Bridge, 
Great Yarmouth. 

(d) Truss Bridges.—The above remarks on type (c) 
apply generally to truss bridges. Top and bottom 
booms may be strengthened by the addition of flange 
plates, side plates or additional angles, according to 
circumstances. Extra gusset plates and ties can often 
be arranged. Struts and posts may require stronger 
lacing, or lacing may be replaced by gusset plates. 

Where rivet connections are weak, extra strength 
can sometimes be obtained by the method illustrated 
in Fig. 21. 

(e) Arch Bridges.—The above remarks apply gener- 
ally to steel arch bridges. 


(3) Cast Iron BripGEs. 


If a cast iron bridge is strengthened with steelwork 
an important point is the considerable difference 
between the elastic moduli of cast iron and steel. 
That of cast iron varies, but an average value may be 
taken as 18,000,000 Ib. per square inch. An average 
value of E for steel, on the other hand, is about 
30,000,000. The effect of this difference would be 
that the new steelwork would tend to take 30/18 of 
the stress it would take if it were of cast iron like the 
rest of the bridge. The exact proportions depend on 
the type of bridge and method of strengthening, but 
it is evident that the tendency is for the old cast iron 
work to be relieved of more live load stress than if the 
bridge were strengthened in a similar way but in cast 
iron. There is therefore in general less reason for the 
special methods of relieving existing work of part of 
its dead load which have already been described. 

(a) Girder Bridges—Large cast iron girder bridges 
are not common. The bridges usually met with are of 
moderate size, and are generally constructed of joists 





having a larger bottom than top flange. Such joists 
are often embedded in concrete. It will be better in 
most cases, if these are weak, to reconstruct the bridge 
entirely, as cast iron is least reliable in small bridges 
where impact effects tend to be greatest. Sometimes 
the girders or joists may be converted into stringers as 
in the case of wrought iron bridges. 

(6) Arch Bridges.—There are a good many examples 
of these. A method of strengthening which has 
recently been adopted for several bridges is to encase 
the cast-iron ribs in reinforced concrete. A good 
example of this method is the Waterloo Bridge at 
Bettsw-y-Coed, which was designed by Telford. Here 
there were five cast-iron ribs. The two outer were 
left untouched, as it was desired to preserve the 
original appearance of the bridge. The middle rib 
was merely encased in concrete, but the intermediate 
ribs were each embedded in a concrete rib reinforced 
with steel rods top and bottom, these two ribs in them- 
selves being strong enough to take the whole of the 
live load and their proportion of dead load without 
the help of the cast-iron within them. The lattice 
work carrying the old deck of cast-iron plates was also 
encased in concrete to form spandrel walls supporting 
the new concrete deck slab. Other bridges of Telford’s 
have been strengthened in a similar way. 

Another method suitable for cast-iron ribs not too 
far apart is to fill in alternate spaces between ribs 
with reinforced concrete, thus forming additional ribs 
of this material (Fig. 22). La Voulte bridge over the 
Rhone, which is somewhat similar to Telford’s bridges, 
has had its ribs encased in concrete. It was provided 
in addition with a concrete slab forming a vault 
across the entire intrados and also with slabs over the 
extrados near the springings. The lower flange of 
each rib was strengthened with steel bars attached to 
the ribs by brackets. New steel cross-bracing replaced 
the old cast-iron frames and a reinforced concrete 
deck was provided. 

Electric welding has occasionally been used in re- 
pairing and strengthening cast-iron arch bridges. It 
was employed in La Voulte bridge, and notably in the 
Suresnes bridge across the Seine, where a large piece 
of one rib was knocked out by a barge. A piece similar 
to that. knocked out was made in cast-iron and this 
was welded into one with the rib. The entire rib 
section was then strengthened with steel plates welded 
on. The longitudinal plates had a cross sectional area 
equal to half that of the rib. Their effect, therefore, 
since E for steel is roughly twice that for cast-iron, 
was to halve the live load stresses on the old rib due 
to direct compression. Where an old rib has tension 
in either flange due to bending, additional steel flange 
plates would be particularly valuable owing to the 
weakness of cast-iron in tension, and the doubled 
stress taken by the new steel owing to the difference 
in the moduli of elasticity. 

The work at Suresnes has been proved satisfactory, 
as since its completion the same section of rib has 
again been struck by a barge. In this case it was the 
barge that suffered. 


(4) Suspension Bripezs. 


A fair number of these have been constructed in this 
country by Telford, Tierney Clark and others, chiefly 
in the early part of the last century. Many are exceed- 
ingly effective from an esthetic point of view. Few, if 
any, however, can be capable of reconstruction to 
carry the Ministry of Transport’s Standard Load, 
though sometimes sufficient strengthening can be 
carried out to enable such a bridge to carry a greatly- 
increased load. 

These old suspension bridges are generally con- 
structed with wrought-iron links and suspension rods 
carrying wooden or cast-iron cross girders and a 
wooden floor. Sometimes the cross girders have been 
replaced at a later date by wrought-iron ones, the 
floor otherwise strengthened or stiffening girders pro- 
vided, the latter occasionally being of wood. The chains 
are often carried over the towers on rollers set in 
cast-iron saddles. 

It is often found that some part of such a bridge 
will be seriously overstressed by dead load alone. 
Generally, it is undesirable for a stress of 5 tons per 
square inch to be exceeded in the wrought-iron chain 
links, 34 tons in the suspension rods, which are often 
of welded materia], and 14 tons for cast-iron in tension. 

A bridge of this type has often begun life with a 
wooden floor, say, of 3-in. timber, carrying a 2-in. 
timber wearing surface. Macadam or tarmacadam has 
afterwards been applied to this, its thickness eventu- 
ally becoming perhaps 6 or 8 in., and the dead load 
on the bridge being greatly increased. The chains over 
the towers probably have not moved over their rollers 
for many years, and if the bridge crosses a waterway 
the water may have penetrated to the anchorages and 
caused extensive rusting. The chains of such a bridge 
will probably be overstressed by dead load alone. 

The dead load may first be reduced by removing the 
tarmacadam. This tarmacadam, though increasing 





the dead load on the bridge, also considerably increases 
the stiffness of a bridge without stiffening girders, and 
spreads any live point loads over a number of suspen- 
sion rods. It also spreads such a point load down to 
the timber floor at an angle not greater than 45°. 
The floor will most likely, be too weak to take modern 
loads, and the removal of the tarmacadam will weaken 
it still further. A new timber floor, perhaps 6 in. 
or 7 in. thick, with a 2-in. timber wearing surface, 
coated with tar and chippings, should be satisfactory, 
and would help to give the bridge some of the stiffness 
previously provided by the tarmacadam. The strength 
of the cross girders will then require investigation, 
and they may need to be strengthened or replaced. 

There is generally considerable friction at the pins 
of the main chains. This friction and the thick flooring 
will stiffen the bridge to a large extent, but it will 
probably be advisable to provide steel stiffening 
girders if this is possible and perhaps new suspension 
rods. 

In modern suspension bridges galvanised steelwire 
ropes are employed instead of wrought-ircn chains, 
and it may be possible to reinforce the existing chains 
with such ropes. This has been done in the case of the 
Conway suspension bridge. The removal of the tar- 
macadam floor would relieve the main chains of a 
large part of their dead load stresses and for a moderate 
increase in live load no reinforcement of the main 
chains may be required. 

If the main chains cannot move over the saddles, 
any live load on the bridge will cause bending moments 
in the towers. In some cases it may therefore be advis- 
able to replace the main chains with modern wire ropes 
and saddles of modern design permitting movement of 
the ropes over the towers. 

With large suspension bridges in exposed situations 
the wind will have an appreciable effect on the bridge, 
and may cause vibrations of considerable amplitude. 


(5) Retnrorcep CoNCRETE BRIDGES. 


The majority of such road bridges in this country 
have been designed to carry the Ministry of Transport’s 
Standard Load. Most of those constructed prior to 
the introduction of this loading would probably be 
able to carry it without danger, though possibly with 
a less factor of safety than is desirable. It is not very 
likely, therefore, that many of the bridges constructed 
of this material will need strengthening; at any rate 
for some time to come. It should not be difficult to 
deepen beams or arch ribs where headroom allows, and, 
if slabs are reinforced top and bottom throughout, it 
may sometimes be possible to insert additional beams 
between existing ones. 

Finally, no mention has been made of timber bridges, 
as those existing are generally too weak to warrant 
strengthening even if the material were sufficiently 
permarent to justify it. 





THE OPTICAL SOCIETY. 


At a meeting of the Optical Society held at the Im- 
perial College of Science and Technology on Thursday, 
November 12, the following papers were presented and 
discussed :— 

“Some Recent Improvements in Modern Ophthalmic 
Lenses,” by 8. A. Emerson, A.R.C.S., B.Sc.—The paper 
discussed the limitations inherent in the usual forms of 
fused bifocal lenses and the methods now being adopted 
for overcoming these limitations. A fused bifocal 
lens with a large power added for reading has a con- 
siderable amount of chromatic aberration, which is 
produced by the crown and flint glasses generally avail- 
able for fusing having to be combined in a manner 
opposed to that required to produce a positive achro- 
matic lens. In the newer bifocals the glass used for 
the major lens is of low refractive index and low dis- 
persion ; that used for the reading segment has a high 
refractive index and abnormally low dispersion, the 
relative dispersion being approximately the same as 
that of the major lens. The fused lens has thus no 
more colour in the reading portion than has an ordinary 
single lens of the power of the reading portion made from 
either glass. In the fused bifocals as usually made 
there is very limited control of the centring of the read- 
ing portion. By using suitably shaped reading por- 
tions, the shape being determined partly by the power 
of the major lens, this difficulty has been largely over- 
come. The position of the reading section can also be 
fixed in such a position that the optical centres of both 
portions coincide, which is desirable in certain cir- 
cumstances. For medium and high-power lenses, a 
reduction in weight and an improvement in appear- 
ance, together with an increase in the field of view, have 
been obtained by the fusion of suitable glasses. 

** Some Causes of Apparent Astigmatism of the Eye, 
other than Cylindrical Errors of Refraction,” by E. F. 
Fincham.—Visual acuity appears to be governed by 
the following factors: (1) The quality of the optical 
image upon the retina. (2) The size and pattern of 
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the grain of the retina, ¢.e., size, separation and arrange- 
ment of the retinal cones at the fovea. (3) The per- 
ception of the stimuli of the visual centres of the brain. 
Measurements of visual acuity of a hypermetropic 
eye were made with a grating test. The results showed 
that although the eye was able to make the necessary 
adjustment of the accommodation to correct the hyper- 
metropic error for any meridian, the acuity varied 
considerably in ‘different meridians. The well-known 
phenomenon of “glimpsing’’ was very marked in the 
vertical meridian. It is suggested that this effect is 
due to the third factor which has been mentioned. 
Other variations of acuity in different meridians could 
be explained upon the assumption of the presence of 
“*veins”’ of unequal refractive index in the media, or 
the striated character of the crystalline lens. Owing to 
the hexagonal packing of the foveal cones, the separa- 
tion of their outer extremities (presumably the sense 
organs) is different in different meridians. The sepa- 
ration is least in the taree meridians in which lie the 
centres of adjacent hexagons. It is suggested that this 
fact will account for a variation in the “grating 
acuity ’’ for different meridians. 
The Zeiss Refractionometer was exhibited by Messrs. 
J, W. Atha and Co. The ophthalmic parallax refrac- 
ee enables the optician to ascertain, without 
the active assistance of the patient, the vertex refrac- | , 
tion of the distance spectacle lens required for the cor- 
rection of an ametropic eye. By the application of the 
parallax principle and usin;; a suitable magnification, 
an accuracy of 1/8D can be obtained within a range of 
from —12 to +20 D, whilst the accommodation of the 
patient’s eye is eliminated. The position of the prin- 
cipal meridians of astigmatic eyes is easily found by its 
means, 








ITALIAN TELEPHONES.—We are informed that a Bill 
dealing with the special assignment of a hundred million 
lire (about 1,000,0007.) per annum for six years, to 
provide for the systematising of the Italian inter-urban 
telephonic communications, will shortly be submitted 
for the approval of the Italian Parliament. The existing 
plant is stated to be quite inadequate for present needs, 
and renders rthetinee the necessary facility for tele- 
phonic communication over long distances. Fig. 3. 
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ROYAL METEOROLOGICAL SOCIETY. | 


THE first monthly meeting of this Society for the 
present session was held on Wednesday, November 18, 
at the Society’s Rooms, 49, Cromwell-road, South 
Kensington, Mr. C. J. P. Cave, M.A., president, being 
in the chair. A paper, entitled “‘ Note on the Variations | 
in Transparency of the Atmosphere observed by means of a 
Projected Telescopic Image of the Sun,’ was read by 
Miss Catharine 0. Stevens. The paper stated that the 
varying effects of the atmosphere upon the quality of 
sunshine are signalised in the completeness or the 
incompleteness of the scheme of the prismatic colours 
to be found associated with a projected telescopic 
image of the sun in case a non-achromatic telescope is 
employed for the purpose of such observations. These 
colour variations are of such a delicate nature as to 
necessitate the projection into a darkened room of the 
sun’s telescopic image. There is relation between these 
colours and issues of weather. Meteorological con- 
ditions in normal to clear weather with a rising baro- 
meter yield a predominance of red, orange and blue to 
the exclusion of other colours. In circumstances of 
steady barometer and cloudless sky, any pronounced 
departure from this colour scheme is informative. Thus, 
if green is included, precipitation of rain threatens ; 
if purple or violet, electrical conditions are indicated ; 
and in case all colour is whitened or “nil,” a fall of 
barometric pressure is heralded and other signs are to 
be anticipated of approaching unsettled weather, such 
as cirrus cloud formations, halos, iridescent clouds, &c. 
The method of observation is advocated for its relia- 
bility and the exceptionally quick and easy manner of 
its manipulation. A paper, entitled ‘“‘ Notes on the 
Behaviour of Certain Plants in Relation to the Weather,” 
was read by N. L. Silvester, M.Sc. This dealt with an 
investigation made to test the local forecast value of 
plants reputed in weather-lore to give such predictions 
by movements in their flowers or leaves. The analysis 
of 1,300 observations upon pimpernel, daisy, chickweed, 
clover, dandelion, marigold and gentian gave a negative 
answer. Temperature of the soil surrounding the 
roots proved to be a control factor in the movements of 
daisy and chickweed. Above the critical temperature 
in the two plants last mentioned and in the pimpernel, 
relative humidity became the dominant -factor—a 
value of 80 per cent. (approximate) being the critical 
maximum in every case. Clover leaves responded’ to 
wind velocity. The closing movement commenced 
when the velocity at 42 ft. above the surface exceeded 
20 m.p-h. Those plants that responded to relative 
humidity could thus be used for prediction of rain only 





in so far as its’incidence was preceded by the pre- 
requmite humidity increase, and therefore they were 
unreliable as local weather forecasters. These con- 
clusions referred only to the irregular day movements. 
The cause of the regular movements near sunrise and 
sunset had not been solved by this investigation. 








PRESCOT SPOT AND SEAM-WELDING 
MACHINES. 


SuccEssFuL welding by manual operation, no matter 
whether smith-welding or by gas or electric processes, 
must always be dependent on the conscientiousness 
and workmanship of the operative. Since doubts may 
always exist about the quality of such work, it is natural 
that endeavours have been made to perfect those pro- 
cesses in which machines are used, which have automatic 
devices to ensure that the quality of the work turned 
out is not dependent on the skill of the operator. 
Much of the success obtained in such processes as 
spot and seam welding must be accredited to the 
designers and builders of the machines, rather than to 
the operatives, who, however, may be trained to reduce 
the periods between the performance of each item of 
work and so increase the production. The processes 
of resistance welding are nowadays so well known 
that it is quite unnecessary to refer to them in general 
terms, but we desire to call attention to some of the 
salient features of two types of machines which repre- 
sent the best features of modern practice. These 
machines are illustrated on this and the opposite pages 
and on page 726, and are products of British Insulated 
and Helsby Cables, Limited, of Prescot, Lancashire. 

Before describing the actual machines it would 
perhaps be as well to refer to the fact that electric 
resistance welding has many advantages over other 
means of joining metals in regard to cost and speed 
of working. As compared with riveting, resistance 
welding by the spot process costs only about one-tenth, 
and has the further advantage that the metal is not 
weakened by punching or drilling, and thus a much 
sounder job is assured, which will not be affected 
by vibrations in the same way as a riveted joint. 

The illustrations, Figs. 1 to 3, show an automatic 
spot welder of the latest type made by the firm and 
which, like all the types of resistance welders made 
by them, bears the trade name ‘‘Prescot.” This 
machine is a heavy duty spot welder suitable for 
making welds up to 3-in. diameter in mild steel, the 
sum of the thicknesses of the layers of material used 
being from 3 in. to ? in., and the speed of operation 
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| ranging up to 600 welds per hour. In this machine 
the movement of the upper electrode is obtained from 
an external source of power by a belt drive through 
a push button controlled electro-magnetic clutch and 
suitable gearing. Situated inside the cast iron body of 
the machine there is a 60-kw. single-phase air-cooled 
static transformer which takes power from a general 
alternating-current supply system and transforms it 
to obtain a very heavy current at low pressure. The 
stakes or arms, which may be either 24 in. or 36 in. 
long, are of the rigid type, and on the upper one a 
slide block is fitted, on the underside of which is 
provided a cast copper electrode carrier to which 
connection is made by flexible leads from one ter- 
minal of the secondary coil of the transformer. On 
the lower stake there is bolted a cast copper holder 
for the other electrode and this is joined up to the 
other termina] of the low-pressure side of the static 
transformer. The electrodes on each of these holders 
are water cooled, and have renewable hard-drawn 
copper tips. The upper electrode may be adjusted 
by means of a heavy screw to suit the thickness 
of the work, and the mechanical pressure for the 
weld may be varied at will by the tightening or 
slackening of the springs on the head of the machine. 
A double plug box is provided by means of which 
eight different heating speeds may be obtained. 
Automatic control by means of differential relays 
makes certain that when the metal has attained the 
welding temperature necessary for successful work, 
and that the spring pressure has brought the parts 
into intimate association, the power is cut off. The 
job then cools down sufficiently before the pressure is 
released to ensure a solid weld being obtained. 

In seam welding, as the process is usually employed 
for the construction of metal containers for fluids, 
the work must be sound and effective throughout the 
entire length of the weld. To obtain this result it is 
essential that the heating of the associated metal parts 
should be regular throughout the whole time of orera- 
tion. Care must be taken that good contact is made 
between the electrode and all the parts to be joined, 
and cleanliness is of great importance. The machine 
illustrated in Figs. 4 and 5 on this page and Figs. 6 to 9 on 
page 726 is suitable for seam welding and for the making 
of steel barrels. It can deal with mild steel plates of 
between 18 and 10 S.W.G., and can work at rates of 
from 12 in. to 24 in. per minute. To obtain a supply of 
electricity at suitable voltage there is a 35-kw. trans- 
former within the cast-iron body, which takes its power 
from the alternating-current mains. The machine has 
stakes, 24 in. long, at the ends of which are mounted 
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the water-cooled roller electrodes. Motion for these | 
electrodes is obtained from an external source of power | 
and a clutch is fitted, which may be operated by a| 
hand lever so that the electrodes may be stopped or | 
started at any time. In actual work the motion of the | 
electrodes is intermittent and the amount of feed that | 
is obtained per revolution may be changed at will by | 
means of an adjustable stop which controls a ratchet | 
feed pawl. Only when the work is stationary is any | 
welding performed, there being a special choking coil | 
device inserted in the primary circuit of the transformer | 
to reduce the current passing through the work while | 
it is being fed forward. Once the movement stops, the 
full current is again passed through the work, these | 
actions taking place in a perfectly automatic way. The | 
frequency of the cycle of operations depends upon the | 
rate of working, but it usually takes place from seven to | 
nine times per inch of weld. In Fig. 4 the special chok- 
ing coil is shown beside the welding machine, and the 
arrangement of its components is illustrated in Figs. 8 
and 9. In the centre of the case there is a fixed coil, 
on each side of which there is a revolving spindle on 
which a laminated iron core is mounted. Motion for 
these cores is obtained by chain drive from the main 
machine and the actions are synchronised with the wel- 
der, so that, when the movement of the electrodes takes 
place, the double iron core is in place within the coil and 
the maximum choking action is obtained. When the 
welding is in progress the laminated cores do not come 
within the coils and, in fact, are situated as shown in 
Fig. 9. This innovation to seam welding machines is 
the means of preventing ‘he burning of the metal, a 
source of trouble with welding machines in which 
some type of choking act.on is not available. As 
work of different thickness has to be dealt with, it is 
necessary that there should be means of controlling the 
current which passes through the metal parts to be 
joined. This is arranged for by having a plug 
box on the primary circuit of the transformer, which 
can be used to vary the number of turns of the 
transformer primary coils which are active, and 
consequently to change the electrica! pressure in the 
secondary circuit. By this means every requirement 
in regard to rates of working, different widths of 
electrode welding paths, and different thicknesses of 
material may be met. 

The stakes may be arranged to be parallel, as shown 








in Fig. 7, or inclined as is depicted in Fig. 5, to suit the 
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Variation in the 
height of the top electrode is obtained by turning the 


needs for different classes of work. 


capstan wheel at the top of the machine. When it is 
desired to make a weld, the top electrode is raised, the 
work placed in position and the electrode brought down 
on top of it. The main switch, which is mounted on the 
front of the machine, is then closed and operation is 
started by engaging the clutch. Automatic feeding 
then takes place and the operations proceed until the 
work is completed. While a weld is actually being 
made, mechanical pressure is applied by means of the 
compression spring at the back of the machine. Ad- 
justment of the pressure used may be made at any time 
to suit the conditions of the work. It will be appreciated 
that in this machine the amount of heating in the weld- 
ing process can be regulated by the alteration of the 
connections in the plug box of the transformer, by the 
variation of the feed of the work, and by the mechanical 
pressure applied to the plates under treatment. For 
all three actions control is provided, and tests may be 
made with scrap plates prior to the performance of any 
new work to see that the requirements are actually met. 
The electrodes must wear in any type of seam welding 
plant, and as this may result in a variation of the current 
density in the weld, it is necessary to see that their 
widths are kept within reasonable limits. The usual 
practice with this machine is to start with electrodes 

in. wide at the contact face. Soon this will be 
increased to 4 in. during working, after which the 
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change in width will be very slow for several hours. 
Once the width is increased to % in. or % in., it is 
advisable to replace the roller electrodes by others, 
while the first set may be re-turned to the original width. 





SurER-TENSION CaBLE D1-Etectrics.—-Mr. A. J. 
Tracey recently delivered a lecture on the subject of 
“*Super-Tension Cable* Di-Electrics ” before the Junior 
Institution of Engineers. Mr. Tracey exhibited a large 
number of diagrams of considerable interest, giving 
particulars of tests on high-voltage cables having different 
classes and sizes of conductors and di-electrics. He 
explained that the thickness of the di-electric was a most 
important figure to be mentioned in the results of tests, 
as di-electric strength varied enormously with thickness. 
He stated that no satisfactory reason had yet been found 
to account for this fact, and in all probability something 
was happening in a cable of which at present we were 
unaware. Most useful research could be done, therefore, 
on the subject. Figures and diagrams were shown 
illustrating the effect of foreign matter and air pockets in 
di-electrics. Mr. Tracey declared that an occluded air 
pocket constituted one of the gravest defects in a 
di-electric. It was worse than a piece of metal. In 
connection with the actual breakdown of a cable. 
Mr. Tracey said that it had frequently been discovered 
that cables insulated with impregnated paper which has 
been subjected to very high di-electric stresses for long 
periods exhibited charred spots. These appeared to be 
incipient breakdowns and usually took a tree-like form. 
Several reproductions of such tree forms were exhibited. 
A general discussion concluded the lecture. 
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THE DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. 


THE present annual expenditure of public funds 
by the Department of Scientific and Industrial 
Research is something under 500,000/. The latest 
Report* of the Department begins by pointing 
out shortly how this expenditure compares with 
the objects to which it is devoted. There is 
no ground for expecting that the return from the 
energy and money spent on research should equal 
the expenditure over any short term. Two genera- 
tions have passed since Faraday prophesied that 
his electro-magnetic experiments would one day 
have a commercial value; twenty years’ hard 
work were necessary to make synthetic indigo into 
a commercial product; it is seven years since 
Sir George Beilby first put the problem of the 
low-temperature carbonisation of coal on a sound 
scientific basis, and still it has not arrived at the 
commercial stage. Yet in sound scientific research 
there is a chapter of accidents, which in the long 
run contains ample compensation for the hazaras 
and expense. The manufacture of indigo, though 
it is said to have cost over a million sterling in 
experimental work, has established itself on a 
basis that has justified the expense, and many 
other instances can be quoted of industries having 
been established on a scale that has amply com- 
pensated for great expenditure. Even in the 
experience of the Department itself, short though 
it has been, the same fact has been illustrated and 
repeated. One of its most costly enterprises has 
been the Fuel Research Station. In capital and 
maintenance it has cost up to now over 400,000/., 
and has not yet solved the problems of low-tempera- 
ture carbonisation, which it was established pri- 
marily to attack. Yet incidental researches, not 
foreseen when the Fuel Research Board was 
appointed, have brought profit and savings to 
industry and the nation exceeding this large sum. 
The method of gas regulation by the therm and 
the work on steaming in vertical retorts are said 
by themselves to have yielded this amount. 

While the overall results of the Department’s 
work have up to now justified its establishment, 
and while there are signs of the increasing recogni- 
tion of the value of scientific research, the depressed 
state of trade has hampered development of many 
existing associations established with the help of 
the Department’s grants, and in some instances it 
may .be difficult even to keep them on foot. In 
appropriate cases the Department has accordingly 
modified its scheme of grants to the extent of con- 
tinuing them longer than their original term, in 
the hope that the return of prosperity will enable 
them to be placed on a permanent footing. The 
whole subject of the Department’s activities in aid 
of industry is at present under special study by the 
Advisory Council, and further modifications and 
additions may be introduced if they are thovght 
likely to assist the industrial recovery of the 
country. Both the Glass Research Association and 
the Portland Cement Research Association have 
decided to conclude their operations, though 
arrangements for future research on glass are 
mentioned in the report of the Advisory Council. 
A research association formed by the colliery 
owners has been formed, and a Food Research 
Association is in contemplation, 

The expansion of the chemical and physical 
survey of the coal seams of the country is reported 
to be proceeding slowly but steadily. A com- 
mittee has now been established for North Stafford- 
shire, and one is about to be formed for the Scottish 
area. Four tests have also been conducted on full- 
scale plants for low-temperature carbonisation and 
similar processes belonging to private owners. 
A new line of work, which has been pursued more 
actively abroad, is that concerned with high 
pressures. Arrangements are being made for 
intensive study at the Fuel Research Station of the 
problem of obtaining liquid fuel and other oils 
from coal under high pressures and moderate 
temperatures, 

A general study of the basic problems of high- 





; * Report of the Committee of the Privy Council for 
Scientific and Industrial Research for the years 1924-25, 
H.M. Stationery Office, 3s. net. 





piessure work is included in the programme of 
the departmental chemical laboratory, the estab- 
lishment of which was announced in last year’s 
report. It is expected to be opened almost imme- 
diately, and Professor G. T. Morgan, F.R.S., now 
Professor of Chemistry at Birmingham University, 
has been appointed its superintendent. 

While the alterations to the Museum of Practica! 
Geology in Jermyn-street are nearly complete, it 
has been decided to adopt the suggestion of the 
Departmental Committee, which reported in 1911 
and 1912 that a new museum and new offices 
of the survey should be erected on a site already 
allocated at South Kensington between the Natural 
History Museum and the Science Museum. In 
this way it is hoped ultimately to co-ordinate 
the several national collections in London repre- 
senting the whole field of geological science in its 
economical application and its relation to other 
sciences. 

Considerable extension is taking place in the 
operations of the Building Research Board, which 
was established in 1920 to consider and direct 
research into building materials and methods of 
construction, and has been engaged at a research 
station erected in 1921 at East Acton. The in- 
sufficiency of its organisation to deal with all the 
various problems involved in the present housing 
difficulties was emphasised in the course of the 
inquiry made by a Committee of the Ministry of 
Health, and during the yearunder review the Ministry 
asked the Department to undertake work on a 
more comprehensive scale. The East Acton station 
consisted of temporary hutments, which were quite 
inadequate for the purpose, and suitable premises 
have now been secured near Watford, at which a 
station with adequate facilities is being prepared. 
The expense of this station is estimated at from 
25,0007. to 30,0007. per vear. It is pointed out, 
however, that some 40,000,0007. is being spent 
during the present year on erecting small houses 
with financial assistance from the Government ; 
and the amount now intended té be spent on 
investigating new materials and methods of con- 
struction seems moderate in comparison with the 
amount of work to which the results of investigation 
may be applicable. It is hoped that, in addition 
to systematic investigation of new materials and 
methods of construction, it will be possible to 
obtain a better knowledge of the properties of 
existing materials, which may both suggest econo- 
mies in their use and allow the specifications to 
be drawn up with an accuracy that at present 
cannot be attained. It is possible also that means 
may be found for using industrial wastes, such as 
slag, clinker and similar substances, in the pro- 
duction of cheaper building materials. 

The Committee state that great importance is 
attached to the careful modelling of reports and 
the presentation of the material in clear and logical 
order. This, indeed, is a matter in which the 
aspirations of the Department are sometimes ahead 
of its performance. A clear distinction exists 
between a communication intended merely to 
record an advance of knowledge that has resulted 
from a series of experiments, and one that purports 
to describe an investigation made with a definite 
object and brought up to a specified stage. The 
former type of communication, of which most 
scientific. papers furnish examples, is primarily a 
matter of record. Even in such papers it is desirable 
that the results should be brought to a balance as 
far as possible, but this purpose is subordinate to 
the aim of recording completely what new results 
have been obtained. The perspective of the report 
on an investigation made with a defined purpose 
is different. The primary object of such a report 
is to show how far the purpose with which the 
investigation was initiated has been attained. As 
in a scientific paper, it is doubtless important that 
any new information should be duly recorded, but 
it is of the first consequence that the extenticn 
which these purposes have or have not attained 
should not be masked by the scattering of experi- 
mental results loosely over the body of the paper. 
The order in which experimental results are obtained 
is not necessarily that in which they subserve the 
purpose sought, and the preparation of a report 
may often, or even usually, involve a stocktaking 





of the meaning to be attached to the experimental 
results, and sometimes a re-grouping of them in 
such a way as to show their meaning relatively to 
each other, and to the problem which has been 
under investigation. 

The Department is pursuing its policy of patenting 
suitable inventions arising out of its researches, 
with the object of securing their proper exploitation. 
In some instances the best method is thought to 
be the grant of an exclusive licence. The preferred 
practice is, however, to have the patents endorsed 
** Licences of Right ” and to grant them on payment 
of a nominal fee. The terms on which the Depart- 
ment undertakes investigations for outside bodies 


or firms are now varied according as the results are,. 


or are not, at the disposal of the Department for 
publication. 

Two members of the Advisory Council, together 
with the Secretary of the Department, went last 
autumn to the United States as a deputation to 
study the development of science in the universities 
and research institutes in its bearing on industry, 
and to visit a number of industrial research labora- 
tories. The two months spent in the country, 
which were made specially fruitful through the 
facilities. afforded on all hands, impressed the 
deputation greatly with the extent of scientific 
initiative shown in many industries, and the large 
number of students who are preparing for scientific 
and. technical careers. 

By the necessary legislation, the Imperial Institute 
is now amalgamated with the Imperial Mineral 
Resources Bureau. The Secretary of the Depart- 
ment has been appointed by the Lord President a 
Governor of the Institute, and the Governors have 
appointed him Chairman of the Laboratories Com- 
mittee of the Institute, so that the co-operation of 
the work of the Institute with that of the other 
departments is likely to be assured and the possi- 
bility of overlapping prevented. 

The report of the Committee of Council concludes 
with some summary figures of the financial aspect 
of the Department’s work during the past year. 
It may be remembered that the estimates for 
research for 1923-24 amounted to 277,0007. These 
were increased by about 50,000/. for 1924-25, and by 
about a further 50,0001. for 1925-26. During 1924 
about 173,000/. was spent by the National Physical 
Laboratory, of which 50,0001. was provided by fees 
and other payments from outside firms or co- 
operating bodies, and some 30,000/. were repayments 
from service departments for work done for them 
directly. Half, also, of an expenditure of about 
4,0007. on research for the shipbuilding industry in 
the Froude Tank was defrayed by the industry and 
shipowners. The expenditure on fuel research 
amounted to about 50,0007., of which some 37,0001. 
represented the cost of work carried out at the Fuel 
Research Station. As against this, some 2,000/. 
was received for testing fees and sales of bye- 
products. The expenditure on the Geological 
Survey and Museum was about 64,000/., and on 
research on building, food, and forest preducts 
11,000/., 16,0007., and 8,5001., respectively. For 
the co-ordinating research boards and their com- 
mittees the Department incurred an expenditure of 
about 24,000/., in addition to work undertaken for 
them at the National Physical Laboratory to the 
value of some 27,000/., and to some 13,000/. on 
various programmes of research. 

Particulars are given of grants to various industrial 
research associations and in continuation of previous 
contributions, mostly on the basis of the industry 
providing an increasing income for its association 
and the grant being reduced. Such renewals are 
made after a review by a special committee, including 
one or more independent scientific experts, towards 
the end of the first grant period. The funds likely 
to be available in aid of work other than that of the 
research associations are to be increased by the 
unexpended balance of interest to the credit of the 
Department. The number of grants to students in 
training for research and the amounts spent on 
them have decreased in each of the last three years, 
though grants in aid of researches by individuals 
have slightly increased. The total expenditure on 


these grants during the financial year 1924-25 was. 


37,000I. 
(To be continued.) 
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Fic. 53. Drive ror Truine Gear, &c., or 40-H.P. Brooke Empire Motor, ‘Fie. 54. 


THE SHIPPING, ENGINEERING AND | 
MACHINERY EXHIBITION AT) 
OLYMPIA. | 

(Concluded from page 707.) 

Tue firm of Messrs. J. W. Brooke and Co., Limited, | 
of the Adrian Works, Lowestoft, make a very | 
complete range of marine engines suitable for all | 
types of motor craft. The smallest model is of | 
3 horse-power, and has a single cylinder ; while the | 
largest is a six-cylinder model of 65 horse-power. | 
The firm’s exhibit at Olympia comprised examples | 
of each type of engine manufactured, together with | 
a ‘* Brooklite”’ self-contained lighting set, and 
16 and 20-foot runabout launches, fitted with 10 h.p. 
four-cylinder Brooke ‘‘ Empire ’’ marine motors. 

We illustrate a new 40 h.p. six-cylinder engine, 
manufactured by this firm in Figs. 53 to 55, annexed. 
The engine has a bore of 4} in. and a stroke of 
4} in., and its general appearance is shown in 
Fig. 55, from which it will be seen that it presents a 
very clean outline; a point which has received 
careful attention in modern automobile practice, 
but is often entirely neglected in marine work. 
This feature should be even more pronounced in 
subsequent models, as we understand that the 
three cylinder-blocks are to be replaced by a single 
monobloc casting. This alteration should further 
result in a reduction in the total weight of the units, 
although it may be stated that this is already low, 
due to the free use of aluminium as a material of | 
construction. The crank-case, of which the upper | 
part is shown in Fig. 54, is, for example, of alu- 
minium, and is in two parts, the upper portion 
accommodating the whole working portion of the 
motor, while the bottom portion simply forms a 
sump. The mountings are on the lower portion, so 
that in dismantling, the whole of the top portion, 
complete with the crankshaft and all working parts, 
can be lifted off as one unit for inspection, leaving 
the sump fixed to the engine bearers. To avoid 
any risk of corrosion, the exposed surfaces of the 
engine are protected with a special enamel. 

Particular attention has been given in the design 
of the unit to silence in operation. As will be 
seen from Fig. 53, the timing gear, circulating 
pump and dynamo are all driven by silent chains, 
each of which is provided with an adjustment to 
take up wear. The general design of the pistons, 
connecting rods, and other running parts do not 
call for special comment, but it may be mentioned 
that the crankshaft is accurately balanced and 
machined, and is carried in four plain bearings. 
The camshaft is of low carbon steel, the tappets 
being adjustable and of the roller type. The engine 
is provided with an electric starter, and the magneto, 
which is mounted on the port side, as shown in 
Fig. 55, is fitted with a quick-break device. Lubri- 
cation is on the forced feed principle, the oil circu- 
lating pump being enclosed within the timing case. 
Practically the whole of the passages for conveying 
the oil to the various bearings are cast in the top 





Crank CasE oF 40 H.P. Brooke Empire Moror. 




















Fie. 55. 40-H.P. Stx-CyLinpER Empire Motor; Mgssrs. J. W. BRookE AND Co., LIMITED. 


of the crank-chamber. There are only two external 
lubricators on the unit, one for the water pump and 
the other for the reverse gear bearing. An oil 
filler of ample size is fitted in a convenient position, 
above the timing gear case, on the starboard side of 
the crankcase. 

As will be clear from Fig. 55, the engine and 
reverse gear form one unit. The reverse gear is of 
the epicyclic type, a somewhat unusual feature ona 
unit of this size. By careful attention to design, the 
gear has been kept of moderate proportions, the 
length of the complete unit being 5 ft. 103 in., the 
width 2 ft. 1 in., and the depth 2 ft. 63 in. The 
reverse gear is totally enclosed, and is fitted with 
single lever control. The clutch is of the plate 
type. It may be mentioned in conclusion that all 
parts of the unit are readily accessible. The 
arrangement by means of which the whole of the 
upper portion of the engine can be lifted clear of the 
sump has already been referred to, and in addition, 
large covers are provided, which, when removed, 
give access to the various parts from above. 

In our issue of September 18, 1925 (page 355 ante), 
we described and illustrated two patterns of hand 
shearing and bending machines for concrete- 
reinforcing bars. These were shown on the stand 
of Messrs. Henry Pels, 40, Great Marlborough- 
street, W.1, together with some small hand punches 
and hand lever plate-splitting shears, but the 
most striking exhibits were two large power-driven 
machines, one of which, a new production, is shown 
in Fig. 56 opposite. The driving motor is not shown 
in the illustration, but the seating upon which it is 
placed is visible above the gap at the punching end 
of the machine. The motor is of 7} h.p., and is 
made by the British Thomson-Houston Company, 
Limited, of Rugby. From the motor the drive is 
taken to one of the flywheels by a belt, which is quite 
effective even when all three slides are working 
together at maximum power. The double gearing, 





driven from the flywheel shaft, is of steel. The 
wheels are machine cut, and are fully protected. 
The frame follows the firm’s usual practice, being 
made of armour plate. It is bolted to a cast steel 
base, the upper face of which is fitted with rollers, 
which are just visible in the figure, to facilitate 
easy manipulation of the plate during splitting. The 
punching gap of the machine is unusually large, 
the height being particularly noticeable. This is 
for the purpose of allowing the passage of the broad 
flanged joists which are coming into more general 
use in constructional work, the punching of both 
web and flanges being practicable. It is largely for 
the purpose of handling this class of work that the 
triple punching attachment, shown in the illustra- 
tion in the foreground, has been designed. This is 
not, as might appear at first sight, a multiple device, 
but is simply an attachment containing three 
different sizes of punch, so that a joist having 
holes of varying size can be finished in one opera- 
tion, that is, without having to remove it to change 
dies. 

Each punch can be independently worked 
and brought down for centring before the stroke. 
The actual punches are designed to economise tool 
steel, being merelyshort cylinders witha small flange. 
and held in place by a cap nut. A special set of 
dies is provided with an inclined face, and the hole 
eccentrically placed, so that a hole may be punched 
square in a flange, close up to the web. The punch- 
ing end of the machine is fitted with a treadle 
connection alternative to the hand stop motion, 
and with an attachment shown in place with a 
single punch, which can be swung out of the way 
when entering the work. The punching slide is 
balanced by a spring, which can be seen just under 
the motor bracket. The punching limit is 14,-in. 
in diameter through 3-in. mild steel, and heavy 
joists can be handled up to 24 in. by 7} in. The 
angle and tee bevel cropper can be seen in the 
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Fic. 56. PuNcoHINc AND SHEARING MacuINE FoR ROLLED SEoTIONS; Messrs. Henry PELs. 

















Fig. 57. Wuirevess Direction Frinper ; Messrs. 
Sremens Bros. anp Co., Limrrep. 


middle of the machine. This will deal with angles 
and tees up to 4 in. by 4 in. by } in., or 5 in. by 
2 In, by $ in. A substantial adjustable holding 
block is provided by which these bars can: be cropped 
at any angle up to 45 deg. in either direction, the 
limiting size for such work being 3} in. by 3} in. by 
sin. ‘The stripper for this slide is very easily and 
rapidly adjusted by means of double worm gear, 
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Fia. 58. ReEvotution Inpicator: Messrs. 
Sremens Bros. anp Co., Limite. 


which is operated by a hand wheel. This slide of 
the machine is also provided with holes for cropping 
round bars up to 2} in. diameter and square bars 
up to 1{ in, side, while by fitting a special set 
of blades, joists up to 7 in. by 3} in., and 
channels of equivalent section, can be cropped. 
The shearing end of the machine is provided with a 
notching jaw, which is an entirely new feature. 


This jaw can be seen above the shearing blade. 
By this addition notches can be made up to 2 in. 
wide in the flanges or webs of joists and channels 
up to 7 in. by 34 in.; and in plates, angles, or tees 
up to }in. thick. Hitherto this fitting has been 
provided as a separate attachment, which was not 
so convenient as the present form. The plate- 
splitting shears are seen below the notcher, and 
consist of a pair of interchangeable reversible 
blades, 11% in. wide, which will deal with flats up 
to 6} in. by in. The stripper is substantial, and 
like that of the cropping slide, has a worm gear 
for rapid adjustment. Plates of any width up to 
8 in, thick can be dealt with, and if trimmed only, 
up to ? in. The normal horse-power required is 
six, the flywheel making 360 r.p.m., while the 
machine makes 24 strokes per minute. The larger 
machine on the stand had a 10 h.p. motor and is 
generally similar to that above described. It is, 
however, of an earlier design, and is not provided 
with a cropping attachment as an integral part. 
In both machines very great care has been taken 
to provide efficient lubrication to every moving 
part, while brass plates in suitable positions indicate 
the limits to the various operations. 

Messrs. Siemens Brothers and Co., Limited, of 
Woolwich, S.E.18, exhibited a wide range of 
electrically-operated instruments for use on ship- 





board. These included ships’ telegraphs, revolution 
indicators, helm indicators, and various other instru- 
ments for the purpose of affording information to 
officers on the bridge. Examples of the Hopkinson- 
Thring and Ford torsionmeters were also shown. 
The latter we described on page 190 of our issue of 
February 13, in the current year. 

We illustrate a wireless direction-finder, shown by 
Messrs. Siemens in Fig.57, on this page. The methods 
hitherto usually adopted in obtaining bearings from 
a fixed transmitting station have been to employ 
either two rectangular frame aerials mounted per 
pendicularly to each other, and rotated about a 
vertical axis ; or two triangular frame aerials fixed 
at right angles to each other. It will thus be seen 
that the direction-finder illustrated constitutes a 
new departure in the design of such apparatus, as 
it consists of- a frame aerial enclosed in a tubular 
ring, which is about 3 ft. in diameter. The ring is 








mounted on a cast-brass column, bolted directly to 
the deck of the vessel. The whole of the apparatus 
revolves on ball bearings, and is turned by a hand- 


wheel. The latter may be mounted either directly - 


underneath the column, or at any convenient dist- 
ance away, in which case the connection is made 
by means of a Bowden wire. The receiver used in 
connection with the frame aerial consists of a multi- 
valve set, which is completely enclosed and electric- 
ally screened. The valve panels of the receiver are 
spring mounted, for the purpose of minimising the 
vibrations transmitted from theship. The direction- 
finder is of special interest in that it is the only type 
so far produced having a watertight aerial of com- 
paratively small dimensions ; and also because it 
has been specially designed with a view to taking 
accurate bearings on either continuous wave, or 
interrupted continuous wave, as well as on spark 
signals. 

The apparatus shown in Fig. 58, herewith, which 
was also exhibited by Messrs. Siemens, is for indicating 
the direction of rotation of the engine, and is mounted 
on the bridge of a vessel. The transmission is 
carried out electro-magnetically, and is arranged as 
follows: A collar, one-half of which is of brass and 
the other of iron, is mounted on the rotating shaft, 
and close to this collar, but without actual contact, 
an electro-magnet is fixed. The magnet is provided 
with a secondary winding, and each time the iron 
half of the collar passes the pole pieces, the magnetic 
field is strengthened. When the brass half of the 
collar come opposite the pole pieces, the opposite 
effect occurs, and the variation of the magnetic 
flux produced in this way induces a current in the 
secondary winding, which is utilised to operate the 
indicator. It will be evident that, as there are no 
rubbing contacts, a high degree of reliability is 
assured. 

For the effective control of industrial processes 
as well as power purposes, it is essential that instru- 
ments should be available which can be relied on to 
maintain accuracy of reading throughout a long 
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Fig. 59. Automatic STEERING Equipment; THE SPERRY 


GyRoscoPpE ComMPANy, LIMITED. 


life. It is natural therefore that any engineering 
exhibition should contain examples of such appli- 
ances. The Lea Recorder Company, Limited, of 
28, Deansgate, Manchester, have specialised on the 
design and construction of instruments of this kind ; 
many of these are familiar equipment in the 
various power stations of the country, and were 
shown on the firm’s stand. Descriptions of 
some recent models were given in ENGINEERING, 
vol. exviii, page 598. It will be recalled that in 
the case of the recorders for coal, &c., the material 
to be measured is fed into a hopper beneath which 
is a short travelling plate conveyor, driven at a 
suitable speed by an independent motor. The 
quantity of coal carried forward by the conveyor 
is regulated by means of a sliding door, and the 
volume passing in a given time is proportional 
to the speed of the conveyor and to the thickness 
of the layer. These two factors are automatically 
integrated by the recording mechanism. 

For the purpose of keeping either the temperature, 
pressure or humidity constant in manufacturing 
processes, the Arca regulator has found successful 
application. This hydraulic relay, which is a pro- 
duct of British Arca Regulators, Limited, Windsor 
House, Victoria-street, London, S.W.1, has been the 
subject of frequent reference in our columns, and 
detailed descriptions of the instrument and some of 
its applications were given in ENGINEERING, vol. 
exvii page 714, Messrs. Negretti and Zambra, of 
38, Holborn-viaduct, E.C.1, also showed indicating 
and recording instruments for temperatures, pres- 
sures, draught and humidity, as well as temperature 
control apparatus. A distance-reading tank gauge 
forms an interesting feature of the display. This is 
familiar to our readers as it was described in an 
article in our issue of January 30 of this year. 

The Sperry Gyroscope Company, Limited, 15, Vic- 
toria-street, S.W.1, showed their ship-stabiliser, and 
an interesting display of their navigating appliances. 
We illustrate one of the latter in Fig. 59 on this page, 
which shows the new two-unit gyro pilot. The 
single-unit pilot of the firm is a combined contact 
and power device, situated on the navigating 
bridge. The contact system is coupled to a master 
gyro-compass, and controls the power system, 
which actuates the steering wheel by a chain 
drive. A change of direction in the vessel, relative 
to the compass, off its set course is immediately 
transmitted to the gyro-pilot and corrected auto- 
matically by it, thus avoiding much unnecessary 
rudder movement. But, with the single-unit pilot 
there is always lost motion in the telemotor system, 
and it is to obviate this that the two-unit pilot has 
been introduced. The gyro-pilot proper—that is, 
the contact unit is shown on the right of Fig. 59. 
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is connected electrically to the master gyro- 
compass, and to the power unit shown on the 
left, which is situated aft at the tiller head. A 
steering repeater is provided on the top of the pilot 
convenient to the small steering wheel, near which 
may be seen knobs for weather and rudder adjust- 
ments. The lever on the left is a control, which 
can be used to cut out the gyro pilot in case 
of failure, and permit of ordinary hand steering 
being used. The power unit was shown controlling 
an all-electrical steering gear, but it can be con- 
nected directly to the throttle valve of a steam 
steering set. It directly controls the rudder, the 
movements of which are mechanically followed by 
a helm angle transmitter, which actuates electri- 
cally a dial helm-angle indicator. This can be 
fitted on the bridge, and indicates the precise 
position of the rudder at any moment. The set 
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PorTABLE Pretrot-DRIvEN ScaLine Set; Messrs. F. Gruman (B.S.T.), Limrrep. 


may be completed by a bearing repeater, a clock- 
work-driven course recorder, a Sperry-Villiers 
odograph, and a Sperry repeater with a Marconi 
direction finder. The last is illustrated in Fig. 60, 
the repeater appearing at the left-hand side. It is 
actuated by the gyro-compass, and its use enables 
the wireless operator to obtain a true bearing direct 
without correction, calculation, or previous consulta- 
tion with the officer of the watch. The odograph, 
actuated by both the ship’s log and the gyro-compass 
traces the course steered on a chart. Another new 
product shown by the company was a device for 
emitting smoke, when a whistle is blown by com- 
pressed air, in order to identify the vessel signalling. 

The Kango Company Limited, of 78, Petty 
France, S.W.1, showed examples of their electro- 
mechanical hammer, which we described on page 
809 of our issue of June 26, last. It will be recalled 
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Fic. 62. DEMONSTRATION DresEL ENGINE; Messrs. MIRRLEES, BICKERTON AND Day, LimiTEpD. 


that in this hammer the inertia forces set up by 
the rotation of two out-of-balance wheels are utilised 
in striking the blow, the drive for the wheels being 
obtained from a small series-wound motor, contained 
in the casing. The tool is suitable for the same 
class of work as the lighter forms of pneumatic 
hammer, and can be supplied for either A.C. or 
D.C. circuits, the standard windings being for 110, 
200 or 220 volts. 

Messrs. F. Gilman (B.S.T.), Limited, of Grange 
Works, Smethwick, showed a full range of 
““Skatoskalo”’ boiler scaling, ship scaling, and rust- 
removing tools. The range included both electrically 
and pneumatically driven tools, and, in addition, a 
petrol-driven set was shown, which has been designed 
to meet the requirements of firms having no separate 
power supply available. We illustrate this set in 
Fig. 61, on page 730, from which it will be seen 
that the component parts are all mounted on a rigid 
cast-iron base, which can be bolted down in any 
convenient position ; or, alternatively, can be fitted 
with wheels and thus rendered portable. 

The engine is a single-cylinder, water-cooled 
model, developing 24 brake horse-power. Astepped 
cone pulley is fitted on the driving shaft behind the 
flywheel, and from the larger of the two cones a 
belt drive is taken to an overhead shaft, to which the 
flexible steel shaft for driving the tools is coupled. 
The smaller cone is utilised for the fan drive. The 
overhead shaft is fitted with fast and loose pulleys, 
so that the tools can be altered without stopping the 
engine, The flexible shafts are supplied in different 
lengths, and various types are available to meet 





the varying conditions of tube or surface scaling. 
The working heads are driven at a speed of 
2,800 r.p.m. 

When required for scaling, the tool head consists 
of two flat plates, between which are mounted a 
number of spindles. Toothed cutter wheels hang 
loosely on these spindles ; and as the working head 
rotates, the wheels are thrown outwards by centri- 
fugal force and strike the scale at a very high 
velocity. The maker’s guarantee that the tool will 
remove any scale, however thick and hard the 
incrustation may be, providing there is sufficient 
room for the head to operate effectively. 

The Kitchen reversing rudder, which is now 
applied extensively to motor craft ranging from 
small dinghies to coasters of 500 tons, makes use 
of deflectors for the water at the propeller. These 
are cut from plates curved to form cylinders and are 
pinned together at the top and bottom on their 
vertical diameter (see ENGINEERING, vol. cvili, 
page 631). Variations in setting of the two deflec- 
tors, relative to each other, causes changes in the 
speed of the vessel as well as in its direction of 
movement, while the engine continues to run in 
the same direction. By their use manceuvring is 
accomplished in an easy and reliable way by the 
movements of hand tillers, which control the gear 
or by power operated equipment connected to the 
deflectors. On the stand of Messrs. Kitchen’s 

Reversing Rudder Company, Limited, of 1705, 
Royal Liver Building, Liverpool, are shown many 
examples of actual equipments and drawings of 
large sets. In marine work, where the sea condi- 





tions and the loading of vessels may make the 
propeller leave the water partly or entirely at 
intervals it is necessary to have some means of 
dealing with the racing of the engines. For this pur- 
pose it is much better to prevent the racing taking 
place than to stop the action once it has started. 
This is the function of the Ramsay governor made 
and exhibited by the Ramsay Engineering Company, 
Liznited, 201, Mansion House-chambers, London, 
E.C.4. By its use the wear and tear of the 
machinery is greatly reduced and economical 
running is obtained. The principle of its action 
consists in making use of the movements of mercury 
in a closed tube mounted horizontally in the vessel 
(see ENGINEERING, vol. cxiii, page 359). The tube 
can swing over on pivots at the centre of its length, 
and the movement so obtained is used to control 
the pressure conditions in a small auxiliary cylinder, 
the piston on'which is connected to the throttle 
valve. Examples .of its successful application are 
many, and in action it has been demonstrated that 
the engine control is very effective in preventing 
racing. Other marine devices are shown by the 
B.R. Vickers (Leeds) Engineering Company, Limited 
of Gascoigne-street,Boar-lane, Leeds. These con- 
sist of springless glands for use on the stern tubes 
of vessels to exclude sand and sea water and retain 
oil within the bearing. Examples of various types 
of these were described recently in ENGINEERING 
(see vol. exvii, page 592). 

An interesting exhibit was displayed on the stand 
of the Anglo-American Oil Company, Limited. This 
was a 50-b.h.p. single-cylinder “ Mirrlees-Diesel ”’ 
engine of a standard type manufactured by Messrs. 
Mirrlees, Bickerton and Day Limited, which has 
achieved great success both at home and abroad. The 
leading feature of this engine was that it was very 
completely sectioned and, as the flywheel was slowly 
rotated by means of an electric motor, all the work- 
ing parts were very clearly seen in actual operation, 
thus its interest extended not only to engineers 
conversant with internal-combustion engines, but to 
other engineers and visitors who were enabled to 
study the working principle, and details of con- 
struction. Apart from the sectioned parts and special 
platform, the engine was in no way specially got 
up for exhibition purposes, and the exhibit thus 
afforded an unusual opportunity of noting the 
excellent workmanship produced by this firm. 

From Fig. 62, annexed, it will be seen that the 
top part of the cylinder has been cut away to show 
the construction of the upper part of the cylinder 
casing, the cylinder cover, and valves. A point 
worthy of comment is the facility with which 
access to the valves and other parts is given, which 
greatly eases the task of inspection and of keeping 
the valves in order. Particular mention may be 
made of the new patented, fuel valve which dispense 
with the need for fuel valve packing, thus one of the 
objections sometimes raised in connection with 
Diesel engines, namely, careless packing or tightening 
down which may cause the fuel valve to:stick, is 
entirely eliminated. The needle valve consists of 
two main parts, which are jointed together by means 
of a ball and socket joint. The provision of this 
joint removes the necessity for the absolute align- 
ment of the upper part of the valve with the lower ; 
hence should it happen that the bolts securing the 
fuel valve casing are unequally screwed down, 
tilting the upper casing and causing a slight error 
of alignment, this error will not affect in any way 
the proper working of the fuel valve. A special 
form of forced feed lubricator is employed for lubri- 
cating the engine cylinder, and the arrangement 
is such that no lubricator serves more than two 
points. 

Turning to the lower part of the engine cylinder, 
it will be seen that the cylinder is sectioned, so that 
its construction and the method of fixing the 
line is clearly seen. The piston is also seen in 
section, and in connection with this, an interesting 
and new feature of design may be mentioned. 
With the ordinary type of piston the connecting rod 
top end bearing oscillates on a gudgeon pin, which 
is driven in the piston and locked in position. With 
the new Mirrlees piston, the gudgeon pin floats 
in the two piston bearings and in the connecting rod 
top end bearing, thus allowing freedom for expansion 
due to heating; there is, therefore, no possibility 
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of the piston becoming distorted from this cause, or 
whilst the pin is.being put into position or with- 
drawn. The floating gudgeon pin is kept in position 
by light retaining plates. In addition the bearing 
surfaces of the connecting rcd top end and piston 
bearings are substantially increased, and the bearing 
pressures are consequently lower. The way in 
which the gudgeon pin is supported practically 
eliminates any bending stresses in the pin, and any 
tendency for it to wear oval is quite obviated. It 
will be seen that the compressor, governor, and fuel 
pump were also sectioned, so that a considerable 
amount of information could be gathered from a very 
brief inspection. 

The Aerograph Company, Limited, of 43, Holborn 
Viaduct, E.C.1, showed a complete range of spraying 
equipment for the application of paints, enamels, 
and varnishes, together with exhaust plants for 
installation in the paint shop. Portable plants were 
shown complete with air compressors, and suitable 
for a wide variety of work. We have described the 
plant made by this firm from time to time in the 
past, and dealt with their latest form of pistol 
spray on page 590 of our current volume. 

The attraction which the problem of the variable- 
speed gear has was again indicated at the Exhibition 
by various solutions, to some of which we have 
already referred. Another, not so far dealt with, 
was to be found on the stand of The Central Gear 
Company, Limited, Woolwich Road, Charlton, 8.E.7. 
This embodies three new applications of old con- 
trivances, a variable-stroke crank, a one-way clutch. 
and an epicyclic gear train. The gear is illustrated 
in Figs. 63 to 67 above, the variable-crank mechanism 
being seen in Figs. 63 and 67. The driving shaft has 
a circular flange or disc a, while a roughly elliptical 
disc b, provided with a short boss, which is really 
the crank-pin, lies face to face with it. The two 
discs are connected near one edge by a pin cacting 
as a fulcrum, and another d functioning as guide. 
When in the neutral position, as shown in Fig. 67, 
both driving shaft and crank-pin are in line, and only 
a simple rotary motion of the latter occurs. By 
swinging the crank disc on the fulerum-pin c, the 
centres of the crank-pin and the driving shaft are 
altered relatively, and the crank-pin is given any 
desired throw. The guide-pin d and the central 
boss spigot move in slots in the driving disc, which 
are struck radially from the fulerum c. Another 
pair of discs take part in the crank adjustment, 
one é of the same shape as the crank disc b, is swung, 
like it, from a pin f, also fixed to the driving disc, but 
diametrically opposite to the pin c. The curved 
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slots in this disc are naturally struck radially from f. 
The function of this disc is merely to balance the 
crank disc. The remaining disc g is formed with 
a sleeve fitting over the driving shaft, and has two 
radiating slots which engage with the pins d on the 
crank disc and h on the balance disc. By rotating 
the disc g relatively to the driving shaft a movement 
of the crank and balance discs in opposite directions 
results, and thus the crank-pin is moved. This 
rotation is controlled by the lever 7, which engages 
with a sleeve k fitted internally with two pins, which 
run in helical grooves, cut to opposite hand, in 
short sleeves keyed to the driving shaft and the 
sleeve of disc g. Axial movement of the sleeve k 
thus rotates the discs a and 6 in opposite directions. 

The drawings, Figs. 63 and 64, show the clutch gear 
as originally designed. This feature has recently 
been modified to the detailed form given in Figs. 65 
and 66. <A one-way clutch gear of the form shown 
in Figs. 65 and 66 is contained in each of the planet 
wheels /. These wheels are built up of a machine-cut 
toothed rim and two side plates, the latter having a 
shoulder, so that internally there are two annular 
spaces of different widths (Fig. 66). The shafts m, 
by which motion in one direction is transmitted to 
each planet wheel, each carry three shoes which run 
easily between the shoulder of the side plates and 
the under side of the rim when the shaft rotates in a 
counter-clockwise direction. The method of connec- 
tion of these shoes will be quite clear, but it may be 
mentioned that the pins of the shoe links do not take 
any load, this being borne on the ends of the links. 
Reversal of the rotation of the shaft to a clockwise 
rotation results in the shoes being locked by a 
toggle-like movement of the link, which slightly tilts 
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them and locks the wheel to the shaft. This action 
is immediate, there being no lost motion either with 
it or on disengagement. The gripping power of 
the shoes, even when immersed in oil, is such as to 
make the shaft and wheel practically integral. The 
epicyclic train is asun and planet motion and is 
carried in a cage, one end of which is supported by a 
bearing sleeve n riding on the sleeve of the variable 
crank, and the other on the driven shaft p. The 
sun wheel r is carried, by means of a long sleeve on 
the latter shaft, and the five planet wheels mesh 
with it as shown in Fig. 64. 

Each planet shaft m carries a small crank or 
lever s, which is coupled to the driving crank-pin 
by a link ¢. The rotation of the driving crank gives 
a rocking motion to the planet wheel levers, the 
wheels themselves being permitted to revolve on 
their shafts only in one direction by the operation of 
the one-way clutch. The result is that the planet 
wheels roll round the sun wheel, thus carrying the 
cage and driven shaft p with them so long as the 
pins of their levers are moving towards the centre. 
When they are not doing so the pressure on the pins 
is reversed and the planet wheels are free of their 
shafts. As, however, there are never less than two 
planet wheels engaged in the drive, and as the ends 
of their levers move in an epicycloidal path when 
driving, a uniform angular velocity is given to the 
driven shaft, provided that not less than five wheels 
are employed. With the sun and planet motion a 
reduction of 2 to 1 is obtained when the variable 
crank is at its full throw. A decrease of the throw 
results in a reduction of rotary movement of the 
planet wheels for every revolution of the driving 
shaft, and it is by this means that infinite variability 
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Fie. 69. Freep CHrck AND ISOLATING VALVE; 
Messrs. G. DIkKERS AND Co. (ENGLAND), 
LIMITED. 

















Fig. 70. Automatic STARTING AND SPEED REGULATING PANEL; THE IGRANIC ELECTRICAL 
Comeany, LIMITED. 


from 2 : 1 ratio to zero is obtained on the ahead drive, 
the latter point being reached when the driving 
crank-pin is made to coincide with the driving shaft. 
A ratio of 1: 1 on the ahead gear can be obtained by 
locking both the sun wheel and cage together. 
There is thus a distinct step between the 1: 1 and 
2:1 ratios, though the gear can be designed to give 
infinite variability from 1:1 to zero if required. 
In the reverse, or astern, direction it already possesses 
this range of variability. The reverse is effected by 
locking the cage and planet wheels to the casing while 
the sun wheel revolves, variation resulting from the 
amount of rotary movement given to the planet 
wheels by the driving crank throw. The various 
changes are made by the lever 7 already referred to 
in conjunction with another one wu, or a foot control 
in lieu of the latter. As shown in the illustration, 
the cage and driven shaft p would revolve at 
different speeds according to the position into which 
the lever « was moved. A double dog clutch vw is 





brought into operation when 7 is moved hard over 


to the right. The clutch is first released at v, this 
freeing the sun wheel, and then engaged at w, which 
locks the planet wheels. But the sun-wheel torque 
is now to be transferred to the continuation of the 
driven shaft, and this is effected by a movement to 
the right of the lever u. This engages the dog 
clutch x and the reverse is complete, p being, of 
course, released. The 1: 1 ratio on the ahead drive 
is obtained by a partial movement of the clutch vw, 
which releases the sun wheel at v without locking the 
planets ; the whole mechanism then rotates. The 
trip lever on the lever 7 actuates a small brake for 
slowing down the sun wheel to prevent shock in 
re-engagement. The small installation working at 
the Exhibition certainly bore out the claims regard- 
ing variability and equal torque. 

Messrs. Lightalloys Limited, of Stafford House. 
King William-street, E.C.4, showed a number of 
‘* Alpax ” castings, including Diesel engine inspection 








doors, Weir pump covers and air vessels, and covers 
and doors for a variety of other purposes. We 
referred to the properties of this material, the 
British rights for which are owned by the company, 
in our issues of January 9 and February 6, last, 
on pages 46 and 174 respectively ; and we described 
a railway-coach door, made by Messrs. Lightalloys 
from the same material, as recently as September 18 
last, on page 353 of the present volume. We need 
not repeat the information given in our previous 
articles, but it may be mentioned that the usefulness 
of Alpax appears to be fully established. 

That the increasing use of high-steam pressures 
and temperatures is not being restricted by want of 
suitable boiler mountings was evident from the 
stand of Messrs. G. Dikkers and Co. (England), 
Limited, of Effingham House, Arundel-street, W.C.2, 
on which a large selection of steam boiler fittings 
for pressures up to 800 lb. per square inch and 
temperatures up to 1,000 deg. F.,was shown. One 
of the most interesting of these was a 5-in. parallel 
slide stop-valve, for use with steam at a high degree 
of superheat. One of the difficulties in the design of 
valves for use with such steam is that the difference 
in expansion between the various parts tends to 
loosen the valve seating, but this difficulty has been 
overcome in Messrs. Dikkers’ valves by making the 
body in three parts, and inserting the seats between 
the flanges, where they are gripped tightly by the 
studs. The joints are metal to metal, no jointing 
material being used. The body of the valve is 
made from Dikkers “Titan” cast steel, while the 
valves and seats are of their nickel-bronze alloy, 
‘“‘Nibro”’ metal, which latter is immune from 
corrosion, 

We illustrate a water gauge, made by the same 
firm for use with high-pressure steam, in Fig. 68, 
annexed. The body of this gauge is cut out from a 
solid steel forging. The ordinary pattern of cock 
is replaced by a small parallel slide valve with a 
special seat. There are two such valves on both 
the upper and lower connections, one of which is 
an isolating valve to enable repairs to be made to the 
working valve while the boiler is under steam. The 
bottom connection is provided with a blow-off 
valve in addition to the two valves mentioned. The 
gauge itself is of the window pattern, with extra 
thick glass, which is protected by an internal 
covering. A metallic composition is used for 
packing the glands. Fig. 69, on this page, shows a 
combined feed-check and isolating valve, which was 
also shown by Messrs. Dikkers, in which metal to 
metal joints are again employed. As in the case of 
the stop-valve, the body is of cast steel, and the 
valve and seat of nickel-chrome alloy. The gland 
has a special form of metallic packing, and the 
spindle and all bolts or studs are made from stainless 
steel. Further exhibits on the same stand were a 
parallel-slide blow-off valve, and a spring-loaded 
safety valve. The latter is of the marine pattern, 
but differs from ordinary British marine practice in 
having an exposed spring, which is protected by a 
perforated lock-up steel casing. A somewhat 
unusual feature of this valve is the addition of a 
pilot safety valve, which operates a whistle, the 
object of this arrangement being to draw attention 
to the fact that the main valve is about to blow off, 
when the firing conditions may often be altered in 
time to prevent loss of steam from the main valve. 

Messrs. Allen-Liversidge, Limited, of Victoria 
Station House, Victoria-street, London, S.W.1, 
showed in great variety the equipment and 
accessories they manufacture for welding and cutting 
metals by means of the electric arc and the oxy- 
acetylene burner. A recent innovation, and one 
showing excellent results in time and cost saving 
is the application of dissolved acetylene to the 
process of lead burning. This we called attention 
to in our columns recently (see ENGINEERING, 
page 365 ante), where the rates of working and 
costs are compared, and show that a saving of 
30 per cent. is possible if a certain amount of work 
is done with the use of dissolved-acetylene rather 
than with coal gas, and slightly more than that 
figure if the comparison is made with hydrogen. 

An extensive range of electrical switchgear was 
shown by the Igranic Electrical Co., Limited, 
of 147, Queen Victoria-street, London. The exhibits 
included apparatus for the control of: all types of 
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electrically-driven machines, such as are usually 
met with in shipyards, dockyards, and on board ship. 
We illustrate an automatic starting rheostat and 
speed-regulating panel, shown by this firm in 
Fig. 70, page 733. The panel is intended for use in 
connection with machine tools, printing processes, 
and other tools or operations, where speed contro] 
is desirable. As will be seen from the figures, all 
the switchgear, with the exception of the push 
button, is housed in a strong casing, which may be 
fixed in any convenient position on a wall or pillar. 
The push button, or master switch, is fitted to the 
machine in a convenient position for the operator ; 
and by means of this switch the operations of 
inching, starting, and accelerating can be easily 
and positively performed. 

The self-starter, which can be seen in the illus- 
tration on the right-hand side of the panel, is of the 
solenoid-operated multiple-finger type. The fingers 
are mounted on a camshaft, which is turned by the 
solenoid against the retarding action of an adjustable 
oil dashpot. In starting the motor, the fingers 
automatically short-circuit successive steps of the 
starting resistance. The magnetic circuit breaker, 
shown on the left side of the panel, is fitted with 
detachable contacts, which can be readily renewed. 
An interlock is provided which makes it impossible 
to close the circuit breaker unless all the armature 
resistance is in circuit. The shunt field regulator 
is operated by a handle mounted in the cover, 
and cannot therefore be operated when the panel is 
exposed. The regulator has twenty stops, and the 
resistances are chosen so as to increase the motor 
speed up to 100 per cent. above normal, provided 
that the normal shunt current does not exceed 
10 per cent. of the full load current. A special 
interlocking device, shown at the top of the panel 
in the centre, automatically short-circuits the regu- 
lating resistance until the armature resistance has 
been cut out. The double-pole main switch is 
controlled by a handle outside the casing, and when 
in the off position it isolates the motor and other 
switchgear from the mains. The push button switch 
can be supplied to give crawling if desired. When 
arranged for this purpose, pressure on the inch 
button causes the circuit breaker to close, but the 
armature resistance remains in circuit. As a result. 
the motor will run at a slow speed so long as the 
button is depressed, but will stop when the button is 
released. 

Another exhibit by the same firm was their latest 
type of star delta switch, which we illustrate in 
Fig. 71, Plate XLIX. The construction follows the 
usual drum arrangement, with revolving arc barriers 
between each of the fingers. The switch is built 
up on the unit principle, giving easy replacement 
of worn parts, and is readily accessible. A ther- 
mostatic overload relay is provided. It consists of 
a bridge piece mounted on a thermo-couple at each 
end, As the couples heat up they move the bridge 
piece, which in turn closes a switch operating the 
no-volt release. A finger with a dial setting is 
provided, by means of which the distance between 
the switch contacts can be altered, thus regulating 
the percentage overload at which the relay will 
operate. As shown in the illustration, the casing is 
mounted on two columns, terminating in a sub- 
stantial base. 

Examples of various types of machines for 
resistance welding and also for the provision of a 
suitable electricity supply for are welding were 
shown by the Consolidated Pneumatic Tool Com- 
pany, Limited, of Egyptian House, 170, Piccadilly, 
London, W.1. Some of these are illustrated in Figs. 
72 to 76, Plate XLIX. Essentially a resistance- 
welding machine consists of a single-phase trans- 
former by means of which the current passing in 
the primary coils at the supply pressure is used to 
induce a voltage of something between } and 3 
volts in the secondary windings, as the work is 
done by passing a current through the two metallic 
parts that are to be associated. At the contact the 
electrical resistance, though higher than in the 
rest of the circuit, is sufficiently small to permit 
the passage of a current of several thousand amperes 
by the utilisation of these low pressures. In the 
process about 80 per cent. of the available energy is 
actually put to useful service, and for this reason 
this method of joining metals is one of the most 





efficient and economical. There are three main 
types of resistance welders—those for spot, seam 
and butt welding, and the Consolidated Pneumatic 
Tool Company, Limited, displayed examples of each 
on their stand, but we have chosen for special 
consideration those of the seam-welding type as 
affording an index to the quality of their design 
and construction. 

In Figs. 73 and 74 two views are given of the 
standard machine made by the firm for dealing 
with longitudinal seams in such articles as water- 
tight containers, tanks, drums, and other work 
where lapped joints are to be made with iron or 
steel sheets. In the actual work the overlapped 
ends of the sheets are brought between two har- 
dened-copper wheel electrodes, which serve to pass 
the welding current from the transformer secondary 
coils. Current regulation is effected by means of 
a plug and socket, seen on the side of the machine 
in Fig. 73, which is used to put in and cut out 
various numbers of coils in the primary circuit to 
enable a suitable voltage for the work to be obtained. 
The top electrode wheel is driven at the requisite 
speed by means of gearing, and can be brough# 
down to press on the work by the operation of a 
pedal, which is also used to complete the primary 
circuit of the transformer by the closing of a simple 
and robust switch. The current is rapidly inter- 
rupted during the operation by means of an oscil- 
lating lever worked by a cam between two contacts, 
shown in Fig. 74, exposed by its cover being turned 
back. As a result of this interruption of the 
current the work is accomplished by making what 
is practically a series of spot welds, overlapping 
each other and forming a continuous seam. On 
the interruptor panel of the machine there is a 
small plug which can be placed in any one of three 
sockets to obtain the necessary connections for 
continuous water-tight seams, for making a series 
of closely spaced spot welds, or to short-circuit the 
interruptor so that the machine may be used as an 
ordinary spot-welder by substituting the necessary 
electrodes. This machine is made in two sizes, the 
smaller of which uses 8 to 10 kw., and can weld at 
a rate 1 ft. 8in. to 7 ft. per minute, while the larger, 
which takes 15 to 20 kw., is suitable for work at 
speeds of from 2 ft. 8 in. to 10 ft. per minute. In 
both cases the machines can be used on material 
the thickness of two plates of which is between 
0-02 in. and 0-118 in. The top electrode may be 
turned through an angle of 90 deg. for operating on 
cylindrical bases and general transverse welding. 
A special lower arm is used for this particular 
purpose and is shown in association with the 
turned top electrode in Fig. 75, 

A steel tape welding machine, also made by The 
Consolidated Pneumatic Tool Company, Limited, 
is depicted in Fig. 76. This type of machine is used 
for welding steel bands such as are used for the 
armouring of electric cables, for the rapid production 
of barrel hoops and work of a similar nature. Tape 
as thin as 0-004 in. can be welded satisfactorily 
on this machine, as well as the common sizes up to 
0-08 in. thick. In general this machine is similar 
to the standard seam welder, but no interruptor 
gear is provided as it is quite unnecessary for this 
class of work. Instead of having a lower arm, this 
machine has a slide rest bolted to the face plate. A 
pair of adjustable guides is provided on the slide 
rest for use in centring the tapes, which are retained 
in position by the load of two weighted levers. At 
the centre of the table a flat copper electrode is 
fitted, on which the ends of the tape are placed, 
slightly overlapped. Should a flush joint be neces- 
sary, the ends of the tape are scarfed prior to welding. 
By depressing the pedal of the machine the top 
electrode is brought down upon the joint, and the 
same action automatically switches on the current. 
Immediately the point of contact heats up, and the 
table carrying the tape is fed beneath the wheel by 
a hand screw to complete the welding operation in 
a few seconds. As is the case with the other welding 
machines described, the electrodes are provided with 
water cooling, but its use is only necessary when 
continuous work is being done. For dealing with 
cable armouring and work of a similar intermittent 
type there is no necessity for water cooling. 

In electric are welding it is necessary to have a 
much higher open circuit voltage available for 





striking the arc than is required to maintain it 
after starting. The characteristics of electrodes 
vary, but generally the are voltage with them is 
between 18 volts and 30 volts, while 60 volts to 
70 volts are required for the striking of the arc. To 
use resistances to obtain the reduction in voltage 
for the arc is very wasteful and, in consequence, many 
designers of electrical machinery, when the require- 
ments were realised, attempted to produce generators 
with a drooping characteristic curve. This was 
successfully accomplished by the use of many dif- 
ferent combinations of field windings, shunt, series 
and separately excited. The Consolidated Pneumatic 
Tool Company, Limited, have developed such a 
machine and this is shown in combination with an 
electric motor, the armature of which is on the same 
shaft as the generator, in Fig. 72. In use the 
generator terminals are connected directly to the 
electrode holder and to the work, without the 
inclusion in the circuit of any resistance. In form 
the characteristic curve of this generator is such that 
suitable currents are obtained for a single welding 
operation when the usual sizes of electrodes are in 
use; a stable arc is maintained under all conditions, 
and there is no excessive rise of current when a short 
circuit occurs. With the combined motor and 
generator in the set, are associated the starter and 
field resistances and instruments for the indication 
of the current and voltage, and the panel on which 
these are mounted is erected on side frames, 
which are supported on the bedplate. Other 
exhibits of the firm included portable transformer 
units for arc welding with alternating currents and 
air compressors to supply the pneumatic hammers 
and grinders used for the finishing of welds. 

We regret that owing to limitations on our space, 
we have been compelled to omit reference to many 
of the stands at this show. So far as has been pos- 
sible, preference has naturally been given in the 
selection to exhibits which presented an element of 
novelty, and as a consequence, no account has been 
given of the products of a number of firms of high 
standing, which have been shown at previous exhibi- 
tions, and are already well known to engineers. Our 
remaining space will only permit of our making a 
brief reference to one or two of the more outstanding 
of these exhibits. 

Messrs. Hadfields, Limited, Hecla Works. 
Sheffield, showed examples of their non-corrodible 
and heat-resisting steels, of which the latter have 
successfully withstood very high temperatures. 
Readers interested in these steels will find a fuller 
account in our issue of July 31, 1925, page 143 ante. 
The latest product of this firm, not yet on the 
market, consists of wire for electrical resistances. 
Messrs. John Musgrave and Sons, Limited, Globe 
Iron Works, Bolton, displayed representative ap- 
plications of their Radojet air pump and Multojet 
condenser, but one of their most interesting exhibits 
consisted simply of a black and white print repre- 
senting the application of the Radojet equipment 
to steamers. The equipment has been supplied 
to Messrs. W. Beardmore and Co., fora number of 
vessels. We gave an illystrated description of the 
Radojet system on page 427 of ENGINEERING 
for April 4, 1924. The stand of Messrs. John I. 
Thornycroft and Co., Limited, Smith-square, S.W.1, 
was one of the most interesting in the exhibition; the 
products shown by this firm included, amongst other 
interesting exhibits, motor cruisers from 28 ft. to 
55 ft. long, and a selection of standard petrol engines 
for marine purposes. Amongst these, a 6-cylinder 
80/110 brake horse-power engine is a newmodel. This 
we hope to describe in detail in a later issue. Oil 
separators were shown by Messrs. British Separators, 
Limited, of 161, Queen’s-road, Peckham, 8.E.15. 
who exhibited portable outfits for transformer and 
lubricating oils, and a full range of their Vickcen 
separators. This machine was described in our 
issues dated September 7, 1923 (page 309) and 
June 27, 1924 (page 820). A feature of the exhibits 
shown by Messrs. Super-centrifugal Engineers, 
Limited, Aldwych House, W.C.2, was a new totally- 
enclosed Sharples purifier, but they exhibited 
other patterns and also a portable machine. We 
dealt with the Sharples machine fully in the early 
part of this year, in our issue of February 20, 
page 227. On the stand of The Stream-line 
Filter Co., Limited, 64, Victoria-street, S.W.1, 
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of Dr. 
principle of edge-filtration was illustrated. 
exhibit was representative of the most modern 
practice, a de-oiling set to deal with bilge discharges 
from ships being shown. This set was described 
on page 607 of our issue of November 13 last. 

The exhibition closed on Saturday, the 5th inst. 
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THE FAGUNDES HYDRO-ELECTRIC 
INSTALLATION, BRAZIL. 


THE Cia. Brazileira de Energia Electrica, which 
is one of the largest light and power companies in 
Brazil, furnishes electrical energy for the public 
services and for private users of the city of Salvador 
in the state of Bahia, and also to the cities of 
Nictheroy and Petropolis in the state of Rio de 
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Janeiro. Salvador, which is the capital of the 
state of Bahia, is about 1,000 miles north of the 
federal capital, Riode Janeiro. Electrical energy for 
San Salvador is generated at the company’s modern 
15,000-h.p. hydro-electric plant on the Paraguassu 
River, and transmitted to Sin Salvador, a distance of 
about 60 miles, over the company’s 44-kv. trans- 
mission line. 

Electric energy for the cities of Petropolis and 
Nictheroy is generated at the company’s hydro- 
electric plants on the Piabanha River and the 
Fagundes River, situated about 70 miles north of 
Rio de Janeiro. The latter plant on the Fagundes 
River is the most recent addition to the company’s 
generating stations, and constitutes a good example 
of modern hydro-electric engineering for a plant 
of this capacity and head. 

The accompanying map (Fig. 1) shows the general 





INSTALLATION, BRAZIL. 


SECTION THROUGH PIPE LINE. ENTRANCE 


























SECTION THROUGH 
SP/LLWAY 





Fig.4. 





eS, | <a 
------------- 42' 74-------- 


i 
' 
| 





z “ENGINEERING 


location of the company’s properties in the state of 
Rio de Janeiro. In 1906, the 15,000-h.p. Piabanha 
generating station was constructed on the left bank 
of the Piabanha River, near the Leopoldina railway 
station of Alberto Torres. About half a mile below 
the Piabanha plant, on the left bank of the river, 
the Fagundes River empties its waters into those 
of the Piabanha River, and about the same distance 
up stream from this junction the Fagundes generat- 
ing station has been constructed on the left bank of 
the Fagundes River. This is an 8,000-h.p. plant 
operating under a gross head of 416 ft., and feeds 
into the original 44-kv. transmission line, the 
connection being made at a point not more than 
600 yards from the new station, and about equally 
distant from the old station. 

The Fagundes River is a small mountain stream 
with a minimum dry-season flow of about 24 cub. m. 
per second during the months of August and 
September, and with a flood flow of about 100 cub. m. 
per second in the rainy season during January and 
February. The stream has a natural fall of 400 ft. 
in a distance of 14 miles. At the head of this fall a 
dam has been constructed, which impounds about 
1,000,000 cub. m. of water and thus makes available 
sufficient storage water for the dry season, so that 
during the peak loads, even in the dry season, the 
turbines can be operated at full output; this requires 
about 64 cub. m. of water per second for the two. 
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Fig. 16. Generator Unit, GatE-VALvE SIDE. 


These peak loads occur between 7 a.m. and 10 a.m., 
2 p.m. and 4 p.m., and again between 6 p.m. and 
$ pm. The morning peak is the largest at the 
present time. 

The Fagundes dam is illustrated in Figs. 2 to 4, 
on page 735, and in Figs. 7 and 8, on Plate L, 
accompanying this issue. It is of concrete, with 
a gravity section, 260 ft. long on the top, and 40 ft. 
high above normal river bed. It contains 35,000 
cub, yards of concrete above the normal river bed, 
and 3,000 cub. yards below. There are two spill- 
ways, one 26 ft. long and the other 82 ft. long, 
designed to carry off the maximum predicted flood 
flow without overtopping the flat portions of the 
dam near the banks. A section at the spillways is 
shown in Fig. 4. 

In Figs. 7 and 8, at the lower left of the main 
spillway, can be seen the outlet of the emptying 
sluice gate. The sluice gate is of cast-iron, with 
bronze bearing plates, 48 in. by 48 in., and is 
equipped for hand operation from the top of the 
dam. The main pipe. or flow line, leaves the dam 
near the right-hand bank in a long radius, 90-deg. 
elbow, as shown in Fig. 8. The inlet to the pipe line 
is controlled by a hand-operated head gate 108 in. 
by 108 in., and the entrance is protected by a 
grating, or screen, 33 ft. high and 15 ft. wide. This 
grating and general arrangement of the gate 
openings is shown in Figs. 2 and 3, which also show 
a typical section of the dam near its centre. 

The water is led from the dam by means of a 
main pipe line to a point above the power house, 
where a distributor feeds two penstocks, one for 
each turbine. The main pipe is 66 in. inside 
diameter and 5,070 ft. long. On leaving the dam 
in a long radius, 90-deg. curve, it passes through a 
tunnel 665 ft. long. The tunnel has a section 
6 ft. 6 in. wide and 11 ft. 9 in. high. The entrance 
of the tunnel may be seen in Fig. 8. At the outlet 
from the tunnel the line has a small stand pipe of 
the same diameter as the pipe and 52 ft. high. In 
plan the pipe line forms a straight line from the 
tunnel entrance to the distributor. After emerging 
from the tunnel it crosses the river in the form of an 
inverted syphon, and is supported by a novel rein- 
forced-concrete arch-suspension bridge, which has 
a span of 75 ft. This bridge is well illustrated in 
Fig. 9, In the same view may be seen one of the 





Fia. 17. 


expansion joints used in the installation. The plate 
thickness at the river crossing is -& in., which is 
the heaviest used on the line. The lightest plate 
used is # in. thick. 

After crossing the river, the pipe rises again, and, 
at about half its length, has a second stand pipe of 
the same diameter as the pipe and 207 ft. long. 
This auxiliary stand pipe, shown at the extreme left 
of Fig. 11, rests on the side of the hill. This figure 
also shows the general arrangement of distributor, 
power house, tail race, and outgoing 44-kv. lines. 

The conduit terminates in a main control valve, 
as shown in Fig. 10. The main stand pipe shown 
in this view is 280 ft. long and 86 in. in diameter. 
This is also the diameter of the distributor. The 
distributor is entirely covered by masonry, but its 
general arrangement can be well seen in Fig. 13. 
The two 48-in. diameter penstocks leaving the 
distributor are each 730 ft. long, including the 
Venturi meters. which are installed at their lower 
ends just in front of the turbine inlet valves. 

All the plates for the flow line, standpipes, dis- 
tributor and penstocks are of mild steel, and were 
shipped rolled, cut and punched for riveting in the 
field. All longitudinal joints are double-riveted, and 
circumferential joints single-riveted. The riveting 
was carried out in a very efficient manner, no great 
difficulty being encountered in training riveters. 
Three electrically-driven air compressors were 
installed, and all riveting was done hot with 
preumatic hammers. The caulking was also done 
with pneumatic hammers, the workmanship being 
excellent throughout. The total net weight of steel 
plates and rivets is 2,200,000 Ib. 

The main control valve placed at the end of the 
main pipe line is used to shut off the flow of water 
to the distributor, and hence to the penstocks, 
either in an emergency by electric remote control 
from the power-house, or by hand at the valve itself. 
The valve body, of cast iron, is 66 in. in diameter at 
the inlet and 72 in. in diameter at the outlet. The 
small electric motor which is used for remote control 
of the valve is reversible, and is controlled by a 
wall-box switch. This wall box is mounted near 
the main switchboard readily available to the 
station operator. Two signal lights indicate at all 
times whether the valve is open or closed. 

At the lower ends of the penstocks are mounted 
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GOVERNOR AND RELIEF-VALVE GEAR. 


the Venturi meters used to record the flow of water 
to the turbines. Each meter is 77 ft. 6 in. long, 
48 in. in diameter at the inlet and the outlet, and 
28 in. in diameter at the throat. The recording 
instruments for these meters are mounted on the 
main floor of the power-house. They indicate the 
instantaneous flow in cubic metres per second, the 
total flow since starting, and also make a 24-hour 
graphical record of the flow. As this plant is 
operated largely on stored water, it is evident that 
these meters are valuable for the production of 
records showing how and when water was used. 

The power-house is a masonry building with 
reinforced concrete floors. The building is 72 ft. 
long, 57 ft. wide and 40 ft. high inside. The turbine 
room extends the full length and height of the 
building, and is 32 ft. wide. The remainder of the 
building houses the transformers and auxiliary 
switchboard on the ground floor, the main switch- 
board on the first floor, and the oil-circuit breakers on 
thesecond floor. The generating units are arranged 
symmetrically in the power-house, one turbine left- 
hand and one turbine right-hand, with the draught 
tubes close together. This arrangement involved a 
minimum of excavation for the tail race. The 
generating units rest on solid concrete blocks ; 
these blocks also support the end thrusts of the pen- 
stocks which enter the building through a tunnel 
under the ground floor. 

The building is exceptionally well lighted and 
ventilated. The general appearance of the station 
is shown in Fig. 11, sections being given in Figs. 5 
and 6. 

The turbines are of the Francis spiral-case type 
with the rotors overhung on the ends of the hori- 
zontal shafts. Each turbine is rated at 4,000-h.p. 
under a net effective head of 376 ft., the static head 
being 416 ft., with a speed of 600 r.p.m. Each 
turbine has two bearings with the generator rotor 
mounted between, and the exciter rotor overhung 
on the end of the shaft beyond the outboard bearing. 
The bearings and shafts were furnished by the 
turbine builders. 

The general arrangement of the two units in the 
power-house is shown in Fig. 12, while Figs. 16 
and 17, above, show more clearly the control gear. 
The entrance of water to the turbine casing is 
controlled by a main gate-valve with bevel-gear 
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hand-operating mechanism and by-pass valve. One 
of the valves is well illustrated in Fig. 16. 

Speed regulation is effected’ by means of oil- 
pressure automatic governors illustrated in Fig. 17. 
Each governor has its individual oil-pressure pump 
mounted in the base, and its individual oil-pressure 
tank mounted under the main valves. The speed 
of the unit may be altered from the switchboard, 
and the governor may be set for a pre-determined 
maximum load. Automatic relief valves are pro- 
vided to prevent water-hammer due to a sudden 
load reduction. The valve is of the needle type 
discharging straight downward, and is positively 
connected to the governor which opens the valve as 
the turbine regulating gates are closed. The relief 
valve automatically closes, the time of closing being 
adjustable by means of the hand wheels shown on 
top of the valve. As these valves discharge straight 
downward into the tail race, some form of protection 
was necessary to prevent the energy from the jet 
injuring the sub-structure. This was accomplished 
by using Ensign vortex baffle plates mounted 
directly under the valves in the floor of the tail race. 
These baffle plates dissipate the energy of the jet by 
turning it through 190 deg. and causing it to do 
work upon itself, thus absorbing the energy with a 
minimum of disturbance in the tail-race and without 
injuring the surrounding concrete work of the sub- 
structure. 

The unbalanced thrusts on the turbine rotors are 
taken up by thrust bearings of the Kingsbury type, 
mounted as parts of the outboard radial bearings. 

The main generators are each rated at 2,400 kw. 
at 0-8 power factor, 600 r.p.m., 2,300 volts and 60- 
cycles. They are three-phase generators with revolv- 
ing fields. Each rotor has a flywheel effect equi- 
valent to 108,000 Ib. at a radius of 1 ft. Both 
stator and rotor are guaranteed not to exceed a 
50 deg. C. rise in temperature for the rated capacity 
based on an ambient temperature of 40 deg. C. for 
continuous operation. Each unit has a separate 
exciter mounted on the end of the shaft beyond 
the outboard bearing as shown in Fig. 12. Each 
exciter is rated at 22 kw., 125 volts, 600 r.pm. A 
spare exciter, driven by a direct connected induc- 
tion motor, is provided, as shown between the two 
governors in Fig. 12. 

Two transformer banks are provided, each con- 
sisting of three single-phase, water-cooled, 1,000- 
kv.-a., 2,300 volts to 44,000 volts, 60-cycle 
transformers. These transformers are arranged in 
cubicles, provided with steel rolling doors in front. 
The transformers are each provided with an indi- 
cating thermometer, and each is mounted on wheels 
to facilitate moving out of the transformer room 
into the main power-house room. In _ normal 
working, No. 2 transformer bank is operated from 
No. 2 generating unit, but the switching equipment 
is so arranged that this may be changed about, 
thus operating either bank of transformers from 
either generating unit. The transformers, being 
on the same level as the floor of the generating 
room, can be handled by the main power-house 
crane. 

The six 44-kv. circuit breakers are located 
in the second floor of the power house, as shown in 
Fig. 14. These circuit breakers are remote con- 
trolled from the main switchboard, current for 
operation of the remote control being supplied by 
a storage battery. Fig. 14 also shows the type of 
high-tension *bus-bars used, and also the high- 
tension leads from transformer bank No. 2, where 
they pass vertically through the second floor. The 
tanks for these switches can be lowered to the floor 
without in any way interfering with the mounting 
of the switch. These switches control the four 
outgoing lines and the two transformer banks. The 
main switchboard, mounted on the first floor is 
shown in Fig. 15. On the bench-board are mounted 
the remote controls of governors, exciters, low- 
tension switches, and high-tension switches. Signal 
lamps mounted on the bench-board show the setting 
of each piece of apparatus, and all connections are 
indicated diagrammatically. 

The 44-kv. oxide-film lightning arresters are 
of the out-door type, and are mounted behind the 
power-house. There is one three-phase arrester 
for each outgoing line. These outgoing lines pass 
from the back of the power-house to a dead-end 








tower a short distance up the hill and then pass over 
the power house to two steel towers which are 
mounted on either side of the tail-race between 
the power-house and the river. This arrangement 
can be seen in Fig. 11. 

The storage battery is charged by means of a 
small motor-generator set, which is housed in a 
room on the main floor, with three small single- 
phase transformers used for station lighting and 
small motor service. A 10-ton hand-operated crane 
is mounted above the generating units at the level 
of the second floor. Cooling water for the trans- 
formers and other station requirements is supplied 
from a small concrete tank mounted on the side of 
the hill at the back of the power-house. 

The plant was placed in operation during August, 
1924, without ceremony, and since then has daily 
carried its share of the company’s load without 
interruption. The equipment has given results in 
agreement with the anticipated performance. All 
the electric equipment was supplied by the Inter- 
national General Electric Company, of New York. 
the generators having been constructed in their 
Schenectady works. The hydraulic equipment, in- 
cluding all auxiliaries except the main control 
valve, was furnished by the Pelton Water Wheel 
Company, of New York. The turbines, governors 
and gate valves were constructed in their San Fran- 
cisco works. The main control valve was designed 
by the Pelton Water Wheel Company, and con- 
structed by their Brazilian licensees, the Sociedade 
Anonyma Hilpert, in their Rio de Janeiro shops. 
The dam, and power-house were built by Christiani 
and Nielsen, of Copenhagen, who also erected the 
pipe line, built the tunnel, and designed and built 
the bridge which supports the pipe line over the 
river. 

The entire project was carried out under the super- 
vision and direction of Dr. Cazar Rabello, who is 
the Chief Engineer of the Cia, Brazileira de Energia 
Electrica, 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
NortH-WESTERN BRANCH. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at the 
Engineers’ Club, Albert-square, Manchester, on 
Thursday, December 3, last, when Mr. H. F. L. 
Orcutt presented his paper on the “ Characteristics 
and Uses of Ground Gears.” This paper was reprinted 
in our issue of November 27, on page 691. 

Professor G. G. Stoney, F.R.S., who occupied the 
Chair, said that Mr. Orcutt’s paper opened up an 
entirely new field of getting really accurate gears. 
The helical gear, the bevel gear and the spiral bevel had 
yet to be successfully ground, but that, of course, would 
probably come. It remained for them to tackle the 
easier problem of the straight cut gear. One of the 
most important things was that it enabled any materials 
to be used for the gear wheels, irrespective of whether 
they distorted in hardening or not. Not only had 
the gear teeth to be accurately shaped, but indexing 
was a most difficult problem. There was also the 
question of mounting of gears. His experience had 
been chiefly in connection with helical gears for tur- 
bines, but he knew the great difficulty of mounting. 
Mill gears, where the gear-box was mounted on a rigid 
foundation of concrete, had given very little trouble. 
On the other hand, in destroyers where there was a 
fairly rigid gear-box mounted on a very flexible base, 
there had not been very much trouble, but there had 
been a great deal of trouble in connection with tramp 
steamers where there was a so-called rigid gear-box 
mounted on a so-called rigid foundation. The rigid 
foundation distorted with the rolling of the ship, and 
distorting the gear-case, gave rise to trouble. It was 
no good cutting a really accurate gear if it were put in 
a mounting which distorted. 

Mr. J. M. Newton stated that on the main thesis of 
the paper, namely, that ground gears were destined 
to extend the use of gearing, there was no question 
whatever. Whenever gearing was run at a high speed, 
the errors in pitch, in tooth form and in parallelism 
led to concentrations of stresses and inertia actions, 
which increased very rapidly indeed with the speed. 
By improving the gear accuracy those extraneous 
accidental stresses were considerably reduced, and the 
designer could concentrate more and more on the 
useful loads to which the teeth were subjected. He 
asked Mr. Orcutt to state the largest size of gear 
which could be ground. The difficulty of obtaining 
really accurate gears increased enormously with the 





size of the machine and with the size of the work being 
dealt with. It was extremely desirable to get quiet 
gearing. In the only case where he had run ground 
gearing at turbine speeds, the gearing had been measured 
and the errors had been checked to be only a few ten- 
thousandths of an inch, so far as they could find, and 
yet running under load there had been quite a note 
heard. His experience of high-speed gears was that the 
noise increased with the load. Further light was wanted 
on the subject of noise, which was a very complicated 
thing depending upon many errors. It seemed to him 
that, with gears of proportions used in motor cars, 
an error in.parallelism of the shaft had small effect on 
the alignment of the teeth. He asked whether any- 
thing had been done in the grinding of helical gears. 
It was a very much more complicated problem, but a 
helical gear undoubtedly had an advantage in that the 
load was much more gradually transmitted from tooth 
to tooth than it could be in a parallel gear. 

Mr. Wright thought there was a great deal of organ- 
ised knowledge to be collected yet, in connection with 
noise in gears and gear boxes. At high speeds, it 
seemed to him that the elasticity of a tooth became 
important, more particularly as the loads were getting 
very high. They might say, with ordinary machine- 
cut gears of soft materials, that the loads they dared 
to apply were perhaps not sufficient to deflect the 
tooth beyond the pon ea accuracy of gear cutting. 
There was actually a blow as the load changed from 
tooth to tooth. He thought it was possible that, with 
the increased accuracy of Mr. Orcutt’s gears and the 
much higher loading, the elasticity was probably able 
to absorb any small inaccuracies, and after a tooth had 
made contact there was continuous contact throughout 
that tooth with its mated one. It seemed to him 
that if the tooth were deflected, the blow of engagement 
was a thing which should be avoided, and the part of 
the tooth which came into action first should be relieved 
slightly to the extent of the deflection of the tooth, 
so that it came gently on its mated tooth instead of 
bumping. If that quietness of engagement were ob- 
tained, the main factors in the problem would be the 
elasticity of the tooth, the mass of the wheel— 
because the mass of the wheel was the only thing 
to be considered in a high speed gear---the strength 
of the material, the speed, and the load. Mr. Orcutt 
had said that in ground gears the degree of inaccuracy 
which they had found it possible +o permit was 
about three ten-thousandths of aninch. Was it a ques- 
tion of accuracy of indexing or accuracy of approach 
to the absolute involute ? Mr. Orcutt had referred to 
**(4) Gears mounted so that good tooth contact is 
maintained,”’ and ‘‘(5) connecting drives and trans- 
mitting shafts, if possible arranged so that oscillations 
and vibrations are not transferred to the gears.” It 
seemed to him that with those loads and speeds, the 
torsional stiffness of the shaft was probably not of 
very much importance, but the bending stiffness was 
probably of great importance. In an ordinary motor 
car gear-box, with the bearings, say, 9 in. apart, in 
some cases there was a group of wheels at one end 
of the gear-box, and thus they had a bearing on 
one side quite close to the gear, and on the other side 
several inches away from the gear. The bearings close 
to the two wheels at one end and a long way from the 
other were of such a form that when one wheel trans- 
mitted load to the other, the main load was usually 
carried on the edges of the wheel nearest to the 
bearings. With such loading, the shafts had to be very 
stiff and in most motor-car gear-boxes, they were not 
stiff enough. There should be a bearing close to the 
wheel on each side. Mr. Orcutt had suggested that the 
machine-tool makers would have to adopt ground gears. 
One or two tool makers were doing that. Engineers 
knew that the machine-tool trade was not in a condi- 
tion to adopt anything that would in any way increase 
prices even temporarily, and the suggestion that Mr. 
Orcutt had made, that an actual economy could be 
achieved by the use of ground gears, applied mainly 
to certain very light high speed machines where the 
particular qualities of the high speed, strong ground 
gears were capable of utilisation. In the bulk of 
machine tools, the range of speeds and the number of 
speeds were so great that the question was a difficult 
one to solve. He desired to know in what respect 
the generating process with a flat wheel had failed. 
Was the trouble an indexing trouble or was it that the 
involute was not accurately cut, or was it that the 
involute was too correct? If what he (the speaker) 
had said about the elasticity.of the teeth was of any 
importance at all, then he would suggest that the factor 
of tooth strength could be manipulated a little by 
giving greater or less depth clearance as circumstances 
required. Arising out of the suggestion that the 
machine-tool makers might use ground gears, it seemed 
to him that there might possibly ke a little economy 
by grinding the driving sides only. 

Mr. Hunt thought everybody knew that the hardened 
gear meant greater life, longer service, greater dura- 
bility, and less repairs. Railway gears were notable 
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for giving out rapidly with very little wear, and the 
costs of renewals and the loss of earning capacity while 
trains or trams were under repair so frequently, were 
great, and in that sense ought to be taken very much 
more note of than the mere cost of the gears. He knew 
that some experiments had been made in Switzerland 
some time ago on electric railways, and these experi- 
ments had shown that train gears were running 25,000 
miles, but with hardened pinions they were getting as 
much as 166,000 miles. It was a matter of great 
importance to pay the additional cost of the hardened 
and ground pinions. 

Mr. Crook wondered if three ten-thousandths of 
an inch was the total limit of accuracy. Some 
time ago he had been testing out some gears 
which certainly had been noisy in the box, but 
he believed they were quiet when tested. He had 
taken some ordinary hardened gears and had them 
stoned up and they had been quiet in the box. What 
were the possibilities in a gear box if the gear teeth 
were stoned to break up the surface, or, in other words, 
to make deviations by stoning from the truce involute 
to give a quiet running gear? That wasactually what 
they had had in one or two cases. 

Mr. Heathcote was particularly struck with the 
remarks about fakedforms. He had felt very interested 
for a time to know whether the true involute was the 
best tooth form. It seemed to him that possibly some 
alteration’ might be obtained which would give more 
silent running on high speeds, but possibly noisy 
running at lower speeds. When one tooth left a dis- 
torted tooth and commenced contact with the next 
one, the space on the line of action would be slightiy 
different at a normal pitch. 

Mr. Joseph Butterworth asked Mr. Orcutt whether 
he thought that the limiting in factor of the 
strength of the teeth was the impact and accelera- 
tion stresses which arose due to inaccuracies of form 
rather thanthe facilities for rubbing which were obtained 
on the surfaces of the teeth. All the designers used 
the Lewis formula. He considered that form grinding 
was a step in the right direction, from the point of 
view of production. If they considered all the gene- 
rating schemes, the action of the grinding wheel was 
entirely on a point, whereas with Mr. Orcutt’s form- 
grinding method it was round the whole contour of 
the tooth, so that, from the point of view of equal 
production and cheapness, to bring ground gears into 
general use, they would ultimately have to accept a 
machine of the form which was used by Mr. Orcutt. 

Mr. Baggott had had the privilege of checking over 
many of the ground gears turned out by Mr. Orcutt’s 
people, and he confirmed that the inaccuracies, both in 
respect of the profile and general dimensions, were very 
small indeed. While the ground gear was no doubt 
the thing for turbine or motor-car work, he thought 
it was too early to introduce it into ordinary traction 
work. One of the speakers had mentioned, in com- 
paring the unbardened gear with the hardened gear, 
that it was possible to get 166,000 miles out of a 
hardened gear. He thought that there was very 
little difficulty in getting guarantees at the present 
time for double that mileage with unground hardened 
gears. 

Mr. Dempster Smith suggested that Mr. Orcutt had 
been to considerable trouble to secure parallelism of 
tooth, and sought information on how he had obtained 
accuracy of pitch in the indexing of such wheels, as this 
was a matter of very great importance. The author 
had chosen an angle of obliquity of action of 18 deg., 
but the speaker was of the opinion that, for a 15-tooth 
pinion, anangle of obliquity of 20 deg. was necessary in 
-order to avoid interference. With this greater angle of 
obliquity it was possible to get a true involute tooth. 
The author had selected a form wheel for the grinding 
of this tooth, and as this would vary in shape with the 
number of teeth in the wheel, he asked what precautions 
the author took to keep his wheel true. What were the 
reasons for selecting a form wheel rather than a 
straight-face wheel for this process? Mr. Butterworth 
had referred to the permissible load on teeth, and 
attributed this to Mr. W. Lewis, The values, however, 
were first given by Mr. E. R. Walker in 1868, whereas 
Lewis did not publish his paper until 1892. (See Trans. 
of the Inst. of Mech. Engrs., May, 1916.) 

Mr. Orcutt, in reply, said that indexing was an 
extremely difficult thing, and had probably given them 
more trouble than anything else in the development of 
the gear-grinding machine. The form of the wheel 
which they had to have was fairly well understood, 
although they were finding fresh improvements on that 
every day. Mounting was very important, but he did 
not think mounting could be properly studied until 
gears themselves were more accurate. An illustration 
of that occurred in electric-traction work. The gear 
was mounted on the outer end of an armature shaft, 
and did not stay in line long, although it was 
fairly parallel at first. He thought that before the 
traction problem was really satisfactorily solved with 
reduction gears, there must be a very rigid bearing 





to maintain parallelism between the teeth. He believed 
gears had been ground up to 4 ft. in diameter. The 
difficulties of grinding a large gear were principally in 
indexing. The form was exactly the same and quite 
easily maintained. Some very interesting things had 
been said about noise, but they did not know much 
about it at very high speeds, because they had no means 
of making very high speed tests. Tests had recently 
been made in this country with small] nickel-steel goars 
of about 6 in. to 8 in. diameter, 7 pitch and 1-in. face. 
These experimental gears had been tested at 6,000r.p.m. 
in a small turbine, and in the tests were perfectly 
noiseless. As to the possibilities of ground gears, they 
did not know how far they could go. Continuous con- 
tact was certainly an important point, and if there was 
not continuous contact there was impact. With perfect 
theoretical continuous contact, however, he did not see 
how there could be any impact. They were convinced 
that in most cases the noise in gears was due to the 
springing up of the gear tooth itself. The only real 
explanation seemed to be vibration. The value given 
of three ten-thousandths of an inch was the total 
error. 

The bending of shafts was important. They 
knew that machine-tool makers had to look: at 
prices. They had had some cases lately of gear 
boxes submitted from a machine-tool maker, and they 
showed that savings were possible by using ground 
gears. The greatest thing to be said against generating 
was the impossibility of uniformity of production. They 
could produce very fine cut gears, but if they had to 
produce hundreds the experience was that the generat- 
ing system failed. It was easier to grind both sides 
than one side. With reference to the design of tooth, 
he did not think much improvement was possible. 
They were strong enough to resist bending strains. The 
diameter of gears that could be ground was of very great 
interest. There was no reason why very large gears 
should not be ground. There was no difficulty in 
hardening gears 3 ft. in diameter. It had taken a good 
deal of study before that had been done, but it had 
been mastered in motor-car gears. Where a tooth was 
inaccurate there was bound to be impact, and, of course, 
that made trouble and noise. Except in very large 
diameter gears, the loads were most commonly taken 
on one tooth. In nearly all motor-car work there was 
only one tooth in contact all the time. There was no 
advantage in distributing the loads over a number of 
teeth unless there was extreme accuracy, because the 
load would not be carried over the different teeth. There 
was a great deal of very successful worm gear work done 
now, and grinding would increase its accuracy. So 
far they had found that the true involute form of tooth 
was the one with which they could get the best results. 
He did not know how far a modified involute would 
work. He could assure Mr. Baggott that the measure- 
ments put down were taken from a gear submitted to 
them. 

Mr. Orcutt, Junior, said their work was not entirely 
in agreement with the Lewis formula, but the time was 
coming when they would be able to give more data 
on the subject, after some experiments they were making 
at the present time had been completed. Some 
N.P.L.. experiments were to be started almost imme- 
diately, and after that they would be able to get further 
definite information on the formula. With reference 
to indexing, they were endeavouring to get down in 
indexing to an error of two ten-thousandths of an 
inch on a 16-in. blank, but it was very difficult. 





Tue TuNnGstonE AccumuLAToR.—Some particulars 
of portable accumulators for use on motor-cars, for wire- 
less receiving apparatus and for many other purposes, 
have reached us from the Tungstone Accumulator 
Company, Limited, 3, St. Bride’s House, London, E.C,4. 
In these accumulators, the plates are formed from a 
number (usually four) of square die-cast grids of pure 
lead having semi-circular grooves in the outer edges. 
and held together by casting antimonial lead under 
pressure into the grooves between and around the grid 
so that it forms a frame. The lead-oxide paste is 
pressed into the spaces between the bars of the grids 
and held securely in position by the bars which are in 
the form of staggered lattices. The vertical edges of 
the plates are fitted into grooved ebonite separators, 
formed so that they also serve to support the plates 
clear of the bottom of the container. The latter is of 
die-cast metal in one piece, and so also are the bridges 
connecting the groups of plates of the same polarity, 
and the cover to which both groups are attached, although 
electrical contact is prevented by rubber washers. The 
cover, in which a screwed vent is provided, rests on a 
ledge formed on the inner surface of the container near 
the top and lead-coated ‘“ Vislok”’ nuts are used for 
the terminals. It will be seen from the above brief 
description that practically the whole of the main 
components of these accumulators are die castings, and 
these, we understand, are made by the Tungstone High- 
Pressure Die Casting Company, whose works are at 
Market Harborough. Inthe production of these castings, 
air or inert gas under pressure is used to force the metal 
jnto the mould, 





SIX-CYLINDER COMMERCIAL- 
VEHICLE ENGINE. 


Wes have commented from time to time in our columns 
on the prejudice which exists among the motoring 
public against the component engine. It is difficult 
to discover the grounds on which this prejudice is 
based, but that it is not shared by commercial-vehicle 
owners is shown by the fact that approximately half 
of the engines at the recent Commercial Motor Exhibi- 
tion were manufactured by firms who specialise in this 
unit. Amongst the latter, Messrs. W. H. Dorman and 
Co., Limited, of Stafford, have achieved a high repu- 
tation for their products, and manufacture a range 
which includes an engine suitable for practically every 
type of private and commercial vehicle. The latest 
addition to this range is a six-cylinder engine with side- 
by-side valves, designated by the makers as the 6-J.U. 
model, 

An example of this engine, which we illustrate in Figs. 
1 to 5, pages 739 and 744, was amongst the exhibits of the 
firm at the Commercial Vehicle Show. It is made with 
alternative cylinder bores of 95 and 100 mm. diameter, 
the stroke in both cases being 140 mm. The capacity 
with the larger bore is 6,597 c.c., giving an R.A.C. 
rating of 37-2; while with the smaller bore the capacity 
is 5,954 c.c., and the R.A.C. rating is 33-6. At 1,000 
r.p.m., the horse-power developed in the two cases is 
44 and 48 respectively, the corresponding figures at 
2,000 r.p.m. being 72 and 80. 

As will be seen from Figs.{1 and 2, page 742, the 
cylinders are in the form of a monobloc casting, with a 
detachable head. Each casting is tested to 500 lb. per 
square inchin the bore, and 50 |b. per square inch in the 
jacket, before being put into service. The general loca- 
tion of the water spaces, in both the jacket and head, 
will be clear from the two figures, and it will be noted 
that the provision in this respect is particularly adequate 
in the neighbourhood of the exhaust-valve pockets. 
It will be observed from Fig. 2, that the formation of the 
cylinder head is decidedly novel, the combustion space 
in the head being off-set to a considerable extent, in 
relation to the cylinder bore. The resulting arrange- 
ment has several advantages, as it ensures very effective 
turbulence with an entire absence of pockets, and 
a central location for the sparking plug. The large 
size of the valves, and the absence of sharp bends in 
the induction and exhaust passages, are also noticeable 
features resulting from the form of head adopted. The 
inlet valves are made from 3 per cent. nickel steel, 
while the exhaust valves are of stainless steel. The 
valve springs are held in position by a positive locking 
device, the collars being screwed on to the valve stems, 
and locked in position by split pins. The lubrication 
of the valve stems is a point which is receiving careful 
attention on modern engines, and, in the present 
instance, this is effected by the provision of openings 
between the valve-stem chamber and the crankcase, 
thus permitting the oil mist in the latter to penetrate 
to the stems. The valve tappets make direct contact 
with the cams, and are made adjustable by means 
of a separate centre piece, which screws into the body 
of the tappet, and is locked in position by means of 
a nut. Amongst other advantages, the elimination 
of rocker-arms tends to give silent operation. 

The pistons are made of close-grained cast iron, 
and are fitted with three rings. The gudgeon pins are 
of relatively large diameter, and are hollow. Any risk 
of the cylinder being scored by the pins is obviated by 
the provision of end caps, which can be seen in position 
in Fig. 1. The connecting rods are high-tensile steel 
forgings, and are of the usual H section. The small 
ends are fitted with phosphor-bronze bushes, while 
the big-end bearings are of white metal, run directly 
into the rod. The big-end bearing caps are held in 
place by four nickel-steel bolts. The crankshaft is 
24 in. in diameter, and is supported on four bearings, 
as shown in Fig. 1. The drive for the camshaft is 
at the forward end of the engine, and is by m_ns of 
a silent chain. The two chain wheels are vis le in 
Fig. 1. The cams are formed solid with the shaft, 
and have large bearing surfaces. The shaft is carried 
in four bearings. The crank case is of aluminium alloy, 
and is divided longitudinally at the level of the base 
of the engine supports. The latter are of ample depth, 
as shown in Fig. 2, and are level with the centre line 
of the crankshaft. The crankshaft bearings are 
entirely contained within the top half of the crank 
case. 

The lubrication of the engine bearings is carried 
out on a complete forced-feed system. An oil pump 
of the gear type is located in the sump, as shown in 
Figs. 1 and 2, and is driven by a vertical shaft, con- 
nected by spiral gearing to the camshaft. The crankshaft 
is drilled, and the pump forces oil through the shaft 
to each main and big-end bearing. The cam-shaft 
bearings are also pressure lubricated from the pump. 
A large strainer is inserted on the suction side of the 
system, all impurities in the oil being collected in a 
well, which can be washed out by removing a plug 
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SIX-CYLINDER COMMERCIAL-VEHICLE ENGINE. 


CONSTRUCTED BY MESSRS. W. H. DORMAN AND CO., LIMITED, STAFFORD. 


—— 
| 


t 


Fig. 3. 


® 






(9287.0) 


provided for the purpose. On the delivery side, a| 
detachable oil filter is fitted as an additional safeguard 
against dirt reaching any bearing. The surplus oil from 
the system passes through a relief valve, to the timing 
wheel and magneto-driving chains. 

Dealing now with the components, the location of 
the dynamo, magneto, and water pump is shown in 
in Fig. 5. The dynamo and water pump are mounted 
in line on the off-side of the engine, and are driven by 
the silent chain in the timing case. A second chain 
transmits the drive to the magneto. The arrangement 
results in the water pump being in an unusually acces- 
sible position, and as the water enters at the centre 
of the cylinder block, and is distributed by a suitable 
manifold between the various cylinders, cooling should 
be more uniform than with the usual arrangement. 
A universal coupling, of the flexible-disc type, is placed 
on each side of the dynamo, and the magneto is driven 
through a special coupling, which gives a positive 
drive in combination with a fine adjustment. The fan 
is driven by a belt from the pulley shown on the 
extreme right in Fig.'5, and as will be seen from Fig. 1, 
is mounted on roller bearings. An eccentric adjust- 





| type, the inner members sliding on a splined centre- 


STEELS FOR OIL-WELL BORING 
EQUIPMENT. 


AT a meeting of the Institution of Petroleum Tech- 
nologists, held at the Royal Society of Arts, on 
Tuesday last, December 8, a paper, entitled ‘‘ The 
Selection and Properties of Steels Used for Oil-Well 
Boring Equipment,” was presented jointly by Messrs. 
J. H. S. Dickenson, B. Gray and F. E. Cherry. 
Material for oil-well boring equipment, the authors 
pointed out, had in the first place to resist wear. 
Quite frequently, however, this requirement, which 
called for hardness, was coupled with the necessity 
for toughness to resist sudden fracture by snapping. 
These dissimilar and opposed physical characteristics 
were required, in some cases, in different parts of the 
same forging, and could be obtained by differential 
heat treatment, by the use of suitable alloy steels, or 
by case-hardening. The cutting edges of a bit must 
be hard in order to resist deformation and wear; at 
the pin, however, the steel must have toughness suffi- 
cient to avoid fracture, either under heavy shocks or 
lighter repetition stresses. Until comparatively re- 
cently, the constant trouble with pin failure was 
countered by the welding of a wrought-iron or mild 
steel pin on to the hard steel of the bit proper. Welded 
steel pins were still insisted upon by some users, but, 
in reality, there was no need for them, as the cause 
of the trouble with the pins of all-steel bits was due 
either to the use of an unsuitable steel or to faulty 
heat treatment. 

The danger of internal cracking, or “ clinking,” 
through unequal heating, became greater as the mass 
of the bit increased and should be compensated for 
by lowering the carbon in the steel. After forging, 
a bit should be rendered uniformly ductile and tough 
throughout, either by heating to 820 deg. C. and then 
slowly cooling, or by first oil hardening as a whole 
and then reheating to about 710 deg. C. The next 
operation of hardening depended for success upon a 
series of factors. The end of the bit should not be 
put into a hot fire without some preliminary warming, 
otherwise great internal stress might be set up by 
irregular expansion which would cause “ clinking.” 
The edges should, therefore, be raised uniformly and 
fairly slowly to the hardening temperature, which 
should be between 790 deg. C. and 810 deg. C. 

Steel jars had to meet service conditions very 
similar to those encountered by bits. In the case 
of the former tool, however, the first consideration was 
to avoid failure by fracture; failure by wear and 
plastic deformation was only of secondary importance. 
The modern welded jar, which consisted of mild-steel 
ends and comparatively hard reins, usually containing 
about 0-50 per cent. of carbon, was undoubtedly an 
improvement on the previously-employed iron jar, 
when welded by a highly-skilled smith. The difficulty 
in making a satisfactory weld, however, and the 
risk of failure by fatigue or shock, owing to the lesser 
degree of ductility and toughness, were materially 
increased by the use of such steel in place of iron. The 
recent development of the weldless jar had made 
possible the use of heat treated alloy steels, and 
probably the most satisfactory steel for the purpose 
had a composition conforming fairly closely to the 
B.E.S.A. specification 8.11, (C, 0-25 to 0-35 per cent. ; 
Ni, 3-00 to 3-75 per cent.; Cr 0-50 to 1-00 per cent.). 

The links of a drive chain would always be suffice 
ciently strong to resist deformation and tough enough 
to avoid fracture if made of an ordinary mild steel, 
although, for heavily-loaded chains, a rather higher 
carbon steel, say, 0-30 per cent. carbon, might ke 
required. This should be either normalised, or, in 
extreme cases, oil-hardened and tempered. For 
sprockets, cast iron provided a better wearing surface 
than mild-steel castings, and might advantageously 
be used where, as in percussion rigs, the stresses were 
not too high. An interesting development was the 
introduction of 13 per cent. manganese-steel chains 
and sprockets, which appeared to have some advan- 
tages for oil-field work. For comparatively shallow 
wells, working barrels and plungers were usually made 
of solid-drawn mild steel. A great improvement 
could be made in their resistance to wear by using a 
higher carbon steel, containing 0-30 per cent. carbon, 
oreven more. For deeper wells, greater accuracy was 
required than that afforded by solid-drawn tubing, 
and both plunger and working barrel must be ground 
true. In the case of the plunger, this was a simple 
operation, but it was necessary for the barrel to have 
a built-up line of short tubes which could be ground 
separately. These were best made from cast iron, 
as the breaking stresses were negligible, and this 
material wore very well. Casing had to withstand 
direct stress longitudinally, and collapsing pressures 
from the earth or gas. The composition was fixed, 
at all events for the larger sizes, by the fact that they 
had to be made by welding. Weldless steel casing 
could now, however, be produced up to 16 in. diameter 
thus permitting the use of higher carbon steel. 
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ment is provided for the purpose of adjusting the belt. 
The starting motor can be fitted in either of two posi- 
tions. The flywheel and clutch are shown in Figs. 3 
and 4. The clutch is of the fabric-disc, multiplate 





piece, while the outer members, which carry the fabric 
rings, slide on six pins mounted on the cover plate. 
The plates are pressed together by three helical springs, 
housed in the flywheel, and the withdrawal mechanism 
is of the usual finger type, as shown in Figs. 3 and 4. 
In conclusion, we may mention that the engine can also 
be supplied combined with a gear box. 





THE SHALLOW-DRAvuGHT TwiIn-ScREW STEAMER 
«Fusuun.’’—The shallow-draught cargo and passenger 
steamer Fushun, built by Messrs. John I. Thornycroft 
and Co., Limited, of Southampton, for service on the 
Upper Yangtse River, China, arrived safely at Hong- 
Kong on December 5, after the long voyage of approxi- 
mately 9,500 miles under her own steam. We gave a 
description of this interesting vessel in our issue of 
September 11 last, on page 326, 
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PRESSURE-BOOSTING STATION FOR 
THE WATERWORKS OF THE CITY 
OF MONTE VIDEO.* 


By Artur Honeysert, Assoc.M.Inst.C.E. 


To meet the difficulties arising from the increased 
demand for water and the decreased head available as 
a result of the spreac of population to high districts, the 
installation of boosting-pumps was decided upon, as 
being more economical than the laying of additional 
main pipes. The conditions prevailing made auto- 
matic working indispensable, and the only practical 
solution was found in electrically-driven centrifugal 
pumps. This paper consists to a large extent of a 
description of the methods by which the starting, 
speeding up, slowing down, and stopping of these pumps 
are effected, such actions being brought about entirely 
by the changes in the quantity of water taken by the 
town. ; 

Venturi tubes and mercury contacts are largely 
employed, and numerous safety and fool-proof devices 
are described. 

The control initiated in this manner is effected in 
detail by the manipulation of direct-current electric 
power, for which purpose the high-voltage public 
supply is converted. Two methods of conversion, one 
by motor-generators and the other by mercury rectifiers, 
are dealt with in detail, and the relative merits of the 
two methods are contrasted. The latter is shown to 
have a great advantage as regards efficiency, without 
developing any counteracting disadvantage, either 
technical or economical. 

The author shows that when pipes are long, 
when the available head is small, the consumption 
variable, and electricity is available, the construction 
of such a boosting-station has great economical advan- 
tages over a multiplication of the pipe-lines, and de- 
scribes in detail the exact conditions under which such 
an economy can be effected.. 

The fact is emphasized that electric control has 
shown itself superior to any other mechanical or 
hydraulic system which has been tried in competition 
with it. 

The efficiencies of the different parts of the apparatus 
are stated; the overall efficiency is 52 per cent. with 
motor-generators and 61 per cent. with mercury recti- 
fiers; and the different parts are so proportioned that 
this efficiency remains practically constant, whatever 
the load. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
Welsh Coal Trade.—The improvement recently devel- 
oped in the Welsh coal trade has been fully maintained, 
and at present there is a scarcity of small coals which have 
further advanced in price. The best bunker smalls 
are now firm at 13s. to 14s. compared with 10s. 6d, three 
weeks ago, while good bunker smalls rule from 12s. to 
13a. and cargo sorts from 10s. 6d. to 1ls., and, even at 
these figures, buyers experience difficulty in obtaining 
supplies. Some collieries are entirely out of the market, 
and the majority are disinclined to sell smalls except 
in conjunction with large, supplies of which, although in 
better demand, are suflicient to meet the needs of shippers, 
who are busy completing their arrangements to cargo and 
bunker ships likely to sail before or just after the holidays. 
“In the past week exports of coal foreign as cargo amounted 
to 451,990 tons, compared with 518,170 tons in the 
previous week. Exports from Cardiff were reduced from 
343,370 tons to 254,260 tons, but at Newport were in- 
creased from 64,830 tons to 71,050 tons, at Swansea from 
55,880 tons to 67,500 tons, at Port Talbot from 50,480 
tons to 54,960 tons, and at Llanelly from 3,260 tons to 
to 4,220 tons. Of last week’s total 64,300 tons went to 
the Argentine, 34,640 tons to Brazil, 101,530 tons to 
France, 51,150 tons to Italy, and 27,700 tons to the 
United States. Following negotiations over the last 
couple of months, South American railways have placed 
their usval contract for supplies of Monmouthshire 
coal over the ensuing year. The Central Argentine, 
Buenos Ayres Great Southern and Buenos Ayres Pacific 
Railways have completed contracts for about 400,000 
tons of Monmouthshire large coal for shipment over the 
whole of next year. The Sritish Admiralty, too, are 
reported to have allocated part of their requirements 
over next year. The Admiralty usually takes about 
300,000 to 400,000 tons per annum, and a movement is 
now on foot with the cbject of ascertaining whether it is 
yng for the Navy to go back to coal instead of oil. 
f such a step is practicable, it would mean that the 
requirements of the Admiralty would revert back to the 
pre-war quantity of nearly 2,000,000 tons per annum or 
about five times their present requirements. 


Iron and Steel.—Exports of iron and steel goods in the 
past week amounted to 22,554 tons compared with 
16,418 tons in the preceding week. Shipments of tin- 
plates and terne-plates totalled 9,927 tons, against 7,074 
tons, blackplates and sheets, 5,759 tons, against 7,478 tons, 
galvanised sheets, 2,453 tons, against 1,605 tons and other 
iron and steel goods, 4,384 tons, against 261 tons. 





* Abstract of a paper to be redd before the Institution 
of Civil Engineers on Tuesday, December 15, 1925. 


BOOKS RECEIVED. 

United States Bureau of Mines. Bulletin No. 231. 
Investigation of Toxic Gases from Mexican and other 
High Sulphur Petroleums and Products. Report by 
Bureau of Mines, Department of the Interior to the 
American Petroleum Institute. By R. R. Savers and 
Oruers. [Price 30 cents.] No. 237. Tests of a large 
Boiler Fired with Powdered Coal at the Lakeside Station, 


Milwaukee. By H. Kreisincer and OrHeErs. [Price 
15 cents.]. No. 247. Sources of Limestone, Gypsum 
and Anhydrite for Dusting Coal Mines to prevent 
Explosions. O. Bownes. [Price 25 cents.] 
Washington : Government Printing Office. 

Lehrbuch des Tiefbaues. Vol. II. Briickenbau, Wasser- 


versorgung und Entwisserung der Stddte, Kanal und 
Fussbau, Seebau, Landwirtschaftlicher Wasserbau. 
Edited by EsseLsorn. Leipzig: Wilhelm Engel- 
mann. [Price 22-50 marks.] 

Annual Report of the Governor of the Panama Canal 
for the Fiscal Year ended June 30, 1925. Washington : 
Government Printing Office. [Price 15 cents.] 

Department of Scientific and Industrial Research. Special 
Report, No. 24. Haperiments on the Leakage of Carbon 
Dioxide Gas from ‘* Unventilated”’ Holds of Ships. 


, J. Smirn, M.A. London: His Majesty’s 
Stationery Office. [Price 9d. net.] 
Canadian Engineering Standards Association. Standard 


Specification for Stove Bolts. Ottawa: Offices of the 
Association. [Price 25 cents.] 

The China Architects’ and Builders’ Compendium, 1925. 
Edited by J. T. W. Brooke, A.R.I.B.A., and R. W. 
Davis. Shanghai: North China Daily News and 
Herald. [Price Mex. 5 dollars.] 

African Mines, Railway, Harbour, Industrial and Com- 
mercial Manual, 1925. Edited by GarrieLD FELByY. 
London and Johannesburg: African Mines Publica- 
tions, Limited. [Price 20s. net.] 

Aeronautical Research Committee. Reports and Memo- 
randa No. 967. An Experimental Study of the Vibrations 
in the Blades and Shaft of an Airscrew. By. A. FAGE. 
London: His Majesty’s Stationery Office. [Price 
9d. net.] 

Electric Power and National Progress. By HuGH QUIGLEY. 
London: George Allen and Unwin, Limited. [Price 
8s. 6d. net.]} 

Department of Scientific and Industrial Research Food 
Investigation Board. Special Report No. 8. The 
Measurement of Humidity in Closed Spaces. London: 
His Majesty’s Stationery Office. [Price 2s. net.] 

Department of Scientific and Industrial Research. Fuel 
Research Board. Physical and Chemical Survey of 
the National Coal Resources No. 5. The Lancashire 
Coalfield. The Smith Seam. London: His Majesty’s 
Stationery Office. [Price 1s. 6d. net.] 

United States Bureau of Mines. Technical Paper No. 330. 
Small Hose Streams for Fighting Mine Fires. By L: D. 
Tracy and R. W. Henpricxs. [Price 10 cents.] 
No. 361. Cleaning Tests of Central Illinois Coal. By 
T. Fraser and H. F. Yancy. [Price 5 cents.] Wash- 
ington: Government Printing Office. 

United States Bureau of Standards. Miscellaneous 
Publication No. 56. Tables and Graphs for Facilitating 
the Computation of Spectral Energy Distribution by 
Planck’s Formula. By M. K. Trenarer and C. L. 
Snow. [Price 35 cents.] Washington: Government 
Printing Office. 

Meteorological Office—Air Ministry. British Rainfall, 
1924. Report on the Distribution of Rain in Space 
and Time over the British Isles during the Year 1924. 
London: His Majesty’s Stationery Office. [Price 
15s. net.] 

Association of Engineering and Shipbuilding Draughts- 


men: High-Vacuum Surface Condensers. By D. T. 
McHurcnison. London: Oftices of the Association. 
[Price 2s.] 


Elementary Electrical Technology for Engineering Stu- 


dents. By A. M. Parkrnson, B.Sc. Oxford Uni- 
versity Press. London: Humphrey Milford. [Price 
6s. net.] 


The Chemistry of Drying Oils. By R. S. Morrett, M.A., 


Ph.D. and H. R. Woop. London: Ernest Benn, 
Limited. [Price 2ls. net.] 


Volatile Solvents and Thinners Used in the Paint and 
Varnish Industries. By Nort Heaton, B.Sc. Lon 
don: Ernest Benn, Limited. [Price 15s. net.] 

‘** Verbal”’ Notes and Sketches on Marine Diesel Oil 
Engines. A Manual of Marine Oil Engine Practice. 
By J. W.M. SorTHern, M.I.Mar.E. Second Edition. 
London: Croshy Lockwood and Son. [Price 42s. 
net.] 

Concrete. Plain and Reinforced. Vol. I. Theory and 
Design of Concrete and Reinforced Structures. By the 
late FREDERICK W. TayLor, SAnrorp E. THOMPSON 
and Epwarp Smvtrskt. Fourth edition. New York : 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 40s. net.} 

Metallurgie (mit Ausnahme der Lisenhitttenkunde). 
Parts I and Il. By Dr. Ave Gertz. Berlin and 
Leipzig: Waiter de Gruyter and Co. [Price 1-25 
marks each.] 








CARELS - INGERSOLL- RanD Om ENGINES.—NMessrs. 
Ingersoll-Rand Company, Limited, of 165, Queen Victoria- 
street, London, E.C.4, announce that the Belgian firm, 
Usines Carels Fréres, Ghent, who have, for many years, 
been builders of air-injection Diesel engines, and are now 
known as the Société d’Electricité et de Mécanique, have 
decided to build solid-injection, cold-starting engines, 
among their standard products, and have procured a 
licence from the Tngerncll. Rand Company for this purpose. 
These engines will be sold in the British Isles by Messrs. 
Carels Diesel and Steam Engines (London) Limited, and 
by Messrs. the Ingersoll-Rand Company, Limited. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The position with regard to raw and 
semi-finished materials has undergone little change. In 
some quarters there is evidence of a slightly better inquiry, 
but the majority of users are working on short-dated 
contracts, and see no reason to increase the current 
rate of output. As in most cases, that output is well 
below production capacity and has therefore to subsidise 
the cost of maintaining wholly idle or only partially 
employed plant, it is largely unremunerative in character. 
Increased confidence in the steel trade outlook is indi- 
cated by movements in the market for iron and steel 
scrap. Furnace masters are reported to be negotiating 
for augmented stocks, presumably in anticipation of a 
bigger demand for finished steel in the new year. Crude 
steel is depressed, mainly as a result of exceptionally 
keen competition from the Continent, and there is no 
change for the better in either bar iron or wire rods. 
Current quotations are as follows :—Hard basic steel 
billets, 87. 12s. 6d.; soft basic steel billets, 77. 5s.; West 
Coast hematites, 4/. 5s., East Coast hematites, 4l.; 
Lincolnshire No. 3 foundry iron, 31. 7s. 6d., Lincolnshire 
forge iron and Derbyshire No. 3 foundry iron, 31, 5s. ; 
Derbyshire forge iron, 3/. 2s. 6d.; bars, 121.; sheets, 
14/. 10s.; in each case per ton delivered at local works. 
In the general engineering and finished steel branches, 
irregular conditions prevail. Orders on home and export 
account for railway carriages and carriage furnishings 
are sufficient to keep several large departments fully 
employed for several months ahead. Makers of motors 
for tramcars have also benefited substantially from 
programmes recently put into execution by Corporations 
in Sheffield, Leeds, and other provincial centres. Magnet 
steel and finished magnets constitute a progressive and 
busily employed section. There is also an active demand 
for tramway points and crossings of manganese steel, 
the best stainless steel for cutlery manufacture, and 
malleable rustless steel for the hollow-ware trade. On 
the other hand makers of railway axles and tyres are 
working well below production capacity, and the long- 
expected improvement in shipbuilding steel has not 
materialised. 'The manufacture of skates, which is in 
the hands of a few comparatively small firms, has 
received a fillip from the advent of wintry weather. 


South Yorkshire Coal Trade.—The greatly increased 
demand for house coal has not quotabiy affected secon- 
dary and inferior grades, which for long have been in 
ample supply. On the other hand the call for best quality 
house coal has in several instances overtaken output. 
Individual collieries have notified advances averaging 
roughly ls. per ton, though official quotations nominally 
remain unaltered. An improvement in the export 
demand has resulted in an average rise of 6d. to 9d. per 
ton in hard steams and washed fuel. Home railway 
companies are steadily augmenting stocks. The im- 
provement reported last week in cobbles and nuts is 
maintained despite delays in delivery owing to railway 
congestion. Quotations Best branch handpicked, 
3ls. to 34s.; Barnsley best Silkstone, 288. to 30s.: 
Derbyshire best brights, 24s. to 26s. 6d.; Derbyshire 
best house, 23s. to 25s.; Derbyshire best large nuts, 
17s. to 20s.; Derbyshire best small nuts, 12s. 6d. to 
14s.; Yorkshire hards, 16s. 6d. to 19s. 6d.; Derbyshire 
hards, 16s. to 19s; rough slacks, 9s. 6d. to 12s, 6d.; 
nutty slacks, 6s. to 7s. 6d.; smalls, 3s. 6d. to 5s, 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.-—No new feature of moment 
is noticeable so far as Cleveland pig iron is concerned. 
Makers adhere to the minimum quotations fixed last 
week, which are above rates previously ruling. Customers 
have hesitated to follow the rise, but they are now coming 
forward and are paying the advanced figures which 
are declared to be still altogether unprofitable to pro- 
ducers. Sales are still largely confined to parcels for 
home use, export trade continuing meagre. For home 
purposes No. 1 is 69s.; No. 3, g.m.b., 66s. 6d.; No. 4, 
foundry, 65s. 6d.; No. 4 forge, 65s.; and mottled and 
white, 64s. 6s.; and for shipment overseas 6d. above 
these rates is quoted. 


Hematite.—Demand for East coast hematite, both for 
home use and for despatch to foreign destinations, keeps 
good, and with supply scarce, values are moving upward. 
The increased output is very welcome, and promises to 
be fully absorbed. Nos. 1, 2, and 3, are now quite 
75s. 6d. 

Foreign Ore.—Imported ore prices are stiffening, due 
chiefly to high freights. Best rubio at 21s. to 21s. 6d. 
c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurance coke is more 
sought after, and good average qualities make 21s. to 
21s. 6d. delivered to local consumers. 


Manufactured Iron and Steel_—The situation as 
regards manufactured iron and steel is better than 
for some considerable time past. Some producers 
have now fairly good order books, but recent substantial 
contracts are understood to have been arranged at 
unsatisfactory prices, and values of certain commodities 
show rather marked upward tendency. Common iron 
bars are 11/. 5s. ; iron rivets, 127. 15s.; packing (parallel), 
8l.; packing (tapered), 111.; steel billets (soft), 71. ; 
steel billets (medium), 7/7. 10s.; steel billets (hard), 
81. 2s. 6d.; steel ship, bridge and tank plates, 71. 5s. ; 
steel angles, 7/.; steel rivets, 127. 10s8.; steel joists, 71. ; 
heavy steel rails, 8/.; fish plates, 12/7. ; black sheets (No. 24 
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gauge), 11/.5s.; and galvanised corrugated sheets (No. 24 
gauge), 17/. 

Imports of Iron and Steel.—Returns issued this week 
give the imports of iron and steel to the Tees from Holland, 
Belgium, France, Norway, Sweden, India, Germany, and 
coastwise last month, together with the figures for the 
same period a year ago, and for the corresponding pre-war 
month of 1913. Pig iron unloaded during the month 
recently ended amounted to 2,829 tons as compared with 
1,085 tons in November last year, and 10 tons in the 
pre-war period; crude sheet bars, billets and bloom 
unshipped during the month recently ended reached 
12,075 tons as compared with 10,368 tons in November 
last year, and 3,132 tons in the pre-war period; and 
plates, bars, angles, rails, sheets ard joists imported 
during the recently ended month amounted to 1,332 
tons, as compared with 914 tons in November last year, 
and 1,906 tons in the pre-war period. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—Conditions in the steel trade of 
Scotland vary very little from week to week at the 
present time, and all interested are now looking forward 
with hope to a broadening out with the arrival of the 
new year. The prospects certainly seem brighter, as 
general trade would appear to be on the mend. In the 
shipbuilding industry the outlook has slightly improved, 
as quite a fair number of fresh contracts have recently 
been booked, and this should mean more business for 
the local steel makers, since their prices are now more 
enticing. The industry has a long way to go yet before 
the capacity of the steel works is taxed, but, as every- 
thing helps to keep plant going and reduce costs, all 
orders will be gladly accepted. In the meantime, it is 
difficult to secure an adequate week’s work, as only a 
limited demand is being experienced for either plates or 
sections. The only really bright side is the black-sheet 
trade, the demand for light-gauge and galvanised sheets 
being well maintained. The requests are chiefly on 
export account, but home consumers are also in the 
market, and sales of the heavier gauge sheets are a shade 
better again. Prices all round are inclined to be easier, 
and may be taken as under :—Boiler plates, 11. per ton ; 
ship plates, 71. 12s. to 71. 15s. per ton; sections, 71. 5s. 
per ton; and sheets, ;*; to 4 in., 91. 5s. to 91. 7s. 6d. 
per ton, all delivered Glasgow stations. The general 
export trade is limited, partly because of the exceedingly 
keen prices necessary to secure the business. 


Malleable Iron Trade.—There has been no change in 
the malleable iron trade of the West of Scotland this 
week, and bookings have been on a small scale. The 
export side of the business is poor and the demand from 
home consumers is only fair. In the steel re-rolling 
departments there is a moderate amount of work going 
through, but full employment is not being secured. 
Prices are nominally steady with ‘‘ Crown ”’ bars quoted 
unchanged at 111. 5s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland a dull and heavy tone prevails. The demand 
is easier, and, while local consumers continue to place 
orders, their requirements are small. Export lots are 
difficult to secure at present, and the prospects in that 
direction are not encouraging. Prices are practically 
unchanged and are as follow :—Hematite, 3/. 18s. 6d. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 80s. to 82s. 6d. per ton, and No. 3, 77s. 6d. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, December 5, only amounted to 293 tons. 
Of that total all but 20 tons went overseas. For the 
corresponding week of last year the figures were 2,245 
tons to foreign ports and 100 tons coastwise, making a 
total shipment of 2,345 tons. 





MoTHERWELL IRON WorkSs.—We are informed that 
the Nethan Iron Works, Motherwell, projected under 
the auspices of the late Mr. C. F. MacLaren, have just 
been purchased by Messrs. Fredk. Braby and Co., Limited, 
Glasgow. 


TENDERS.—H.M. Trade Commissioner at Cape Town 
reports that the South African Railways and Harbours 
are inviting tenders for the supply and delivery of 11 
4-ton electrically-driven wharf jib cranes complete, and 
7 electric capstans. Sealed tenders must reach Johannes- 
burg, not later than noon on January 28. The Office 
of H.M. Trade Commissioner in New Zealand reports 
that the Public Works Department, Wellington, are 
calling for tenders for the supply and delivery of outdoor 
switchgear for the Waikato Electric Power Scheme 
(Section 132). Tenders will be received by the Secretary, 
Public Works Supplies and Tenders Committee, Govern- 
ment Buildings, Wellington, up to 4 p.m. on February 16. 

‘The Office of H. M. Trade Commissioner in Wellington, 
New Zealand, reports that the Auckland Electric Power 
Board is inviting tenders for the supply and delivery of 
overhead cotton-covered triple-braided cable. Tenders 
will be received by the Chairman, Auckland Electric 
Power Board, Quay-street, Auckland, up to noon on 
February 8.—The Office of H.M. 'Trade Commissioner in 
New Zealand reports that the Auckland Electric Power 
Board are calling for tenders for the supply and delivery 
of fifteen-ampere cutouts. Tenders must be accompanied 
by a sample of the cutout offered, and will be received 
by the General Manager, Auckland Electric Power Board, 
up to February 22. Further particulars concerning 
these tenders can be obtained from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 
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NOTICES OF MEETINGS. 


THe INstTITUTION OF MECHANICAL ENGINEERS.— 
To-night at 6 p.m. at Storey’s-gate, S.W.1. General 
Meeting ‘‘ Foundry Practice ; Cast Iron and Modern 
Engineering Practice,’? by Mr. J. G. Pearce. ‘Some 
Applications of Research to Modern Foundry Practice,”’ 
by Mr. J. E. Fletcher. Friday, December 18, at 7 p.m. 
Informal Meeting. Discussion on ‘“'The Work of the 
Mechanical Engineer in Non-Engineering Industries.” 
Introduced by Mr. W. P. F. Fanghaenel. 


THE Junior InstTITUTION OF ENGINEERS,—To-night 
at 7.30 p.m. at the Royal Society of Arts, John-street, 
Adelphi, W.C.2. Inaugural Meeting. Presidential 
Address by Mr. J. 8. Highfield, M.Inst.C.E., Wednesday, 
December 16 at 5 p.m. Visit to Works of Messrs. C. F. 
Casella and Co., Limited, Walthamstow. Friday, 
December 18 at 7 p.m., at 15, Savoy-hill, Strand, W.C.2. 
Lecture and Demonstration of Industrial and Domestic 
Electric Lighting. 

THe Rattway Cius.—To-night at 7.30 p.m., at 
65, Belgrave-road, 8S.W.1. “‘ Some Little Known Features 
of Railway Publicity,” by Mr. J. R. Hind. 


THe Institute oF TRANSPORT: NorTH-EASTERN 
Loca Section.—Saturday, December 12, at 3 p.m., at 
the. Town Hall, Newcastle-on-Tyne. ‘‘ The Organisation 
and Working of the Royal Victoria and Albert, and 
King George V. Docks of the Port of London Authority,” 
by Mr. R.C. Mayes. 


THE Mrintne Institute or ScorTianp.——Saturday, 
December 12 at 3 p.m., at the Royal Technical College, 
Glasgow. ‘‘ Safety First in Mines,”’ by Mr. E. H. Frazer. 
Report of the Institution Committee on “ Ventilation of 
Mines.’ ‘‘ Notes on Cleat in the Scottish Coalfields,”’ by 
Professor R. W. Dron. ‘‘ Coal Cutting by Machinery and 

err 





Conveyors in Scottish Mines.” by Mr. G. L. K 

THE KEIGHLEY ASSOCIATION OF ENGINEERS.—Satur- 
day, December 12, at 6.30 p.m., at the Assembly Room, 
Cycling Club, Cavendish-street, Keighley. Lecture. 
‘““The Drive of Textile Mills: Special Reference to the 
Geared Steam Turbine Drive,” by Mr. B. C. Johnson. 


THE INSTITUTE OF BRITISH FOUNDRYMEN: LANCA- 
SHIRE BraNcH—JUNIOR SEcTION.—Saturday, Decem- 
ber 12, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. ‘‘ The Physical Testing of Foundry 
Products,” by Mr. J. 8S. G. Primrose. 


Tue Hutt Association oF ENGINEERS.—Saturday, 
December 12, at 7.15 p.m., at the Technical College, 
Hull. Lecture: ‘“‘ Rolling Mills and the Manufacture of 
a'40,000 kv.-a. Turbo-Alternator,”’ by Mr. D. Weir. 

THE INSTITUTE OF TRANSPORT: YORKSHIRE SECTION. 
—Monday, December 14 at 5.30 p.m., at the Town Hall, 
Leeds. Lecture: ‘‘ Roads-Administration and Finance,” 
by Mr. H. R. Hepworth. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS: BIR- 
MINGHAM CENTRE.—Monday, December 14, at 7 p.m., 
at the Chamber of Commerce, Birmingham. ‘“ Sleeve- 
Valve Engine Development,’’ by Mr. W. Ferrier Brown. 


THE INSTITUTE OF METALS : ScoTTisH LOCAL SECTION. 
—Monday, December 14, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Aluminium and its Alloys as used 
for Engineering Purposes,”’ by Mr. Harry Hyman. Ph.D. 


SHEFFIELD SocriETY OF ENGINEERS AND METAL- 
LURGISTS.—Monday, December 14, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. ‘‘ Elasticity in 
Metals and its Relation to Fatigue,’ by Dr. D. Hanson. 


THE BRADFORD ENGINEERING Soctety.—Monday, 
December 14, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture: “Gas Manu- 
facture,” by Mr. E. J. Sutcliffe. 

Tue Instrrure or Transport,—Tuesday, Decem- 
ber 15, at 5.30 p.m., at the Institution of Electrical 
Engineers, Savoy-place, Victoria-embankment, W.C.2. 
Graduated and Students Lecture: ‘The Organisation 
and Working of the Royal Victoria and Albert, and 
King George V. Docks of the Port‘of London Authority,” 
by Mr. R. C. Mayes. 


Tue InstiruTion or Civit ENGINEERS.—Tuesday, 
December 15, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. Paper to be submitted for discussion, 
** Pressure- Boosting Station forthe Waterworks of the City 
of Monte Video,” by Mr. Arthur Honeysett. Wednesday, 
December 16, at 6 p.m., Students’ Meeting. Vernon- 
Harcourt Lecture: ‘The Development of Harbour and 
Dock Engineering,” by Sir Cyril R,. 8. Kirkpatrick. 

THE InstrITuUTE OF MARINE ENGINEERS.—Tuesday, 
December 15, at 6.30 p.m., at 85-88, The Minories, 
Tower Hill, E.1. ‘‘ Economic Application of the Scott- 
Still Engine,” by Mr. J. A. Sim. 

Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLanD.—Tuesday, December 15, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘‘ The Economic Value 
of Bunker Coal,” by Mr. Otto Kahrs. 


THe Soctety oF Giass TEcHNOLoGyY.—Wednesday, 
December 16, at 2.30 p.m., at the University College, 
Gower-street, W.C.1, ‘The Composition of Glass Suit- 
able for Use in Automatic Machines,” by Professor W. 
8S. Turner, D.Sc. ‘The Relationship Between the 
Chemical Composition and the Durability of Glass,” by 
Miss Violet Dimbleby, M.Sc., and Professor W. E. 8. 
Turner, D.Sc. 


THE Royat METEOROLOGICAL Socrety.—Wednesday, 
December 16, at 5 p.m., at 49, Cromwell-road, South 
Kensington, S.W.7. “The Marsham Phenological 
Record in Norfolk, 1736-1925, and Some Others,” by 


Mr. I. D. Margary, M.A. ‘“‘ Experiments on the Shielding 
of Raingauges,” by Mr. C. D. Stewart, B.Sc. “On the 
Dynamics of Geostrophic Winds,” by Dr. H. Jefireys, 
M.A., F.R.S. 

Tur NEwcoMEN Soctety.—Wednesday, December 16, 
at 5.30 p.m., at Prince Henry’s Room, 17, Fleet-street, 
E.C. “History of the Invention of English Flint 
Glass,”’ by Mr. E. Wyndham Hulme. “ History of 
Copper Ruby Glass,”’ by Mr. John A. Knowles, “* Notes 
on Early Bridge Construction,” by Mr. W. Worby 
Beaumont. 

THE Rapio Soctety or GREAT Britatn.—Wednesday, 
December 16, at 6 p.m., at the Institution of Electrical 
Engineers, Savoy-place, Victoria Embankment, W.C.2. 
Annual General Meeting. ‘‘Some Facts and Notions 
About Short Waves,” by Mr. Duncan Sinclair. 


Tue ILLUMINATING ENGINEERING Soctety.—Wednes- 
day, December 16, at 7 p.m., at the Lighting Service 
Bureau, 15, Savoy-street, Strand, W.C.2. “ Report on 
Progress in Electric Lamps and Lighting Appliances. 


THE INSTITUTION OF PRODUCTION ENGINEERS.- 
Wednesday, December 16, at 7.30 p.m.,at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1. Lecture: ‘‘Die-Casting,” by Mr. A. H. 
Mundey. 

TuE Liverroon ENGINEERING SocieTy.—Wednesday, 
December 16, at 8 p.m.,at The Temple, Dale-street, 
Liverpool. ‘The Development of Water Power Re- 
sources,”” by Mr. A. E. Malpas, M.1.Mech.E. 


Tue Royat Arronauticat Sociery.—Thursday, 
December 17, at 6 p.m., at 7, Albemarle-street, W.1. 
Informal Discussion. ‘‘ Aero Engine Starting Gear. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS.—Thurs- 
day, December 17, at 6 p.m., at Savoy-place, Victoria 
Embankment, W.C.2. ‘‘'The Power Losses in Magnetic 
Sheet Material at High Flux Densities,” by Mr. Cc. E. 
Webb, B.Sc. 

Tue Betrast ASSOCIATION OF ENGINEERS.—Thursday, 
December 17, at 7.30 p.m., at the Municipal College 
of Technology, Belfast. ‘Steam Accumulation,” by 
Mr. J. M’C. Barry. 


Tue InstiTuTION OF CIviL ENGINEERS : YORKSHIRE 
AssocraTIon.—Thursday, December 17, at 7.30 p.m., 
at the Royal Victoria Hotel, Sheffield. Vernon-Harcourt 
Lecture: ‘‘The Development of Harbour and Dock 
Engineering,” by Sir Cyril R. 8. Kirkpatrick. 

Tue INSTITUTE OF PATENTEES.—Thursday, December 
17, at 8 p.m., at the Old Colony Club, Aldwych House, 
Kingsway, W.C.2. ‘‘The Inventor’s Place in History,” 
by Professor Littlejohn. 

THE Institute oF TRANSPORT: NORTH-WESTERN 
Loca Section.—Friday, December 18, at 6.30 p.m., 
at the Midland Hotel, Manchester. Transport in Con- 
nection with the Fishing Industry,’ by Mr. E. G. Gar- 
stang. 

THE Norru-East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, December 18, at 7.30 p.m., 
at the Literary and Philosophical Society, Newcastle- 
upon-Tyne. ‘Some Aspects of the Theory of Ship 
Waves and Wave Resistance,” by Professor T. H. Have- 
lock, F.R.S. 

Tue INSTITUTION OF MECHANICAL ENGINEERS: YORK- 
SHIRE Brancu.—Friday, December 18, at 7.30 p.m., at 
the Philosophical Hall, Park-row, Leeds. ‘‘ The Import- 
ance of Close Speed Regulation in Driving Machinery,” 
by Professor G. F. Charnock. 





PALACE OF VERSAILLES..-A paper was read at a 
recent meeting in Paris of the Société des Ingénieurs 
Civils de France on the repairs of the Palace of Ver- 
sailles now being carried out. The walls of the palace, 
from the foundations to the roofs, have for many years 
past suffered greatly from the changes in the weather. 
The work is being conducted by M. Bonnet, Chief 
architect of the Palace, aided by Messrs. Gueritte and 
Japy. 


New AvToMOBILE STANDARDS.—The British Engi- 
neering Standards Association have just issued two 
publications dealing with automobile standards. The 
first of these booklets, numbered 5031 to 5034—1925, 
gives standard dimensions for dynamos, distributor 
mountings, starting motors, and dynamotors for auto- 
mobiles. The second of these publications, numbered 
5035—1925, gives standard dimensions for small coup- 
lings for internal-combustion engines. In the first 
booklet are four specifications giving the overall and 
other important dimensions, useful to the designer when 
arranging the placing of the various accessories in the 
chassis. When universally adopted it will be possible 
to replace or interchange the various makes of these 
fittings without the costly alterations which are generally 
necessary when another make of dynamo or starter is 
fitted into a chassis. The fifth specification, that for 
small couplings (No. 5035—1925) is also dimensional, and 
gives all that is necessary for interchangeability. The 
new standards are based upon the provisional standards 
Nos. 15, 16, 17, 18 and 19, of the Society of Motor 
Manufacturers and Traders, Limited, published in the 
Data sheets of the Institution of Automobile Engineers, 
They are submitted to the B.E.S.A. for consideration 
and approval, and have now been issued as British 
standards. Copies of the two publications may be 
obtained from the B.E.S.A. Publications Department, 
28, Victoria-street, London, 8.W.1, price 1s. 2d. each, 
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THE SHIPPING AND MACHINERY EXHIBITION AT OLYMPIA. 


(For Description, see Page 728.) 












































Fie. 73. Front Virw or SEAM-WELDING Fic. 74. Rear View or SeaM-WELDING 

MacuHiInE; THE CONSOLIDATED PNEUMATIC MACHINE SHOWING INTERRUPTOR; THE 

Toot Company, LIMITED. CONSOLIDATED PNEUMATIC Too. CoMPANY, 
LIMITED. 


Fig. 71. Star Detta Switcu; [GRANIC 
ELectric Company, LiMiTED. 









































Fie. 72. _ PortasBLte Evrectrric-Arc Mortor- Fic. 75. Wertpinc MacsINe FoR CyYLinpRicaL Fie. 76. Sree, Tape WELDING MaAcHINE; 
Dynamo Set; THE CONSOLIDATED PNEU- Enps or Drums; THE CONSOLIDATED PNEomaTIc THE CONSOLIDATED PNeEuMATIC TooL 
MATIC Toot Company, LIMITED. Toot Company, LIMITED. : Company, LIMITED. 
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CRANK-PIN TURNING MACHINES. | 


CONSTRUCTED BY MESSRS. GEORGE RICHARDS AND CO., LIMITED, ENGINEERS, BROADHEATH. . 36 





(For Description, see Page 751.) f , 




















Fig. 1, Srnepe-HEAD MACHINE FOR WorK ON CRANK Pins uP TO 12-IN. DIAMETER. Se 




















Fie. 2. Douste-Hrap MAcnINE FOR TURNING AUTOMOBILE CRANKSHAFT PUENs. 











(To face page 735.) 
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THE CONSERVATION OF INDUSTRIAL 
ENERGY. 


THE informal parliament that sits in the public 
Press of this country has been giving of late even 
more than usual attention to the condition of 
industry. No subject, indeed, deserves more 
anxious consideration, and, unfortunately, the facts 
are so grave that the reiteration of them is natural 
and may be desirable even when it does not seem 
to lead to immediate practical action. If such 
discussions not only force the public mind to realise 
that things are bad, but reveal at least some factors 
of the situation that could be amended, they may 
serve a useful purpose, even though it be no more 
than to broadcast a reminder. The one danger they 
may involve is to lead public opinion to rely unduly 
on artificial industrial schemes, without regard to 
the natural economic forces under which industry 
must work. Many of the proposals that have been 
made recently indicate lines of action for which 
much can be said, but very few of them seem to 
recognise that to be effective an artificial scheme 
must conserve and make the most of industrial 
energy. 

The number and variety of the schemes that are 
or have been recently under discussion is too great 
to allow more than some typical examples to be 
quoted. A call has been made for a “ new spirit ” 
in industry, which appears to amount to the sugges- 
tion that labour should have a larger share in 
management, and a better-defined and _better- 
evidenced proportion of profits. This proposal has 
evoked illustrations of the efficacy of the “old 
spirit,” in which, either alone or with the help of 
works mechanisms, some employers even now keep 
in personal touch with the individuals of their 
entire staff, and are thus able to work with them 
in aspirit of mutual confidence. Repeated examples 





have been given of works in which one form or 





other of co-partnership has worked successfully in 
bad times as well as good over a long term of years ; 
and, though these instances are few relatively to 
the total volume of industry, they are supported by 
an impressive unanimity of evidence on the satis- 
faction they have given to all parties. Conferences 
are suggested between representatives of employers 
and of labour to elaborate a formula of conciliation 
between their respective interests. Basing himself 


9| on the admitted fact that the disposition to restrict 


output is promoted, if not solely caused, by the 
fear of unemployment, the Attorney-General of the 
late Labour Government has urged the substitution 
of State relief works for unemployment benefits— 
a more direct measure than the proposal to give a 
subvention to the shipbuilding industry out of the 
Insurance fund, but along the same lines. The 
Minister of Labour has appointed a Committee of 
Inquiry into the working of the unemployment 
insurance scheme. The labours of the Institute of 
National Psychology and the Industrial Fatigue 
Research Board, in so far as they may reduce the 
fatigue of labour and throw light on the collection 
of grievances that cause ‘“‘ unrest,” are put forward 
on high authority as furnishing a radical means of 
remedying industrial discontent. 

Each of these proposals would require a separate 
article to outline its merits and the practical objec- 
tions to some of them. A criticism, however, that 
must be applied to them all is that they leave 
wholly out of account a fundamental difficulty 
of the situation. The community of labour may 
be divided broadly into three groups. One of 
them aims at maintaining and improving conditions 
of work, and a second at recasting the political 
framework of society. Each of these takes an 
active part in industrial politics, and seeks to use 
for its purposes the anomalous privileges that for 
the time being have been conferred on trade unions 
by the legislation of this century. The respective 
a of these parties varies from time to time 
and from district to district. Often they agree to a 
compromise, whereby each of them gains something 
towards its own ends at the sacrifice of some con- 
cession, Compromises, again, are often made in 
order to secure from an entire industry a part—often 
a quite small part—of what could be obtained in 
full from a section of it. The third group of 
workers, in numbers many times as great as the 
other two put together, consists of those who have 
no spontaneous wish for any of these activities, but 
merely want to do the best they can for their 
families and themselves, and be quit of their work 
when they leave the shop. By the present situation 
of trade-union law the two tails of the Labour 
party are able to wag the dog. Sometimes they 
wag it one way and sometimes another, but the 
direction in which it is compelled to move is the 
resultant of the two impressed forces, and usually 
a compromise between what is economically 
best in the interests of the men and what is prac- 
ticable in trade union politics. This compromise 
often sacrifices the purely industrial interests of 
workers to the political purposes of the small 
minorities, who divide between them the artificial 
privileges of trade unions, or take turns in exer- 
cising them. These privileges are valued because 
in practice they afford a means of coercing the 
vast majority into accepting such sacrifice as the 
methods of the minorities demand. 

To recite in how many ways the fertility of 
industry has been checked by this process, what 
impediments are put in the way of men who wish 
to obtain more by earning it, under what wasteful 
obstructions industries are compelled to use their 
men’s work, would be a repetition of what has 
had often to be told. For.the moment it seems 
more important to point out how so unprofitable a 
situation comes to be accepted by the parties in 
Parliament and in the entire community who 
have to pay for it. In substance the reason seems 
to be that ‘the men” would be suspicious if it 
were altered. That, rightly or wrorgly, some of 
the first group might suspect the change, and on 
excellent grounds the second group would oppose it, 
cannot be doubted. These groups can be regarded 
more properly as the head than the tail of the 
animal, if not numbers but the extent of their 
knowledge and political activity is considered. 
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What is certain is that they are not its body, and 
the fact that they control its body is due to the 
power they are able to exercise through trade union 
privileges. In practice, moreover, these privileges 
are those that trade unions enjoy not against 
the non-industrial community, but against indi- 
vidual workmen, including their own members. 
The political levy, the liberty to watch and beset, 
the right to mob men under the pretence of peace- 
fully persuading them, are measures directed solely 
against individual workers, and operate to subject 
those who wish to stand apart from dispute to the 
physical and moral coercion of those who are pro- 
moting it. 

The operation of these measures has been tested 
by twenty years’ experience. It is now known by 
all parties to have been a heavy tax on the produc- 
tive power of industry, and no prospect exists of 
the tax being removed so long as those who control 
it have to compromise on matters of economical 
principle for political reasons. Those who recognise 
that their interests are industrial, and can be 
promoted only by conforming to economic law, 
know that the trade of the country cannot continue 
to pay this tax. Some of them, however, shirk 
challenging it for fear of political consequences 
arising from suspicions in the minds of the workers. 
No evidence has been produced to show that this 
fear is justified, or that the general body of workers 
will hug their fetters if it is proposed to remove 
them. 

It seems time that the situation should be looked 
squarely in the face, for under the pinch of inter- 
national competition trade must continue to leave 
the country in bad times so long as its industries 
are subject to a tax from which its competitors are 
free. To those who are genuinely interested in the 
iabour movement the best solution would be that 
the parties to industry should be re-grouped. 
There is so much in common between the purely 
industrial elements that, with goodwill on all sides, 
it should be possible to frame a programme common 
to them all. At present the leaders of the industrial 
unionists do not control the labour movement in 
accordance with what they know to be in its best 
interests, but in accordance with the best compro- 
mise they can make with the revolutionary party. 
They are forced into this attitude because of the 
power placed in the hands of the revolutionists 
by the anomalous trade union legislation. Neither 
the sagacity nor the patriotism of industrial trade 
union leaders are in question, but at present they 
are tied politically to a body of men whose real 
objects are not industrial. The power of this body 
would be inconsiderable if they were not able to 
invoke the existing trade-union immunities; and 
by taking away the power of the revolutionary 
pseudo trade-unionists the removal of these 
immunities would strengthen the position of the 
industrial trade-union leaders. The fundamental 
remedy for the existing position, so far as it can 
be attained by legislation, would be for industrial 
trade unionists and employers to concert terms for 
freeing British industry from bonds that have 
become’ intolerable. 








HIGH-STRENGTH BRASSES. 


Many of the so-called special brasses consist of 
the binary alloy, 60 per cent. copper ; 40 per cent. 
zinc, plus additions of small percentages of one, or 
more, foreign metals. Generally speaking, the 
copper figure of 60 per cent. is retained and the 
additions replace some of the zinc. The mechanical 
properties of the original alloy are usually improved, 
and material of this type has received extensive 
application in the engineering industry. A sys- 
tematic investigation of the relative value of various 
addition elements was recently conducted by Mr. O. 
Smalley, who presented a paper embodying his 
results at the October meeting of the American 
Institute of Mining and Metallurgical Engineers. 
The procedure adopted was to first investigate the 
properties of ternary alloys made by replacing 
some of the zine in alpha-beta brass by small 
additions of nickel, aluminium, tin and _ iron. 
Quaternary alloys, of the 60:40 brass type, con- 
taining respectively, 1-5, 3-0, 4:0 and 5-0 per cent., 
of aluminium, together with varying proportions of 





nickel, were then examined. Finally, two complex 
alloys, of a similar type, but containing five elements 
were studied. 

Additions of from 2 to 4 per cent. of nickel, 
while considerably improving the shock-resisting 
properties of alpha-beta brass, were found to have 
little influence on the tensile properties. The duc- 
tility of the material was, however, slightly but 
definitely increased. Aluminium, on the other 
hand, even when added in small quantities, to 
60 : 40 brass, had the effect of increasing, to a 
remarkable degree, the yield point and tensile 
strength. This, however, was accompanied by a 
corresponding fall in ductility and shock-resisting 
properties. Similar results were obtained by Mr. 
L. Guillet, in the course of researches upon the 
properties of high-tensile brasses containing alumi- 
nium. In the recent investigation, maximum 
strength was obtained in the case of samples con- 
taining 3 per cent. of aluminium; if this figure 
were exceeded, the strength, as well as the ductility, 
fell away. Other authorities have stated that the 
maximum percentage of aluminium allowable is 
4 per cent. Mr. Smalley’s alloys were made with 
great care from virgin metals of exceptional purity ; 
the limit imposed by him seems, therefore, to be 
based on reliable evidence. As will be readily 
acknowledged, the point is of some importance. 

When a small quantity of tin is added to a brass 
the resulting material is hardened, and, in addition, 
is rendered less susceptible to sea-water corrosion. 
This latter property is due to the formation on the 
surface of the material, when exposed to sea air, of 
an adherent varnish-like layer of basic oxychloride 
of tin, which protects the underlying metal. Both 
the 70:30 and the 60:40 varieties of naval brass 
contain 1 per cent. of tin. In complex high- 
strength brasses, however, where ductility is of 
importance, 0-75 per cent. appears, from Mr. 
Smalley’s experiments, to be the maximum quan- 
tity of tin permissible, increasing the proportion 
up to | per cent. hardens without strengthening. 
and impairs both ductility and impact strength ; an 
alloy containing 59 per cent. of copper, 38 per cent. 
of zinc, and 3 per cent. of tin, is very brittle indeed, 
in the cast condition. This brittleness is due to the 
fact that, in the case of alpha-beta brasses, a brittle 
copper-tin constituent makes its appearance, when 
1 per cent. of tin is exceeded. Mr. Guillet, who has 
investigated this matter very fully, is of opinion 
that this constituent is, in all probability, none other 
than the delta phase of the copper-tin system. 
This constituent, as is well known, is exceedingly 
brittle ; a comparatively small proportion of it 
has a pronounced disintegrating effect upon 60 : 40 
brass because it is deposited in the form of a ribbon 
about the beta solid-solution areas, often com- 
pletely surrounding them. 

High-tensile brasses containing iron have been in 
regular use for many years ; Delta metal, one of the 
best-known alloys of this type, was first made some 
forty years ago. Since that date a great deal of 
research has been carried out on iron brasses by 
Messrs. F. Johnson, R. E. Rednall, L. Guillet and 
others, and our knowledge of this material is fairly 
complete. The present investigation emphasises 
the fact that additions of iron have a remarkable 
refining effect on the structure of alpha-beta brass. 
In castings, 1 per cent. of this metal improves the 
tensile strength and resistance to impact. When 
this quantity is exceeded, however, there is no 
corresponding increase in strength, and the impact 
value has a tendency to fall. 

The main conclusion which may be drawn from 
Mr. Smalley’s experiments with ternary alloys is that 
the proportion of each addition element, which 
will improve the mechanical properties of 60: 40 
brass, is a very definitely fixed quantity. Evidently, 
with the object of combining the beneficial effects of 
aluminium and nickel, all the quaternary alloys 
examined were nickel-aluminium bresses. Perhaps 
the most interesting of these complex alloys is a 
60:40 brass in which 6 per cent. of the zinc is 
replaced by 3 per cent. of nickel, and 3 per cent. of 


aluminium. This material is stated to possess 
excellent mechanical properties in the forged 


condition, and to retain considerable strength and 
ductility at temperatures up to 500 deg. C. It is 





capable of being worked hot or cold, and may be 
forged, stamped, or extruded with safety. In addi- 
tion to these valuable properties, the alloy is said 
to possess a high corrosion resistance. After forging, 
water-quenching from 780 deg. C., tempering at 
450 deg. C. for 30 minutes, and cooling down in the 
furnace, a sample of the material gave yield point 
and maximum stress values of 28-4 tons and 46-2 
tons per square inch, respectively, a percentage 
elongation, in 2 in., of 18, a percentage reduction of 
area of 21-5, and a Brinell number of 272. As will 
be seen, these figures compare favourably with those 
obtained from heat-treated, high-grade carbon 
steels. This aluminium-nickel brass appears to be 
suitable for the manufacture of high-strength 
castings which are called upon to withstand such 
severe service conditions as superheated steam at 
high pressures. 

Mr. Smalley’s statement to the effect that this 
60; 34: 3:3, nickel-aluminium brass possesses a 
high corrosion resistance is, we fear, rather vague ; 
it is no doubt based on experimental evidence, but 
a brief résumé of the results of tests would have been 
of great interest. The expression “ corrosion- 
resisting ’ is very loosely applied to a large number 
of alloys at present on the market, and the character- 
istic implied undoubtedly varies considerably. When 
putting forward a new alloy, it is therefore not 
sufficient to merely state that it resists deterioration ; 
quantitative data giving some indication about the 
extent to which the material will withstand parti- 
cular forms of corrosion are always needed to carry 
conviction. 





THE SMITHFIELD SHOW. 

Tue Smithfield Club Cattle Show, which opened 
at the Agricultural Hall on Monday last, and 
closes to-day, is one of the oldest in the country, 
as it was originated in 1799. It has thus been held 
continuously for 125 years, and has been located 
in the Agricultural Hall since 1862. The show is, 
in the main, a live-stock exhibition, but it is also a 
recognised occasion for the display of machinery 
and agricultural implements for use on, and in 
connection with, the farm. It is quite outside 
our province to deal with the live-stock, although 
the shape of some of the sheep is distinctly reminis- 
cent of the drawing board. The machinery exhibits 
form a somewhat heterogeneous collection, including 
such diverse products as windmills, steam and. oil- 
driven tractors, transport vehicles, cultivators, 
dairy machinery, and refrigerating plant. The 
extent to which machinery has invaded the farm is 
brought out by the very large number of small 
general-purpose engines which are exhibited, the 
majority of the stands devoted to agricultural 
machinery staging one or more such engines. These 
are nearly all single-cylinder models of from 2 to 8 
brake horse-power. Both horizontal and vertical 
types are shown, the latter being, apparently, the 
more popular. Apart from their sturdy construc- 
tion, and in many cases their very rough finish, 
these engines do not differ materially from similar 
types of engine used in general engineering practice ; 
though we believe that a unique note is struck in 
one case by the retention of an automatic inlet 
valve, a feature that might be sought elsewhere in 
vain. 

The practice of casting the water tank as an 
integral part of the cylinder jacket is now very 
common, an example being given by the ‘‘ Handy- 
man” engine, manufactured by Messrs. Petters, 
Limited, of Yeovil. This engine may be taken as 
typical of the best practice in small general purpose 
engines. It is of the vertical single-cylinder type 
operating on the two-stroke cycle. Judging by the 
exhibits at the show, a marked difference of opinion 
exists about whether the two or four-stroke cycle is 
to be preferred for agricultural work, but a good 
case can undoubtedly be made out in favour of the 
former. Farm engines are liable to be subject to 
the roughest treatment, and to be operated by men 
who are entirely ignorant of their construction ; 
and the greater simplicity obtained by the adoption 
of the two-stroke cycle should therefore weigh 
heavily in their favour. The ‘‘ Handyman”’ engine 
is made in three sizes, rated at 14, 3 and 5 brake 
horse-power respectively, and in each case cooling 
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is effected by the provision of a large water hopper, 
which is cast as part of the cylinder. The result- 
ing appearance is in no way unpleasing, and the 
absence of a separate tank with its concomitant 
water connections renders the engine easily in- 
stalled in awkward positions. The engine is auto- 
matically lubricated and has two flywheels of ample 
size. It is sold at the remarkably low price of 201. 
for the smallest model, the prices of the two larger 
engines being in proportion. Any of the engines 
can be supplied as a portable set, mounted ona 
substantial trolley, for a trifling increase in price. 

Among the four-stroke engines, the Lister Junior, 
manufactured by Messrs. R. A. Lister and Co., 
Limited, of Dursley, may be selected as typical 
of the latest practice. This firm have established 
a high reputation for their products, large numbers 
of which have been supplied for electric lighting, 
mining operations, and other industrial purposes. 
The Junior engine, which is made in several sizes, 
is of the single-cylinder vertical type, with side- 
by-side valves, and follows the usual practice of 
the firm in having a fuel pump driven off the crank- 
shaft, arranged to supply an excess of fuel to the 
carburettor. Any surplus beyond that required to 
feed the jet drains back to the tank. The engine 
has recently been improved by fitting two fly- 
wueels as standard, and by re-arranging the water 
jacket in such a way that it practically surrounds 
the valves. 

From an engineering standpoint, the show 
undoubtedly suffers by comparison with the various 
exhibitions held earlier in the year, as the great 
majority of the exhibits have already been shown 
at one or other of these exhibitions. This is parti- 
cularly the case with respect to the Royal Agri- 
cultural Show, held at Chester earlier in the year, 
and described in our issues of July 10, 17, and 24. 
For this reason, we do not propose to describe the 
exhibits in any detail, but will confine ourselves 
to reference to the more outstanding features. 
At first sight, the presence of a number of stationary 
engines of relatively large power, of refrigerating 
sets, and of large road vehicles, appears somewhat 
of an anomaly, as the use of such plant is hardly 
within the scope of operations of the average 
farmer. It must be remembered, however, that 
the show makes an equally strong appeal to butchers, 
to whom at any rate refrigerating sets are essential ; 
and that the modern tendency is to increase the size 
of farms to a point at which mechanical appliances 
can largely replace human and equine labour. 

Making allowance for these factors, and for the 
appeal to market carriers, it is still surprising 
that the greater number of road vehicles shown 
are in the heavy class, and that the light and handy 
petrol vehicle is absent. There is a large demand 
for the light van and lorry amongst farmers, and we 
can only conclude that the firms whose business it is 
to sell such vehicles, regard the recent Commercial 
Vehicle Show as a sufficient advertisement of the 
types available. The wisdom of such an attitude 
is open to question, as the Smithfield Show attracts 
a class of potential purchaser which is not likely 
to visit any other exhibition. Among the firms 
who are showing heavy road vehicles may be men- 
tioned Messrs. William Allchin, Limited, Messrs. 
Chas. Burrell and Sons, Limited, Messrs. Clayton 
and Shuttleworth, Limited, Messrs. Fodens, Limited, 
and Messrs. Richard Garrett and Sons, Limited. 

In the class of machinery which: comes more 
definitely within the purview of farmers, agricul- 
tural tractors are well represented. To mention 
only a few of those shown, Messrs. Aveling and 
Porter, Limited, are showing a steam tractor with 
winding drum and differential water-lifter ; Messrs. 
Fairbanks, Morse and Co., Limited, an oil-engined 
tractor; Messrs. Wm. Foster and Co., Limited, a 
steam tractor and threshing machine ; and Messrs. 
John Fowler and Co. (Leeds), Limited, a compound 
steam ploughing engine. Space does not permit 
of our dealing with the large exhibit of agricultural 
machinery, covering such products as threshing 
machines, ploughs, cultivators and mole drainers ; 
or with such subsidiary apparatus as pumps, 
crushing and grinding machines, milking plant and 
weighing machines. We may say, however, that 
the majority of the apparatus shown has been des- 
cribed in the past in our columns. 





NOTES. 
Tur Loss oF SUBMARINE Ml. 


THE cause of the disaster to submarine Ml, 
the loss of which formed the subject of an article 
in our issue of November 20 (page 646 anie), has 
been explained in an official Admiralty announce- 
ment. This stated that the unfortunate vessel was 
rammed, while submerged, by the s.s. Vidar, of 
Stockholm. The Swedish ship was steaming up 
the English Channel at the time the submarine 
flotilla was at sea, and passed over the manceuvring 
ground. Upon arrival at Stockholm the master 
of the Vidar reported that he felt a shock at the 
time, and in the vicinity of the position in which 
M1 was reported to have been last seen. Since the 
steamer has been unloaded, it has been discovered 
that the stem under the water line had been heavily 
bent to port, and that several plates had been 
damaged, all pointing to the fact that a collision 
with a submerged object had occurred. The 
Admiralty are therefore of opinion that the loss 
of the submarine was due to a collision with the 
s.s. Vidar, and the announcement concludes with 
the following statement : ‘‘ Under the circumstances 
it is certain that M1 was rapidly and completely 
flooded, and the crew must have perished imme- 
diately.” At the close of last week the Admiralty 
further issued a statement to the effect that the 
search for the missing boat had met with no result 
and that diving operations had been discontinued 
in view of the fact that “the cause of her loss had 
been so fully established.” 


OVERSEAS TRADE. 


For the successful development of overseas trade 
it is essential that exact information should be 
available in handy form on such matters as popu- 
lation, finance, and quantity of trade in specific 
types of goods in the various countries of the 
world. Until recently this information has not 
always been easily procurable, but these conditions 
have now been changed by the publication of ‘A 
Survey of Overseas Markets,” by H.M. Stationery 
Office, on behalf of the Committee on Industry 
and Trade appointed by the Prime Minister in 
July, 1924, and working under the chairmanship 
of Sir Arthur Balfour. To those who are looking 
for an extended share of world markets as a means 
of finding remunerative employment for more 
workmen, this survey is likely to prove most 
valuable. Not merely are the statistics and other 
information necessary for a sound understanding 
of the market conditons given in this volume, 
but data are provided on the countries of origin 
of the various goods entering any market. By 
means of the contents it is possible to see 
immediately how far producers in various coun- 
tries have been able to secure trade which was 
previously done by others. The volume is much 
appreciated by exporters of other countries than 
our own, who are evidently convinced of the 
value of the work, and we call attention to this 
publication for the express purpose that manu- 
facturers and exporters here may become familiar 
with its contents, in order that the full intentions 
of Sir Arthur Balfour’s Committee, of doing valu- 
able work for the cause of British industry, may 
be completely realised. The book may be obtained 
from the sale offices of His Majesty’s Stationery 
Office for 6s. net or through any bookseller. Later, 
other publications will be prepared by the Committee 
on the relations between the various parties in 
industry, and also with industrial and commercial 
efficiency, including such matters as selling organi- 
sations and publicity. 


THE APPARENT VARIATION OF DUCTILITY WITH 
WipTH OF SPECIMEN. 


An article, entitled “ Sur la Variation Apparente 
de la Ductilité Suivant la Largeur de I’Eprouvette ” 
by Dr. Wm. Gordon, of Edinburgh University, 
appears in the October number of the Revue de 
Métallurgie. This contribution, which may be 
regarded as supplementing a paper presented by 
Professor T. Hudson Beare and the author at the 
Edinburgh meeting of the British Association in 
1921, deals with the influence of width of specimen 
on the extension of fixed lengths, on the extension 





of three types of variable gauge-length, and on 
certain quantities calculated from the final cross- 
sectional dimensions. The metal employed was 
4-in. soft steel plate of the quality known as “ weld- 
ing-boiler,” and the test-bars varied in width from 
} in. to4 in. The effect of width is prefaced by a 
short discussion on extension and gauge-length, in 
which is given a modification of the usual British 
relation. The extension on fixed lengths then 
follows, two simple empirical formule, connecting 
extension and width for the 8-in. (203 mm.) gauge- 
length, being given. The extension on lengths 
poportional to ,/ Area is the next matter dealt 
with ; this amounts to an inquiry into how far the 
assumption of virtual similarity in such bars is 
legitimate, when only one transverse dimension is 
varied, and that over a considerable range. The 
superiority of this type of gauge-length is amply 
demonstrated. The extension on lengths propor- 
tional to Vit" and to "> _ 

Thickness Perimeter 
width, is then briefly discussed. Neither type appears 
to afford a satisfactory basis of comparability. The 
last portion of the paper, under the head of reduction 
of area, is a note on the influence of width on the 
reduction of width, thickness, and area, on the 
relation between the initial and final ratios of width 
to thickness, and on the ultimate extension in the 
fracture. Alternative empirical formule are given 
connecting reduction of area and width. 


in relation to 


THe Roap Funp. 

According to the Report on the Administration 
of the Road Fund, for the twelve months ending 
March 31, 1925, issued recently by the Ministry of 
Transport, the total receipts of the Fund, from 
all sources, amounted to just over 16,000,000/. 
The total grants sanctioned during the year 
amounted to over 18,500,000/., and the total net 
payments during the same period, were approxi- 
mately 15,250,000]. As far as can be ascertained, 
the commitments of the Fund, on March 31, 1925, 
amounted to about 36,000,000/. The outstanding 
liabilities of the Fund exceeded the balance by 
about 18,000,000/., but, as in previous years, future 
revenues of the Road Fund have been anticipated 
in order to enable commitments to be entered into 
in connection with works expressly expedited for 
the purpose of relieving unemployment. During 
the year 1924-25, the sums allocated for this purpose, 
involved a total contribution, from the Road Fund, 
of 13,730,000/., the ‘total value of the schemes 
amounting to 18,175,000/. During the five years 
1920-25, an aggregate sum amounting to over 
34,000,000/., has been allocated from the Road Fund 
to enable important road and bridge works to be 
expedited for the relief of unemployment. With 
reference to the number of vehicles for which licences 
were granted, the Report states that, taking the 
1921 Census as a basis, there was, in 1924, one 
motor vehicle for every 32 persons in Great Britain, 
and one driving licence for every 26 persons. The 
number of motor vehicles for which licences were 
granted has increased from 873,665 in 1921 to 
1,355,600 in 1924, and the number of driving licences 
issued from 1-1 million in 1921 to 1-6 million in 
1924. The Report also states that, during 1924-25, 
further special assistance, to the extent of 1,000,000/. 
was given to highway authorities in rural areas. 
During the two years 1923-25, the total sum, made 
available in the form of special assistance for rural 
authorities, amounted to 3,750,000/. ; furthermore, 
an additional sum of 1,250,000/. has been allocated 
for the financial year 1925-26. A sum of no less 
than 6,500,000/. has been allocated from the 
Road Fund for the purpose of carrying out a com- 
prehensive programme of reconstruction of certain 
of the main trunk roads of the country, as a means 
of mitigating unemployment; this expenditure 
will be spread over two or more years. Most of the 
grants for this purpose represent 75 per cent. of 
the total cost, but, in some of the poorer counties, 
the entire expenditure is being borne by the Road 
Fund. 





Messrs. LoBNITZ AND Co., LimITED, RENFREW.— 
During 1925, Messrs. Lobnitz and Co., Limited, of 
Renfrew, have built and engined a number of vessels, 
including two bucket dredgers and two suction dredgers, 
The total gross registered tonnage amounts to 4,354, 
and the indicated horse-power to 8,390. 
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MECHANICAL TESTS AT HIGH TEM- 
PERATURES ON A NON-FERROUS 
ALLOY OF NICKEL AND CHRO- 
MIUM.* 


By H. J. Tapsett, A.C.G.L, and J. Brapiey, B.A., 
B.A.I. 


(Concluded from page 649.) 


6. Fatigue Tests under Reversed Stresses.—The 
information obtained as to the resistance to fatigue 
of nickel-chromium at high temperatures covers 
the results of tests at air temperature and up to 
700 deg.C. These tests were made under conditions 
of reversed stresses in a Haigh alternating stress 
testing machine, on test pieces of the form shown in 
Fig. 16. The testing arrangement is shown in Fig. 17. 

A 10 by 10° reversal basis was adopted in these 
tests. This means that stresses which did not 
cause failure after 10 by 108 cycles were considered 
to be below the limiting fatigue range, but stresses 
causing fracture at less than 10 by 10® cycles were 
considered to be above the limiting fatigue range. 

No tests have yet been made with a mean stress 
having a tensile or compressive value. It is 
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expected that the phenomenon of creep would have 
a large effect on the fatigue resisting properties when 
the mean stress is not zero. The results of the 
fatigue tests are given in Table VIII. 


COMPARISON OF THE RESULTS WITH THOSE OBTAINED 
FROM OTHER MATERIALS. 


Information regarding tests, other than the 
ordinary tensile test, is extremely limited in amount, 
and added to this is the further complication that 
most of the experimenters have adopted either 
different forms of test pieces or different procedure 
in carrying out tests and drawing up reports. 

Tensile Strength—The values of the ultimate 
tensile strength on various ferrous and non-ferrous 
materials, obtained by quick loading tests, are given 
in Fig. 18. The values for the Nickel Chromium 
alloy obtained in this report are inserted on this and 
on subsequent diagrams. it will be noted that at a 
temperature of approximately 350 deg. C., the nickel 
chromium alloy has approximately the same 
ultimate tensile strength (rapid loading) as high 
chromium steel and high speed steels. Below that 
temperature the values are slightly lower than those 
for high speed steel, but above 350 deg. C., the nickel 
chromium withstood a considerably higher stress 
before failure. Results by Fahrenwald on nickel- 
chrome iron also gave satisfactory results at the 





* These tests form a part of an investigation into the 
properties of certain Non-Ferrous Metals and Alloys 
carried out in the ineering Department, National 
Physical Laboratory for The British ‘Non-Ferrous Metals 
Research Association. 





higher temperatures. Both this material and the 
nickel chrome are better under this test than the 
nickel copper alloy (Monel metal). 

Limiting Creep Stress —A summary of existing 
information regarding the limiting creep stress at 
various temperatures is shown by Fig. 19. Cheve- 
nard and Dickenson obtained the temperature 





out on annealed material while the N.P.L. tests 
were made on Ni. Cras rolled. It has been found 
that whereas (under rapid loading) the annealed 
Ni. Cr is stronger at air temperature, it is weaker 
at a temperature of 600 deg. C. 

Creep tests on a 25 per cent. nickel chromium 
steel were made by Lea which gave a limiting creep 


TABLE VIII.—Faticue Tests ReEsvtrs. 




























































































N.P.L . : er 
" : Temperature of Range of No. of Cycles Estimated Limiting 
Eng. Dept. Test. Stress Applied. of Stress Applied. Remarks. Fatigue Range. 
Test Mark. 
°C, Tons /in.2. Tons/in.2, 
BWP5D5 18 + 16-0 3,108,000 Broken 
BWP5D6 18 + 15:5 3,368,000 Broken 
BWP5D7 18 + 14:5 15,926,000 Not broken + 15-0 
BWP5D8 18 + 15:2 5,752,000 Broken 
BWP8D3 18 + 15:0 14,134,000 Not broken 
BWP5D18 200 + 16-5 2,476,000 Broken 7} 
BWP5D19 .. 200 + 15°5 14,836,000 Not broken + 15:7 
BWP5D20 .. 200 + 16-0 2,016,000 Broken 
PWPsD1 200 + 15:7 10,724,000 Not broken J 
BWP5D22 300 + 17-5 10,546,000 Not broken 
BWP5D24 300 + 16:8 10,574,000 Not broken + 17:7 
BWP5D23 300 + 18-5 4,738,000 Broken 
BWP8D2 300 + 18-0 4,954,000 Broken 
BWP5D9_... 400 + 15°5 11,592,000 Not broken 
BWP5D10 .. 400 + 16-6 11,808,000 Not broken 
BWP5D10 .. 400 + 17°5 11,580,000 Not broken + 17:7 
BWP5D11 400 + 18-0 5,094,000 Broken 
BWP8D8 400 + 18-5 4,122,000 Broken 
BWP5D12 600 + 18-65 570,000 Broken 
BWP5D13 600 + 16-0 684,000 Broken* 
BWP5D14 600 + 15-7 11,572,000 Not broken + 15-7 
BWP5D15 .. 600 + 16:0 5,846,006 Broken 
BWP8D10 .. 600 + 15-7 14,276,000 Not broken 
BWPsD4 700 + 15-0 10,040,000 Not broken 
BWP8D5 700 + 17-0 68,000 Broken 
BWP8D6 700 + 16:4 320,000 Broken + 15-2 
BWP8D9 700 + 16-0 814,000 Broken 
BWPsD11 700 + 15:6 3,102,000 Broken 
* Temperature varied somewhat during this test. 
60 z r T 
Fig. 18. TENSILE TESTS. 
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. | 
— Experimenter. Material | C. | Ni. | Cr. | Ww. | Vv. | Fe. | Cu. 
1 Dickenson (Journal I. & 8. Inst.: | High-speed steel (annealed at | 0-62 | 0-16 | 3-98 |17-36 | 0-66 -- — 
vol. 106, p. 103). 800 deg. C.) 
2 Dickenson (Journal I. & 8. Inst., | High chromium steel (oil hardened | 0-26 | 0-39 |14-68 — _ —_ _ 
vol. 106, Ps 103) 925 deg. C., tempered 650 deg. C.) ' 
3 Monel Metal Products Corporation,| Monel metal ve = of _ — — _ —_ _ 
4 Fahrenwald (Proc. Am. 8.T.M., | Nickel chromium iron alloy _— 35 17 — a 48 ~- 
vol. 24, part IT, p. 310) 
5 Bengough (Journal Inst. Met., | Cupro-nickel _ 19-60} — —_ —_— — |79-99 
1912, vol. vii, p. 149) 
6 Fleitmann (Die Metallbosse, 1920, | Pure malleable nickel bars,20mm. | — ae — — — -— _ 
No. 27, p. 1946) diameter 
7 N.P.L. ee ° .| Nickel chromium alloy (from this; — — a =: — — _ 
report) 
































corresponding to a limiting creep stress of 6-5 and 
8-5 tons per square inch, respectively, and their 
values are inserted in the diagrams by points. 
Fahrenwald, Lea and the N.P.L. tests give infor- 
mation from which curves connecting limiting 
creep stress and temperature can be plotted. The 
superiority of the Ni . Cr alloy at high temperature 
under steady loading is shown from the figure. 
The results of Dickenson and Chevenard are in 
substantial agreement with those given in this report. 
The slightly lower values obtained by Chevenard are 
probably due to the fact that his tests were carried 





stress of 6 tons per square inch at 800 deg. C. This 
figure is not, however, confirmed by the results 
of Fahrenwald on 35-17-48 nickel chromium iron. 
It is probable that the higher value obtained by Lea 
is due to the technique which he used. It should 
be noticed that the results obtained by Dickenson, 
Fahrenwald and the N.P.L. are the result of tests 
with loads applied for long periods and are not 
derived from the slope of the extension—time curve 
which was the method employed by Lea. 

Torsion Tests,—Very little information on these 
tests (at high temperatures) has been published. 
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ME “ Some results are given in the form of curves in 
CHANICAL TESTS AT HIGH TEMPERATURES. _ |rig.20. 
35 Notched Bar Impact Tests.—Tests by the notched 
| 4 bar impact method are given by Charpy, Guillet, 
igs 24 Fi ig.19. CREEP TESTS. Langenberg, Monypenny and Aitchison. The tests 
30 PA in each case were carried out either on a Charpy 
machine or on a machine of the Charpy type. The 
3 first three experimenters used the Charpy drilled 
yi 4 notch. Aitchison does not state the form of notch 
- which was used by Mr. Brearley who carried out 
3 5 the tests for him, although it is probable that it 
ee was the 45 deg. Vee (Izod) notch such as was 
& 20 used for the experiments in this report. Some 
@ \ comparative figures are given in Table IX. 
Ss \ Tasie IX. 
8 15 \ 
; Energy Absorbed in Ft./Lbs. 
5 Aitchison.’ Monypenny.t 
o 7 7 Vi ti WV \ 85iaspe Sahn. | Temp. | NiCr. 
F ee - °C, (see 
$ Fi ‘s ona Re- Nickel | Nickel 
5 x port).| C.8. | C.4. | T.4. | ila Chrome | Chrome 
5 aN \ Nee Steel Steel 
] 16 WS | (Tough.)| (Brittle). 
° Air 105-2 | 49-2 9-2 | 22-7 119 67 7 
sl 0 100 +|118-0 | 50-0 | 17-4] 53-5 114 71 9 
0 100 200 300 400 500 600 700 800 200 |120-5 | 50-0 | 25-4 | 58-6 123 72 22 
° 300 /119-8 | 54-2 | 23-3 | 65-8 123 73 69 
(9230.8) Temperature : Degrees Centigrade “ENGINEERING” 400 |103-5 | 61-0 | 24-7 | 62-9| 72] 7 68 
500 91-4 | 53-5 | 26-2 | 59-3 38 59 78 
600 84-7 | 50-0 | 29-4 | 64-4 46 36 45 
SE See, 700 | 82-9 | 47-4 | 29-0 | 63-6 | 181 | 157 at 
Curve Experimenter Material Cc Ni C Ww V F Cc 
No. ; | , “ 7 si “se * * “Valve Failures and Valve Steels,” By L. Aitchison, Inst. of 
Automobile Engineers, Nov., 1919. 
Per cent. C. % 
1 Lea (Proc. Inst. Mech.E., December, | 14 per cent. carbon steel —_ ee nae _ _— — —_ C.8 0-36 11-2Cr. Hardened in air from 900° C., 
1924) tempered at 700° C. 
2 s ‘5 ie 0-32, ys = mer Pee es ee eee C4 0-96 18-1 Cr. 
3 7 $s a 0-45 _ — — _ _— — = aes T.4 0-45 13-08 W. 3-62 Cr. Hardened in air from 
4 ee a4 0-75 a wanes nates _— _ = _ 950° C., tempered at 800° C 
5 N.P. ig A ..| Nickel chromium (as rolled) . _ 80 19 os -- — — 1 . = 
6 Dickenson (Journal 3 S. Inst., | 0- 30 pet cent. carbon steel (oil H.| — —_— _ — — = = weewm siiedaapeneipnnses visas 
vol. 106, p. 103) shed C., tempered 575 deg. Per cent. Per a Per cent. Per cent. 
- BP px P Y. Si. Mn. 
7 ; Pe 99 Ni-chro-steel (oil H. 830 deg. C., | 0-25 | 3-63 | 0°55 —_ _ _ _ Mild Steel .. h. 23 0-18 0-86 
tempered 600 deg. C.) Nickel Chrome 
8 P ‘ = High chro-steel (oil H. 925 deg. | 0-26 | 0-39 /14-68 _ —_ —_ ‘i Steel 0-31 0-17 0-54 3-50 Ni. 
C., tempered 650 deg. C.) ° 1-58 Cr. 
9 S os oA High oe (annealed at | 0-60 | — | 3-49 |14-09 | 0-72} — — i 
10 é * be Nickel er Rie alloy (as cast) | — | 69-9 | 15-5 — = Hardness Tests by Impact Method—There are no 
11 Chevenard (Comptes Rendus, Sept., | Ni-chromium alloy (annealed at | — — |16-0| — — — results directly comparable with those given in the 
Qv" 7 Pr ss “ 
‘ = vol. is p. 486) : 900 deg. C.) on ei? Ce ee ee es paper. These, however, will form a basis for com- 
1: fi ne Bi Ni-chromium tungsten (annealed | — — |9-0 | 5-8 —_ _ _ parison with those which will be obtained on other 
at 9 eg. C. : . hi . * . 
14 z i ¥ Ni- chromium steel (annealed at | 0-30 | 4-2 | 1-6 ve ay a eo materials which are now under investigation. 
x 700 deg. C.) Fatigue Tests under Reversed Direct Stresses.— 
" _ . * cast nickel (annealed at 700deg./ — | — | — | — | — | — | — | Comparative figures obtained from the curves in 
16 » »» 29 Bloctrolitic iron (annealed at| — | — | — | — | — | — | —__ | Lea’s paper (Inst. Mech. Engrs., 1924) are given in 
: a 0. \ ; 
17 Fahrenwald (Proc. AM.,8.T.M.,vol. | Nickel chromium iron alloy — 35 17 a — 48 — Table X. 
24, part IT, p. 310) TABLE X. 
Fatigue Range under Alternating Stresses ; 
60—_—>=~ I l T Tons/sq. in. 
4 ig. 20. TORSION TESTS. . 
3 Temp. Lea. 
Ss \ % Ni . Cr. 
& 50 AN from 
a 6 paper. *K4 0-06 per cent. 
5 ii) [i carbon steel. 
a IN Pies. ee EAS. t 
3 \ Air + 15-0 + 26 + 13-5 
SN 200 + 15-7 + 21 + 12-8 
Ny 300 + 17-7 + 20 + 13-5 
8 400 + 17-7 + 20 + 17-5 
600 + 15-7 + 19-5 + 16-0(at530°C.). 
a 30 4 700 + 15-2 + 18-5 4 
s 5 * K.4, 0-35 per cent. C. 0-60 per cent. Cr. 
h® \ 3} per cent. Ni. 
$ \ THe WuHiItwortH Soctety.—The third Annual Com- 
memoration Dinner in memory of Sir Joseph Whitworth, 
10 will be held at 6.30 for 7 p.m. on Monday, December 21, 
1925, at the Holborn Restaurant, Kingsway, London, 
—~ W.C.1, with Mr. Wm. Sisson, the President, in the Chair. 
\ Further particulars may be obtained from the Hon. Sec. 
0 of the Whitworth Society, Institution of Mechanical 
0 100 200 300 400 500 600 700 800 Engineers, Storey’s Gate, Westminster, S.W.1. 
(9230,$) Temperature : Degrees Centigrade ENGINEERING 
ContTRACTS.—Messrs. Yarrow and Co., Limited, Scots- 
Z Torsion TEsts. toun, Glasgow, have secured the contract from the 
Cane British Admiralty for six of the latest Yarrow Patent 
No. Experimenter. | Material. | c | Mn Cr. Vv. | Ni. | water-tube boilers (Land Type) with Yarrow superheaters 
! for the electric power station at Portsmouth Dockyard. 
: : —Harrington travelling-grate stokers, constructed by 
1 Recgomehy and Spring (ree. =) Ass., Test. Mat., | Chrome vanadium tool steel ../ 0-72 | 0-32 | 0-49 | 0-15 | — Messrs. Riley Stoker Company, Limited, of London, 
Sixth Congress, vol. ii, part Pr 
3 % “i : Shtied wennttien hie 10-86 | 0-45 | — | 0-45 | 3-25 have been adopted for an important new power station 
‘ Pf ai oy an.go | at Kirkcaldy, designed by Messrs. Kennedy and Donkin, 
3 oe 5 oe 30 per cent. nickel steel 0-275) 2-80 -—- 30-92 ; - 
4 fs ze < Zin. rolled monel metal aa ‘aie Lee = beh consulting engineers, of London. A single Harrington 
5 “ Delta metal : _ — _ —_ _ stoker is adopted for each boiler unit, comprising Yarrow 
6 N.P.L. Ni-chromium alloy _ — _ —_ _ boiler, superheater, economiser and air-heater over an 
undivided furnace. 
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LETTERS TO THE EDITOR. 
WASTE. 


To THE EDITOR OF ENGINEERING. 

Str,—You were good enough in the leading article 
of your issue of November 20 to refer to one or two 
matters which I raised in my recent Presidential 
Address to the members of the Liverpool Engineering 
Society. As only a very small proportion of the 
readers of ENGINEERING will have heard or read of 
my address or extracts from it, I should like the 
opportunity of trying to make my attitude clear on 
some of these points. The remark about a certain 
engineer not risking his professional reputation for a 
mere hundred thousand of his clients’ money is quite 
authentic and was made by a very eminent engineer 
in criticism of a rather extravagant work. The author 
of the remark was certainly noted for his powers of 
sarcasm. In referring to this and other examples of 
extravagance, I added that we might be happy to feel 
that such instances were rere. 

We may all hope to be in agreement with the view 
that an engineer takes a legitimate pride in his crea- 
tions and that he should do so. I, however, took up 
the attitude that although we should make due allow- 
ance for future conditions, we should give a fair hearing 
to the idea of cheaper structures with a shorter life 
where these are the more economical. Whilst point- 
ing out that most of us would not feel the same pride 
in designing these as we should do in working out more 
ambitions schemes, I expressed the view that if we 
provided a structure which fulfilled its purpose no more 
and no less, we should be doing sound engineering and 
avoiding waste. 

The reliable dock entrance which can readily be 
replaced by a wider and deeper one, I referred to in 
my address as one which seems to be beyond our present 
skill, and unfortunately dock entrances must be looked 
upon less as examples of building for eternity than 
are the magnificent masonry dams of the many great 
waterworks schemes. This caused me to instance 
other points of a dock system as offering a more ready 
hope of cheaper construction, although pointing out that 
I was most certainly not an advocate of what might 
be called engineering jerry building. 

My address maintained the view that the fact that 
many old engineering structures finally carried loads 
far greater than those for which they were presumably 
intended, was not necessarily a virtue from an economic 
standpoint, and I ascribed the liberality of some old 
designs to “lack of scientific information which after- 
wards became available, and to uncertainty as to the 
quality of the materials employed.”” Modern engineers 
have had placed at their disposal scientific information 
not available to those of 80 years ago, and materials 
which are more reliable than those formerly available. 
Engineers should therefore obviously be able to pro- 
duce more economical structures, else the efforts of 
scientists and manufacturers must have failed. I 
most certainly would not be among those who would 
decry the work of bygone engineers. It is from their 
experience that we must learn, whether it be from 
successes or failures, a fact on which T laid stress in the 
Vernon Harcourt Lectures of the Institution of Civil 
Engineers of 1922-23. I do, however, maintain that 
we should not try and justify works more costly than are 
really necessary by instancing some rather monu- 
mental work of the past. 

I am afraid that over the matter of what one con- 
siders to be desirable future progress in fixing stresses 
in structural members, I must plead guilty of leaning 
towards a different view from that expressed in your 
leading article. After referring to past methods of 
using a fraction of the breaking strength as the proper 
working load on, for instance, a bridge member, I said, 
‘Is it not, however, a much better method to con- 
sider the limit to which the material can be stressed 
without permanent deformation, and then to fix the 
allowable stress somewhat below that.’? This was 
written some months before my address was given, i.e., 
before November 4, but I notiee on looking over Pro- 
fessor Dalby’s paper on “ The Mechanical Properties 
of Steel,’ read before the Institution of Civil Engineers 
on November 17 last, that he certainly appears to sup- 
port the view that practising engineers should consider 
the matter of elastic and plastic property. 

Probably, as you pgvint out, finer instruments will 
prove lower limits of stress-strain proportionality, 
and very possibly by instruments of greater power it 
will eventually be proved that no material wili show a 
rigid straight line as the stress-strain graph, even in 
the region of the lowest stresses. A test made by very 
refined scientific apparatus certainly does fix the 
departure of the stress-strain graph from a straight 
line at an earlier point than can be detected with a 
cruder type of apparatus. 

My view was advanced to advocate using working 
stresses which would keep below the levels causing 
(sensible) permanent alteration of shape, and it seems 








to me that Professor Dalby’s recommendation in the 
conclusion of the paper referred to above, would result 
in the ultimate general adoption of such a method. 
That Lloyd’s do deal with the property of elasticity is 
shown by the fact that Messrs. Alfred Holt and Co.’s 
8.8. Prometheus, which is built of mild steel having 
special elastic qualities, was constructed under Lloyd’s 
Survey, and Lloyd’s have already approved Tentative 
Regulations for the testing of special high elasticity 
steel. 

My view on the type of workmanship that should be 
demanded in a specification was that it should be one 
that could be complied with under the circumstances 
of any particular work. Sometimes I am afraid that 
it is not. The inevitable result then would be as I 
said, that where it was impossible to get the very best 
workmanship, the employer or client of the engineer 
must pay twice over. First, he would pay for a liberality 
in design which takes account of, shall we say, the 
second grade workmanship which will be available, 
and secondly, for the high unit costs which a contractor 
must put in to meet the difficulties of attempting to 
comply with impossible demands. We all certainly 
feel sympathy with craftsmen who wish to turn out 
the highest grade of work whatever the circumstances, 
although it may not, as you point out, be commonsense. 
The most amusing instance I have had of this was of 
one of my Sappers in Gallipoli who, being a first rate 
joiner, felt very heartbroken when he had to knock 
together some rough office stools soon after the first 
landing, and was not allowed to plane the legs up 
accurately and smoothly and as he said “ make a job 
of them.” 

Yours faithfully, 
T. R. Witton, M.A., M.Inst.C.E. 

57 and 59, Victoria-street, Westminster, S.W.1. 

November 30, 1925. 





LOW-TEMPERATURE CARBONISA- 
TION. 


To tHe Epiror oF ENGINEERING. 

Srr,—With reference to Mr. David Brownlie’s letter 
in the issue of your journal] of the 4th inst., regarding 
the promotion of an Institution or Association of Fuel 
Technology and Low-Temperature Carbonisation, it 
may interest many of your readers to know that the 
Institution of Fuel Economy Engineers has already 
been formed and includes in its objects those suggested 
by your correspondent. 

The main objects for which the Institution is 
established are : 

(a) To promote the science and practice of fuel 
economy engineering in all its branches, and to give 
encouragement to the use of inventions and an impulse 
to methods likely to be useful to the members of the 
Institution. 

(6) To enable engineers and others interested in the 
preparation, use, and combustion of fuel to meet and 
correspond, and to facilitate the interchange of ideas 
respecting improvements in the various branches of 
fuel technology, particularly in regard to the economical 
preparation and combustion of fuel for industrial 
purposes, and the publication and communication of 
information on such matters. 

It is anticipated that the Council will shortly be in a 
position to appoint a special committee to deal with the 
important subject of low-temperature carbonisation, 
and it is hoped that this decision may be announced at 
an early date. 

In the meantime, the undersigned will be pleased to 
forward full particulars of the Institution to any of 
your readers who may be interested in it. 

Yours very truly, 
H. L. Prete, Secretary, 
Institution of Fuel Economy Engineers. 
29, Sherwin-road, Lenton, Nottingham. 
December 7, 1925. 











NAVAL ENGINEER OFFICERS. 


WE reproduce below a letter which appeared at the 
close of last week in a number of the daily papers, over 
the signatures of Lord Weir, Sir C. A. Parsons, Sir 
A. C. Ross and Sir J. E. Thornycroft : 

“The Admiralty Fleet Order, issued on Satur- 
day, November 21, cannot fail to create not only 
profound disappointment and astonishment in the 
engineering profession, but must also give rise to grave 
apprehension in the minds of those who have at heart 
the best interests of efficiency in our Fighting Services. 
Apparently without any explanation the Selborne- 
Fisher Scheme inaugurated twenty-three years ago, 
under which the status of the engineering officer was 
fully recognised, has been entirely scrapped. 

«* We do not suggest that the Selborne-Fisher Scheme 
was perfect, or that the modifications made in-recent 
years were not essential, nor do we plead for either the 





possibility or desirability of an engineer officer taking 
command of a fleet, but we do feel bound to record the 
most emphatic protest against a step which appears 
definitely to relegate the engineer officer of H.M. Navy 
to the inferior status he held in 1902. To accentuate 
the difference by decreeing that ‘“‘a more distinct shade 
of purple is to be used ’’ would appear to indicate that 
nothing is to be left undone which will effectively 
mark the change. 

“We do not seek to speak for the hundreds of officers 
who entered the Royal Navy under the scheme, and 
who specialised in engineering, nor do we require to 
point out the untarnished record of the engineering 
side of the Navy during the Great War, which was fought 
in the engine and boiler rooms as well as from the 
conning-tower and the bridge. What is essential to 
recall however, is the extraordinary increase in respon- 
sibility of those technical officers and the ever-growing 
necessity for the permeation throughout our services 
of the technical spirit and atmosphere. At no previous 
time in the history of our Fighting Services was it more 
necessary to avoid differentiation of status between the 
executive and the technical officer. 

“Throughout the Services to-day there is ample 
evidence of the need for less rigid adherence to tradition 
and precedent in regard to those appointed to positions 
of authority. The material for the Navy is now to a 
preponderating degree engineering in character. In 
the Royal Air Force, equipment is by far its most 
outstanding problem, while the mechanisation of the 
Army proceeds more and more rapidly. Accordingly 
do not let us at this time adopt without the fullest 
consideration any step which will affect the status of 
those on whom our Services are gradually becoming 
more and more dependent. Anything done to-day to 
cause parents to question the future status or dignity 
of a technical career in any of the Services for their sons, 
anything which appears to detract from the position 
and prestige of the engineering profession, can only 
in our opinion react harmfully on the future efficiency 
of our Services, apart altogether from the effect on 
existing engineer officers, and we trust that this matter 
may without delay receive the fullest consideration 
from the Associations and Societies representative of 
our profession.”’ 








THE LATE MR. J. F. E. C. BENEDICT. 


We regret to record the death of Mr. Ernest Benedict, 
which occurred in London on December 1. Mr. 
Benedict, who was for many years a railway engineer 
in India, was born in 1838. After completing his 
education at London University School and College, 
he was, in October, 1855, articled for three years to 
Mr. T. Scott Russell; part of this time was, however, 
spent in the office of Mr. I. K. Brunel. During the 
years 1859 to 1864, he was assistant engineer to Mr. 
C. Richardson, and was engaged upon the construction 
of the Bristo) and South Wales Union Railway. After 
spending a short time in making surveys for the 
building of a light railway from the centre of Exmoor 
to Porlock, Mr. Benedict went to India. From October 
1865 to December 1870, he was in the service of the 
Eastern Bengal Railway, and acted as resident engineer 
on the Goalundo extension. During this period, he 
was in charge of the works at the stations of Jagotee 
Junction and Comer Colly, and was also responsible 
for the construction of the Gorai Bridge. In April, 
1871, he became chief engineer of the Eastern Bengal 
Railway, a post which he relinquished in 1876. Re- 
turning to England, in 1878 Mr. Benedict was appointed 
resident engineer, under the joint committee of the 
London Brighton and South Coast, and the London and 
South Western Railways, on the Isle of Wight and 
Ryde Pier. Later, he was employed in examining, 
widening and strengthening bridges on the London 
and South Western Railway. Returning then to India, 
Mr. Benedict held the post of chief engineer of the Sinde, 
Punjaub and Delhi Railway during the years 1882 to 
1886. After spending the next two years, from 1886 to 
1888, as district engineer of the Indian Midland Railway, 
he left the railway service and was, for some years 
engaged as a contractor in India. Subsequent to his 
return to Europe, he was appointed assistant secretary 
ef the Indian section of the Paris Exposition of 1900. 
Later, he became secretary of the Tramways and 
Light Railways Association, retiring from that posi- 
tion in 1906. Mr. Benedict was elected member of 
the Institution of Civil Engineers in December, 1871. 





THE INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Minutes of Proceedings No. 17, recently issued by this 
Institution, contains reprints of a paper on “ Photo- 
Elastic Methods of Measuring Stress,”” by Professor 
E. G. Coker, and one by Mr. H. L. J. Hinkler, on “ Flying 
in Australia.’’ The discussions on these papers are also 
printed. Copies can be obtained, at a price of ls. 6d., 
from the offices of the Institution, the address of which is 
now 34, Broadway... Westminster, S.W.1. 
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THE ‘LATE MR. W. D. CAY. 


Tue news of the death of Mr. W. D. Cay, at: Folke- 
stone, on December 2, will be felt as a loss by a wide 
circle in the profession. Mr. Cay was 87 years of age 
at the time. The second son of the late Mr. R. D. Cay, 
Writer to the Signet, Edinburgh, Mr. W. D. Cay 
was educated at Edinburgh University. where he 
gained the Stratton Medal for Mathematics. Upon 
leaving college, he became pupil to Mr. James 
Thomson, Belfast Water Works. Returning to 
Scotland, he was assistant to Messrs. B. and E. 
Blyth, of Edinburgh. Mr. Cay subsequently went 
abroad and was for some time engaged upon the con- 
struction of the Turin and Savona Railway, in the 
capacity of resident engineer. Then returning to 
England, he became civil engineering assistant to 
Sir Alexander Meadows Rendell. Relinquishing this 
position, he took up the post of head assistant to Mr. 
J. Leslie, the engineer of the Edinburgh Water Works. 
Mr. Cay subsequently accepted the position of resident 
harbour engineer of the Aberdeen Harbour Board and 
eventually became consulting engineer to the Board. 
He was afterwards in private practice in Aberdeen, 
Edinburgh, and London. Mr. Cay was the inventor 
and the first user of the system of depositing bags of 
concrete under water by hopper barges and _ skips. 
He became an associate member of the Institution 
of Civil Engineers in March, 1864, and was elected 
to full membership in April, 1872. Mr. Cay was also 
a Fellow of the Royal Society, Edinburgh, and of the 
Royal Scottish Society of Arts. 











THE PUBLIC WORKS, ROADS AND 
TRANSPORT CONGRESS. 
(Concluded from page 715.) 

WE now conclude our report of the Public Works, 
Roads and Transport Congress, held recently at the 
Royal Agricultural Hall, London, N. The last meetings 
of the Congress were held on Wednesday and Thursday, 
November 25 and 26. 


Pustic LIGHTING. 


At the meeting on Wednesday morning, November 25, 
Mr. C. F. Botley, of Hastings, occupied the chair. 
The first paper taken was upon the subject of 
“Public Lighting by Gas, with special reference to 
Automatic Systems,” and was by Mr. C. 8. Shapley, 
of Leeds. The introduction, the author said, of some 
kind of control of street lighting was inevitable in 
the order of progress. The numerous automatic con- 
trollers of different types which were now on the market 
had reached a very high standard of efficiency. The 
best-known systems of automatic control, for lighting 
and extinguishing, were the clockwork and pressure-wave 
methods. The present clock controller could be classed 
as fool proof. Its range of usefulness was wide, being 
suitable for all schemes of lighting. It had advantages 
over the pressure-wave system of control, inasumch as 
certain parts of the lighter’s beat could be divided, 
some streets could be clock controlled, and others hand 
lit. Another point in favour of clock controllers over 
the pressure-wave system was that, being independent 
units, faults developed singly, whereas with pressure 
wave a whole district would be affected by a failure 
in the operation of the wave. The action of the 
controller was wholly independent of the gas supply, 
and fluctuations of pressure and supply did not interfere 
with its working. On the other hand, the readily 
acknowledged difficulty of synchronising hundreds of 
clocks could be well appreciated, and it followed that 
some differences in the times of lighting between one 
lamp and another were inevitable. At the present 
time there were 5,000 controllers at work in Leeds. 
One man attended to 160 lamps in clock controlled 
districts, and only one clock repairer was employed for 
the whole system. 

The ideal in street lighting would be to be able to 
control the whole operation of lighting from one centre. 
In Leeds, over 3,000 pressure-wave controllers were in 
use, the majority being Alder and Mackay automatic 
controllers, and the remainder Broadberry or Telephos. 
Only one man was employed to attend to all failures, 
whilst the lamplighter attended to 160 lamps as against 
100 hand lighted. The Broadberry controller consisted 
of two main parts, the valve box and the operating- 
box. The former contained the mechanism which 
received any fluctuations in the gas pressure and 
differentiated between gradual increases, and the 
intentiona) increases, intended to operate the necessary 
mechanism for lighting or extinguishing the lamp. 
The operating box contained the mechanism for opening 
and shutting the valve controlling the gas supply to the 
burner and bye-pass. 

The Alder and Mackay pressure-wave controller was 
exceedingly simple both in design and operation ; 
it consisted essentially of an inverted metal bell, 
sealed in a mercury lute, the raising or lowering of 
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which paar up or shut off the gas ilies The con- 
troller was made to operate at a definite pressure ; 
consequently, to make it non-responsive to ordinary 
fluctuations of gas pressure it was necessary to load the 
bell with lead weights so that only the pressure wave 
would lift it. The ‘Duplex ” controller was operated 
by means of clockwork; two tappets, set at pre- 
determined times on a dial, actuated a rocking arm 
which was in communication with a gas valve. 

Mr. Owen Baines, of Paignton, asked the author if 
the span-wire system could be used for the central 
lighting of streets by gas. Captain Liberty, of London, 
asked if particulars could be given of saving, both in 
time and in money, occasioned by the introduction of 
clock controllers. The amount of gas saved by the 
use of automatic systems of lighting, on the one hand, 
and the gas consumed by the byepasses, on the other, 
would also be of interest. Mr. Taylor, of Weston, 
questioned the author as to the consumption of mantles 
in Leeds. The paper stated that on the new York road 
at Leeds, the lamps were spaced out at intervals of 
20 yards. He thought this somewhat low; he had 
had the greatest difficulty in obtaining a spacing of 
80 yards from his council. Mr. Wilkie, of Leicester, 
was of opinion that automatic lighting systems were 
ideal; the secret of clockwork controllers lay in the 
byepass, and it was imperative that this should not 
fail from any cause whatever. Mr. Angus, of Eccles, 
stated that he had found clocks unreliable at times ; 
they were apt to stop. Another delegate, from 
Gellygaer (Glamorgan), reported that he had had 
trouble with byepasses. 

In his reply, Mr. Shapley said that central lighting 
by gas, using the span-wire system, was quite a prac- 
ticable proposition. In Leeds, the practice of allotting 
160 automatically-lit lamps per man had been found 
quite satisfactory. The man did everything except 
glazing, and was not, in his opinion, overworked. The 
clocks were set once a week, and the whole lamp 
cleaned at least once a week. The mantle consump- 
tion, per nozzle, averaged 5-8 per annum. The bye- 
pass, which they used, was packed with asbestos 
fibre; it burned approximately one-tenth of a cubic 
foot of gas per hour, and had given them every satis- 
faction. The 20-yard spacing of lamps in the new 
York road at Leeds gave excellent results from a light- 
ing point of view. He had never had any trouble with 
clocks; he had never found that they stopped. They 
should, however, be cleaned regularly, 
always be kept going even when lying idle in the 
stores. 

The second paper taken on Wednesday morning 
was by Mr. G. Evetts; it dealt with the subject of 
the valuation of gas undertakings for rating purposes. 
The conference held on Wednesday afternoon con- 
sidered a paper entitled, ‘‘ The Uses of Electricity for 
Housing and Institutional Purposes”’; the author was 
Mr. R. Hardie, of Glasgow. This was mainly concerned 
with the use of electricity for cooking, water-heating, 
housewarming, &c. 


RoaD MAINTENANCE. 

On Thursday, November 26, the meetings were a con- 
tinuance of those held on the previous Tuesday morn- 
ing; they were arranged by the Institution of Municipal 
and County Engineers. Mr. F. Massie was again the 
chairman. “The Repair of Roads against Tramway 
Tracks,” was the first paper considered ; it was 
by Mr. F. Wood, of Blackpool. The problem of tram 
rails in the road surface, said the author, was one 
which had caused much discussion. It was the 
general view that, in future, tram services would 
have to be on a separate track. This principle was 
being adopted, wherever possible, both in this country 
and on the Continent, but there would be many towns 
where the tram service might be demanded in the usual 
streets, and the problems, which arose in consequence, 
had to be faced, and, if possible, solved. These problems 
where (1) track construction, (2) surfacing of the road, 
and (3) corrugations. 

In order to remove the difficulty of the severe wear 
of the road surface, the author had used over the whole 
width of the highway, including the tram track, a two 
coat bituminous pavement, the undercoat being 
brought to 1 in. below the surface of the rail. The 
outside of the exposed rail was then painted with a 
very plastic or soft bitumen, and the surfacing mixture 
was then punned against the rail, thus securing, as far as 
possible, a waterproof and plastic joint. For the past 
four years, this method had proved quite satisfactory. 
He was convinced that the rigid form of track con- 
struction, which had been followed in the past, would 
quickly cause corrugations to form on the rail surface, 
where there was heavy and continuous car traffic 
passing over the track. For comfortable running, and 
less costly maintenance, it was necessary to provide a 
resilient foundation or a resilient bed on which the rail 
might be allowed the very slight movement which it 
required, and which would bring the rail back to its 








normal position. 


and should |h 





Mr. Bricknell, of Hull, stated that he had found wood 
paving the most satisfactory road material to use against 
tramway tracks. Corrugations were, in his opinion, 
due to stresses set up in the rail during rolling; it was 
he thought, difficult to roll double-headed rails true. 
Mr. Priestley, of Liverpool, said that in Liverpool there 
were from 35 to 40 miles of sleeper-constructed track ; 
this, in his opinion, was the best method of laying 
tramway metals. Mr. Grierson, of Glasgow, thought 
the author too sweeping when he said that tramways 
were a source of trouble and annoyance to ordinary 
vehicular traffic. On a road in Glasgow the load 
carried by a certain type of horse-drawn vehicle had 
been increased, from 2 tons, to 3 tons as soon as a 
tramway track was laid upon the road. In the case of 
a highway in Central Glasgow, it had been ascertained 
that 72-4 per cent. of the traffic used the tramway 
track. Outside the city, this figure increased to 91-4 
per cent. The bulk of the road traffic was, therefore, 
carried on the tramway track. Timber, in any form, 
buried in concrete gave a satisfactory foundation for 
track, so long as it could be kept dry. If the wood 
became wet, however, trouble soon arose. 

Mr. Cockerlyne, of Leeds, agreed that a high per- 
centage of the road traffic used the tramway tracks, this 
being especially the case where the car service was not 
frequent. Mr. Famington, of the County Borough of 
Cork, was of opinion that the best method of preventing 
the road material from sinking below the edges of the 
rails was to introduce a margin of wood-block paving. 
Mr. Molyneux, of Liverpool, stated that immediately a 
rail showed signs of corrugation, this was “ scrubbed ”’ 
out. After all indentations had been removed, scrub- 
bing was carried a little further; it was his experience 
that, in the majority of cases, corrugation did not 
reappear after this treatment. The 40 miles of Liver- 
pool sleeper-laid track, to which reference had been 
made, had originally been constructed in 1914 and had 
given quite good results, from the point of view of 
corrugation. 

In his reply to the discussion, Mr. Wood said that, 
where camber was satisfactory, the road traffic kept to 
the sides of the road. In many cases, however, camber 
was so severe that the ordinary vehicular traffic was 
obliged to use the tram track. He was not very 
impressed by the sleeper method of laying rails. He 
could not agree that tram tracks would inevitably sink 
in asphaltic construction; if ‘the asphaltic concrete 
ad been made satisfactorily, the track would not 
sink. The material would act as a resilient bed, and, 
in his experience, would have a life of from 10 to 15 
years. 

The second paper taken dealt with Scottish rural 
roads; it was by Major W. L. Gibson, of the Perthshire 
County Council, and Mr. G. 8S. Barry, of the Ayrshire 
County Council. In this paper the authors referred to 
systematic experiments carried out in Scotland since 
1914 with different forms of construction, laid down in 
nine districts. In 1918 it was decided that water- 
bound macadam, and water-bound macadam surface- 
tarred, should be ruled out of consideration for heavily 
trafficked roads; on the other hand, tar macadam 
sealed with tar was best and stood alone. Pitch- 
grouted macadam; macadam, grouted with Trinidad 
asphalt and tar; Trinidad asphalt macadam surface 
sealed; and tar macadam, sealed with bitumen and 
fluxing oil, were equally good, and came next in quality 
to tar macadam sealed with tar. 

The final session was held on Thursday afternoon, 
November 26, when two papers were read. The first 
of these, entitled ‘‘ Regional Planning and Road 
Development,” was by Mr. H. H. Humphries. The 
author considered that the provision of roads for 
future requirements was a very urgent matter, and the 
adoption of a regional policy was the only satisfactory 
way of treating the problem. The second paper 
considered, was by Mr. P. Morris, of Wakefield ; it was 
on the subject of housing, and in it, the author gave a 
brief review of some modern methods of house con- 
struction. These included Winget slab concrete, oak 
frame and natural stone, block concrete, and Rogers’ 
reinforced concrete construction. 





THE PoLtyTecHNic ENGINEERING Soctery.—'The 
Annual Conversazione of the Polytechnic Engineering 
Society will take place on Friday, December 18, at 7.30 
p-m., in the Fyvie Hall, Regent-street, W.1. 

Lioyp’s REGISTER OF SHIPPING.—At a special meeting 
of the General Committee of Lloyd’s Register of Shipping, 
held on the 3rd instant, Sir Thomas J. Storey, K.B.E., 
was elected Chairman of that body, in succession to 
Mr. J. Herbert Scrutton, who has found it necessary to 
resign his position owing to ill-health. Sir S. George 
Higgins, C.B.E., was elected Deputy Chairman and 
Treasurer of the Society, an office held by Sir Thomas 
Storey since January, 1922. Sir Thomas, it may be 
added, was first elected to the General Committee in 
1903, and from 1917 to the time of his election to the 
office of Deputy-Chairman, acted as Chairman of the 
Sub-Committees of Classification. This office’ is now 
held by Mr. J. Howard Glover. 
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LABOUR NOTES. 


Tue findings of the National Wages Board on the 
various railway wages questions submitted to it were 
issued for publication on Wednesday might. The com- 
panies, it will be recalled, asked for certain specified 
wages reductions, and the National Union of Railway- 
men put forward a national all-grade programme 
embracing both wages increases and improvements in 
conditions. The Railway Clerks Association also 
sought wages increases, and while the Associated Society 
of Locomotive Engineers and Firemen did not ask for 
any increases, it opposed the proposal of the companies 
to reduce them. The effect of the National Wages 
Board’s decisions—which are, it should be noted, the 
findings of a majority—is practically to maintain 
the status quo. The Board are not “ satisfied,’ it is 
officially stated, ‘‘ that in the present circumstances a 
sufficient case has been made out by the railway 
companies for a reduction in the basis and current rates ; 
on the other hand, they are unable to entertain any of 
the applications made on behalf of the trade unions. 
While the Board have come to the conclusion that the 
railway companies have failed to make out a case for 
relief by an immediate reduction in wages, they feel 
that the case of those who enter the service of the 
companies for the first time may properly be dealt 
with on a different basis, and they have, therefore, 
reached the following conclusion:—On and after 
February 1, 1926, new entrants appointed to adult 
grades in the permanent service or employed tem- 
porarily for a probationary period prior to appoint- 
ment, whether recruited from outside the railway service 
or from the casual or temporary staff, or from junior 
grades in the railway service, are to be paid at ‘ B’ 
rates for the adult grades in which they are employed, 
and on subsequent promotion to any higher grade in 
the service, are to be paid the ‘ B’ rate for such 
higher grade. Regular employees whose services have 
been dispensed with owing to the shortage of work, 
if re-employed, shall be paid at the current rates for 
the grades in which they are employed. The Board 
appreciate the work that has been, and is being done, 
both by decisions of Sectional Councils and by direct 
negotiations between the parties, and they wish to make 
clear that nothing herein should be taken to prejudice 
any such decisions and negotiations.” ‘ B’ rates, it 
is pointed out in the award, are not held to constitute 
an irreducible minimum. The majority report is 
signed by Mr. Harold Morris (chairman), Mr. J. Cordrey, 
Mr. W. Dobbie, Mr. Thomas H. Gill, Mr. D. 8. 
Humphreys, Mr. George Lathan, Sir E. Manville, 
Mr. H. J. May, Mr. J. Milne, Sir Felix J. C. Pole, Mr. 
E. L. Poulton, Sir T. Robinson, Mr. J. H. Thomas, 
M.P., and Sir H. A. Walker. 





The minority report, which is signed by Sir R. L. 
Wedgwood, Mr. H. G. Burgess, and Mr. J. H. Follows, 
is as follows :—‘‘ Whilst fully accepting the decision 
of the Board as set out in Clause 36 of the above 
majority report, we regret that we cannot join in 
signing that report. In our view, the present condi- 
tions in the railway industry justify the claim put 
forward by the railway companies for a substantial 
reduction in the level of wages of railway conciliation 
and dock grades. We regard the present burden of 
labour costs as being economically unjustifiable. We 
further regard the continuance of the present burden 
of labour costs as calculated to hamper the develop- 
ment and limit the activities of the railway industry, 
a condition which, in our opinion, is detrimental to 
the public interest.” Sir R. Wedgwood represents 
the London & North Fastern Railwa: , and Mr. Burgess 
and Mr. Follows are the representatives on the Board 
of the London Midland & Scottish Railway.’ 





It was officially stated on Wednesday night that 
all the railway companies would recognise and carry 
out the majority decision of the Board, and that so 
far as the minority report by two of the groups was 
concerned, those companies would accept the findings 
of the Board under protest. At the head offices in 
London of the National Union of Railwaymen, it was 
pointed out that the fact that their two representatives 
on the Board had signed tae majority report did not 
necessarily mean that the union would accept or reject 
the findings. The report, it was added, would be 
submitted to a special delegate meeting of the union 
in a week or two. The Railway Clerks’ Association 
intends to summon a special conference to consider 
the findings. At the headquarters of the Associated 
Society of Locomotive Engineers and Firemen the 
opinion was expressed that the findings were, on the 
whole, satisfactory from the point of view of that 
organisation, and that the signatures of its representa- 
tives would almost certainly be endorsed by the 
members. 





About 1,200 men employed at the Chiswick works of 
the London General Omnibus Company ceased work 


as a protest against certain dismissals, and the transfer 
of a member of the Works Committee from one section 
of the establishment to another. As a result of negotia- 
tions, agreement on the disputed points was reached, 
and the men returned to work after a few days’ idleness. 
The agreement was as follows :— 

“*(1) In view of the representations put forward by 
the Executive Committee of the National Union of 
Vehicle Builders, the company agrees, providing work 
is resumed, that each of the 12 men discharged shall 
have the evidence which brought about their dismissal 
from the company’s service investigated in the presence 
of the chief engineer of the company and four representa- 
tives of the Executive Committee of the National Union 
of Vehicle Builders, each case then being discussed on 
its merits. Witnesses will not be heard on either side. 

“*(2) With regard to Hunt, who was temporarily 
transferred to another shop in the works at Chiswick, 
it is understood that when all matters are settled, and 
the men restart, Hunt will be transferred back to his 
original section, but not necessarily on the same work 
on which he has been employed in the past. 

“*(3) It has been admitted that the size of the Shop 
Committee is unwieldy, and it is suggested that six 
members on the coachbuilding side and six members 
on the engineering side would be ample, but this would 
have to be discussed and determined with the other 
unions:affected. There should be a re-election as soon 
as the works are restarted to form this new committee, 
who would be very definitely instructed as to their 
privileges as well as their limitations in accordance with 
the existing general agreement.” 





The threat of the London branches of the National 
Union of Railwaymen to strike against the employment 
of non-unionists was withdrawn by the London District 
Council at a meeting on Saturday. The intention had 
been to resume the delegate conference from which the 
suggestion of a stoppage originally came; but, acting, 
presumably, on the advice of Unity House, the further 
meeting was abandoned. The District Council ap- 
pointed a sub-committee to approach other districts 
and discuss with them how far co-operation could be 
secured in order to make the organisation 100 per cent. 
strong. 


In the course of a leading article, the Railway Review, 
the organ of the National Union of Railwaymen, deals 
severely with Mr. Bromley, the general secretary of the 
Associated Society of Locomotive Engineers and 
Firemen. ‘‘When Mr. Bromley left Unity House 
after the settlement of the strike in 1919,” it states, 
“his last words were to the effect that he was going 
out to fight us on the question of organisation as 
bitterly as before, and he has kept his word. For two 
years we did not reply to his attacks—not until sheer 
necessity impelled. If Mr. Bromley is tired of it, he 
can seek the peace he desires by leaving alone the 
N.U.R., even if he cannot love us, and we will do our 
best not to notice him. But he must not take this 
assent on our part as he did before—that he had an 
open field for criticism while we were bound in honour 
not toreply. We have tried a‘ peace ’ of that character 
and it is not likely to happen again, not after we have 
striven to be personally decent, and in return Mr. 
Bromley has been personally offensive. - + et 
him stop his public propaganda against the N.U.R., let 
his members do likewise, and we'll forget both him and 
them.” 





At Amsterdam on December 5, the General Council of 
the International Federation of Trade Unions re- 
affirmed its decision of February last on the question of 
the affiliation of the Russian trade unions. Repre- 
sentatives of the General Council of the British Trades 
Union Congress proposed: ‘‘ The General Council of 
the I.F.T.U. declares itself prepared to meet represen- 
tatives of the All Russian Central Council of Trade 
Unions in order to discuss the possibilities of affiliation 
of the Russian trade union movement.”’ A resolution 
introduced by Mr. J. W. Brown, the British Secretary 
of the International, and seconded by Mr. Frank 
Hodges, representing the Miners’ International, was 
in the following terms: ‘This Council declares 
the willingness of the L.F.T.U. to meet representa- 
tives of the Russian trade union centre for the 
purpose of exploring the possibility of securing the 
affiliation of that trade union centre to the I.F.T.U. 
in accordance with the terms of the resolution passed 
at the Vienna Congress.’ The Vienna resolution 
referred to, expressed regret at the continued absence 
from the I.F.T.U. of the Russian unions, and recom- 
mended the Bureau to continue consultations with it 
“in so far as this is compatible with the dignity of the 
I.F.T.U., with the object of securing the inclusion of 
Russia in the international trade union movement 
through the necessary acceptance of the federation’s 
rules and conditions.” 





The General Council of the International, at Satur- 


day’s meeting at Amsterdam, rejected both proposals, 
and by a majority of 14 votes to 7 passed the following 
resolution :—‘‘ The General Council of the I.F.T.U., 
having taken note of the correspondence which has 
been exchanged with the Russians since its meeting in 
February last, and ... . the discussions which have 
taken place at the present meeting, re-affirms its 
decision of February, 1925, and considers any new 
decision unnecessary.” This resolution was submitted 
by M. Stenhuis, who, in the course of his speech in 
support of it, declared that the continued talk of unity 
with the Russians was occupying so much time and 
attention, that the International was being hindered 
in the carrying out of its proper work. The Russian 
unions had been invited, he said, to join the Amsterdam 
International before the ‘‘ Red’ International was 
formed, and they could still join it on the conditions 
which all the constituent organisations accepted. 





An official organ of the Communist Party publishes 
a “‘ programme ”’ for the consideration of workers in the 
building trades. It includes ‘‘ (1) Fight for proposal of 
Advisory Committee, which has been rejected by 
master builders’ representatives on the National Board, 
(2) Opposition to sectional settlements with brick- 
layers, plasterers, or other craft organisations ; 
(3) Guaranteed week, i.e., maintenance at working 
wages; (4) Abolition of piecework ; (5) No dilution ; 
control of apprentices by union; enforcement of rule 
of one apprentice to four operatives; (6) Application 
of Fair Wages Clause to all forms of house-building 
operations and preliminary construction, i.e., Weir 
houses.” 





The Ministry of Labour states that on November 30, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,165,100—937,400 men, 29,100 boys, 172,500 
women, and 26,100 girls. On November 23, 1925, 
the number was 1,174,545—944,028 men, 30,985 boys, 
171,950 women, 27,582 girls—and on December 1, 
1924, it was 1,190,254—910,162 men, 30,990 boys, - 
221,805 women, and 27,297 girls. 





At a meeting of the Seafarers’ Joint Council on 
December 4, Mr. Tuck, the Secretary of the Association 
of Wireless and Cable Telegraphists, sought to move a 
resolution declaring the wage reduction imposed by 
the shipowners in the case of wireless operators to be 
totally unjustified, and calling on the unions affiliated 
to the Council to take immediate steps to demand an 
increase. Mr. Havelock Wilson, principal representa- 
tive of the National Sailors’ and Firemen’s Union, 
refused, however, to allow the resolution to be dis- 
cussed until a certain circular, issued by the wireless 
operators’ organisation, was withdrawn. The circular 
contained, it was stated, the following words :—“ Sea- 
men, are you going to do without the wireless operators, 
who are fighting against the August wages reductions 
which were given away by Havelock Wilson’s union.” 
Mr. Tuck offered to take the responsibility of with- 
drawing the circular at once, but Mr. Havelock 
Wilson insisted that the whole executive of the associa- 
tion must repudiate the document. After consulting 
with his executive, Mr. Tuck intimated that the circular 
could not be withdrawn as it had already been exten- 
sively circulated. 





Rouen Chamber of Commerce has passed a resolu- 
tion recommending Parliament to make ratification 
of the Washington Hours Convention conditional on 
the unreserved adhesion of the great industrial nations 
of Europe and the United States, and, in any case, to 
make reservations concerning its ratification of such 
a nature as to allow France to preserve sufficient 
liberty of action to deal with the situation of inferiority 
in which she finds herself at present, as a result of 
inadequate population, and, in that way, enable her 
to maintain and develop her production. The reasons 
for this action were stated to be (1) Although the 
Washington Conference concluded its work in 1919, 
many of its conclusions have not yet been ratified by 
the States which took part in it. (2) Recent debates 
in the British House of Commons have shown that 
Great Britain will not adopt a Bill for the ratification 
of the Convention. (3) the United States is taking 
no part in the matter. (4) Austria and Italy have 
made their ratification conditional on ratification by 
other European States, including Great Britain, 
Germany, France, Belgium and Switzerland. (5) It 
is not to be expected that Germany will adhere to 
the Convention completely or without reservations. 





(6) Intensification of production is an essential condi- 
tion of the economic recovery of France, and, in view 
of that, France is in a state of marked inferiority as 
compared with the other great European nations. 





PrrsonaL.—The style of Aircraft-Disposal Company, 
Limited, will in future be A.D.C. Aircraft, Limited. 





The address is Regent House, 89, Kingsway, W.C.2. 
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EXAMPLES 


OF WORK DONE ON CRANKSHAFT 

































































































































































TURNING MACHINES. 
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in Fig. 1, and the insides of the web may also be 
rough machined and finished. Should the pins and 
journals be found to be out of alignment, owing to 
the large amount of metal removed and the consequent 
disturbance of the internal stresses in the forging, the 
journals may be finished in a lathe or grinding machine, 
and the pins can then be finished in the crankpin 
turning machine. The tool used for the work in the 
machine illustrated may be of any width up to 10 in., 
and thus each pin may usually be dealt with completely 
without moving the crankshaft. A feed of 0-01-in. 
per revolution for roughing and 0-005-in. for finishing 
give satisfactory results. The width of tool and the 
feed used must naturally be governed by the power 
available for driving. The machine is actually designed 
for a 30-h.p. motor. The machine illustrated in Fig. 1 
is capable of dealing with crankpins up to 12 in. 
diameter from square stock approximately 20 in. 
across the corners and 24 in. from the crankpin centre 
to the outside of the crank webs. It will rough turn 
a pin of this diameter from 15} in. square stock in 
75 minutes, the cutting speed being 30 ft. per minute, 
and will machine the outside of the webs in 10 to 
15 minutes each side. The second machine, a smaller 
unit, with a double head (Fig. 2), can be used to turn 
a 4}-in, diameter pin 9 in, long in 43 minutes with 
— extra for the facing of the inside of each 
web. 

Much time may be saved in dealing with crankshafts 

if it is possible to turn the journals as well as the pins 
in the same machine. For this purpose the equipment 
illustrated in Figs. 3 to 6, on page 751, was designed. 
It will be observed from these illustrations that the 
machine in this form combines the action of an ordinary 
lathe with the crankpin turning machine. The illus- 
trations afford a clear indication of how the journals 
are turned, how the ends of the webs are reduced to 
shape, and how the crankpins are treated, which last- 
mentioned process is identical with that in the simple 
crankpin turning machine. - 
_ Four examples of different classes of work are shown 
in Figs. 7 to 10 inclusive. The work done in the 
crankpin turning machine is indicated in each case 
with the time taken for the work. From these figures 
and their own experience in dealing with similar 
crankshafts by the old processes, works managers will 
be able to gauge the valve of the contribution which 
this crankpin turning mackine can make in time saving. 
The examples being chosen because of their repre- 
sentative character, also give an idea of the variety of 
work for which these machines are suitable. By 
machining in the combined lathe and crankpin turning 
machine still further reductions are possible in the 
total time necessary for dealing with large crankshafts, 
thus still further reducing costs of production. Messrs. 
Geo. Richards and Co., Limited, have undertaken a 
great amount of practical test work on their 
own and other standard crankshafts to determine 
the results that are possible with the use of these 
machines on cranks of various sizes and designs, and 
they have adopted a standard range of machines to 
cover the requirements of the different types of 
engineering works, but, in addition, adapt the design 
to special cases. 





TECHNICAL WORKS INSTRUCTION 
IN GERMANY. 


ALTHOUGH dating back to 1908 some of the activities 
of the German Association for Technical Instruction, 
the Deutsche Ausschuss fiir Technisches Schulwesen 
(commonly known by the abbreviated term DATSCH), 
may first have become known to wider circles through 
the paper on “‘ Co-operatic: of Industry with Technical 
Schools,” which Dr. Zur Nedden read before the World 
Power Conference, and which we noticed on page 122 
of our issue of July 25, 1924. The association was 
founded by the Verein Deutscher Ingenieure and the 
Verein Deutscher Maschinenbauanstalten; but the 
scheme soon attracted adherents outside the purely 
engineering professions and is now supported by 45 
technical bodies of all classes and interests. The 
Datsch itself has become the. central office for what 
may be called intermediate technical instruction, the 
training of apprentices and employees, coming from 
ordinary or trade schools and intending possibly to 
proceed in due time to technical high schools, chiefly 
while they are working in factories and shops, and at 


| the same time studying at home. 


The scheme has the support of the leading manu- 
facturers, who arrange for suitable evening courses, 
free of charge, at which are utilised the special charts, 
wall maps, slides, tables and booklets supplied by the 
Datsch. The diagrams and explanations in the 
pamphlets provided give very clear instructions to the 
worker how to do a thing and how not to do it, cover- 
ing work in the drawing office, the machine shop, 
foundry, smithy and tin-smith shop, carpenter and 
pattern shop, testing-room, &c. The booklets are 
supplied fitting into strong cardboard and cloth 
folders, 8} in. by 6 in., which are real pocket-books 
and not likely to go to pieces or to be spoiled. The 
folder provided grips the booklets, but keeps them open 
wherever desired. A booklet no longer wanted can 
be readily taken out, or a new booklet inserted as 
required by the course of instruction. These booklets 
cover, or are to cover, all trades and deal under the 
title ‘‘ Gemeinschaftskunde,” also with matters for 
common knowledge. Such matters comprise general 
statistics, economy, hygiene, diet, &c. The drawings 
reproduced are made in accordance with the principles 
laid down by the NDI, the Normenausschuss der 
Deutschen Industry (German Standards Association) 
whose publications are known as DIN books (German 
Industry Normals). The rules of the Datsch are drawn 
up in consultation with the manufacturers, educational 
authorities, and with due regard to internaticnal 
practice. Detailed nomenclaturesin different languages 
are in preparation. One of the first pamphlets issued 
dealt with the script to be used on engineering draw- 
ings. What is termed Blockschrift is all oblique 
lettering ; the proportionate sizes of small and capital 
letters and of figures are fixed. Thus, for instance, 
with a line spacing in the text, of 10 mm., the capitals 
should be 7 mm. high, the small letters 5 mm.; the 
thickness of the. letter strokes is always to be one- 
tenth of the line spacing. 

The aims of the Datsch with regard to standardising 
technical instruction are certainly in the right direc- 


Wembley, complaints were heard from representatives 
of various countries that the training impartedy by 
technical schools was not altogether satisfactory. 
The student is too often supplied with finished”appa- 
ratus, while the man in the workshop is expected 
to contribute to the saleable produce and to make 
nothing but some special part with the aid of special 
machinery. The Glasgow sandwich system and the 
custom of American and other colleges in assisting 
the students to obtain workshop practice during the 
vacations are all recommendable. But they do not 
benefit the apprentice and young workman whose 
everyday routine work, directly profitable probably to 
industry, may make him dissatisfied and really leave him 
inefficient. The Datsch endeavours to help the beginner 
to learn and to become proficient, and considers this 
one of its first duties, while fathering the Berlin trade 
school, and serving as a consultation centre for technical 
education, and further, as a central employment agency 
for the apprentices over whose welfare it watches. The 
pamphlets mentioned and the large and small scale 
maps and drawings are obtainable at low charges 
from the Beuth-Verlag, Berlin, S.W.19, Beuthstr. 8 ; 
the folders, costing 9 marks, are relatively expensive. 





THE SHELL KERBSIDE PETROL 
PUMP. 


THERE is a feeling amongst motorists that the 
quantity of fuel delivered from roadside petrol pumps 
is occasionally less than the amount indicated on the 
dial, and the design of some of the pumps installed is, 
unfortunately, such as to give possible justification for 
this suspicion. The necessity of installing a pump, 
in which the volume of fuel actually delivered to the 
customer is measured, has been realised by Messrs. 
Shell-Mex, Limited, of Kingsway, W.C. 2, for some 
considerable time. We described the standard model 
of the Shell pump in our issue of March 7, 1924, but the 
firm have now developed an improved design, which 
forms the subject of our illustrations on page 753. 
In this type of pump the required quantity of fuel is 
delivered from an actual measuring vessel, which is in 
full view of the customer. The capacity of each vessel 
is checked by the Inspectors of Weights and Measures, 
and so long as it is filled to the point at which over- 
flow commences, no defects which may arise in the 
apparatus, due to wear or other causes, can affect the 
delivery of the prescribed quantity of fuel. A com- 
parison of the earlier with the present design will bring 
out that, although the main principle of operation to 
which we have referred has been retained, the pump 
has been modified considerably in detail, effecting a 
marked reduction in the number of pipes and joints, 
and resulting in a simpler and neater construction. 

As will be seen on reference to Fig. 1, the apparatus 
is enclosed in a circular column built up of mild-steel 
plates, connecting the base, waist, and cap, which are 
all of cast iron. The doors are in the form of curved 
shutters, which slide vertically. The natural spring 
developed in the process of curving these shutters 1s 
utilised to make them self-supporting in any position, 
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CONSTRUCTED BY MESSRS. VICKERS LIMITED, ENGINEERS, ERITH. 


























Fia. 1. 


while allowing reasonable freedom of movement. In 
order to lock the shutters when in their closed position, 
a spring-controlled latch is provided. The releasing 
mechan‘sm for the latch is mounted under the cover, 
seen on the right-hand side in Fig. 1, near the top of the 
column, This cover also protects the hose discharge 
nozzle, so that the whole of the mechanism is effectively 
sealed by the single lock which prevents the cover being 
lifted. 

The underground storage arrangements for the fuel 
were fully described in our article of March 7, 1924, and 
we may therefore at once proceed to a description of 
the mechanism, shown in Figs. 2 and 3, which is 
contained within the casing. The fuel is raised from 
the underground tank by means of the hand-operated 
semi-rotary pump, which can be seen in all the figures. 
A flexible pipe connects the delivery side of the pump 
to a four-way plug cock, which is shown in section in 
Fig. 3. The handle of this control cock is arranged 
to swing through an are of 90 deg., and abuts against 
a stop at each end to limit the movement. A counter, 
which can be seen in Figs. 1 and 2, is operated by 
the movement of the handle, and registers both the 
total quantity of fuel delivered from the pump, and 
the quantity supplied to each individual customer. No 
fuel can be drawn from the pump without a record 
being obtained on the counter. It will be observed, 
from Fig. 2 that there are two containers above this 
cock, and the passages in the latter are so arranged 
that while the pump is delivering the fuel into one of 
the containers it is flowing out of the second to the 
delivery hose. By reversing the cock, the second con- 
tainer is put into communication with the pump, and 
the first with the hose; and by alternately filling and 














Fa. 2. 


emptying the two containers in this way, the delivery 
of fuel to the customer’s car is practically continuous. 
The delivery is expedited by the fact that the two 
containers are interconnected at the top, so that the 
air displaced in the one by the rising fuel, forces out 
the supply from the other. A non-return valve is 
fitted in the suction pipe immediately below the pump, 
the function of which is to automatically prevent the 
fuel returning to the storage tank. The valve thus 
provides a double non-return check, as it is additional 
to the main foot valve at the bottom of the suction pipe. 

Turning now to the details of construction, it will be 
observed from Fig. 2 that a strainer is inserted in the 
pipe line between the storage tank and the hand-pump. 
This strainer is in a very accessible position, as shown in 
Fig. 1, and the gauze may be removed for cleaning by 
slipping off the cover, which is held by a bridge-piece, 
with a single central set screw. The design of the 
hand-pump does not call for special comment, and 
attention may be at once directed to the four-way cock, 
which is shown in section in Fig. 3. It will be observed 
that the inlet to the cock is through the end of the 
plug body. From this point the fuel passes through a 
port in the side of the plug to one of the containers, the 
contents of the other container meanwhile discharging 
through a second port and passage in the plug, to the 
delivery hose which is coupled up to the opening at 
the bottom of the cock body seen in the figure. As 
shown in Fig. 3, the plug is separated from the 
operating handle, so that no longitudinal motion can be 
imparted to the plug by the movement of the latter. 
The turning motion of the handle is transmitted to the 








plug through two pins fixed in a flange formed on the 
end of the handle spindle, and fitting into corresponding 
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holes in the end of the plug. A light helical spring, 
which surrounds the stem of the plug, and is enclosed 
in a recess bored in the end of the spindle, is provided 
to keep the plug permanently on its seating. A petrol- 
tight joint round the end of the spindle is made by 
means of a washer of compressed granulated cork, the 
washer being impregnated with melted yellow soap 
before it is placed in position. This washer can be 
seen immediately behind the plug cover in Fig. 3. 
The containers are constructed with glass panels 
both front and back, giving an uninterrupted passage 
of light from one side to the other, and enabling the 
customer to see the fuel level at whichever side of the 
pump his car happens to be standing. The joint between 
the glass and the cover is made with litharge and glycer- 
ine cement, while that between the cover and the 
container body is made with a rubber gasket. Each 
glass is subjected to a drop test before use, and the 
joints are subsequently tested with petrol under a 
pressure of 100 lb. per square inch. The containers 
are made hexagonal in form to damp out the swirling 
of the fuel, and to facilitate the application of the glass 
panels. They are made of non-oxidisable die-cast 
metal with a smooth internal surface. When in use, 
the fuel rises in the container until it reaches the over- 
flow, which is connected to the bifurcated nozzle, 
shown at the top in Fig. 3. This nozzle is contained 
in the box, which can be seen between the containers 
in Fig. 2. The nozzle projects a jet of fuel on to the 
overflow sight glasses on each side of the pump, thus 
indicating that the container is full. From the over- 
flow chamber the fuel returns, through the pipe, 
visible in Fig. 2, to the main underground tank. 





We mentioned in the earlier part of our description 
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that the delivery from one container is assisted by the 
air displaced by the incoming petrol in the other. The 
displaced air is forced up through an air vent valve 
contained in a combination relief valve in the head of 
the container. The combination valve consists of 
the air relief and a fuel relief valve, the latter of which is 
spring-loaded and normally closed. The air valve 
is normally open while the container is filling, but 
immediately this operation is completed, fluid pressure 
simultaneously closes the air valve and opens the 
fluid relief valve, the petrol passing through the latter 
flowing to the visual overflow indicator. Immedi- 
ately the overflow is observed, the operator may reverse 
the control valve, the filled container thus becoming the 
discharging measure. The fluid pressure is at once | 
relieved, and the fuel relief valve is closed by its 
spring, thus preventing any return or syphoning of the 
overflow back to the measuring vessel. or the passage 
of fuel from one container to the other. The upper 
ends of the two containers are connected together by 
the bridge-piece shown in Fig. 2, which, while imparting 
mechanical strength to the container assembly, also 
provides a cover for the combination relief valves. 
The connecting passages between the valves and the 
overflow sight chamber are also contained in this bridge. 
It will be evident that, as the air-relief valve is closed 
by the momentum of the rising fuel, a small quantity is 
liable to pass through the orifice before the valve 
closes. Any fuel which escapes in this way is baffled 
in the air port passing through the bridge, and gravi- 
tates through the pipe, shown connected to the back of 
the bridge in Fig. 3, into the float chamber which can be 
seen beside the delivery pipe nozzle in Fig. 2. The 
object of this float chamber is to maintain the air 
seal in the system, as otherwise the air displaced by the 
incoming fuel would pass directly down this pipe and 
would therefore not assist in the evacuation of the 
discharging vessel. The float chamber is connected 
to the main tank, and the contents of the chamber are 
discharged into the latter at intervals determined by 
the setting of the float. 

We may mention in conclusion that the cali- 
bration of each measure is effected by means of | 
a solid displacement rod, which projects into the | 
vessel, and is shortened during the process of cali- | 
bration until the volume of the container is found | 
to be within the required limits. An allowance of | 
plus or minus 2 drams is allowed on a mean value of | 
1 gallon plus 2 drams. Sealing devices are provided | 
at the top of each measure. A key bar is threaded 
through slots cast integral with the window frames 
and the bridge piece. The sealing tab is threaded | 
through the key baz, and the control valve cover, and 
by this arrangement a single seal serves to protect the | 

| 
| 








control valve, the relief valves, and the containers. 
The hose nozzle shown in Fig. 2 is that fitted when the 
pumps are intended for export. When supplied for | 
the home market, the nozzle is fitted with a shut-off | 
cock, by means of which the flow can be arrested at | 
any moment, The pumps are made with either one 
gallon or half-gallon measures to the designs of 
Messrs. Shell-Mex Limited, and are being manu- 
factured by British engineering firms of high standing. 
A large contract has been placed with Messrs. Vickers 
Limited, of Erith, who have kindly given us an oppor- | 
tunity of inspecting the pumps under construction, and 
to whom we are indebted for some of the details given. 








STANDARD SPECIFICATION FOR TUNGSTEN FILAMENT 
Lamps,—The British Engineering Standards Association, 
Specification No. 161, for tungsten filament electric lamps, 
has now been enlarged by the addition of schedules for nor- 
mal vacuum train-lighting iamps, normal gas-filled train- 
lighting lamps, and traction vacuum-type lamps (series 
burning). Copies of these additional schedules may be 
obtained from the B.E.S.A. Publications Dept., 28, | 
Victoria-street, London, S.W.1. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—The Report of the Council of the Institution 








of Engineers and Shipbuilders in Scotland for the session | 
There was a decrease | 
in membership of 48 during tle session, the names on | 
the end of September, | 


1924~25, has recently come to hand. 


the roll numbering 1,627 at 
1925, as compared with 1,675 on September 30, 1924. 
The affairs of the Institution are, nevertheless, in a 
satisfactory condition, there being for the year ending 
September 30, 1925, a surplus revenue of 601, 
of 2,0001. has been presented to the Institution by Sir 
Hugh Reid, Bart., C.B.E., who has directed that the 
annual revenue, derived from the investment of this 
sum be applied towards defraying the cost of publica- 
tion of the Institution’s proceedings. ourteen meetings 
were held during the session, and many papers, on a wide 
range of subjects, were presented and discussed. 
Students’ Section has also had a successful year, seven 
meetings were held and six papers were read and dis- 
cussed, In addition, visits were paid to some nine 
establishments of interest in the vicinity of Glasgow. 
Important additions have been made to the library. 
The Institution exchanges transactions with 78 scientific 
societies; 76 technical periodicals from all parts of the 
world are also received. 


The | 


THE EFFECT OF LOW-TEMPERA- 
TURE HEATING ON THE RELEASE 
OF INTERNAL STRESS IN BRASS 
TUBES.* 

By Rosert J. ANDERSON, B.Sc., Met.E., and 
Everett G. Fanuman, B.S. 


Tus paper summarizes the results of an investigation 
on the effect of low-temperature heating on the release 





of internal stress in cold-worked leaded-brass tubing. 


measurements were made of the initial stress present 
in certain lots of leaded-brass tubing which has been 
reduced cold on the last draft in the range 17 to 56 per 
cent., and the effect of various low-temperature heatings 
on the release of stress and the hardness of the material 
was examined. The amount of internal stress present 
in the tube samples before and after heat treatment was 
measured by the “strip method” described in a 
paper by the writers* before the Institute of Metals in 
1924. In order to estimate the effect of heat-treatment 
upon the strength of the tubing, tensile tests were made 





Fic. 1. Srock Tusine; Corp REpvuc- 
TION IN AREA, 22°4 PER CENT.; 


x 200. 


Fic. 2. SprctaLty Drawn TUBING; 
Cotp ReEpvcTION IN AREA, 16°8 
PER CENT.; X 75. 





Fie. 3. Sprcratty Drawn TUBING ; 
CoLtp REDUCTION IN AREA, 16°8 PER 
CenT.; xX 200. 


SPECIALLY Drawn TUBING ; 
35°4 


Fig. 5. 
Corp ReEpvucTION IN AREA, 
PER CENT.; X 200. 


A sum | 


The work was carried out to determine a suitable 
| heat-treatment which would prevent warping’ and other 
| movement, of manufactures made of tubing on standing 
|over a period of time at the ordinary temperature, 
|and at the same time effect stress release without 
material loss in hardness and strength. Published 
reports dealing with internal stresses and their effects 
in brass tubing are few, and discussion of the matter 
appears warranted. 

In carrying out the investigation reported here, 





* Paper read before the Institute of Metals, Glasgow, 
on September 3, 1925. Abridged. 


Fig. 4. Sprcratty Drawn TusBine; 
Cotp ReEpvucTION IN AREA, 27°2 
PER CentT.; X 200. 





SPECIALLY Drawn TUBING ; 


Fia. 6. 
Cotp RepuctTIon IN AREA, 55:9 
PER CENT.; X 200. 

Att Ercuep with NH,OH-+-H,0,. 

MicrostRuUcTURES OF CoLD Drawn TuBING, AS RECEIVED. 


upon sheet brass of the same chemical composition as 
the tubing, worked to known percentage of cold reduc- 
tion in area, and having similar heat-treatment. A 
very considerable portion of the work not reported here, 
and on which some of the conclusions are based, was 
carried out on lots of stock tubing of commercial 
grade as furnished to a consumer by a brass mill. The 
experimental data discussed here are concerned in the 
main with four lots of specially drawn material of the 





* R. J. Anderson and E. G. Fahlman “A Method for 





Measuring Internal Stress in Brass Tubes,” ENGINEERING, 
vol. exviii, page 378. 
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same chemical composition as the stock materials. 
The results of the tests on the stock material were 
unsatisfactory on the whole because that tubing 
possessed non-uniform heat-treating characteristics, 
owing evidently to variations in the manufacturing 
conditions. It was not possible to extend the work so 
as to include tubing where the cold reduction in area 
varied over a wide range, tubing of different chemical 
composition, of varying diameter, or made with 
varying reduction in internal diameter on the last 
pass, although the advisability of so doing was evident. 

It is well established that internal stresses in wrought 
metals and alloys can be removed by low-temperature 
heating without simultaneous injury to the mechanical 





properties, and the prior work on this matter is well 


hardness. Lot 
35.4 


in 


hardness. 
in area, 35.4 per cent. 


hardness. Lot A tubing; 
in area, 16.8 per cent. 


hardness. 
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TIME, HOURS 


Fic. 7. Errect or Heat at 250 Dea. C. on tHE HarRpDNESS OF 


LEADED-Brass TUBING. 


reduction in area, 16.8 per cent. 
e— — Brinell hardness. Lot C tubing; 

reduction in area, 35.4 per cent. 
x——-—~ Scleroscope hardness. Lot A tubing; 

reduction in area, 16.8 per cent. 
e—.— Scleroscope hardness. Lot C tubing; 


reduction in 


*E HARDNESS 


TIME. HOURS 


Fie. 9. Ergot or Heat at 325 Dea. C. on THE HARDNESS OF 
LxrapEpD-Brass TUBING. 


known to metallurgists. The data presented here as 
regards tubes may supplement other work. The 
nature of the stress in drawn tubes has been discussed 
by several workers, and a summary of various views is 
given in the previous paper by the authors.* In the 
case of the tubes dealt with here, the internal stresses 
were longitudinal stresses of small intensity. The 
presence of high circumferential stress in other drawn 
tubes has been shown by the authors and other 
investigators. 

Material Employed and Method of Experiment.—The 
average chemical composition of the tubing used in 
the experiments was as follows :— 


Per Cent. 
Copper 65-67 
Zine 33-94 
Lead 0-30 
Tron 0-06 
Total 99-97 





* R. J, Anderson and E, G. Fahlman, Joc. cit. 











The tubing was drawn according to the usual practice 
of American brass mills using an internal mandrel. The 
material was fully annealed at about 400 deg. C. 
prior to the last draft, and then cold finished in one 
pass to size—viz., 1-094 in. outside diameter, 0-982 in. 
inside diameter, and 0-056 in. thickness of wall. 
Both stock, or run-of-mill, tubing and specially drawn 
tubing were used. In the case of the latter, four lots, 
referred to as A, B, C, and D, having the same chemical 
composition as the stock material, were prepared. 
There were made one batch of tubes in Lot A, two 
batches each in Lots B and C, and one batch in Lot D. 
The second mentioned are referred to herein as Lot 
B and Bl, and Lot C and Cl. The treatment of the 
tubes in the two individual lots in the mill during 
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manufacture was supposed to be identical. Table I 
gives a summary of the manufacturing data and hard- 
ness of the different lots of tubing. 

The average micro-structures of the different samples 
of tubing as received in the cold-worked condition 
were as shown in Figs. 1, 4, 5, and 6. The various 
samples of tubing were examined for internal stress by 
observation of their performance under accelerating 
cracking tests, and under machining tests of different 
kinds. In the case of the heat-treatment experiments 
to determine the effect of heat on the hardness of the 
materials, small pieces, about 1 in. square, were cut 
from the cold-worked tubing and heated in an electric- 
resistance furnace at temperatures from 250 deg. to 
400 deg. C. for different times. In the experiments on 
the effect of heat on stress release, pieces 3-25 in. long 
were cut from the lengths of tubing and similarly heat- 
treated. Temperature control was maintained at 
+2deg.C. Hardness determinations were made also 
on these samples which were examined for stress 
release. 

Examination for Internal Stress.—Various methods 











recommended in the literature for the qualitative 
detection of stress and for its quantitative estimation* 
were tried on many samples of the tubing without 
results. The usual methods employed hitherto are 
evidently applicable only to manufactures in which the 
initial stress is high. In the present case the amount 
of stress present in the tubing was not of sufficient 
magnitude for either detection or measurement by 
the usual methods (or else these methods were not 
suitable for determination of the kind of stress present), 
despite the fact that the tubing was known to be 
stressed, as shown by its warping and movement on 
standing in storage, after fabrication, at the ordinary 
temperature. 

As described in the previous paper by the authors,f 


o——Brinell hardness. Lot A tubing; 
reduction in area, 16.8 per cent. 
e—— Brinell hardness. Lot C tubing; 
reduction in area, 35.4 per cent. 
yoo Scleroscope hardness. Lot A tubing; 
reduction in area, 16.8 per cent. 
e—-— Scleroscope hardness. Lot C tubing; 
reduction in 35.4 cent. 
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samples of the stock tubing (reduced in area 35-4 
per cent. by cold-work) were treated with mercurous 
nitrate in the ordinary way. No cracks developed 
after standing for seven months. Samples of the 
specially drawn tubing (reduced in area 16-8, 27-2, 35-4 
and 55-9 per cent. by cold-work) were similarly treated. 
No cracks developed after standing for 30 days. 
Samples of the stock tubing were exposed to ammonia 
and to an ammonia-saturated atmosphere, but it was 
not possible to induce cracking. Some machining tests, 
according to Heyn’s method, indicated no length 
changes on removing layers from either the inside or 
outside surfaces on turning in a lathe, and the cutting 
of diametrical rings (Hatfield-Thirkell) gave no springing 
out or in of the subsequently split rings. 

The “‘ strip method,” as devised by the authors, was 





* Vide P. D. Merica and R. W. Woodward “ Failure 
of Brass. 1. Microstructure and Internal Stresses in 
Wrought Brasses of the Type 60 per cent. Copper and 
40 per cent. Zinc,” U.S. Bur. Stand. Tech. Paper No. 82, 
1917; and references cited in the appended list.' 

+ R. J. Anderson and E.G. Fahlman, loc. cit. 




















SCLEROSCOPE HARDNESS 


estimation in the case of the tubing being worked with, 
and this was employed in examining the effect of heat- 
treatment on stress release. As explained in the 
previous paper, this is based on the indication that the 


bulk of the initial stresses are longitudinal tensile and | that such treatment would effect considerable release 


compressive stresses, and the test is carried out by 


TABLE I.—MANUFACTURING AND OTHER Data RELATING TO THE TUBING USED IN THE EXPERIMENTS.* 


| times without much loss in hardness. 
| effects of heat are revealed earlier in the case of the 





greater reduction in area. It was known, on the basis 
of prior work (notably that of Moore and Beckinsale), 


of internal stress. Before passing on to the discussion 
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| 
sot | Cold Reduction 
| Original. | n— Hardness.t Hardness.t¢ 
Material. | ieiiiatads | . ee —| 
| Outside | Inside | Wall | Internal | 4 164 | | | 
| Diameter.) Diameter] Thickness) Diameter. | PesGent | Variation.) Average. |Variation.| Average. 
| Inch. Inch. Inch. | Per Cent. a | | 
| | 
Stock tubing ae | 1-219 1-089 0-065 | 9-8 | 22-4 | 132-148 | 142 | 42-48 45-5 
Special tubing, Lot A 1-156 1-028 0-064 | 4-5 | 16-8 121-125 | 124 38-40 39-6 
ae oe ea 1-219 1-079 0-070 | 9-0 | 27-2 | 140-143] 141 50-51 50-5 
a - Lot C ee ve 1-219 1-061 0-079 | 7-4 35-4 148-151 | 149 50-52 50-7 
aa se LotD.. «| 1°375 1-166 0-104 | 15-9 55°9 174-177 | 176 63-65 | 64-0 
1 | | ! 








+ ys-in. ball, 25-2 kg., 30 seconds. 
t Magnifier hammer. 


Note.—Data for Lot Bl same as Lot B. Data for Lot Cl same as Lot C. 
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o——— Brinell hardness. Lot A tubing; 
reduction in area, 16.8 per cent. 
e— — Brinell hardness. Lot C tubing; 
reduction in area, 35.4 per cent. 
x——-- Scleroscope hardness. Lot A tubing; 
reduction in area, 16.8 per cent. 
»—.— Scleroscope hardness. Lot C tubing; 
reduction in area, 35.4 per cent. 
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slitting a narrow longitudinal strip in the wall of a 
tube, followed by freeing one end of such strip, measuring 
the springing out, and making suitable calculation. 
The equation for calculation of the stress is— 

s- Bi 

lz 

where § is the internal stress in pounds per square inch, 
t is the thickness of the strip in inch units, E is the 
modulus of elasticity of the material, i is the amount of 
springing out in inch units, and / is the length of the 
cut strip. 

Effect of Heat on the Hardness of the Tubing.— 
Preliminary experiments were carried out on the stock 
tubing (reduction in area, 22-4 percent.) for the purpose 
of examining the effect of heat o1. the resultant hardness. 
These tests (the experimental data covering which are 
not included here) showed that the material could be 
heated for any period up to 11 hours and at any 
temperature up to 300 dey C. without substantial loss 
in hardness, i.e., with a maximum drop of 12 points 
Brinell and 4 points scleroscope. The time-tempera- 
ture range of heat-treatment included exposures of 
from 5 minutes to 11 hours at temperatures from 
250 deg. to 400 deg. C. Substantial softening set in on 
heating at temperatures higher than 350 deg. C. with 
fairly short exposures. 

The results of the heat-treatment experiments on 
the special tubing (Lots A and C), drawn with 16-8 
per cent. and 35-4 per cent. cold reduction in area, are 
shown in the graphs of Figs. 7 to 12 inclusive. The 


results show that the tubing can be heated at various | 


* Allsamples finished to 1-094 in. outside diameter, 0-982 in. inside diameter, and 0-056 in. wall thickness. 
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g@—.— Scleroscope hardness. Lot C tubing; 
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Fig. 12. Errect or Heat at 400 Dea. C. on 
THE HARDNESS OF LEADED-Brass TUBING. 


of the results of low-temperature heat-treatment on 








the release of stress as shown by the strip method, it is 
lof interest to discuss briefly the effect of such heat- | 
treatment on the micro-structure. 

(To be continued.) 








12-ron SranpDARD MineRAL Wacon.—The British 
Wagon Company, Limited, of Rotherham, recently 
decided to standardise the type of 12-ton mineral 
railway wagon first made by them in 1923. In this 
connection a well executed cloth-backed chart, illustrating 
this wagon, has beer prepared and may be obtained 
on application to the company. The chart, whose 
size is 36 in. by 18 in., shows the wagon, partly in sec- 
tion, in perspective, each part being numbered. A 
table is given at the bottom, showing the correct 
name of any part of the wagon opposite the corres- 
ponding number. The chart should be of use in repair 
shops, &c., by eliminating mistakes due to incorrect 
names being given to parts when ordering. 








Tue THurtey Grir-ALL WReENcu.—A handy tool 
which has been recently brought to our notice is the 
wrench and ratchet spanner known as the Thurley Grip- 
All, made by the Thurley Grip-All Company, Limited, 
of 209, New Cross Road, London, S.E.14. The tool 
comprises two parts, a drop-forged flat steel shaft ending 
in a detachable and toothed tempered-steel jaw at 
one end, and a headpiece composed of another detachable 
toothed jaw fixed approximately at right angles to a 
short flat shaft having two notches cut at one side. The 
handle of the wrench is slotted at the jaw end parallel 
to its breadth, a pin rivet passing across this slot near 
the jaw. The shaft of the headpiece passes through this 
slot, either of the two notches in it engaging with the pin. 
Finally, a lever fixed by a second rivet pin to the handle 
of the wrench and actuated by a spring, presses against 
the shaft of the headpiece ensuring that the wrench grips 
when put in operation. No matier what the shape of 
pipe or screw engaged a firm grip is instantly obtained. 

he tool is made in three sizes, having ranges from }-in. 
to 34 in. 
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COLLAPSE OF A STEAM-JACKETED 
PAN. 

As the result of an inquiry held into the circumstances 
attending the explosion of a steam-jacketed pan which 
occurred at the factory of Messrs. W. T. Henley’s 
Telegraph Works Company, Limited, at North Wool- 
wich, on June 9 last, it has been established that the 
cause of the mishap was the failure, owing to the 
imposition of repeated stresses, of the metal at the 
weld holding together the top flange of the inner pan 
and the rim of the outside jacket. The pan, cylindrical 
in form, was made of wrought iron and had an internal 
diameter of 32 in. and a depth of 29 in. The bottom, 
}-in. thick, was dished to a radius of approximately 
50 in. and was welded to the ,%,-in. cylindrical 
portion. The longitudinal seam of the latter was also 
welded. Of similar form and construction, the jacket 
had an internal diameter of about 35] in., the thick- 
nesses of the cylindrical part and the bottom being 
ys in. and 3 in. respectively. A 2-in. diameter pipe 
connected the lowest part of the pan to the foot of 
the jacket, the contents of the pan being drawn off 
through this passage. Steam at 60 lb. per square inch 
pressure was supplied to the jacket through a 4-in. bore 
pipe welded into the top flange of the inner pan, and the 
condensate drained off through a 2-in. bore pipe 
screwed into the outer bottom. Tue steam supply, 
generated at 120 Jb. per square inch, was passed 
through a reducing valve adjusted to lower the pressure 
to 60 lb. per square inch. Two lever-loaded safety valves 
placed on the Jow pressure side of the first-mentioned 
valve were arranged to lift at 62 lb. per square inch 
pressure. Steam was always available and the supply 
to the pan could be controlled by anyone, the pan being 
used for heating water for the company’s employees. 
The 3-in. cock fitted to the drain pipe could similarly 
be operated, so that a considerable variation of the 
pressure in the jacket was possible. Originally, three 
stays helped, at the bottom, to support the pan in the 
jacket, these pillars being arranged on a 16-in. diameter 
pitch circle. On examination after the explosion it was 
apparent that a part of the original pan bottom had 
been cut out and a new bottom welded on above the 
old. The three 1-in. diameter stays had not been 
renewed, however. The inner pan was forced up 
2} in. as a result of the explosion, bending the flange and 
rupturing the weld. The pan bottom was distorted 
and the jacket bottom drawn upwards and fartially 
ruptured around the 2-in. pipe connecting the inner 
and outer bottoms. Though violent, the explosion 
fortunately did not cause the inner pan to be ejected 
or the results would have been more serious. The 
pan has been dispensed with. 





TONNAGE MEASUREMENT FOR INLAND NAVIGATION.— 
The International Conference summoned to conclude a 
convention on tonnage measurement for inland navige- 
tion met at Paris on the 20th ult. and considered a 
draft prepared by a technical committee formed of 
technical representatives of the various countries con- 
cerned, This committee was set up by the Communica- 
tions and Transit Committee of the League of Nations. 
The draft convention was intended to establish inter- 
national agreement on the methods of measuring tonnage, 
with a view to enabling the contracting States mutually 
to recognise the tonnage certificates issued by them, the 
result being to lessen the trouble and expense incurred 
when using waterways which cross frontiers. 





Pusiic Works IN Iraty.—We have received a copy of 
the first number. dated November I, of the Italian journal 
I Lavori Pubblici, a monthly review issued by the National 
Association of Public Works Contractors, Rome. The 
journal will deal with the technical and economical 
aspects of all classes of public works. Among the articles 
in the first number in question are the following: “On 
the Importance of Public Works in the Nation’s Econo- 
mics,” ‘*'The Motor-car Roads connecting Milan with 
the Italian Lakes,” ‘‘On the Collaboration between 
Contractors and their Men,” ‘ Excavators equipped 
with Heavy-Oil Engines.’’ The journal is of the size of 
ENGINEERING, and contains 48 pages of illustrated 
matter. The address of the publishing offices is 121, 
Via Cesare Battisti, Rome 1. The price for annual 
subscription for addresses abroad is 96 lire. 

Mororsuir “ LEVERNBANK.’—A cargo motorship of 
5,200 gross tons, the Levernbank, has been added to the 
large fleet of the Bank Line, Limited, Messrs. Andrew 
Weir and Co. Like her predecessors, she has been built 
by Messrs. Harland and Wolff, Limited, Govan, and is 
equipped with Harland B. and W. 4-cycle engines, with 
electrically driven auxiliaries. The vessel is 434 ft.long by 
53ft.9in. beam, and 37 ft. in depth, and is of the shelter 
deck type, classed 100 A.1 at Lloyds. Seven watertight 
or oiltight bulkheads, extending to the upper deck, divide 
the vessel into five cargo holds, engine room and fore 
and after peaks. The holds are fitted with large cargo 
hatches. No.3 hold is arranged to act as either a deep 
tank or for the carriage of ordinary or oil cargo as required. 
Further five motor ships are under construction by Messrs. 
Harland and Wolff, Limited, for the same owners, and 
in each case the vessel will be propelled by Harland- 
B. and W. engines. 
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THE COAL CARBONISATION PLANT Strictly speaking, the process employed in this 

plant cannot be described as working at a low 
temperature, but it appears to be of a type on which 
low-temperature plants have been designed, and 
intrinsically to deserve the investigation that the 
Director of Fuel Research has given it. 
view of the installation is reproduced herewith in 
Fig. 1, from a photograph for which we are 


OF THE MIDLAND COAL PRO- 
DUCTS, LIMITED. 


In their anxiety to arrive as rapidly as possible 
at some practicable means of low temperature 
carbonisation, the Government has for some time 
past empowered the Department of Scientific and 
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respectively, with 8 per cent. and 10 per cent. of 
pitch, respectively, as a binder. 

As will be seen from Figs. 1 and 4, the carbonisa- 
tion takes place in vertical retorts. In the plant 
under test a battery of four retorts was provided, of 
which only two were actually run. The retorts are 
something of the shape of a blast furnace, the 
resemblance being increased by a row of tuyeres 
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GENERAL VIEW OF PLANT. 
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Industrial Research to test without charge approved 
plants for the purpose. The Fuel Research Board 
has already made several tests, on one of which, 
relating to the Parker plant, it has already published 
a report (see ENGINEERING, vol. cxviii, page 588), 
and it has now published a second report, dealing 
with the carbonisation plant of The Midland Coal 
Products, Limited, of Colwick Estates, Netherfield, 
Nottingham.* 





* Department of Scientific and Industrial Research. 
Report of Test by the Director of Fuel Research on 
the Carbonisimg Plant of The Midland Coal Products, 
Limited, Netherfield, Nottingham. H.M. Stationery 
Office. 9d. net. 
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indebted to the Company, while details of the 
plant are given in Figs. 2 to 4, which are based on 
diagrams given in the Report. 

The coal used is a low-grade slack, produced by 
the Butterley Coal Company, and washed with 
their Rheolaveur, with such efficiency that from a 
content of 30 per cent. of ash in the raw slack, the 
washed slack contains only 5 per cent. This slack 
is made into briquettes partly at the Butterley 
Company’s Kirkby Colliery, and partly at the 
Midland Products Company’s works, in each case 
the binder being ordinary coal tar pitch. In the 
tests with which the Report is concerned, two sizes 





of briquettes were used, weighing 2} and 5 ozs. each, 
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just above the widest part. The upper portion of 
the retort is lined with ganister brick, 15 in. thick, 
and the bottom portion is water-jacketed. The 
capacity of each retort is about 5 tons, and they are 
fed from a bunker overhead, holding 124 tons. 
This bunker is charged with briquettes by a plate 
elevator, which lifts them from a boot into which 
they are charged by hand from the wagons. The 
bunker and elevator are clearly shown in Figs. 1 
and 2. From the bunker the briquettes pass over a 
}-in. screen, into a charging hopper, the fines 
broken off the briquettes being thus removed. The 
charge passes then through a balanced valve into 
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the retort, which is charged about every } hour. 
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The hopper and valve can be seen in Fig. 4. The 
gas off-take is on a level with the charging hopper. 
The charge passes downwards through the retort, 
and is discharged at the lowest point through a 
semi-circular water-sealed door, which is opened 
and closed by hand. About a foot above the 
widest part of the retort 12 tuyeres supply air and 
steam to the interior. A further steam supply is 
given by means of four jets below the water-jacketed 
cone at the base of the retort, and serves to cool 
the coke to some extent before discharge. The gas 
is taken by a main common to each pair of retorts 
and leading to a Lymn washer 45 ft. high by 6 ft. 
diameter, with a series of baffles for deflecting the 
spray of wash water as it falls downwards. The 
washer is capable of dealing with 250,000 cub. ft. 
ot gas per hour. Three exhauster fans are provided 
behind the washer, two of which are always working 
in series, and three tar-fog scrubbers. These 
scrubbers are boxes backed with six alternate layers 
of chippings and sawdust 6 in. deep. One of these 
scrubbers serves for two retorts. Collecting and 
settling tanks for tar and liquor are provided next 
to the condensing and scrubbing plant, and from 
the scrubbers the gas passed through a rotary 
meter. 

The carbonising process is effected by burning 
part of the charge in the neighbourhood of the 
tuyeres, combustion being maintained by air and 
steam passing in through them; the hot gas on 
its way up to the off-take serves to heat the 
briquettes as they find their way down the retort. 
The carbonised briquettes are cooled rapidly on 
passing through the water-jacketed base of the 
retort, and are discharged, in about the same volume 
as that of the raw briquettes, at a temperature of 
about 600 deg. C. From this temperature the 
coke is quenched on an iron plate immediately below 
the retorts, and pushed into the boot of a bucket 
elevator. This delivers the coke into a revolving 
screen, in which it is separated into breeze (below 
4 in.), medium coke (} in. to 1} in.), and large 
coke (over 1} in.), dropping direct into wagons 
beneath the screen. The arrangement is clearly 
shown in Figs. 1 to 3. 

The gas from the off-take passes through a water 
seal to the base of the washer, meeting a spray of 
water deflected by the baffles as it rises, and thus 
parting with a large proportion of the tar, the 
remainder being separated by the exhauster fans, 
which also are supplied with jets of water. The 
gas then passes through the sawdust scrubbing box. 
The quantity of wash water varies with the atmo- 
spheric temperature, but averages about 2,000 
gallons per hour. A very small quantity of tar 
collects in the water seals of the retorts and at the 
sawdust scrubbers. The tar removed by the 
exhauster forms an emulsion which floats on the 
surface of the liquor, and is collected in the first 
bay of the separating tank, from which it is ladled 
into a channel that carries it to the wet tar tank, 
shown in Fig. 3, where the emulsion is broken down 
by steam-heated coils and the tar removed to the 
separating tank. The iiquor, which is too dilute 
to be of commercial value, passes into the drains. 

Owing to the dilution of the liquor in the Lymn 
washer, the recovery of ammonia from this plant is 
not economically practicable. The most important 
product is gas, of which 58,300 cub. ft. are produced 
per ton of briquettes carbonised. This has a calorific 
value of about 193 B.Th.U. per cubic foot, making 
112 therms per ton. The average percentage of 
carbolic acid is well under 2 per cent., and the gas 
which resembles a semi-water gas made from 
bituminous coal, is stated to be excellent for use in 
gas engines, under boilers and for general furnace 
work. The yield of tar is also high, being at the 
rate of 21 gallons per ton. Nearly two-thirds of 
this is pitch, which under favourable circumstances 
satisfies the demand for a binder in the manufacture 
of briquettes. This pitch is obtained by distilling 
off 8-2 gallons of oil, which finds a ready market 
as creosote oil. The coke produced per ton of 
briquettes is about 7-5 cwt., including about 1 cwt. 
of breeze. It contains only about 3 per cent. of vola- 
tile matter, and is therefore unsuitable for use in open 
domestic grates except with a very high draught, 
but is quite satisfactory for use in closed stoves. 
The plant appears to the Director of Fuel Research 





to be applicable to districts in which coal slack is 
cheap and large quantities of power gas are 
demanded, and in such condition to present the 
advantages of high thermal efficiency, low capital 
cost, moderate labour cost, and ability to work 
with a coal slack, for which there may be otherwise 
little outlet. At the present time the mechanical 
arrangements tend to produce an undue proportion 
of breeze, a tendency that is increased by the slack 
not being sufficiently air-dried. The difficulty of 
removing these objections is said, however, not to be 
serious. 

The details of Dr. Lander’s tests, in which Mr. 
J. G. King, the Chief Chemist, and other officers 
of the staff at the fuel research station co-operated, 
followed as far as possible the lines of those adopted 
at the station, and where it was impracticable to 
adopt these in their entirety, precautions were 
taken to assure the accuracy of the test in other 
ways. The temperatures in the retorts seemed to 
run from somewhere about 1,200 deg. C. in the zone 
of combustion down to 200 at the discharge of the 
gas, the coke being discharged at about 600 deg. C. 
The character both of the coke and of the gas 
showed that the process is not one of low tempera- 
ture carbonisation as generally understood 
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An Introduction to Physical Geology with Special reference 
to North America. By W1tu1aM J. MILteEr, Professor of 
Geology, University of California. London: Chapman 
and Hall, Limited. 1925. [Price 13s. 6d. net.] 

Tuts book is written by an American and is intended 

to serve as a text for a one year course in general geo- 

logy in an American College. It is naturally of an 
elementary character. We hope, but doubt, that 
it will elude the lynx-eyed criticism of the funda- 
mentalist and avoid the distinction of being placed 
on the Index Expurgatorius of the State of 

Tennessee. 

Our author refuses to bow the knee to authority 
rather than to evidence ; his one postulate is sufficient 
time. If millions of years are necessary for the 
accumulation of known series of geological for- 
mations, he will draw on the bank of time with a 
lavish hand. Not for him, the 20 or 30 million 
years that Lord Kelvin meted out with niggard 
parsimony. The prodigal estimate of a “‘ moderate 
multiple of a 1,000 millions,” suggested by modern 
advocates of radio-active methods of research, is 
needed to supply him with a time scale of suitable 
dimensions. A danger arises here lest beginners 
unacquainted with the nature of the evidence and 
the facts that have to be explained, may consider 
that this looseness in time determination is evidence 
of uncertainty, and conclude that geologic truths 
are supported on a very insecure foundation. 
Another question erises which cannot be overlooked. 
Attempts to accommodate time estimates founded 
on more or less precarious data have led to thesug- 
gestion that the rates of denudation and deposition 
have not been constant, but have been accelerated 
with the time, and that the doctrine of uniformity 
is by no means valid. Such an attitude may go 
far to undermine confidence in the established 
truths of the science. Of course, it is not possible 
to overlook the fact that the rate of denudation 
must have varied during the course of the Earth’s 
history, since the height of the land, the irregularities 
of the surface, and the meteorological conditions 
that obtain at various heights above the sea level, 
will operate irregularly. Such variations are, 
however, smoothed out by length of time. 

The teacher of geology conducts his work under 
peculiar difficulties, for whereas the student of 
chemistry, physics, or astronomy can be furnished 
with stationary and permanent equipment, providing 
all that is necessary for research, geology is primarily 
a field science, as contrasted with a laboratory 
science. Similarly, the pupil who can draw his 
information only from the printed page is at a 
disadvantage. Diagrams and illustrations, models 
and museums serve useful purposes, but the 
geologist must seek his material in the field, cr 
one side, and an important side, of his training— 
alertness of perception and capacity of deduction— 
will remain undeveloped. The author is to be 





commended for the effort he has made to secure 
novel and appropriate diagrams. He has used 
the opportunities of wide travel to study the effects 
of earth sculpture in many lands; many of his 
illustrations have been prepared by his own hands 
with the view of elucidating some particular point. 
If one cannot see the Lion Canyon or the Catskill 
Mountains for oneself, the next best thing is to have 
the features described by an eye-witness. But the 
author cannot prevent much of his work having 
the character of a list of definitions, and these 
it seems to us must become wearisome to a student. 
Accuracy is no doubt secured by the use of a 
technical vocabulary, and the consequent brevity 
of description is not without its compensations, 
but more attention to literary features would have 
made the book more attractive to the beginner. 

The work of denudation is well described and 
the transport of material from a high to a lower 
level with the changes brought about can be easily 
followed. The work of those untiring agents— 
water, and ice, and wind—cutting down the elevated 
parts of the earth to fill up the hollows, or in 
preparing the sedimentation of a river delta, make 
a fascinating tale. The cycle of erosion and 
deposition goes on through the ages, causing 
portions much elevated at one time to be at sea level 
or below it at another. It is impossible to avoid 
asking the questions, though we do not find the 
answer: Did high ground always exist on which 
destructive agents could operate ? Will the nebular 
hypothesis of Laplace or the planetesimal specula- 
tions of Chamberlin explain the origin of ocean 
beds or of elevated mountains? Are continents 
to be regarded as permanent? Have deep sea 
bottoms and land surfaces ever reversed their 
situations ? 

If destructive agencies can be easily perceived 
reshaping an inconstant world, constructive opera- 
tions—those opposed to the action of gravity— 
cannot be so easily traced in the work of upheaval. 
The building of mountains is not so easy of 
comprehension as their destruction, and recent 
theories lack observational demonstration. The 
author’s remarks on isostasy are too compressed 
and fail to carry conviction. It is far easier to 
invoke the intrusion of volumes of magma into the 
earth’s crust, and no physical theory is contradicted, 
if the forces are supposed to act vertically and are 
local in their character. The shrinkage of the 
earth’s nucleus by the escape of heat, giving rise 
to horizontal stresses cannot be accepted as a 
satisfactory explanation of those wrinkles of the 
earth’s crust which we call mountains. The author 
who generally writes clearly and positively leaves 
us in doubt which view he favours. 





Photo-Electricity. By H. Stantey ALLEN, M.A., D.Sc. 
Second Edition. London: Longmans, Green and Co. 
[Price 18s. net.] 

THE twenty-five pages of bibliography, relating 

to papers on photo-electricity, published in the 

years 1913 to 1924, which Professor Allen gives at 
the end of his volume, are almost sufficient in 

themselves to prove the need of a new edition of a 

book on the subject, which first appeared in 1913. 

But it must be admitted that this second edition 

does not place m: ny of the problems in a much 

clearer light than that of twelve years ago. In photo- 
electricity proper advances have certainly been 
made. The term, however, does not merely concern 
the ‘Liberation of Electrons by Light”; it 
comprises also ‘‘ Fluorescence and Phosphorescence, 
Photochemical Actions and Photography ’—these 
words form the sub-title of the Dr. Allen’s volume— 
and with regard to these and particularly the photo- 
chemical problems, we are still groping about in 
the dark. The recent discussion on photochemical 
reactions, which brought many of the leading workers 
in this field to Oxford under the auspices of the 

Faraday Society,* did not disguise this fact. 

Dr. Allen speaks chiefly as a physicist. In spite 
of the profound modifications which our concepts 
have undergone in the last decade with respect to 
atomic structure and the relations between matter 
and radiation, he considers that the facts of photo- 
electricity recorded in 1913 and the deductions 


_ 





* See page 516 ante. 
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based upon them remain substantially true. Dr. 
Allen goes on to state that the photo-electric 
emission has been proved to conform exactly to 
the quantum theory, and that it has indeed pro- 
vided us through Millikan’s work with the most 
accurate value for Planck’s constant. No doubt 
the quantum theory—Planck himself calls it 
quantum hypothesis—has also proved wonderfully 
helpful in elucidating X-ray problems. With all 
our fundamental ideas about the real meaning 
of the quantum, the mechanism of photo-electric 
reactions remain hazy. 

The author distinguishes four classes of elec- 
trons: the free, coucerned in the conductivity of 
metals; the dispersional or emission electrons, 
which give rise to absorption of light and at higher 
temperatures to emission, and which are responsible 
for the Zeeman effect; the valency electrons 
(eight as a maximum) which correspond to the 
chemical bonds and cause through their passage to 
another atom the electropositive valency of the 
atom they have left; the photo-electric electrons 
which are separated from the atom under the 
influence of light. He admits that the electrons 
of the second and third classes may be identical, and 
that the electrons concerned in the selective photo- 
electric effect need not belong to the same class as 
the electrons which give rise to the normal effect. 
There are, in fact, widely divergent views concerning 
the interpretation of the reactions he discusses and 
the methods of measurement applied to photo- 
electric fatigue, fluorescence, chemi-luminescence, 
the latent image and physiological effects. Professor 
Allen can only present a conscientious review of 
the work done and sift the material accumulated. 
Perhaps the quite recent attempts of Sir J. J. 
Thomson and others, too recent, in fact, to be 
included in this volume, to bring the undulatory 
and corpuscular theories of light into harmony, will 
be sufficiently successful to enable Dr. Allen to 
adopt a more definite attitude in a later edition. 
The volume belongs to the monographs on Physics, 
edited by Sir J. J. Thomson and Professor F. 
Horton. 


Proceedings of the Empire Mining and Metallurgical 
Congress. Edited by the General Secretaries, G. F. 
Brrp (I.M.M.), and P. Srrzeteckr (I.M.E.). Five 
volumes. Published at the office of the Congress, 
225, City Road, E.C.4. [Price 2/. 2s. 0d.] 

WEMBLEY wes the scene of many congresses last 

year, dealing with special aspects of technical 

developments, and marking the influence of a 

friendly internationalism. The advent ofa new day 

seemed to be at hand, when the total resources of 

Nature would be used unselfishly and intelligently 

for the creation of a new-world order. Everyone 

was ready to bring his most hopeful suggestions 
and his best-matured experiences to enlarge the 
stock of knowledge, and to advance science for the 
benefit of all. In the midst of this enthusiasm 
and fervour, it was eminently desirable that the 
Empire, consisting of so many scattered units, 
should combine for the purpose of surveying the 
mineral resources of each colony, examining the 
extent to which they had been utilised, and learn- 
ing what was being done to advance the common 
good. In this way arose the Empire Mining and 

Metallurgical Congress, in which experts of acknow- 

ledged reputation met together under the presidency 

of the late Viscount Long, of Wraxall, and presented 
information from all sources concerning the topics 
in which the Congress was interested. 

The Congress lasted but a few days, and the 
papers submitted could have been heard but by 
few ; we reported the proceedings of the O ngress 
at the time and reprinted some of the papers, but 
naturally were not able to do justice to the 
amount of detail collected in the varied papers, 
in which research and practical application went 
hand in hand, in the way that hs been possible 
in the volumes now before us. We now have a 
permanent record of the careful experimentation 
and of the deliberate opinion of those best 
qualified to speak on metallurgical and nearly 
allied processes. We venture to express the very 
earnest hope that these volumes will be read. 
not only by those immediately interested, but 
by the general public. Some of the articles will 





be found to be full of interest, and do not require 
any great technical knowledge from those who 
approach them in a receptive spirit. The main 
object of the collection of papers is, of course, techni- 
cal, to show what has been done and to suggest 
how it might be done better, but the papers would 
have a still greater value if they could penetrate 
that dense mass of prejudice and ignorance, that 
will see nothing but selfishness and self-aggrandise- 
ment in the well-directed efforts of those who 
devote themselves wholeheartedly to the advance- 
ment of industry, and of the conditions under 
which it is conducted. 

It is impossible to give any adequate idea of the 
detailed information contained in these volumes, 
but for many years to come they will be regarded 
not only as the most authoritative exposition of 
colonial activity in the several industries to which 
they refer, but as indicating the directions in which 
expansion and development may be anticipated. 
It is remarkable that in the past, accident has been 
the main factor in deciding the discovery and 
working of the mines. In Canada, particularly, 
the selection of railway routes rather than any 
geological deductions has led to the recognition of 
mineralised areas. Surely, we are justified in 
assuming that as systematic investigation is prose- 
cuted, the number and richness of mineral deposits 
will both increase, since at present the prospects 
offered by the spacious area of a Continent are 
known only from the average sampling on a single 
line. 

Information is presented mainly in two forms: 
in the first volume, the papers, or treatises as they 
might be called, have been prepared at the request 
of public bodies associated for the promotion of 
mining industries in Canada, Australia, and South 
Africa. In those is given ihe collected experi- 
ence of various authorities, edited and arranged so as 
to present a co-ordinate whole, in which each con- 
tributor has been willing to sink his individuality. 
The number of metallic deposits considered is very 
large, and the information is drawn from widely 
scattered areas. In no other way could so many 
facts be collected without overlapping, or betraying 
superficiality. In the remaining volumes treating 
more limited problems with greater fullness, indi- 
vidual contributions are the more general method 
of communication. 

Coal mining bulks largely in the second volume, 
and at the present juncture the views of disinterested 
experts should receive attention. Mr. Evan 
Williams’ paper on ‘‘The Economics of the Coal 
Mining Industry” has been supplemented by morere- 
cent facts, and perhaps greater attention will be given 
to the work of the section on ‘Safety Problems,” 
Too much is heard of complaints against the coal 
owners and too little of the generous efforts of the 
industry as a whole to ameliorate the lot of the miner. 
It will come as a surprise to many to learn that 
five different committees, assisted by men possess- 
ing the highest expert knowledge in the country, 
are engaged in special enquiries and forms of welfare 
work. These relate to explosives in mines ; spon- 
taneous combustion; support of underground 
workings ; mechanical appliances; and hot and 
deep mines. Other associations are at work on 
miners’ lamps and miners’ welfare, but we cannot 
give a complete list of the many and complex 
problems that are engaging the attention of qualified 
experts. Oil forms the topic of another volume, and 
is discussed from various points of view, notwith- 
standing that it is the one commodity of which the 
British Empire is deficient and might therefore 
fail to attract attention. Mr. W. L. Saunders, the 
representative of the United States, humorously 
advised the Congress to keep as far away from oil as 
possible, for, he said, “‘ we have found by sad experi- 
ence, that this oil which we have in such quanti- 
ties, is such a lubricant that many a politician and 
public officer has slipped up on it.” 

The fourth volume on the metallurgy of iron and 
steel more nearly touches home manufacturers, 
and the interchange of knowledge and experience 
between engineers overseas with those trained in 
British methods, could not but prove interesting. 
Sir R. Hadfield hes two papers, one on “ Works 
Problems, Methods and Fuel Economy” and the 
other on “The Development of Alloy Steels,” a 


subject that he has made peculiarly his own. Of 
the condition of engineering in the Colonies, able 
descriptions were given by Mr. Cameron with refer- 
ence to Canada, and by Mr. Tuckwell, to India. 
But it is invidious to select any paper for mention 
where all were of a very high order and interesting 
nature. The series concludes with papers on non- 
ferrous metallurgy, with special references to the 
aluminium and silver industries. 





MESSRS. BROWN BAYLEY’S STEEL 
WORKS. 


(Continued from page 703.) 


SrtuaTED round the south boundary of the 
works, as seen in Fig. 1 (page 193 ante), are the 
spring and axle departments, the lay-out of which, 
together with that of the heat-treatment shops, 
is shown on Fig. 113, on Plate LII. The springs 
made here are practically all for railway and similar 
service, and are dealt with in two departments, 
producing respectively laminated and spiral or 
volute springs. 

The work in the laminated spring department, 
which involves handling a large amount of material, 
is so arranged that the material flows continuously 
in one direction. It is brought from the mill bank, 
which is seen in Fig. 1 at the left-hand end of the 
spring shops, by a roller path to a powerful double- 
ended shearing machine, under which the bars are cut 
into the various lengths of plates required for each 
order. They are then passed forward to other 
machines of the punching type, on which the centre 
holes, the nibs and slots, and the speared ends are 
formed. A reference to Fig. 113 will indicate the 
lay-out of these machines, which are arranged in 
line near each other. On most of the springs all 
this work is done cold, and it is only for excep- 
tionally heavy sections that it is necessary to 
reheat the plates. 

When rolled eyes are required, the plate ends are 
heated in a gas-fired furnace, and formed to shape in 
a special machine, designed and made in the works, 
a view of which is given in Fig. 114, on page 760. As 
will be seen, this machine is of particularly simple 
and robust construction. It consists essentially of 
a mandril round which the eye is formed, and a 
toggle hand-lever swinging round this mandril, 
which rolls the heated plate in contact with it. 
Where solid-end back-plates are to be used 
they are forged under the steam hammer in the 
spring-smith’s shop. To ensure accuracy and inter- 
changeability, form dies are attached to the anvil 
or tup as required. After the springs have passed 
the preliminary scragg test, hoops are put on hot 
under a double-headed hydraulic hooping press, 
which applies pressure both vertically and hori- 
zontally. Fig. 115, on Plate LLI, gives a general 
view of part of the shop in which the plates for 
laminated springs are cut up and prepared. Fig. 116- 
gives a general view of the spring-fitters’ shop, 
and Fig. 117 shows the horizontal scragging 
machine at work. 

Fig. 118, on the same Plate, shows a 40-ton 
hydraulic spring buckle press with slack-fired 
furnace. In the foreground is seen a spring held 
vertically in a vice while the red hot buckle is. 
being slipped on. A spring on which the buckle 
has been slipped lies on the table of the press, 
and is pressed simultaneously by a vertical ram, 
seen above the table, and a horizontal ram, the 
drawback of which can just be seen behind the 
man on the extreme right. The hooped spring 
is finally returned to the scragg for the inspector’s 
test, which includes a determination of the load- 
carrying capacity of the spring on a 20-ton Pooley 
weighbridge. Originally this determination was 
made by means of a hydraulic pump working through 
a hydraulic cylinder. The machine was, however, 
altered some time ago by substituting a Hele-Shaw 
variable-throw oil pump to operate the loading 
ram of the weighbridge, which allows the most 
exact adjustment of the load. A view of the 
machine is given in Fig. 123, on page 761. 

In the manufacture of spiral springs the most 
interesting features are the methods of coiling and 
setting them up to pitch. The ordinary way 





of coiling a spiral or volute spring is to wind 
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it close up on a mandril without regard to what 
its final pitch is intended to be. With spiral 
springs the two ends have then each to be tucked 
in, by reason of their not having been formed 
properly to shape in the coiling machine, and this 
is done as a separate operation after reheating, 
usually by hand smithing. The springs so coiled, 
whether spiral or volute, are next set up to pitch 
by hand, and if the pitch is not uniform it has to 
be corrected to the eye of the operator. Both the 
time occupied in this method and the labour 
involved in getting uniform and accurate results 
led the firm two or three years ago to experiment 
with a view to obtaining a method that should be 
less troublesome and mechanically more satis- 
factory. 

They began by making a simple cam attachment 
to the coiling machine. This modification was 
completely successful with volute springs, and by 
its use they are now coiled to the exact variable pitch 
that their design may require, and hardened direct 
from the mandril without any further setting up. 
For spiral springs, the difficulty of tucking in the 
ends had first to besurmounted. In making thespring 
the heated steel bar out of which it was to be formed 
was held in contact with the revolving mandril by 
a fork lever, and after various attempts a design 
of fork was finally evolved which accommodated 
itself to changes in the thickness of the bar, such 
as occur in particular at each end of the spring, 
where thinned half-coilsaremade. This design holds 
the thin ends tightly on the side, and prevents them 
from turning over in the coiling operation. The pitch 
of the coils is determined alternatively by a cam 
attachment similar to that described above for 
volute springs, by a stretching device acting 
on a close coil spring. On theoretical grounds 
it was calculated that a close-coil spring, if reheated 
to a uniform temperature and pulled open by 
attachments to the top and bottom coils, would 
be stressed uniformly in each coil and give a uniform 
increase of pitch. A machine was therefore designed 
with a self-acting three-jaw chuck at top and bottom 
to grip the first and last coil, and the chucks were 
pulled apart from each other by means of a screw. 

One reason why this method of setting the pitch 
is preferable in making coil springs to the method 
of coiling to pitch and hardening direct is that most 
railway inspectors require absolute contact between 
every part of adjacent coils of the spring when the 
spring is forced right home. Such ‘absolute contact 
can only be got if the hot coil is hammered home 
under a steam hammer after it is coiled, so forging 
out inequalities in the bar and leaving the whole 
spring solid, It is obvious that anysuch hammering 
operation is liable to distort the spring from any 
pitch to which it has previously been coiled, and 
necessitate the spring being reset to height after 
hammering. These defects, which do not occur in 
the present method, are not found when making 
volute springs, as the coils slide progressively inside 
each other. 

A new spiral spring coiling machine, which 
embodies these devices, has now been built, and 
a view of it is given in Fig. 119, on Plate LILI, 
together with the furnace that serves it. The 
machine is built up on a frame of rolled 
joists, and is driven direct by its own 30 h.p. 
electric motor. The furnace is of the firm’s latest 
slack-fired pattern, to which reference has already 
been made, and is designed to take bars 26 ft. long. 
It is open at both ends, and the firebox is at oneside. 
Combustion can be so regulated by a series of dam- 
pers that either one end only of the furnace may 
be heated when short »>ars are being worked, or a 
flame may be thrown down the whole length of it 
when the longest bars are under treatment. In 
addition, a short setting-up furnace is built in 
one with the coiling furnace, and is used in con- 
junction with the setting-up machine described 
above, so as to ensure a uniform temperature being 
imparted to the coiled and close-hammered spring, 
which is necessary to produce a uniform pitch. The 
operations thus involved in making spiral springs 
on this machine are hesang the bar, coiling it, 
knocking the coil down, reheating the coil, setting 
it up and hardening it, and finaliy tempering it in a 
lead bath. The testing on spiral and volute springs 
is similar to that of the laminated springs, including 





the testing with weighbridge and Hele-Shaw variable 
throw pump for load-carrying capacity, but the 
scragg used for testing the springs is vertical in- 
stead of being horizontal as with laminated springs, 
and instead of a uniform 25-ton pressure being 
applied, a pressure of 9, 18 or 27 tons is used accord- 
ing to the spring under test. 

The axle department, which also deals with 
general forgings up to 5 tons ingot weight, is mostly 
occupied on railway axles for locomotives, carriages 
and wagons, and axles for tramway cars. The general 
lay-out of the department will be seen clearly on 
Fig. 113. Its principal equipment consists of 
five hammers of from 3 to 5 tons, with the furnaces 
necessary for heavy material. A view of one of 
these hammers is given in Fig. 120 on Plate LIII. 
The ingots from which railway axles are made are 
rolled down in No. 1 mill to square blooms, the size 
of which varies with the diameter of the finished 
axle.» The bloom is sawn off to weight in the 
mills "department, and is delivered to the axle 
department after all surface defects have been 
carefully chipped off. The blooms are then heated 
in the axle furnaces, to which they are returned 
for reheating after half the axle has been forged. 
The finished axles then pass through to the heat 


When the treatment is over each pilot piece is 
tested, and its behaviour serves as a crucial 
test of the accuracy with which the temperature 
for the required purpose has been reached in the 
part of the furnace in which it was heated. In 
addition, Brinell testing machines of the Johnson 
type are used in the shop to check the hardness. 

As with the reheating furnaces—and, indeed, 
to a more marked extent, corresponding with the 
lower temperature at which annealing furnaces 
work—the atmosphere obtained in such furnaces 
has overcome the formation of scale, which 
ordinarily is seldom avoided, and is particularly 
objectionable with finished machined articles. 
Thus, finished machined turbine blades are now 
hardened and tempered without losing their 
original bright surface, the only sign of the 
treatment they have received being the temper 
colour. 

The treatment given in this department varies, 
of course, with the material and the objects treated. 
Broadly, it may be divided into oil-hardening and 
tempering, water-hardening and tempering, and 
air hardening and tempering. The use of the last 
process is particularly helpful in dealing with objects 





of complicated shape, which are liable to crack 
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treatment department. The process is slightly 
modified when forgings are made of some of the 
alloy steels that harden intensely in air. With 
these, a rough forged round is first made from the 
ingot, and is softened and machined on the sur- 
face, removing all visible defects. This machined 
bloom is then forged down into the finished forged 
article, and charged back immediately into the 
furnace for tempering, so as to prevent any risk 
of hardening at this stage. 

As has been seen already, heat treatment goes 
on in most parts of the works, but as much 
material as can conveniently be removed from 
the place where it is made is dealt with in the 
heat-treatment shop. The lay-out of this is shown 
on the top right-hand corner of Fig. 113, behind 
the crucible furnace. As will be observed, it is 
arranged in four bays, with overhead cranes and 
the necessary furnaces, oil tanks, and water tanks, 
as indicated on the plan. Some material, as has 
been remarked above, receives heat treatment 
in the department in which it is made, as, for 
instance, the coiled and laminated springs. The 
bulk, however, of the work, and, in particular of 
the alloy steels that go away in the heat-treated 
condition, is dealt with in this department. The tem- 
peratures of the furnaces are controlled primarily 
by the aid of pyrometers, with Sentinel pyrometers 
to check the temperatures of the material itself. 


The accuracy with which the appropriate tem- | 
even to work within the range of the flames and 


perature has been reached in the treated material 
is also checked independently of these methods 
of temperature control by the use of what are 
known as pilot pieces. These are sample pieces 
made out of the same material as that which is 
under treatment, and charged into any part of 
the furnace that is likely to vary in temperature. 





when quenched in either oil or water. Air-hardening 
material may also be of great advantage when the 
hardening process can be carried out after the 
material is rolled by laying it on the mill floor in 
a current of air. 

A view of furnaces and boshes in this department 
is given in Fig. 121 on Plate LIV. A good example 
of a heavy process carried out with considerable 
precision and relatively little labour is the method 
used for heat-treating axles. Fig. 124, on page 761, 
shows the arrangement for conveying the axles 
after they come out of the furnace in which they 
are heated, to the plant in which they are oil 
dipped, and Fig. 125 on page 762 shows the 
dipping arrangement. When they are withdrawn 
from the furnace the red-hot axles are rolled 
along rails to the flat-link chains of the dipping 
gear, which is directly over the water-cooled oil 
tank. The axle, supported by the chains, is then 
lowered into the oil by gravity under the control of 
a foot brake, and after the specified period of 
immersion has elapsed, the chains are wound up on 
the drums by the motor, and the axle is raised clear 
of the oil. The tension in the lifting chain at the 
same time causes anchorage levers to revolve 
the chain shaft through a sufficient angle to raise 
one end of the chains and cause the axle to run by 
gravity on to thestorage rack, leaving the apparatus 
ready for another axle. It will be seen that the 
operator has not either to touch the hot axle or 


smoke. 

A small shop of some importance, known as 
the B.K. shop, is to be seen in Fig. 1 adjoining 
the steel warehouse towards the left of the top 
of the plan. The function of this shop is to do 
such machining on the rolled material as with 


‘ 











ce is 
‘ucial 
ature 
1 the 
In 
nson 
ss. 
deed, 
1 the 
1aces 
1aces 
rhich 
larly 
icles. 
now 
their 
the 
nper 


Ties, 
ited. 
and 
and 
last 
jects 
rack 


as 
ng 
op 
lo 
th 








Dec. 18, 1925.] 


ENGINEERING. 


761 





some classes of steel is desirable to ensure its freedom 
from imperfections. Certain alloy steels, notably 
those high in chromium, such as stainless steel, 
**quickstep”’ steel for valves, shear blades, &c., 
nickel-chrome steel and chrome-carbon ball-bearing 
steel, are more liable to imperfections on the sur- 
face of the ingot than are the ordinary carbon 
steels of commerce. Most of these chrome steels 
are more or less air-hardening, and surface defects 
on finished bars may, therefore, result in hardening 
cracks when the material is cooled after rolling. 











annealing according to its qualities and the purpose 
for which it is to be used, and it is then transferred 
to the B.K. shop. Here, it is first centred in a 
double-headed Holroyd centring machine. Con- 
siderable care is given to this operation, as every 
part of the surface must be exposed by machining 
to enable all defects to be clearly seen, and unless 
the bars are quite straight and carefully centred 
needless loss of material would be incurred in 
turning. The bars are then skimmed over in 
a Dean, Smith and Grace lathe. The first light cut 
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The same risk occurs in any subsequent hardening 
and tempering of these materials, such as has usually 
to be done by the ultimate consumer. For this 
reason it is essential that surface defects should 
be removed as soon as possible after they have 
been made, and the experience of these works is 
that the most effective and economical way of 
removing them is by turning. 

When the material is going to be rolled into 
fairly small sizes, it is usually rolled in the ingot 
cogging mill into 5} in. or 6 in. diameter rounds, 
which are sawn into lengths between 4 ft. and 6 ft. 
suitable for turning and reheating. After it has 
been rolled it is softened by either tempering or 





exposes any roaks, and where the material is for 
re-rolling these roaks are bottomed by turning 
down the bar in their neighbourhood to a smaller 
diameter, without making any attempt to keep it 
parallel. 

For ball bearings the material is usually sent out 
as a parallel bar turned to fairly close limits of 
accuracy, and in such cases the bar is finished 
parallel, its diameter being determined by the 
depth of the deepest defect. After being turned 
to diameter, the bars are examined for fracture, 
which it is essential to get as fine as possible. For 
this purpose the ends of the bar bearing the centre 
holes are parted off in the form of thin discs, leaving 


a connecting piece at the centre about 1} in. 
diameter. Before removal from the machine a 
V tool is inserted in the cut to notch this small 
connecting piece, and the disc is fractured off 
the bar by a blow from a hammer. The fractured 
end is compared with a standard fracture preserved 
in the shop, and if it is not satisfactory, the bar 
is sent back to the heat-treatment department for 
refining. As a further control, the disc which has 
been cut off from the normalised bar is itself 
notched across the diameter and fractured. One- 
half is preserved in the normalised condition to 
show that the material as despatched had been 
properly refined. The other half of the fractured 
normalised disc is sent to the laboratory, where it is 
hardened and refractured, so as to make sure that 
the material as normalised could produce a satis- 
factory hardened fracture. The discs are, of course, 
all identified by serial numbers against the sizes 
and cast numbers. 

An incident of the turning of material for re-rolling 
used to be that the centre hole, when rolled down 
in the mill, extended like a pipe, and was apt to 
produce a split centre on subsequent hardening. 
To avoid this a system has been developed of 
turning the bars on female centres. This has 
involved the construction of a special centring 
machine, and the provision of special ball-bearing 
centres for the lathes. The centring machine shown 
in Fig. 126, on page 762, was adapted from a 
crankshaft-turning lathe, and consists of a hollow 
cast-iron spindle about 12 in. in bore with self- 
centring chucks mounted on each end of it. The 
bar is fed through the hollow spindle engaged by 
the chucks, and a series of cutters mounted on a 
slide are fed across the rotating end at an angle 
of about 45 deg. Blunt conical points are thus 
formed at each end of the bar, and serve to carry 
the work in female centres in the lathe. The 
method has provided an effective remedy for the 
trouble which it was designed to avoid, and 
mechanical modifications are now being considered 








to increase the speed at which it works. 

As will be noticed in Fig. 1, the works include 
machine, pattern, and other engineering shops, 
which, although essential to the work, are designed 
according to ordinary practice, and for the most 
part do not call for special description. They have 
to take care of the considerable amount of machining 
required throughout the works, such as the prepara- 
tion of rolls and all classes of replacements and 
other work upon plant. In addition the engineering 
shops have to deal with a very considerable amount 
of high precision work in special steels, such as stain- 
less steel rods, rams and valves for the engineering, 
textile, mining and other trades, which these works 
produce on a large scale. 

A special instance of a machine for finishing work 
to a high degree of accuracy is shown in Fig. 122, 
on Plate LIV, representing a part of the steel 
warehouse in which a draw-bench is operated. It 
is driven by a 20 h.p. electric motor through triple 
or quadruple gearing according to the size of work 
and class of material in hand, and is used for 
cold-drawing bright bars from }-in. diameter up to 
2}-in. diameter in lengths up to 20 ft., and a con- 
siderable range of sizes in squares, flats, hexagons, 
special sections for cams, pawls, &e. The machine 
turns out up to 30 tons per week, and the accuracy 
of its product is well within the British Standard 
Specification for bright drawn work. 

For the most part the steel produced in these 
works is sold to manufacturers to be worked up into 
the final products. A few specialities, however, are 
finished outright. A notable example of these is 
the manufacture of chisels, which are required in 
the works in some numbers for use in pneumatic 
chipping hammers. These are made as a rule from 
a 0-8 to 0-9 carbon steel low in manganese, though 
occasionally other steels are used. We are indebted 
to the firm, in particular, for the analysis of a steel 
that has given excellent results for this purpose. 
With carbon 0-85, silicon 0-18, and manganese 
0-31, it has 0-50 chromium and sulphur and phos- 
phorus 0-018 and 0-017 respectively. ‘The chisel 
is made out of {-in. rolled bars normalised and 
reeled. The shanks are turned, and the blanks 
parted off to length in capstan lathes, the hexagon 
being formed in milling machines. A sketch of 
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the blank as delivered by the machine shop to 
the blacksmiths is shown in Fig. 127, annexed, 
and attention is drawn to the large radii on 
the shank, which appear to have succeeded in 
eliminating the breakage of shanks almost en- 
tirely. In the blacksmiths’ shop the chisel point 
is roughed down under a Ryder hammer, and 
finished by the smith on the anvil. For this work 
all, heating is done in a small gas-fired furnace, 


YY) Fig.1265. 
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over those ordinarily used. Owing to the large 
radii on the shanks, and to the fact that the steel 
is in a tough condition, the shanks practically never 
break. The shank retains the true hexagon shape 
and its sharp corners, the points of the chisels are 
never burnt, and the correct cutting temper extends 
for about 1} in. up the chisel, so that it can be used 
without further smithing until this length has been 
ground away. 
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which is used in¥preference to a smith’s hearth, so 
as to avoid the risk of burning the steel. When the 
point has been ground, the chisels are preheated, 
placed in the gas-fired hardening furnace, raised to a 
temperature of 760 deg. C. to 770 deg. C., and 
completely quenched in a water tank. After the 
tips have been lightly polished, the chisels are 
placed vertically, six at a time, in a salt bath, with 
the tips projecting some 2 in. into the atmosphere. 
The bath is kept at 260 deg. C. to 300 deg. C., 
according to the work for which the chisel is to be 
used, and the chisels are withdrawn and quenched in 
the water tank when the smith considers the colour 
at the tip to be what is required. It is found that 
chisels made in this way possess several advantages 











MACHINE FOR Bars. 


Another direction in which the works has been 
able to follow the manufacture of material into its 
behaviour under practical use has been in the 
variety of objects made in stainless steel. In 
its own steam plant, for example, some hundreds 
of valves have been fitted with stainless-steel 
valve seats, spindles, and other parts. Steam 
engines, locomotives, cranes and pumps are fitted 
with stainless-steel piston and valve rods, and steam 
ejectors with stainless-steel cones and valves. All 
hydraulic control valves are fitted with stainless- 
steel parts, and hydraulic rams and pump rams 
are in most cases made of stainless steel. 

For the most part, none of these fittings have yet 





become unserviceable or required repair, so that no 








numerical estimate can be made of the economy 
effected by their use. The experience that has 
been accumulated, however, gives some idea of the 
sort of saving to be looked for. Ordinary gun-metal 
steam stop valves used to leak within a week or two 
of being put into service, and at the end of three or 
four months had either to be refaced or renewed. 
Valves of nickel-copper alloy lasted much longer, the 























life averaging about eighteen months. Stainless- 
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steel valves used on gun-metal seats used also to 
begin to leak in about eighteen months, but with 
stainless steel seats the valves remain in perfect 
condition after three years’ service. 


(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A GENERAL meeting of The Institution of Mechani- 
cal Engineers was held on Friday, December 11, at 
the Institution Buildings, Storey’s Gate, St. James’s 
Park, London, when Sir Vincent L. Raven presided. 
After the minutes of the previous meeting had been 
read, and before proceeding to the business of the 
evening, the Secretary read the following letter 
which had been sent to His Majesty The King on the 
death of Queen Alexandra : 

“To His Most Gracious King George V. May it 
please your Majesty, we, the President, Council and 
Members of the Institution of Mechanical Engineers, 
in general meeting assembled, humbly beg to express 
to Your Majesty, our illustrious Honorary Member, 
the sincere grief which we feel at the great loss which 
you, Sire, the Queen and other Members of the 
Royal House, and the whole nation, have sustained 
by the death of Queen Alexandra, deeply lamented 
and greatly beloved by all. We desire hereby to 
tender our dutiful and heartfelt sympathy in this 
bereavement and pray that the blessings of health, 
long life, prosperity and happiness may be vouch- 
safed to Your Majesty and your Royal Consort, 
Queen Mary.” 

The Home Office had replied as follows : 

“*T am directed by the Secretary of State to inform 
you that the loyal and dutiful Address of the Insti- 
tution of Mechanical Engineers on the occasion of 
the lamented death of Her Majesty Queen Alexandra 
has been laid before the King who has commanded 
the Secretary of State to convey to you His 
Majesty’s thanks for this expression of their 
sympathy.” 

The President announced that he had accepted 
the invitation of the Government of India, through 
the Home Government, to go to India as chairman 
of an important committee which was being formed 
there to repurt upon the State Railways. He felt 
sure, he said, that under the circumstances the 
members would not think he was treating them 
badly in leaving before February when his term of 
office as President would terminate. 

Sir John Dewrance said he was sure that all the 
members would wish their President a very success- 
ful and pleasant journey to India and a safe return. 
Although they very much regretted his inability to 
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complete his year of office, they did not forget 
that one reason they had felt so happy at Sir 
Vincent’s appointment as President, was that he 
had been able to represent the Institution at the 
Railway Centenary this year; he had done so most 
ably and well, and to the great satisfaction of all 
those who were present at that celebration. As Sir 
Vincent would not be present in order to vacate the 
Presidential Chair at the end of his year of office, 
but would have to vacate it that evening, he (Sir 
John) was sure it would be the wish of the members 
at once to accord to Sir Vincent a very hearty vote 
of thanks for the work he had done for the Institu- 
tion during the period he had been able to serve as 
President. 

The President thanked the members very much for 
their expression of thanks. It would, he said, be a 
happy remembrance to him that he had been able 
to be President of the Institution. He then made 
an announcement that two alterations to the 
by-laws would be brought up for consideration at 
the next meeting. The first one was that the age of 
entry for an associate member should be 25 instead 
of 27. The other alteration proposed was to make 
it clear that every candidate for election into the 
class of students must have passed either the 
students’ examination or its recognised equivalent. 

Mr. Percy L. Young suggested that, as the 
by-laws were under revision, the Council should 
consider at the same time the question of the 
advisability of having a greater number of associate 
members on the Coyncil. The point was that the 
majority of the members of the Institution were 
associate members, but they were in a great minority 
so far as representation on the Council was con- 
cerned, 

Mr. Pendred said there was no need for an altera- 
tion in the by-laws on that point. It was possible 
to elect seven associate members under the present 
by-laws. 


FounpRY PRACTICE AND RESEARCH. 


Two papers were then submitted which dealt 
with questions of foundry practice and the applica- 
tion of research work to the solution of foundry 
problems. The first paper was presented by Mr. 
J. G. Pearce, Director of the British Cast-Iron 
Research Association, and bore the title “‘ Foundry 
Practice: Cast-Iron and Modern Engineering 
Practice.” This is reprinted, abridged, in this 
issue of ENGINEERING, on page 781. The other 
paper dealt with ‘“‘Some Applications of Research 
to Modern Foundry Practice,” and was presented 
by the author, Mr. J. E. Fletcher, and is reprinted 
on the same page. 

Sir John Dewrance who was the first speaker in 
the discussion, said that one of the most important 
items in the papers was at the end, where the 
necessity was impressed upon blast-furnace owners 
of producing cast irons of more uniform nature than 
they had made in the past. He remembered some 
years ago being shown over a foundry which had a 
very great reputation for the quality and reliability 
of its castings, and he had asked the manager what 
the secret really was. In reply, the manager had 
taken him to a very large yard, commanded by a 
very suitable overhead crane. Here there were 
heaps of pig-iron all set out in stacks, and the 
manager had said that his instructions were that 
the men should take a certain quantity of each of 
those pigs from the stacks and not trust entirely to 
the same batch. It really meant that the mixing 
of iron was a most important matter. It had been 
developed in two ways. One was by mixing the 
pig before it was put in, and the other was by 
mixing the melted metal after it had come from 
the cupola. 

A very important point, accentuated by the paper, 
was the lesson to be learned, not by the founder, 
but by the draughtsman. It was a very useful 
thing now and then to cast an impossible form 
which must go wrong, and to measure the extent 
and the way in which it had gone wrong. In a 
large number of foundries the tendency was now 
for the chemists to compare notes more freely than 
used to be the case when he had been in the foundry. 
The actual proprietary mixtures which were thought 
so very important and up-to-date years ago had, 
since then, ceased to be used altogether. Semi- 
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steels and various mixtures of that sort had been 
talked about a great deal more a few years ago 
than they were to-day. There was one research 
which he hoped the Association would undertake 
when they had the time, and that was the effect of 
heat and pressure on cast-iron. It was known 
that at a certain temperature an iron casting 
would gradually become so brittle that it could be 
broken between the fingers quite easily. It had 
never been explained exactly what really had 
happened to that casting, but it was evident that 
some authoritative statement, such as the Associa- 
tion might give after suitable research, was wanted 
so that engineers could know what was the limit of 
temperature to which cast-iron could safely be 
used. These were very rough general ideas about 
the matter current in practice, but it was very 
desirable that the right temperature should be 
ascertained, and it should be explained to engineers 
generally why it was that cast-iron was subject 
to that peculiar action. 

Mr. John Cameron (President, Institute of British 
Foundrymen) suggested that owing very largely to 
the work of the Cast-Iron Research Association and 
that of the Institute of British Foundrymen, more 
knowledge was gradually being obtained on cast 
iron, and a good many of the difficulties were 
being overcome, and the progressive foundrymen of 
to-day, by taking advantage of this, were able to 
give engineers the metals they required, providing 
they let the foundrymen know what they desired. 
As iron founders they were constantly up against a 
flange being cast on a cylinder, very frequently a 
heavy flange on a thin cylinder, or vice versa, and ina 
great many cases the junction of the flange and tke 
cylinder was generally a source of trouble. He had 
himself been a foundryman all his life, but to him as 
a foundryman Mr. Fletcher had put the matter in a 
new light. It had never dawned upon him or upon 
a great many of his brother foundrymen that the 
whole trouble in making these castings was caused 
by the intense heat of the sand at the inside corner 
keeping the metal fluid. 

Mr. Perey Young, referring to results with test 
bars, said that twelve years ago Mr. Kirkcaldy, in 
conjunction with Mr. Bell and Mr. Harbord had 
served on a committee of investigation on the ques- 
tion of test bars, to determine whether the shape of 
a test bar had any effect on its strength or not. The 
bars had been made then by three founders, and he 
personally had been concerned in making one set for 
that committee, which they took to America. The 
results of the tests with them were referred to in 
ENGINEERING, vol. xciv, page 344. The bars had 
been of the Continental pattern, the American 
pattern, and the English standard. The general 
result was that there was no difference in the 
results, no matter what shape the bar was. There 
were two very fine illustrations which brought to 
light the difficulties of founders. In the case of 
a pulley the shrinkage brought about a tearing 
action upon the rim, which was resisted, say, by the 
boss, or possibly the thickness of the arms. It was 
usual to curve the arms to get over the casting 
difficulty. But if the arms were straight instead of 
curved one would find that the moulder got to work 
by cooling the boss as fast as he could so as to help 
the rim and save it from breaking. On the other 
hand, in the case of a fly-wheel, there were the same 
arms, but there was a mass of metal on the rim, 
in which case the moulder would again try to main- 
tain an even cooling temperature throughout. If 
they selected the scrap and added first sufficient 
pig to balance the deterioration which took place in 
the furnace by melting, they would then get the 
iron which was wanted. Temperature in casting 
was also an important point. If they had to make 
a very heavy casting then they wanted the iron 
dull. If they had a casting of thin metal to 
produce then they wanted the metal very hot 
indeed. 

Mr. W. D. Dale said that in the past too much 
had been left to foundry foremen. Many of their 
successes had been achieved only by what had been 
described as the trial-and-error method. The 
foundries of to-day were in many cases controlled 
too much by what might be termed rule-of-thumb 
methods, particularly with regard to sand mixtures, 





casting temperatures and casting mixtures. In 





addition there was a lack of co-operation between 
the drawing office, the pattern maker and the 
moulder, and in many cases there was a strong 
objection to utilising, to the fullest extent possible, 
labour-saving devices in the form of machine 
moulds, plate moulds, core drawing appliances, and 
sand blasting. 

Mr. Gardiner asked for information about whether 
it was possible to have gradually varying thicknesses 
in contiguous portions of a casting, and by heating 
the mould and reducing the heat at a certain rate, 
to be sure that one would get a pearlitic formation 
throughout. He had been shown micro-photo- 
graphs which were supposed to show that that was 
possible, but he should like to know whether that 
could be done on a commercial scale. 

Mr. H. B. Weeks (Chairman of Council, British 
Cast Iron Research Association) had been in touch 
with foundry foremen who had thought that it was 
absolutely necessary to make a bad casting before 
they could make a good one; they had to make 
a bad one first to show them what to avoid in 
making the good one. If there had been a tittle 
co-operation between the foundry foreman and the 
pattern maker and the designer, the foundry fore- 
man might have been able to have made the first 
casting as good as the second and subsequent 
ones. He did not think he would be wrong if 
he stated that 75 per cent. of failures were due 
to faulty design. Personally he was not blaming 
the designer for many of the foundry defects. He 
had had occasion to examine some castings quite 
recently, and those castings had contained every 
possible moulding fault which a casting could 
contain, but that had had nothing to do with the 
designer at all. He was not imagining that there 
were no other defects than those of designing. But 
designers could help very considerably in obviating 
the difficulties which Mr. Fletcher had pointed out. 

Mr. F. H. Livens, the next speaker, referred to 
the magnitude of the shrinkage of castings. He 
asked Mr. Fletcher whether the breakage in the 
impossible casting, he had referred to, was not 
explanable as being due to the solidification of the 
thin parts first and the fact that the sand of the 
mould was not very compressible. He had had a 
similar case in a large engine casting. He had 
suggested to the foundry that if they made the 
core with a slice down the centre which would 
easily compress when the casting cooled, it would 
probably get over the difficulty ; and it did. That 
was a case of the foundry not realising that, where 
they had a 6-ft. length of casting to deal with it 
was } in, shorter when cold than when run. When 
it was remembered how pig-iron was produced, and 
that the different zones in the blast furnace were 
at varying temperatures, it was a very great wonder 
that the metal which came out from the bottom of 
the blast-furnace was as uniform as it was. 

Mr. William Reavell, the last speaker, felt he must 
stand up a little for the ordinary engineering 
foundry, and the ordinary engineering workshop 
draughtsman. Several speakers, largely because 
they were principally connected with a foundry, 
or with cast-iron research, had criticised the 
draughtsman as if he did not know his job. At 
Ipswich they did not have any cast-iron divisions 
between the drawing office, the pattern shop and 
the foundry. They believed very thoroughly in 
every man being allowed to follow up his job to 
the finish. While that did not always avoid mis- 
takes, it certainly was the way to minimise them. 
His own firm had a standing rule that any new 
design of casting and machine involving new 
patterns was always discussed between the draughts- 
man, the chief draughtsman, the pattern-maker and 
the chief foundryman. His firm’s figure for scrap- 
ping, as a rule, came between 1 and 2 per cent. 
It was taken out weekly and was nearer 1 per cent. 
than 2 per cent. He did not want the members 
to go away from the meeting with the impression 
that heating moulds, and so on, was quite a new 
process. A great many firms had been doing that 
sort of thing for years. He did not know how many 
firms there were now in England who were paying 
to manufacture their castings on the pearlitic pro- 
cess, it would interest him very much to know, 
but he did believe that a great many foundries had, 
perhaps unwittingly, been producing pearlitic iron 
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all the same. He believed that works producing 
quite a small weekly tonnage of iron would find 
that having a works chemist really paid them. For 
one thing, the exact mixture of iron which they 
desired to get could be produced with cheaper 
grades of pig, as long as the chemist knew, along 
with the foundry foreman, what characteristics 
were needed. All engineers connected with works 
management had had experience in the past of an 
old foundry foreman who condemned them to buy 
certain specific grades of pig-iron—not the cheapest 
by any means—and certain specific grades of cold 
blast iron which he had said he must have. His 
own firm’s experience was that under a skilful 
works chemist, and by proper consultation, excel- 
lently-finished castings could be obtained from 
mixtures of pigs which were not high priced. 

Mr. Pearce, in reply, said in answer to Sir John 
Dewrance, that the Association was proposing to 
tackle the coke question, and also other researches 
as soon as its financial resources were equal to the 
strain which such work would impose upon it. 

Mr. Fletcher, in reply, said the points he had dealt 
with in the paper really lay at the root of most of 
their troubles. The general troubles, he thought, 
need not be dealt with. Every foundryman knew 
the difficulty of casting pieces of different thicknesses, 
and he took it that every engineering draughtsman 
was very skilfully avoiding sharp corners and those 
now very commonly understood details. The points 
he wished particularly to bring forward concerning 
changes in structure of metal during cooling, were 
definitely of more importance, and, as Mr. Cameron 
had mentioned, the influence of the superheating of 
cores and of sharp-cornered portions of the mould 
were of extreme importance. Sometimes the 
research workers of the Association had to examine 
very small castings in malleable iron, a few ounces in 
weight, They had their importance because 2,000 or 
3,000 castings were perhaps involved, and when those 
failed one after the other through neglect to take 
notice of defects, it was serious. Sometimes they 
had to tackle the question of a casting weighing 
40 tons failing through neglect of just the same 
fundamental laws. 

With regard to the question raised by Mr. Livens, 
the weakening of the casting was largely due to the 
heat-retaining properties of the sand at the corner 
keeping the metal weak at the point of failure. In 
the case he had mentioned in his paper, casting 
the same bar vertically, they had never got failure 
in the bottom part of the casting but always in the 
top part. That was just a simple case which he had 
brought forward in the paper as showing something 
which was representative of common failure. 
Years ago he had had to cast large connecting rods 
45 ft. or 46 ft. long and of cruciform section. He 
had had the greatest difficulty (they were in steel) 
and had had to take very great care in seeing that 
fracture did not occur. He had first of all tried to 
make a casting with a head at each end, and 
immediately the casting had been poured he had 
done, as every steel founder had to do, rapidly 
removed the sand between those resisting corners. 
Then it had occurred to him, seeing that one end 
of the long casting had been travelling towards 
the heaviest end, to do away with the head at 
the one end. There was never any failure 
afterwards. He was particularly grateful to Mr. 
Reavell for his help in advising the employment of a 
good works chemist in every foundry. A point had 
been raised with respect to pearlitic iron—as to 
whether in thick and thin sections the use of the 
hot mould helped to preserve homogeneity of 
structure throughout the casting. He was not 
quite in the position to say that that was so in every 
case. He had seen castings with very dissimilar 
thicknesses—valve castings—where certainly the 
defects, which were very common in castings of that 
kind, were not persistent in pearlitic castings. He 
did believe that the principle which was adopted in 
heating the mould was a good one—whether by 
putting it in a stove or by pouring, as Emmel did, 
the metal at a very hot temperature so that the 
superheat within the metal helped to heat the mould. 
There was no doubt that between those two 
methods great developments were about to take 
place. 

The President, in closing the meeting and thanking 
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the authors for their papers, said he thought all 
would agree, after what had been said that evening, 
that research work in this direction was most 
necessary. In the past no doubt a great deal of 
what had been done had been done by trial-and- 
error. There was no doubt that co-ordination 
between the designer, the pattern-maker and the 
foundryman was most essential. After the votes of 
thanks were passed the meeting was closed with the 
usual announcements. 





THE NILES TIME-SAVING LATHE. 


A FEATURE of machine tool design in recent years 
has been the attention which has been directed to 
arranging the controls in a centralised and convenient 
position. Unless careful consideration is given to 
this matter the increased speeds, provided for by 
purely mechanical means, may be rendered unavailing 
in speeding up the actual work. If the headstock is 
fitted with a mechanical brake it will add considerably 
to speed of working. On this page and on page 772 
are given illustrations of a lathe in the design of 
which particular attention has been paid to these 
matters, and for that reason, the design is well worthy 
of careful study. The machine in question has been 
given the name of the “Time-Saver” by the makers, 
Messrs. Niles-Bement-Pond Company, who have their 
European offices at 25, Victoria-street, London, 8.W.!. 
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This lathe is built in sizes of 27 in., 30 in., and 36 in. 
swing, or with swings over the carriage of 20} in., 
23} in. and 29} in., respectively. The bed may be 
made to any length to suit the users requirements, 
but otherwise the features are standardised. With a 
bed of 12 ft. length a distance is available between 
centres of 5 ft. lin. for the two smaller sizes, and of 
4 ft. 10 in. for the largest. Amongst the many 
interesting features making possible the speeding up 
of the work such a lathe might be used on, there 
are a rapid power traverse for the carriage, direct- 
reading index plates for the feeds and speeds, motor 
control of the carriage and the use of a jog push, or 
inching button, by means of which the gears may be 
turned slowly in order to jog the chuck through part 
of a turn when adjusting the chuck jaws. 

The bed of the lathe, which is made of semi-steel, 
is designed to give exceptional rigidity in order that 
the stresses caused by heavy duty may be withstood 
without causing vibration. In form, the bed is of the 
box type, and it has effective support on cabinet legs. 
Between the front and back ways there are heavy 
double cross-ties spaced every 24 in. and a series of 
sloping webs (see Fig. 1). Both of these provisions 
serve to give rigid support to the front shear, which 
carries the greater part of the load, while it will be 
seen that the sloping web serves to deliver the chips to 
the rear of the machine, instead of allowing them to 
accumulate between the walls of the bed and under 
the feet of the operator. A good view of the back 
showing the sloping webs is given in Fig. 3. The 
front shear is of the Le Blond compensating V-type, 
and embodies a thrust surface at right angles to the 
direction of the tool thrust, thus eliminating any 
tendency for the saddle to rise and also compensating 
automatically for the wear of the saddle and the bed. 
Another feature of the contruction is the large bearing 
area that is afforded by the front shear, which results 
in greatly reduced wear. 

The general appearance of the lathe is indicated in 
Figs. 2 and 3. These views show the back and front 
of the machine tool arranged, respectively, for a single 
pulley drive and with a motor drive. In the first 
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case the single pulley is mounted between two bearings 
of the taper-roller type, and there is beside it a 
multiple-disc clutch of the type used on motor cars. 
The clutch is operated from a handle on the saddle 
or from a lever on the head, which latter is of service 
when the speed has to be changed. Whenever the 
clutch, which is operated through a ball-thrust bearilng, 
is released, a brake comes into action automaticaly, 
to stop the machine operations instantly. Twelve 
speeds are obtainable by the shifting of the gears. 
When a constant-speed motor is used (see Fig. 3), no 
friction clutch is provided and direct connection is 
made to the machine. Through the changing of the 
gears 12 speeds are obtainable in this case also. 
For starting and stopping the motor the control 
handle is mounted on the saddle, and therefore handy 
to the operator. This handle is the nearest and 
most prominent one in Fig. 4. When this handle 
is thrown into the off position, a mechanical brake 
serves to stop the lathe immediately. In some cases 
a variable-speed motor is preferred, and when this 
is used for the “‘ Time-saver”’ lathe the number of 
mechanical gear changes is reduced to four. No over- 
hung gears are used, every gear wheel and pinion, 
from the motor to the faceplate, having bearings at 
each side. Another feature of the gear system is that 
the distance between the bearings is kept as short as 
possible. As the motor driving-pinion is mounted on 
its own shaft, the bearings of the motor are relieved 
of the driving load. The gear changes are effected 
by the movement of levers on the front of the 
headstock, and the direct-reading index plate shows 
at a glance the correct setting for any desired 
speed. All the gear wheels are made of heat-treated 
steel and the teeth, excepting only those of the 
motor driving pinion, which are helical, have the 
Maag form. It is claimed for,these Maag gears that 
they not only have a stronger and longer wearing 
tooth profile, but that they can be cut with an accuracy 
which exactly reproduces the true involute form of the 
gear blank. The entire gear system is enclosed in a 
casing providing ample support and making possible 
a system of continuous flood lubrication. For this 
purpose filtered oil is pumped continuously to the 
top of the gear-box, and, in addition to this flooding 
over the gears, pipes are provided to individual gears 
and bearings to ensure certainty of lubrication. 

The tailstock is massive and has a spindle and centre 
of large diameter. It is clamped by four locking bolts, 
all of which can be conveniently reached from the 
front of the lathe, since the two at the back are mounted 
on the top of the tailstock casting. A double plug 
locking mechanism enables the spindle to be rigidly 
clamped without any disturbance of the alignment. 
Another feature is the size of the spindle screw which 
works in a long nut and is such that large drills may be 
fed forward by its use without undue strain. 

The saddle, shown in Fig. 4, though designed on 
generous proportions for its work, is very compact. 
This enables the operator to be relieved of much 
unnecessary bending and stretching. It is unusually 
long and is scraped over the entire length of the bear- 
ing faces. On it asingle lever control is provided for 
both longitudinal and cross feeds, and this also is used 
to operate the rapid power traverse. It is made 
impossible, however, to change from feed to traverse, 
or from either cross feed or longitudinal to the other, 
unless the operator has previously shifted a safety 
lock to a position that will permit the change to be 
made. For fine hand feeding a large handwheel is 
provided on the apron, to the operators left hand. 
A large thread dial on the saddle facilitates the cutting 
of screws. It will be observed that the tool-slide is 
ofiset to prevent interference between the handle for 
movement of the cross slide and the crank which 
operates the tool slide. All the gears of the apron 
are fully enclosed and supported on both sides and, 
in place of the common friction feed, two positive fine 
tooth clutches are provided, which enables the feeds 
to be engaged cr thrown out with certainty, and 
allows cutting to begin or end sharply at a shoulder. 
There is an index plate for the change gear feed 
mechanism, from which the operator can obtain the 
correct setting of the two gear levers, and the lever 
for the tumbler gear for any particular thread, or feed 
per revolution of spindle. Here again all the wheels 
are of the Maag type and have rounded teeth, where 
necessary, to permit easy engagement. Flood lubri- 
cation is used for these gears, as well as_ those 
for the spindle. Thirty-two feeds and threads are 
available without changing gears, and an additional 
sixteen may be obtained by the use of the change 
gears furnished. These are mounted on the end of 
the bed and are protected by a strong cast iron cover 
provided with hinges. In the case of each of the three 
models, ranges of feeds from 1] in. to ,z in. are obtainable, 
and from }$ to 28 is the range of threads. 

At the back of the carriage in Fig. 4 there is shown 
a follower rest for use when turning work of small 
diameter with accuracy. It is attached to the saddle 
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Fig. 3. 


but without interfering with the cross slide, and can be 
easily removed when not required. The three jaws 
are capable of rapid adjustment to suit any diameter of 
work. It should be observed that the apron gears and 
bearings are generously supplied with oil from a central 
reservoir. 

The introduction of a power rapid traverse to the 
carriage is not only advantageous from the standpoint 
of speed of working, but also renders the drudgery 
of hand operation unnecessary. A single lever placed 
at the right-hand side of the carriage is used to operate it. 
Moving this lever upwards causes the saddle to move 
to the right, while pulling it down causes the saddle 
to travel to the left. By jogging the lever the saddle may 
be made to move -in. at a time. The power traverse 
is arranged on the back of the lathe, and makes use 
of a right- and left-handed nut on a long screw driven 
through gears bya 1-h.p. motor shown in Fig. 3. There 
is a friction release on the power traverse to prevent 
damage when the saddle, through carelessness, encoun- 
ters an obstruction. A pump, driven from the power- 
traverse gear-box, delivers the cooling medium through 
a flexible hose to the saddle, shown in Fig. 3, and after 
use it is returned by a steel tray at the back of the bed 
to a tank in the leg under the headstock. This tank 
has two compartments, the first of which acts as a 
settling tank, and is provided with a cleaning door. 

The taper-turning attachment, shown in Fig. 5, 
travels with the saddle. While normal cylindrical turn- 
ing is being done, a block on the end of the cross traverse 
screw is held stationary by a bolt attached to the 
saddle. When taper turning is to be done, the bolt 
referred to is removed from association with the 
saddle, and is connected to a long block sliding in a 
guide set to the required angle. ‘This block has large 
bearing surfaces and gives a steady motion. It is 
provided with a taper gib for adjustment and to take 
up wear. Tapers up to 3 in. per foot may be turned 
by the use of this attachment, and work up to 18 in. in 
length can be done at one setting. 


























CONVERTED LIFEBOAT FOR 
PASSENGER SHIPS. 


lv will be recalled that under the recent Merchant 
Shipping Act relating to life-saving appliances, which 
came into force in July last, a proportion of the 
lifeboats carried by sea-going vessels are required 
to be motor-driven. To comply with this Act, 
a very considerable number of existing lifeboats, 
belonging to the leading passenger steamship lines, 
have been converted to motor-boats, in addition to 
the entirely new boats which have been built to meet 
the requirements. In the case of converted boats, 
the Board of Trade regulations specify that a speed 
of six knots shall be attained. The firm of Messrs. 
John I. Thornycroft and Co., Limited, of Thornycroft 
House, Smith-square, S.W.1, who are responsible for 
the conversion which we illustrate in Figs. 1 to 4, 
above, have been able to guarantee a speed in excess 
of that specified by the employment of their DB/2 
type, two-cylinder, 74 h.p. engine. As a consequence, 
a large number of boats, ranging from 26 to 30 ft. long, 
and belonging to such well-known lines as the Cunard 
and White Star, are being fitted with this equipment. 
The boat shown in Fig. 4 is actually one of the 28-ft. 
boats of the Cunard Company’s R.M.S. Ausonia, and 
it will be evident from the illustration that the appear- 
ance of the completed craft is quite equal to that of a 
new boat. 

The work of conversion involves the re-arrangement 
of the stern to accommodate the propeller and shaft 
and the fitting of additional stringers, as shown in 
Figs. 1 and 2. A watertight bulkhead is fitted forward 
of the engine, and a wireless cabin forward with mast 
and aerials. A searchlight also forms part of the 
additional equipment. The Thornycroft DB/2 type 
engine was fully described on page 353 of our issue of 
September 21, 1923, and we will therefore merely 
recapitulate the leading features. The cylinders are of 
34-in. bore, and the stroke of the pistons is 44 in. 
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The engine normally runs at 1,000 r.p.m., but by 
means of a combined reducing and reversing gear, 
the propeller speed is reduced to 700 r.p.m. Ignition 
is effected from a high-tension magneto, which is 
mounted on the starboard side of the engine in a very 
accessible position, and is driven through special 
gearing from the after end of the camshaft. A plunger 
pump is employed to circulate the cooling water, 
and is driven from the forward end of the camshaft by 
means of a large ball-bearing eccentric. 

The reducing and reversing gear is enclosed in a casing 
cast integrally with the engine crankcase, the arrange- 
ment being clear from Fig. 3. The lower part of 
the casing forms the oil sump for the lubricating 
system, which is operated on the splash principle. 
Oil from the sump is picked up by the clutch- 
drums and fed along galleries to the connecting-rod 
dipper troughs. By means of two expanding fric- 
tion clutches, the propeller shaft can be connected 
to the crankshaft extension either through a pair 
of sprocket wheels and a silent chain at the after 
end, or through a pair of spur wheels with helical 
teeth at the forward end. The former constitutes the 
ahead, and the latter the astern drive. A forward or 
aft movement of the single lever shown in Figs. 1 or 3, 
engages the appropriate gear, neutral being obtained 
by placing the lever in the vertical position. 

The engine runs normally on paraffin, for which a 
tank having a capacity of 18 gallons is provided. The 
position of this tank in the forepeak is shown in Fig. 2, 
and from the same figure it will be obseyyed that a 
second tank, with a capacity of 2? gallons, is pro- 
vided for petrol. The latter fuel is primarily intended 
for starting purposes, but forms a reserve by means 
of which the range of the boat can be increased in an 
emergency. The consumption of paraffin, when 
running at 6 knots, is approximately 5 pints per hour, 
giving a normal range at this speed of about 173 sea 
miles. It may be mentioned, as a final point, that 
the converted boat will accommodate 30 people. 
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IN CLOSED SPACES. 


WuEN the number of industrial processes affected by 
the hygrometric condition of the air is considered, it 
seems strange that so little progress has been made in 
the practice of measuring and controlling this factor. 
Drying timber, cabinet making, manufacturing soap, 
maturing tobacco, the work of the laundry, the prepara- 
tion of hops, and, as is well known, the textile, worsted 
and cotton trades, are a few examples of industries 
in the practice of which the humidity of the air is 
important. Yet until recent years very little has been 
done to place the control of humidity on a systematic 
basis, and the methods of hygrometry have remained 
much the same as they have been since de Saussure 
made a practical form of hair hygrometer in 1783, 
Leslie invented the wet and dry bulb hygrometer in 
1813, and Daniell produced the dew-point hygrometer 
in 1827. The control of humidity and its measure- 
ment has, in fact, not been supported by sufficient 
experimental data, and that this reproach is now in 
process of being removed seems to be due mainly 
not to those who practice any of the industries 
mentioned’ above but to the needs of those who are 
concerned in preserving food. 

The Food Investigation Board of the Department of 
Scientific and Industrial Research has instituted, under 
the chairmanship of Sir Alfred Ewing, an Engineering 
Committee, under whose direction research is being 
made into a variety of physical questions that underlie 
the practice of refrigeration and insulation. Among 
these investigations, Dr. Ezer Griffiths has been carrying 
out for the Board, at the National Physical Laboratory, 
during the past few years, work on the measurement 
and control of the humidity of the air, and ina report by 
Dr. Griffiths, which has just been published,* a summary 
is given of some of the results that have b:en obtained. 

The investigations in progress refer not only to the 
measurement of humidity but also to its control and 
variation, The report is introduced by a short state- 
ment of the principles that underlie the design of appa- 
ratus for controlling the humidity of air in closed spaces, 
although the discussion of the various types of air con- 
ditioning apparatus that have been devised is deferred 
to a separate report. 

The method commonly employed for air conditioning 
is that of the water spray, in which advantage is taken 
of the fact that cold air requires less moisture for satu- 
ration than warm air. Accordingly, when air is passed 
through sprays of cold water to an extent that brings 
its temperature to that of the spray and saturates it 
at that temperature, it needs only to be warmed to a 
sufficient extent for its humidity to be reduced to any 
desired extent. For the control of humidity at low 
temperatures at which a water spray would freeze, 
use is made of calcium-chloride solution or of sulphuric 
acid or other desiccating agent; and a horizontal 
autoclave is described, closed at one end with plate 
glass, in which it is possible to calibrate some types of 
hygrometers by air driven by a fan within the auto- 
clave over sulphuric acid, or other desiccating sub- 
stance, under conditions that enable the humidity to be 
rapidly and definitely adjusted. 

What is probably, at present, the chief difficulty in 
the way of introducing hygrometrical measurements 
into technical practice is the absence of convenient 
standard hygrometers. The three usual types of 
hygrometer are those named above, and most of the 
instruments that Dr. Griffiths has investigated or 
devised are of one or other of these types. The wet 
and dry-bulb hygrometers have a reasonably satis- 
factory accuracy when means are provided to make 
sure that the velocity of the air stream past the wet 
bulb is not less than 3 m, per second. Two modifica- 
tions of the ordinary type of wet and dry-bulb hygro- 
meter enable readings to be taken without entering 
the room, and, by using resistance thermometers for 
both wet and dry bulbs, a design has been worked out 
that enables readings to be taken electrically at any 
distance. ‘ 

Theoretically more satisfactory, and in practice 
more convenient for low-temperature work, is the 
dew-point hygrometer. It has been employed as a 
standard of reference for most of the work in the 
report, and a number of variant forms are described. 
Perhaps the most promising of them is one in which 
the dew point is marked by a reduction in the reflecting 
power of a mirror, as measured by a galvanometer and 
thermocouples. 

The instgument in most general use is, of course, the 
hair hygrometer, which depends on the fact that hair, 
and some other organic fibres, elongate when their 
humidity is increased and shorten when it is decreased. 
As a rule, a bunch of hairs is employed instead of 2 
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single hair. Investigations made on a variety of types 
have led to the conclusion that hair hygrometers can 
only be satisfactory when the hairs are safeguarded 
from undue strain, and that, in any event, they tend to 
acquire a permanent elongation, are affected by large 
variations of temperature, and must be calibrated at 
short intervals. 

A more recent basis of hygrometer design has been 
suggested by Orme Masson’s investigations, made about 
twenty years ago, on the change in temperature produced 
in dry cotton-wool when exposed to a damp atmosphere. 
An instrument has been constructed in which a 
measuring electrical resistance is covered with cotton 
and exposed successively to the action of a drying 
cell, of the atmosphere under investigation, and of a 
saturated atmosphere. At present the results are not 
wholly satisfactory, especially with atmospheres of 
considerable humidity. Another method that has 
been tried has been that of the hot wire, in which 
measurements are made of the varying thermal con- 
ductivity of different atmospheres. The method 
appears to require an extreme accuracy in the measure- 
ment of thermal conductivity, at all events at low or 
moderate temperatures. It is thought possible, how- 
ever, that for high temperatures, for which other 
methods are impracticable, the relatively large quantity 
of water and the consequent effect on conductivity 
may make the method serviceable. 





SOCIETY OF GLASS TECHNOLOGY. 


A MEETING of the Society of Glass Technology was 
held in the Coal, Gas and Fuel Industries Department 
of the University of Leeds, on Wednesday, November 18 
last, Mr. F. G. Clark, Vice-President, occupying the 
chair. 

The first paper taken was by Mr. W. R. Barker; it 
was entitled Notes on Some Old Yorkshire Glasshouses. 
The author’s investigations supplemented those of 
Mr. Joseph Kenworthy and Mr. Francis Buckley. 
The glasshouses to which particular attention was 
given were: (1) The Glasshouse at Gawber near Silk- 
stone, which was probably one of the factories men- 
tioned by John Houghton as being in operation in 
1696 ; (2) the Worsborough Dale Glasshouse, the fore- 
runner of the present firm of Messrs. Wood Bros. and Co. 
Limited, Barnsley ; and (3) the Glasshouse at Rothwell 
Haigh. Where possible the sites and remains of these 
old glasshouses had been visited, and examined. 
The paper was illustrated by numerous photographs. 

The second paper entitled Some Properties of Silli- 
manite Bricks and Kaolin Sillimanite Mixtures, was by 
Mr. H.S. Houldsworth, M.Sc. The addition of sillimanite 
to fireclay or kaolin, stated the author, decreased the 
drying and firing shrinkages and increased the porosity 
as well as the refractoriness of the mixtures containing 
fireclay. Kaolin was more resistant to the solvent 
action of a soda-lime glass than were kaolin-sillimanite 
mixtures containing less than 60 per cent. of sillimanite. 
The best results were obtained with test pieces made 
from a mixture of 663 per cent. of sillimanite and 
334 per cent. of kaolin. The reversible thermal 
expansion of kaolin-sillimanite mixtures was regular 
and did not vary appreciably with variations in the 
percentage of sillimanite present. Some tests on 
commercial sillimanite bricks were also discussed. 

The third paper had for its subject Some Experiments 
with Sillimanite Pots for Glass Melting; it was by 
Messrs. A. Cousen, M.Sc., 8. English, D.Sc., and 
Prof. W. E. S. Turner, D.Sc. The authors stated that 
the question of resistance to corrosion by glass was 
generally regarded by the glass manufacturer as being 
more important than any other. The paper gave a 
record of experiments in which glass batch was melted 
in pots under specified conditions, determinations of 
the alumina and ferric oxide in the glass being used as 
a measure of the extent of corrosion. The experiments 
were carried out on two scales: (1) with small pots 
holding about a pound of glass; and (2) with pots 
holding about 30 lb. of glass, the latter being tested 
under continuous running conditions. 

In the case of small pots, two series of glasses were 
employed, namely, a soda-lime-silica glass and a 
potash-lead-oxide-silica glass, both of compositions 
similar to those widely employed in commerce. With 
the former series, the main conclusion to be drawn was 
that the glass melted in sillimanite pots contained 
distinctly less iron oxide than when melted in ordinary 
fireclay pots. For the potash-lead-oxide glasses, the 
results were similar to those for the soda-lime glasses, 
the best results being obtained with fine sillimanite, 
or mixtures containing a preponderance of fine silli- 
manite. Here, also, the colour of the glasses melted in 
sillimanite pots was not so marked as when melted in 
fireclay pots. 

The results obtained with the small pots were suffi- 
ciently encouraging to warrant the preparation of 
larger pots; 30 per cent. ball clay with 70 per cent. 
sillimanite was adopted as the standard mixture. 
The sillimanite mixtures did not work up as easily as 





ordinary clay mixtures. Shrinkage from the drying 
state was very small; it was, in fact, almost negligible, 
even after firing at a temperature of 1,500 deg. C. in 
the interior of the top of the pot. It was found that 
a pot could have its temperature reduced, at the week- 
end, to 600 deg. C. and could be raised again, on the 
following Monday, to melting value without appreciable 
harm. A number of meltings of glasses of various 
kinds were made; 24 meltings in one pot and 20 in 
another. The general results confirmed those carried 
out on the smaller scale, the iron oxide content of the 
glasses being considerably lower than would be expected 
from fireclay pots. 

The next contribution was entitled A Note on the Cause 
of Shot-Holing in Glasshouse Pots. The author, Mr. P. 
Marson, stated that he had conducted an investigation 
in order to ascertain why a series of pots failed after a 
short time in service owing to the formation of shot- 
holes in the lower angle at the bottom of the pots. 
The hole, no more than #-in. in diameter, took a course 
diagonally downwards through the very thickest 
portion of the pot, whilst the remainder was quite 
sound. It was eventually found that the batch of clay 
used for making these pots had been made too soon 
after wetting up. The plasticity of the material not 
being fully developed, the layers of clay, even under 
the best efforts of the pot maker, failed to unite under 
the usual hand pressure, and this left boundaries along 
which glass might subsequently find its way. 

The last two papers entitled Note on a Design for a 
Glass Pot Board, by Mr. F. Winks, M.Sc., Tech., and 
The Design of Tank Furnaces: A Criticism and some 
Suggestions, by Mr. H. W. Howes, M.Sc., Tech., owing 
to lack of time, were taken as read. 








EFFECT OF PRESSURE RELEASE ON 
THE DEVELOPMENT OF COAL-DUST 
EXPLOSIONS. 


Tue character of the recent experiments made at 
Eskmeals and described in Paper No. 14 of the Safety 
in Mines Research Board under the above title, is not 
easily expressed ina few words. Pressure release might 
be thought of as occurring subsequent to the passage 
of an explosive wave in a mine and probably leading 
to a temporarily increased liberation of gas from the 
coal. The actual type of release investigated is of a 
different kind. When the wave advances in a gallery, 
the pressure increases as more gas and dust are being 
inflamed. When the gallery has openings at the ends 
or sides, there will be a release of pressure at these 
openings. In the early Altofts experiments, the gallery 
was constructed with four bends fitted with explosion 
doors. Later attention was concentrated on simple, 
straight galleries or tubes, in which the wave travelled 
from the closed end to the so-called open end, closed, 
if at all, by a paper screen, though branching galleries 
were also studied. In the later experiments, con- 
ducted at Eskmeals by Dr. R. V. Wheeler in con- 
junction with Mr. H. P. Greenwald, of the United 
States Bureau of Mines, the large tube (built up of 
boiler plates), 74 ft. in diameter and 750 ft. long, 
was provided with two four-way sections (chambers 
with side openings) at distances of 200 ft. and 400 ft. 
from the closed end. All these openings were normally 
kept closed, but could lt opened to variable degrees. 

The gun, charged with 28 oz. of black powder and 
tamped with clay, was always placed, about 200 ft. 
from the closed end, so as to fire down the tube towards 
the open end, but indirectly, into an open-ended 3-ft. 
tube, 10 ft. long (the impetus tube), which was partly 
charged with coal dust, as also was the gallery. The 
explosion was thus started near the first four-way 
section, @ little in front or behind, and the flame and 
smoke would escape from an opening, unless the fact 
of there being an opening had sufficiently reduced the 
pressure to prevent the further advance of the wave. 
The explosion pressures were determined at several 
points. 

The conclusion arrived at is that an opening along 
the flame path ahead of a flame increases the flame 
velocity, and an opening behind the flame decreases 
that velocity. A closed end behind the ignition is more 
favourable to the inception of an explosion than an 
open end. Thus, under normal conditions, the flame 
had, at 400 ft. from the closed end, a velocity of 2,700 ft. 
per second; as the closed end was opened more and 
more, that speed went down to about 200 ft. When 
there was an outlet close to the ignition point, but a 
little in front of it, the velocities were slightly greater. 
With an outlet immediately behind the ignition point. 
the velocities were smaller. When there was an outlet 
200 ft. in front of the ignition point, the velocities were 
decidedly lower, and still more so when both the 
outlets of a four-way section opened. It is difficult 
to make these relations quite clear without diagrams, 
but it may be concluded that there is less danger of a 
coal-dust explosion developing at a long-wall face than 
at a dead end or cul-de-sac ; just as it is more difficult 
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to start an explosion in a wide passage than in a narrow 
passage of the same height. The nearer the means of 
pressure release are to the origin of the explosion, the 
greater their effects. The presence of branch roads 
near the ignition point may retard or prevent an ex- 
plosion. When an explosion has partially developed, 
its course is modified by the arrangement of the road- 
ways; @ branching passage ahead of the flame tends 
to accelerate the flame, one behind it tends to check it ; 
once the opening is passed, the explosion is retarded. 
These results indicate the positions in the mine at 
which the most stringent measures should be taken 
against the accumulation of coal dust and the occurrence 
of ignition. The experiments are to be continued in 
the new 4 ft. diameter gallery of the British Experi- 
mental Station under construction at Harpur Hill, near 
Buxton; the Eskmeals tube has been dismantled. 





NOTES ON NEW BOOKS. 


From time to time there appears a tendency to 
worry particular aspects of engineering science. 
This is illustrated in a somewhat exhaustive treatise 
on “‘ The Resistance of Materials,” by Professor Seely, 
of Illinois University, published in London by Messrs. 
Chapman and Hall (price 18s. 6d. net). In this state- 
ment there is no disparagement, but it is noteworthy 
that of over four hundred pages, one-third relates 
to problems involving the determination of flexure 
curves by methods of precision. It is a little strange 
that with so much erudition devoted to this class of 
problem, with one consent writers on structural 
matters should allow to rest unsolved the question of 
the plate-web girder and its stiffeners. Here we have 
the oldest form of built-up metallic beam, by experience 
known to be least fruitful of failure, which, from want 
of precise knowledge, is not yet dealt with on any 
direct mathematical basis. Why is this? But there 
is much in the book now considered, apart from ques- 
tions of flexure, and matters commonly dealt with 
in works on this subject of materials, which will repay 
study. Chapters relating to impact and energy loads, 
and the effect of repeated loads may be cited as 
instances, and the section dealing with the mechanical 
properties of structural materials in which these 
matters are more fully treated than in the earlier 
chapters is well worth study. In this the various 
aspects of strength, of ductility, stiffness, resilience, 
toughness, hardness and fatigue are discussed in a 
manner which enables clear ideas to be formulated. 
Methods of determining the characteristics named 
are considered, useful tables of the properties of 
materials supplementing this. Although making but 
one-tenth part of the whole book, this section will 
by many be most appreciated as dealing with questions 
not as a rule so fully enlarged upon. Sundry problems 
of a special nature appear as appendices. 

Much has been learnt about the motion of fluids 
during the past fifty years, and though much still 
remains to be done, some progress has been made 
towards removing the reproach that the mathematical 
theory of hydrodynamics had nothing to do with the 
motion of real fluids. In the meantime, engineers 
have had to carry on as best they could. Estimates 
about the friction head of pipes and sewers, or about the 
discharge over weirs or through orifices, or about ship 
resistances, have had to be made, mainly from purely 
empirical data. As time has passed, not a little has 
been done towards co-ordinating these. An excellent 
summary of most of what is now known about the 
flow of fluids will be found in the “ Etude sur L’écoule- 
ment des fluides en général,” which has been published 
by Chaleur et Industrie, 5, Rue Michel-Ange, Paris, at 
14 francs. In this, MM. A. Lebrasseur and F. d’Espine 
have given a brief but clear discussion of the various 
accepted hydraulic formule, the practical utilisation 
of which is facilitated by the inclusion in the text of a 
number of graphs. 





A book consisting wholly of questions and answers 
is apt to be tedious to read and difficult to use 
effectively, both because any useful discursiveness on 
the part of the author is checked by the necessity 
of just saying enough to answer the question 
propounded, and because such books have usually 
the most sketchy of indexes. A book entitled 
“The Operating Engineer's Catechism of Steam 
Engineering,” by Michael H. Gornston, is, however, 
nearly exempt from these charges. Though published 
in London, by Messrs. George Harrap and Co., Limited, 
the work hails, as so many of these catechisms do, 
from the United States. Apart from some slight 
differences in spelling and nomenclature, the matter 
applies equally well to practice in this country. As 
the title suggests, the book is designed chiefly for the 
use of persons in charge of small steam plants, and 
its 1,300 questions and answers are meant to help 
them to understand and run their machines. If such 








men can afford the 12s. 6d. asked for a copy, the 


book will certainly afford a good deal of help, the 
answers being in plain words, practically put, while 
a capital index will direct an inquirer quickly to the 
solution of a difficulty. It should also be a useful 
book to apprentices or beginners. Often we have 
had questions similar to those dealt with put to us 
by such youths. But it can hardly be used as a 
book of reference by the more highly trained man as 
the author suggests, for the information given should 
be part of the normal equipment of the fully-fledged 
steam engineer, using the word in its wider sense. 
The few figures and rules given are of the empiric 
type. It is stated, for example, that to ascertain 
the maximum evaporation of a boiler the coal 
consumption in pounds per hour may be taken as 
representing the number of gallons of water evaporated 
per hour. This means that the boiler in question, 
whatever type it is, or whatever quality of fuel it is 
being fired with, would evaporate 10 1b. of water per 
pound of fuel, a state of things which is much more 
of an exception than a rule. Again, in the discussion 
of the relative advantages of horizontal and vertical 
engines it is rather absurd to put forward as of 
any value the claim that the horizontal engine is 
within the handling capacity of a man physically 
unfit to deal with a vertical engine. In spite of a 
few points like these the book is decidedly instructive. 





Viewed from the standpoint of power production 
and until the use of alcohol and vegetable oil for indus- 
trial purposes is perfected, the natural resources of 
any country occur in the shape of the different classes of 
mineral fuel or in that of waterfalls, the two being 
rarely found in juxtaposition. Before the advent 
of electricity, those countries owning mineral fuel 
resources were in the front rank in all branches of in- 
dustry ; as soon, however, as current distribution and 
utilisation became possible and was _ extensively 
adopted, the countries owning little or no mineral fuel, 
but possessed of waterfalls began to develop industrally, 
and are becoming every day more and more indepen- 
dent ; some even now constitute serious competitors of 
the older industrial nations. Among the countries 
that are favoured in the matter of water power may be 
reckoned Spain, which, according to Professor Juan 
Gelpi Blanco, the author of “‘ Aprovechamiento de las 
Energias Naturales,’ has available water power re 
sources capable of yielding 2,000,000 kw., of which 
only about one-sixth has so far been turned to account. 
At the same time, Spain possesses a very limited 
amount of coal, her coai deposits so far ascertained 
being estimated to contain 4,500,000 tons, with a 
further possible supply of 1,030,000 tons. In regard to 
other forms of power production, Professor Gelpi, on 
the basis of calculations, dismisses as unavailing all 
attempts to utilise windmills or other devices operated 
by wind- power. He describes also as illusory the 
attempts so far made to utilise wave-power indus- 
trially, since other methods of power production are 
at hand at a lower cost and capable of use under 
better conditions as regards both regularity and safe 
working. With reference, however, to turning the 
tidal power available on the Spanish coasts to account, 
he considers that 289,500 kw. could be produced at 
the present time, whilst a total of 939,000 kw. could 
be obtained if the problem of the economical utilisation 
of very low heads were solved. One chapter contains 
recommendations regarding the appointment of pro- 
fessors of technics and on the education of engineers. 
This is followed by chapters on the construction of 
dams, spillways, conduits, on water wheels and tur- 
bines, reciprocating steam engines and other prime 
movers. ‘The book is carefully got up and illustrated ; 
it appeals to technical men, students and the general 
reader. It was awarded a premium by the Madrid 
Royal Academy of Sciences in 1923, and is on sale at 
the price of 20 pesetas at the. Unidn Librera de 
Editores, 14, Puertaferrisa, Barcelona. 





The characteristic feature of the ‘* Alternating 
Currents and Transients,’ by Mr. F. M. Colebrook, 
B.Sc., will be evident from the sub-title ‘‘ Treated by 
the Rotating Vector Method.’’ Mr. Colebrook, who is 
Assistant in the Wireless Division of the National 
Physical Laboratory, has written this volume [London : 
McGraw-Hill Publishing Company, Limited ; price 15s. 
net.] not as a text-book of general electric theory, but 
in order to provide students with the mathematical 
equipment for the solution of their problems. He is 
convinced of the advantages of the rotating-vector 
method, but not of the need of regarding the j of 
vectors of the type (a + 7 6) as the imaginary quantity 
/ — I. The product of two such vectors (a + j 6) 
(R + j X), which enter into telephone and telegraph 
transmission problems, he defines neither as a vector, 
nor as a complex number, but as a “ versor operator.” 
He does not speak of ‘‘ virtual currents,”’ considering 
that all the student need understand about the factor 





jis that it rotates a vector through 90 deg. in a certain 
direction. We are not certain that much is gained 
by insisting upon representing j as an entirely real 
operation, and not as an imaginary quantity ,/ — 1; 
one might have to go further to Hamilton’s quaternions. 
From this standpoint Mr. Colebrook’ explains in the 
first chapters of his book vectors and vector operators, 
and then proceeds to apply vector analysis to alter- 
nating currents, dealing in particular with problems 
involving distributed capacity and inductance, damped 
electric oscillations, currents of irregular wave shape 
and symmetrical polyphase systems. Problems are 
set, and answers given, at the end of the chapters. 





As is well known, in recent years the utilisation of 
her water-power resources has been seriously taken in 
hand by Italy, and is steadily being extended. Her 
water-power plants are very numerous, as is evidenced 
by data in table form contained in a pamphlet by Ing. 
Carlo Bonomi, entitled ‘Gli Impianti Idrici per 
Produzione di Potenza.” The information in this 
gives the name of the province in which the hydraulic 
power plants listed are located, the river or lake 
utilised, the name and capacity of the storage reservoirs, 
the dimensions and characteristic features of the dams, 
the name of the owning companies and other particu- 
lars, which cover the plants built before the year 1924, 
and also those in course of construction in that year. 
The pamphlet shows that until the year 1920 Italy 
owned hydraulic installations for power production 
developing a total of 1,273,496 h.p., a total which rose 
to 1,531,642 h.p. at the end of 1922, and to 1,742,904 
h.p. at the end of 1924. The larger part of the 
hydraulic installations are situated in Northern Italy, 
the regions of Piedmont and Lombardy standing out 
very prominently in this respect. The pamphlet is a 
reprint from the “ Annali delle Utilizzazioni delle 
Acque,” No. 2, Vol. II, of the present year. 





A 29th edition of Molesworth’s famous Pocket Book 
of Engineering Formule has just been issued by 
Messrs. E. and F. Spon, Limited, at 6s. net. In spite 
of the exclusion of a good deal of obsolete matter, 
the volume still runs to over 900 pages of text. The 
issue of this new edition has provided the opportunity 
for rearranging much of the matter which has been 
added from time to time in the course of the frequent 
revisions to which the work has been subjected. These 
will undoubtedly add to the popularity of this very 
valuable aide memoire. As in previous issues, the field 
covered is very wide, though some departments of 
engineering appear to be somewhat inadequately 
treated, but this has been probably inevitable in a 
book of such moderate and convenient dimensions. 
The new matter includes highly useful notes on the 
heat treatment of steel, on gas engineering, and on 


ropeways. 





THe CrystaL Patace ScHoon or ENGINEERING.— 
Certificates gained by students at the winter term 
examination, held recently at the Crystal Palace School 
of Practical Engineering, were presented by Sir Charles T. 
Ruthen, O.B.E., F.R.1.B.A., President of the Institution 
of Structural Engineers, and H.M. Director General of 
Housing. Some 59 certificates were awarded, 39 of 
these were gained by students in the first years’ course in 
mechanical engineering, while 20 were obtained by civil 
engineering students in the second years’ course. The 
examiner in the mechanical section was Mr. J. L. M. 
Moore, of the Ministry of Transport, while students 
in the civil engineering section were examined by Mr. 
M. Mawson, of the Metropolitan Water Board. In the 
course of his remarkes, Sir Charles Ruthen stated that he 
was glad to find that the young students of the school 
were urged not to specialise. It was a well-established 
fact that all specialists should receive a thorough general 
training in their early youth. 





Tue Late Mr. Atrrep D. OrrewELL.—The company 
of earlier Whitworth Scholars suffers a loss in the death 
of Mr. Alfred Draper Ottewell, which took place at 
Derby recently. Mr. Ottewell, whose work on both 
sides of the Atlantic brought him in contact with a 
wide circle of engineers, was born in Derby in 1855, 
and received his education at the British School in that 
town, at Owen College, Manchester, and at the Michigan 
University. His early training was received with Messrs. 
Andrew Handyside and Co., of Derby, at the Midland 
Railway Works at Derby, and with Messrs. Joseph 
Whitworth and Co., at Manchester. He obtained his 
Whitworth Scholarship in 1877, and his continued 
interest in the Whitworth foundation was made evident 
by the part he took in the correspondence on the subject 
which ran through our columns for many weeks last 
winter. He returned to the subject in a letter we pub- 
lished as recently as September 25 last. Much of 
Mr. Ottewell’s professional career was spent in the 
United States, as he carried on a practice as a consulting 
engineer in San Francisco for many years. He was 
particularly connected with bridge design and structural 
work, the Sutro Baths and City Hall, San Francisco, 
being among the work he carried out. He returned to 
this country in 1893 on the death of his father, to take over 
the firms of John Smith and Co., brassfounders, Derby, 





of which he and his brother became sole proprietors, 
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ator to stand in any 
convenient position 
from which he can 
see the work without 
hindering the smith, 
or by a foot lever, 
which can be ope- 
rated by the smith 
himself. Both of 
these arrangements 
control the position 
of valves in the 
ram, and thus regu- 
late the flow of oil 
from one side of the 
piston to the other. 





Turning now to 
the details of the 
machine. it will be 


observed from Figs. 
3 to 6 that the re- 
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UNIVERSAL FORGING MACHINE. 


THE universal forging machine which we illustrate 
in Fig. 1 on this page, and in Figs. 3 to 7 opposite, 
marks an entirely new departure in smithy tool design. 
It is manufactured by Messrs. B. and 8. Massey, Ltd., 
of Openshaw, Manchester, and consists essentially 
of a mechanical press with a connecting rod of variable 
length. This combination makes it possible to forge 
work of any desired thickness by a series of quick 
squeezes, the effect coming between the blows of a 
hammer and the prolonged pressure of a press. Since 
the pallet is not in contact with the work for any 
length of time, cooling does not take place to the same 
extent as would occur with a press. The machine is 
similar to a hammer in that the work is handled and 
produced by the same me‘hods, and with similar tools; 
but, on the other hand, it is quick and smooth in its 
action, there is an absence of shock or jar to the 
operator, and no heavy and costly foundation is 
required, since the stresses due to working are taken 
entirely by the frame. 

Referring to the illustrations, it will be seen that the 
main working part is a ram, inside which moves a con- 
stantly-reciprocating piston. The reciprocating motion 
of the piston is imparted to the ram by means of oil on 
both sides of the piston, and the position of the latter can 
be regulated, while it is reciprocating, by altering the 
quantity of oil above or below it. If the amount of oil 
below the piston is increased, the ram is forced down, 
although still continuing to give its regular stroke. 
When the oil is allowed to flow back to the upper side 
of the piston, the ram again rises, while still giving the 
same stroke. The machine can be operated either by 
means of a hand-pulling cord, which enables the oper- 
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ciprocating motion is 
imparted to the 
trunk piston, and 
thence to the ram, by 
means of a crank and connecting-rod motion. The crank- 
shaft, which is of medium-carbon forged steel, runs in 
phosphor-bronze bearings, and is mounted on the top 
of the machine above the piston. It carries a large 
steel spur wheel, which engages with a forged-steel 
pinion on the back shaft, the two wheels forming 
the reduction gear through which the drive from a 
motor is transmitted to the crank. As will be clear 
from Figs. 3 and 4, the motor is mounted on a separate 
casting, carried on the standards, the back-shaft 
bearing housings forming part of the same casting. 
The back-shaft bearings are of phosphor bronze, and 
both these bearings, and those of the main shaft, are 
ring-lubricated. A heavy fly-wheel, shown in Figs. 
3 and 6, is mounted on the back shaft, and the flywheel 
serves to house a centrifugal friction clutch, through 
which the motor drive is transmitted to the back shaft. 
The object of this clutch is to give a gradual pick-up, 
and to limit the peak load imposed on the motor. 
The ram, which can be seen most clearly in Figs. 1 
and 5, is a heavy casting working between multiple 
V slides, which are wedge-shaped, and are ‘adjustable 
by means of screws at the top. An enlarged section 
of the ram is given in Fig. 7, from which it will be 
seen that it forms a cylinder containing the control 
valves. It is dove-tailed at the bottom to carry the 
upper pallett, and is balanced by a weight carried 
on a roller chain running over sprocket wheels. The 
balance weight is suspended in the interior of the 
main column, and the chains and wheels on which it 
is supported can be seen in Figs. 1, 4 and 5. 

In connection with the control of the valves, it is 
necessary to arrange some form of mechanism by 
means of which the position of the valve, shown on the 
left in Fig. 7, in relation to the ram, can be varied while 





Fia. 2. EXAMPLES OF WORK. 


the latter is reciprocating, the control lever itself being 
pivoted on a stationary point. There are probably 
several ways of effecting this operation, that selected 
by the makers being through the system of levers 
shown in Figs. 4 and 5. From Fig. 4 it will be seen 
that both the foot and hand controls are linked up 
to a cross-lever, pivoted about half-way up the machine 
standard. From near the centre of this lever a link, 
shown in Fig. 4, is connected to the end of a bar, the 
other end of which is connected to the valve. This 
bar can be seen in an inclined position running 
across the top of the ram in Fig. 5, and from the 
same figure it will be seen that it is connected by 
means of a short link to a second bar, one end of 
which is pivoted on a bracket attached to the 
trunk piston, while the other is linked to a fixed 
bracket attached to the machine column. The func- 
tion of the valve mechanism is as follows :—It will be 
observed that the valve, shown on the left in Fig. 7, 
consists of an outer sleeve, in which are cut a number 
of ports, and two automatic mushroom valves, which 
control the passage of oil through the centre of the 
sleeve. When the sleeve is in the position shown, the 
oil-ways to the spaces both above and below the piston 
are closed, and, as a result, the ram will move up and 
down as though it were solid with the piston. If the 
sleeve is moved down, the space below the piston will 
be placed in communication with that between the 
two mushroom valves, whilst that above the piston 
will be placed in communication with the main oil 
reservoir in the ram. Assuming that the piston is on 
the downstroke, it will carry the ram with it, as the 
oil below the p‘ston cannot escape. On the return 
stroke of the piston it will leave the ram behind, as 
oil is free to flow out from above the piston, and 
—through the mushroom valves—to enter below it. 
On the next descent of the piston, the ram will be 
carried with it as the lower space will be closed by the 
action of the mushroom valves. It is unnecessary to 
follow out the action in detail in the case when the 
sleeve is moved upwards, as it is merely the reverse 
of that already described, and allows the piston to 
move downwards with respect to the ram. 

The maximum force that the machine is intended 
to exert is 150 tons, and, if the resistance of the work 
becomes greater than this, a relief valve, which can be 
seen on the right in Fig. 7, allows the oil to escape from 
the underside of the piston. This prevents any possi- 
bility of damage to the machine in the event of cold 
metal being accidentally placed between the pallets. 
In such a case no time is lost, since the ram merely rises 
to a higher position, and the machine is at once ready 
for further work. 

There are two points of particular interest which 
tend to give an increased range of usefulness, and also 
a greater output. These are the sliding bolster and the 
adjustable stops, respectively. As will be seen from 
Fig. 1, the bolster is provided with a pallet of normal 
height in its centre position; but it can be readily 
barred across, so as to bring either a second lower 














rn es 2 





Dec. 18, 1925.] 





ENGINEERING. 


709 








UNIVERSAL FORGING MACHINE. 


CONSTRUCTED BY MESSRS. B. AND S. MASSEY, LIMITED, ENGINEERS, MANCHESTER. 





(9250A,) ' “ENGINEERING” 





pallet, or the upper surface of the bolster itself under 
the ram. In the last case, space is provided for the use 
of special tools designed to suit various jobs. The 
adjustable stops limit the travel of the control lever, 
mounted on the side of the machine, and therefore the 
movement of the valve. These stops, of which there 
are three, can be seen on the front of the machine in 
Fig. 1, to the right of the ram. They render it possible 
to forge many jobs to actual size without the use of 
gauges, and are particularly useful in repetition work. 
It will be evident from the examples illustrated in 
Fig. 2, that the machine can deal successfully with a 
wide variety of work. Taking one or two of the articles 
shown at random, the connecting-rod forging seen 
near the top of the illustration was forged from a 
4-in. billet in one heat, without the use of special tools. 
The hand lever shown in the middle of the illustration 
was also forged without special tools in one heat, the 
total time for the operation being nine minutes. As a 
final example, the partly formed crank shown at the 
top of the figure may be taken. This was made from 
a 7}-in. by 3}-in. billet, one end being drawn out, 
and the crank cut off from the billet, in 84 minutes. 

Je have had an opportunity of seeing the machine 
in operation, and were impressed by its quietness in 
action, and the ease with which it could be handled. 
The absence of the jarring, vibration, and noise 
which are normally associated with smithy work 
cannot fail to have a favourable psychological effect on 
the workmen. The makers claim that the machine 
has an extremely low power consumption, and state 
that, in comparative tests with pneumatic power 
hammers of 7 cwt. and 20 cwt., respectively, the cost of 
forging a crankshaft for a 2-cwt. pneumatic hammer 
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one-half of that when employing the 7-cwt. pneumatic 
hammer, and little more than one-third in the case of the 
20-cwt. hammer. The machine should compare even 
more favourably with steam hammers, as these are 
generally recognised as being more expensive to run 
than pneumatic power hammers. 





THE PHYSICAL SOCIETY OF LONDON. 
At a meeting of this Society, held on Friday, Novem- 
ber 13 last, at the Imperial College of Science, with 
Mr. F. E. Smith, C.B.E., F.R.S., President, in the Chair, 
a paper “On the Viscosity of Ammonia Gas,” by 
Messrs. R. G. Edwards, and B. Worswick, was read. 
The paper stated that the viscosity of ammonia gas had 
been determined at three different temperatures by 
transpiring the gas through a capillary tube which had 
previously been calibrated with air. Sutherland’s con- 
stant was found to be roughly 370, and the mean colli- 
sional areaof theammonia molecule 0-633 x 10-!sq.cm. 





under the universal forging machine was approximately 


In the discussion on the paper, Professor A. O. 
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Rankine said that in published tables of physical 
constants the values given for different temperatures 
had often been obtained by different methods and 
could not, therefore, be safely used for studying the 
variation of a given property with temperature. Hence 
it was important to apply any given method over 
as wide a range of temperature as possible. The 
authors had covered a range of about 170 deg. C., 
which was very satisfactory. 

Mr. F. E. Smith said that the authors’ work was a 
valuable indication that the transpiration method 
was a simple and reliable one for determining viscosities. 

A paper entitled ‘‘ Valve-Maintained Tuning Forks 
without Condensers,” was read by Mr. T. G. Hodgkinson. 
In this paper it was stated that the valve-maintained 
tuning fork was now a much used piece of apparatus, 
but the influence of the conductance of the valve 
electrodes on the design had not been considered. 
The paper discussed the design of valve-maintained 
tuning forks without condensers, and showed that the 
conductance of the valve grid decided the direction in 
which the electrode coils must be wound; and also 
that it was advantageous, particularly in the case 
of low-frequency forks, to interpose transformers 
between the valve electrodes and the fork magnets. 

Dr. W. H. Eccles, in the discussion, said that every one 
who wished to use valve-maintained forks with precision 
must read Mr. Butterworth’s paper on the subject, 
but that paper did not explain the ambiguity which 
existed as to the direction of winding of the grid coil. 
This puzzle had been cleared up by the author, who 
had also shown how account must be taken of the 
valve characteristics in designing the apparatus, 
and how to secure that the maintained frequency should 
be the true frequency of the fork. The latter point was 
particularly important when the harmonics of the fork 
frequency were employed: thus it was possible to 
utilise the twenty-ninth harmonic of a 1,000 cycle fork, 
giving a frequency of 60,000 cycles. In this way 
standards could be obtained and oscillations generated 
over a wide range of the wireless spectrum, at constant 
and accurately known frequencies. 

Dr. C. V. Drysdale said that he had long been 
interested in stroboscopic methods of measurement, 
but these had always suffered from the defect that the 
rate of a fork was varied by the means adopted for 
maintaining vibration. Dr. Eccles’ invention of the 
valve-maintained fork was of great importance as a 
solution of this difficulty, and the author was to be 
congratulated on having put the matter on a satisfactory 
quantitative basis. 





The author in reply to the discussion, said that he 
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had not discussed the use of harmonics of the fork note, 
as he had been concerned with the problem of producing 
a low-frequency note in imitation of the noise of an 
aeroplane. The difference between the maintained 
note and the true fork note could easily be reduced 
by employing tuning condensers, which he had not 
considered in his paper. In any case there were factors, 
such as the filament current, which were not taken into 
account in the theory, but might affect the frequency. 
The effect of these could no doubt be reduced to any 
desired extent by incorporating tuning condensers 
in the transformer-coupled system. 

A demonstration of ‘* The Kinetic Properties of a Gas 
Jet”? was also given by Dr. J. 8S. G. Thomas at the 
meeting. ‘The demonstration was designed to illustrate 
the Bernoullian property of a gas jet, which has a 
central region of low pressure. Gas discharged through 
a large orifice from a gas cylinder was employed. 
The jet was directed downwards on to a plate, and 
it was shown that a ping-pong ball, instead of being 
blown away when placed on the plate, took up a position 
of stable equilibrium at the centre of the jet. The 
stability was demonstrated by inclining the plane on 
which the ball was supported : a considerable inclination 
failed to dislodge the ball. When brought near the 
orifice, the ball flew up to this and adhered to it. The 
jet was afterwards directed upwards and a toy balloon 
was thrown into it. The balloon then rested in stable 
equilibrium at a considerable height above the jet, 
and the equilibrium persisted even when the jet was 
inclined to the vertical. On insertion of the operator’s 
hand into the jet,so as partly to shield the balloon, 
the latter appeared to be attracted towards the hand. 
This phenomenon afforded an illustration of Le Sage’s 
theory of gravitation. 








LOCOMOTIVES ON CHINESE GOVERNMENT RAILWAYS.— 
At the end of the year 1922, the number of locomotives 
in service on the Chinese Government Railways amounted 
to 922. Twelve months later, the number was 1,121; 
no less than 106 of the additional 129 engines have 
been obtained from the Kiao-Tsi (Kiaochow-Tsinan) 
line. The 129 locomotives comprised 23 passenger, 85 
goods, and 21 shunting engines, of which, respectively, 19, 
65, and 22 were supplied from the Kiao-Tsi line. Other 
lines provided the Government Railways with 4 pas- 
senger and 20 goods engines, and acquired from them one 
shunting locomotive. With regard to changes which 
were made in the numbers of engines in service on lines 
other than the Kiao-Tsi during the year ended December, 
1923, it has been reported that a net increase of 23 
locomotives was registered. 





Contracts.—Messrs. Hollings and Guest, Limited, 
Thimble-Mill-lane, Birmingham, have secured two con- 
tracts for the supply of hydraulic plant to the High 
Commissioner for India. These comprise bending 
presses, flanging press, briquetting press, axle-forging 
press and ingot breaker, all of which are to be installed 
at the East India Railway Locomotive Works at 
Lucknow and Jamalpur.—Messrs. International Com- 
bustion, Limited, of Africa House, Kingsway, London, 
W.C.2, announce that their French associated company, 
Société Anonyme des Foyers Automatiques, Paris, has 
recently received contracts for four complete Lopulco 
pulverised fuel equipments. 'Three of the equipments 
will be used for heating boilers, and the fourth for 
heating a battery of annealing furnaces.—Messrs. 
Howden-Ljungstrém Preheaters (Land), Limited, Glas- 
gow, have received an order from the Shanghai 
Municipality Electricity Department, Riverside Power- 
station, for four large air preheaters to work in con- 
junction with two Babcock and Wilcox boilers. The 
total heating surface of the preheaters is 192,800 sq. ft.— 
Messrs. The Hoffmann Manufacturing Company, Limited, 
ot Chelmsford, Essex, are supplying Hoffman roller 
bearings for 50 new electric tramway cars ordered by 
the Leeds City Tramways. 





Launch oF Or Tank STEAMER “ SHIRVAN,”— 
Recently Messrs, Sir W. G. Armstrong, Whitworth 
and Co., Liraited, launched from their Walker Shipyard, 
Newcastle-on-Tyne, the single-screw oil-tank steamer 
Shirvan, which is being built to the order of the Baltic 
Trading Company. The vessel is of the two-deck type 
with poop, bridge and forecastle, and has an overall 
length of 427 ft., a moulded breadth of 53 ft., and a 
depth, moulded to the upper deck, of 31 ft. 6 in. Some 
8,500 tons will be carried on a mean draught of 25 ft. 
Framed on the Isherwood system, the ship is fitted 
with a straight stem and elliptical stern. Nine double 
compartments will accommodate the oil cargo, two 
pump rooms being arranged to extend from side to 
side of the vessel. Oil fuel will be carried in a cross- 
bunker at the forward end of the machinery space, and 
in a fore deep-tank. Feed water will be carried in 
the double bottom of the ship. Three oil pumps are 
provided for handling the cargo, two being placed in 
the after pump room and one in the forward pump 
room. The propelling machinery will consist of a set 
of surface-condensing, triple-expansion engines having 
cylinders of 27 in., 45 in. and 75 in. diameter with a 
piston stroke of 48 in. Steam will be supplied by 
three cylindrical multitubular boilers working at a 
pressure of 180 lb. per square inch, and fitted with 
Howden’s system of forced draught. A speed of 11 knots 
is anticipated. 





ENGINEERING TRAINING AND 
EDUCATION. 


THE Council of the Institution of Naval Architects 
announces that the ‘ Martell,’’ the ‘‘ Vickers,” the 
“‘ Yarrow,” and the ‘“ Denny” Scholarships will be 
offered for competition in 1926. The “ Martell’’ and 
the ‘‘ Vickers,” are both scholarships in naval architec- 
ture, the former having a value of 130/. per annum, and 
the latter a value of 1501. per annum. The “ Yarrow ” 
scholarship, which is worth 100/. per annum, and the 
‘“* Denny” scholarship, of which the value is 75/. per 
annum, are awarded to marine-enginecring students. 
With the exception of the “Denny” scholarship, 
which is intended for British boys from approved 
public schools, or schools under the Education Authori- 
ties, these scholarships are open to British apprentices 
or students who have not yet entered upon a university 
course. They are tenable for four years at Glasgow 
University, with which is affiliated the Royal Technical 
College, Glasgow, and for three years at Durham 
University (Armstrong College), Liverpool University, 
the Royal Naval College, Greenwich, and the City and 
Guilds Engineering College (Imperial College of Science 
and Technology), London. Full particulars may be 
obtained from the Secretary, Institution of Naval 
Architects, 5, Adelphi Terrace, London, W.C.2. 

The Institute of Transport Examinations.—It is 
announced that the last date for the receipt of 
applications for partial exemption from the Graduate- 
ship and Associate Membership examinations is 
December 31, 1925. Applications should be ad- 
dressed to the Secretary of the Institute, 15, Savoy- 
street, London, W.C. 2. 





BOOKS RECEIVED. 


United States Bureau of Mines. Miners’ Circular No. 29. 
Misuse of Flame Safety Lamps and Dangers of Mixed 
Lights. By L.C.Itstey. [Price 5 cents.] Technical 
Paper No. 343. Georgia and Alabama Clays as Fillers. 
By W.M. Wetcet, [Price 10 cents.] No. 368. Paraffin 
Waz and its Properties: Methods of Testing Wax and 
of Analysing Oil-Wax Miztures. By L. D. Wyant 
and L.G.Marsu. [Price 10 cents.] No. 369. Mechani- 
cal Safeguards in Rotary Drilling. By H. C. MILLER 
[Price 10 cents.] No. 372. Silicosis Among Miners, 
By R. R. Sayers. [Price 15 cents.] Washington: 
Government Printing Office. 

Die Statik des ebenen Tragwerkes. By MARrtTIN GRUNING. 
Berlin: Julius Springer. [Price 45 marks.] 

Physical Metallography. By PRoFEssSOR Dr. ING. EHR. 
E. Heyn. Translated from the German by Marcus A. 


GRossMANN. New York: John Wiley and Sons, 
Ine. London: Chapman and Hall, Limited. [Price 
30s. net.] 

United States Bureau of Standards. Miscellaneous 
Publications. No. 64. History of the Standard 
Weights and Measures of the United States. By L. A, 


FiscHER. Washington: Government Printing Office. 
[Price 15 cents. ] 

Department of Scientific and Industrial Research. Radio 
Research Board. Special Report No. 3. Variations 
of Apparent Bearings of Radio Transmitting Stations. 
Part II. Observations on Fixed Stations, March, 
1922-April, 1924. By R. L. Smirn-Rose, Ph.D., 
M.Sc. London: His Majesty’s Stationery Office. 
[Price 4s. 6d. net.] 

Problems in Thermodynamics and Steam Power Plant 
Engineering. By AtLeN H. BuiaIspELL and Tuos. 
E. Ester. New York: John Wiley and Sons, Inc. 
London: Chapman and Hall, Limited. [Price 6s. 
net. ] 

Bemessungsverfahren Zahlentafeln und Zahlenbeispiele 
2u den Bestimmungen des Deutschen Ausschusses fiir 
Eisenbeton vom September 1925. By B. Loser, 
Berlin: Wilhelm Ernst und Sohn. [Prico 6 marks.] 

Mines Department. Safety in Mines Research Board. 
Paper No. 14. Coal Dust Explosions. The Effect of 
Release of Pressure on their Development. By H. P. 
GREENWOLD and V. Wuaeeter. London: His 
Majesty’s Stationery Office. [Price 3d. net.] 

Oil-Field Exploration and Development. A Practical 
Guide for Oil-Field Prospectors and Operators. Vol. I. 
Oil-Field Principles. Vol. II. Oil-Field Practice. 
By A. Bresy Tuompson, M.I.Mech.E., F.G.S. London: 
Crosby, Lockwood and Son. [Price 63s. net each.] 

The Life of Elbert H. Gary. The Story of Steel. By Ipa 
M. TarRDELL. London and New York: D. Appleton 
and Co. [Price ]2s. 6d. net.] 

Mechanical World Year Book, 1926. 
London: Emmott and Co., Limited. 
net.] 


Manchester and 
[Price ls. 6d. 





Triat Trip or §.S8. “ Easrvitte.”—The new screw 
steamer Eastville, built by Messrs. John Readhead 
and Sons, Limited, West Docks, South Shields, to 
the order of Messrs. Balls and Stansfield, Limited, 
Newcastle-on-Tyne, was recently taken to sea on her 
official trial trip. The vessel measures 360 ft. overall 
by 49 ft. by 26 ft. 8} in. Her engines, also con- 
structed by Messrs. John Readhead and Sons, Limited, 
are of the triple-expansion type, with cylinders 24} in., 
41 in. and 66 in. in diameter and a stroke of 45 in. 
They are supplied with steam from two cylindrical boilers 
working at pressure of 180 lb. per square inch. This 
is the ninth vessel built by Messrs. John Readhead and 
Sons, Limited, for Messrs. Balls and Stansfield, Limited. 




















NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—In the heavy trades the year is ending 
quietly. Here and there a distinct diminution in activity 
is noticeable. This is in accordance with general experi- 
ence at this period of the year, but does not coincide 
with recent forecasts of revival. Basic materials are 
still keenly affected by Continental competition. Drastic 
cuts made in the selling price of wire rods over a consi- 
derable period have done something to offset Continental 
competition, though here, as in crude steel, more orders 
are badly needed to feed enlarged plants. Although there 
is no general improvement in high-class steels, sections 
catering for transport development are actively employed, 
and have good prospects. Production of crucible steels 
is still substantially in excess of requirements, despite a 
considerable reduction in the number of melting holes 
used. Electric furnaces are providing a large output 
of stainless steel, mainly for the cutlery trade. Manganese 
steel is in demand for tramway points and crossings, and 
for the manufacture of crushing machinery in connection 
with foreign mining enterprises. Producers of steelworks 
plant and industrial machinery are moderately engaged 
in face of a general disinclination on the part of steel 
producers and engineering masters to extend installation 
of plant which in many cases already provide a larger 
output than is required to meet the current restricted 
demand. Makers of railway materials and locomotive 
parts appear to be getting a more satisfactory share of 
the limited volume of foreign orders in circulation. 
Tool makers supplying engineering works are doing rather 
better. Orders for edge tools and implements have 
been booked from various parts of the Colonies, Canada, 
and South America. 


South Yorkshire Coal Trade.—The railway companies 
have endeavoured to expedite the clearing of sidings, 
but the return of severe weather has imposed a further 
setback, and complaints of delay in delivery are wide- 
spread. The improvement reported last week in export 
trade in manufacturing fuels is more than maintained, 
and prices have hardened still further. In keeping with 
this improved tone, quotations on inland account are 
steadier. Increased pressure on best quality house coal 
supplies has resulted in an average increase of ls. 6d. per 
ton in best brights produced at Derbyshire collieries. 
Secondary grades, though still in ample supply, are 
stronger. The market for foundry and furnace coke 
has improved under the influence of a more robust demand 
on export account. Quotations :—Best branch hand- 
picked, 31s. to 34s. ; Barnsley best Silkstone, 28s. to 30s. ; 
Derbyshire best brights, 26s. to 27s. 6d. ; Derbyshire best 
house, 23s. to 25s.; Derbyshire best large nuts, 17s. to 
20s.; Derbyshire best small nuts, 12s. 6d. to 14s. ; 
Yorkshire hards, 16s. 6d. to 19s. 6d.; Derbyshire hards, 
16s. to 198s.; Rough slacks, 9s. 6d. to, 12s. 6d.; Nutty 
slacks, 6s. to 7s. 6d.; Smalls 3s. 6d. to 5s. 6d. 





Mopret Drocurt EXxPEeRIMENTS.—Reports and Memo- 
randa No. 425 of the Advisory Committee for Aero- 
nautics, a copy of which has just come to hand, deals 
with some experiments on model drogues, carried out in 
1918 by Mr. G. S. Baker, at the William Froude National 
Tank. It is thought that the experimental results, 
although made in connection with the use of drogues as 
sea anchors for airships, may have a wider application. 
The drogues tested were of two forms, one being a type of 
canvas bucket with a hole in the bottom, and the other 
a flat disc type suitably loaded. The drogues were 
towed by bridles on the end of a tow line attached to 
apparatus fitted to the experimental carriage running 
over the Tank. The tests may be divided into two 
different classes—-surface, or above water, towing, and 
submerged towing. In the former case the drogue was 
shackled to a wire !6 ft. in length attached to a travelling 
carriage 8 ft. above the water surface. The general 
behaviour of the drogue when towed was noted at a 
number of speeds, and the pulls measured in certain cases. 
Some difficulties were experienced due to oscillation of the 
drogue when towed, but these were overcome. Certain 
flat types of drogue normally employed for mine-sweeping 
purposes were also tested. The report is obtainable from 
any of the branches of H.M. Stationery Office, price 
9d. net. 





Tue Late Mr. T. A. Crompton.—The death took 
place at East Ham recently of Mr. T. Albert Crompton, 
senior. The deceased gentleman, who was 74 years 
of age, was Chairman of Messrs. Blundell’s London 
Copper and Brass Works, Limited, Limehouse, and had 
been a member of the Institution of Naval Architects 
since 1891, After serving an apprenticeship of 7 years 
in marine engineering, Mr. Crompton went to sea and, two 
years later, gained the Board of Trade Certificate of 
Competency. He was at sea for some 17 years, during 
which time, he held the post of Chief Engineer of large 
Atlantic liners and other steamships; he also gained 
experience in several shipbuilding establishments both 
at home and abroad. In 1887, he Toft the sea and started 
in business in London, as a consulting engineer and nava! 
architect. During his commercial business career, he 
was engaged on many important duties, and undertook 
works of a very wide and varied nature. He was respon- 
sible for introducing the Crompton Atmospheric Silent 
Ash Hoist. Mr. Crompton was chairman of Messrs. 
Blundell’s Copper and Brass Works (1920) Limited, West 
India Dock Road, London, E.14, and he considerably 
extended the scope of that firm’s activities. He was also 
chairman of Messrs. T, Albert Crompton & Co. Limited, 
which business was incorporated with the former firm in 
June, 1922, The deceased gentleman is survived by Mrs. 
Crompton and by two sons and one daughter. 





Dec. 18, 1925.] 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is steady and 
firm with more activity than is usually experienced just 
before Christmas, when business is expected to dwindle 
to small proportions. Continental demand for Cleveland 
pig iron is meagre, but home requirements keep on quite 
a good scale, and the limited output is well taken up. 
Under such conditions makers’ fixed prices are well main- 
tained. For home consumption No, | is 69s.; No. 3, 
g.m.b., 66s. 6d.; No. 4, foundry, 65s. 6d.; No. 4 forge, 
65s. ;, and mottled and white iron each 64s. 6d. Export 
quotations are 6d. above the foregoing figures. 


Hematite.—There is continued market scarcity of 
East coast hematite. The increased supply seems likely 
to be barely sufficient to meet needs, and producers 
are taking quite a firm stand. Home needs are heavy, 
and advance in price has not checked Continental 
buying to any extent. Nos. 1, 2, and 3 are now quite 
76s., and makers hint at the price becoming eighteenpence 
above that figure in the near future. No. 1 is quoted 
6d. above mixed Numbers. 


Foreign Ore.—There is not much new business passing 
in foreign ore, but prices are well upheld on the basis of 
best rubio at 21s, c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
improving demand, and is far from plentiful. Good 
medium qualities command 21s. 6d., delivered to local 
consumers. 


Manufactured Iron and Steel.—The various branches 
of manufactured iron and steel present no new features 
of moment. Most producers have better order books 
than for some time past, and some of them are inclined 
to ask for rather higher terms than those on which they 
have recently sold. Common iron bars are IIl. 5s. ; 
iron rivets, 127, 15s.; packing (parallel), 87.; packing 
(tapered), 11l.; steel billets (soft), 7/.; steel billets 
(medium), 7/. 10s.; steel billets (hard), 81. 2s. 6d.; 
steel ship, bridge and tank plates, 7/. 5s.; steel angles, 
7l.; steel rivets, 121. 10s.; steel joists, 71.; heavy steel 
rails, 8l.; fish plates, 12/.; and galvanised corrugated 
sheets, 171. 





NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


Welsh Coal Trade.—The improvement which has taken 
place in the coal trade during the past few weeks is 
reflected in the returns of exports in November. Accor- 
ding to official returns it is shown that shipments of 
coal, coke and patent fuel in the past month amounted 
to 2,189,150 tons, which was 175,264 tons more than in 
October. This improvement is all the more encouraging 
when it is recalled that there were only 25 working 
days in November compared with 27 in October, with 
the result that the shipments per working day were 
increased from 74,588 tons to 87,566 tons. Exports 
of coal were lifted by 136,073 tons to 2,084,038 tons, 
those foreign as cargo being raised by 106,644 tons to 
1,692,841 tons, bunkers foreign by 12,861 tons to 274,175 
tons, and coastwise cargo by 16,568 tons to 117,022 tons. 
Patent fuel shipments were raised by 42,432 tons to 
102,454 tons, but coke was reduced by 3,241 tons to 
2,658 tons. Inthe past week shipments of coal foreign 
amounted to 482,070 tons, which was 31,000 tons more 
than in the previous week. Exports from Cardiff were 
raised from 254,050 tons to 311,670 tons and at Newport 
from 71,050 tons to 71,690 tons, but at Swansea they 
were reduced from 67,500 tons to 52,450 tons, at Port 
Talbot from 54,960 tons to 43,260 tons, and at Llanelly 
from 4,200 tons to 3,000 tons. Of the total exports, 
69,800 tons were despatched to the Argentine, 34,350 
tons to Brazil, 42,700 tons to Egypt, 115,120 tons to 
France, 57,150 tons to Italy, and 19,360 tons to the 
United States. Meanwhile the market is steady with a 
fair volume of business passing. Small coals are scarce 
and firm at anything from 12s. for cargo sorts up to 15s. 
for the best bunkers, while large rules from 18s. 6s. to 
23s. 6d., according to quality. Some surprise was occa- 
sioned to operators by news that the Egyptian State 
Railways had decided to place orders for 300,000 metrical 
tons of Monmouthshire, and second Admiralty large coals 
for delivery at Alexandria over the first four months of 
next year. Tenders were originally asked for 200,000 
tons, and this order was secured by Messrs. Watts, 
Watts and Co., Limited, at 28s. 9d. per ton, c.i.f. In 
addition, orders for 50,000 tons have been placed with 
Messrs. Wm. Milburn and Co., at 29s. 10d. and 50,000 
tons with Messrs. T. Beynon and Co., at 29s. 9d., c.i.f. 





THe Wuatine Steamer, “Ross I.”—The Jarlsé 
Verft, near Ténsberg, Norway, have recently completed 
the Ross I, this being the sixth ship built by them for 
the Hektor Whaling Company, and the seventh whaling 
steamer delivered during the year 1925. Built for 
operations in the vicinity of the Shetland Islands, 
these vessels encounter a good deal of rough weather, 
and their design is such as to make them as seaworthy 
as possible. The Ross I has an overall length of 
121 ft. 5 in., a breadth of 23 ft. and a depth moulded of 
14 ft. The cylinders of the triple-expansion engines 
are, respectively, 13} in., 22:in. and 37} in. in diameter, 
and the stroke is 24 in. in length. The working pressure 
is 200 lb. per square inch. The Scotch boiler has a 
diameter of 14 ft. and a length of 11 ft.; it may be 
worked with a forced draught system especially adapted 
to whalers. 
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ENGINEERING. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Scottish Steel Trade—Movement in the Scottish 
steel trade has been rather limited during the week, 
and consumers have only been specifying immediate 
requirements. Forward dealing is largely a dead letter 
at the present time, but some consideration is now being 
given to supplies necessary for the reopening after the 
holidays. The duration of the stoppage for the New 
Year holidays is uncertain meantime, but unless a decided 
improvement takes place soon there may be a lengthened 
halt in operations. Structural sections have been going 
very well of late, but the demand from the shipyards 
for ship plates and sections continues poor. Boiler 
plates are also slow of sale, and the recent reduction 
in price has not been rewarded by any decided increase 
in orders. The black sheet trade is still doing well 
and full steam ahead is general in all works. Export 
demands are keeping up both for thin and galvanised 
sheets, but the heavier gauge sheets are moving slowly. 
Home consumers are buying sparingly. The current 
market quotations are as follows :—Boiler plates, 110. 
per ton; ship plates, 7/. 10s. to 71. 12s. 6d. per ton; 
sections, 71. to 71, 2s. 6d. per ton; and sheets, ,%, to 4 
in., 91. 2s. 6d. to 91. 5s. per ton, all delivered Glasgow 
stations. With the exception of boiler plates, which 
are controlled, the other quotations are easier this week. 


Malleable Iron Trade—In the West of Scotland 
malleable iron trade little or no change has taken place 
over the week. Producers are not experiencing any- 
thing like the demand necessary to keep their plant 
running fully, and in the inquiries to hand there is little to 
give encouragement. It is anticipated that things will be 
a trifle better next week for delivery before the holidays. 
Competition from the Continent is still strong, and steel 
bars are also being preferred by some consumers. Re- 
rolling departments are nevertheless having to face very 
keen quotations. The current price of “Crown” bars 
is unchanged at 11l. 5s. per ton, delivered Glasgow 
stations. 

Scottish Pig-Iron Trade—The demand for Scottish 
pig-iron shows no change and sales are not heavy. 
The output is limited, but good stocks are held, and 
immediate delivery can always be given. The inquiry 
is poor and the general tone dull. Prices have eased a 
little and to-day’s quotations are as follow :—Hematite, 
31. 17s. 6d. per ton, delivered at the steel works ; foundry 
iron, No. 1, 79s. 6d. to 82s. per ton, and No. 3, 77s. 6d. 
to 79s. per ton, both on trucks at makers’ yards, 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from the port of Glasgow for the week 
ending last Saturday, December 12, amounted to 1,301 
tons. Of that total 1,094 tons went overseas and 207 
tons coastwise. For the corresponding week of last year 
the figures were 2,022 tons to foreign destinations and 
167 tons coastwise, making a total shipment of 2,189 
tons. 








Triat Tri or §.S. “ LANGLEEFORD.”—The steel screw 
steamer Langleeford, built at the Hebburn shipyard of 
Palmers’ Shipbuilding and Iron Company, Limited, 
to the order of the Medomsley Steam Shipping Company, 
Limited (Messrs. F. Carrick and Co., Limited, managing 
owners), of Newcastle-on-'Tyne, was recently taken to sea 
for trial. The Langleeford carries a deadweight of 
about 7,800 tons on a moderate draught, and is constructed 
on the monitor corrugated system. She has been 
built under Lloyd’s Special survey, 100 A.1 class, 
and is fitted amidships with triple-expansion engines, 
steam being supplied by cylindrical boilers. 





LAUNCH OF THE §.S. “ CrisTaLEs.”—Messrs. Cammell 
Laird and Co., Limited, launched from their Birkenhead 
yard on the 17th ult. the Cristales, a single-screw steamer 
built for Messrs. Elders and Fyffes, Limited, to trade 
between the West Indies and Bristol. The Cristales is a 
sister ship to the Sulace, and measures 400 ft. by 51 ft. 
by 32 ft. 1l in. She has been designed to steam at a 
speed of 13} knots at sea when loaded to a mean draught 
of 23 ft. The vessel will be propelled by a set of triple- 
expansion reciprocating engines having.cylinders 27} in., 
464 in., and 78 in. diameter by 54-in. stroke, supplied by 
four cylindrical boilers at a pressure of 210 lb. per square 
inch, working under Howden’s system of forced draught. 
The machinery has also been manufactured by Messrs. 
Cammell Laird. 





British STANDARD VoLTacEs.—A revised edition of 
the British Engineering Standerds Association publica- 
tion No. 77, on “‘ Standard Voltages for New Systems and 
Installations,”’ has just been issued. The specification 
No. 77 was first published in 1921. In that document 
two standard low voltages were laid down, namely, 
220 volts d.c. and 240 volts a.c. At the time when the 
matter was first discussed a great effort was made to 
standardise one low voltage only for both d.c. and a.c. 
circuits, but this was not then found to be possible. Now, 
however, after some years’ experience and further de- 
velopment in the industry, agreement has been reached 
on the basis of one low voltage. The Electricity Com- 
missioners, the Institution of Electrical Engineers and the 
large industrial and supply organisations have been con- 
sulted, also the local committees of the B.E.S.A. abroad. 
where the proposal has met with very general approval, 
The new document lays down 230 volts d.c. and a.c. 
as the standard low voltage for new systems. It is 
hoped that the new standard voltage will be employed 
in this country for all new systems and installations. 
Copies of the new specification (No. 77-1925) may be 
obtained from the B.E.S.A. Publications Dept., 28, 
Victoria-street, London, 8.W.1, price 1s. 2d. post free. 





NOTICES OF MEETINGS. 


Tue IwnstiruTIoN OF MECHANICAL ENGINEERS— 
To-night at 7 p.m., at Storey’s Gate, S.W.1. Informal 
Meeting. Discussion on “The Work of the Mechanical 
Engineer in Non-Engineering Industries.” Introduced 
by Mr. W. P. F. Fanghaenel. 

Tue Junior InstTiTuTION oF ENGINEERS.—To-night, 
at 7 p.m., at 15, Savoy Hill, Strand, W.C.2. Lecture 
and Demonstration of Industrial and Domestic Electric 
Lighting. 

Tue Instrrution or LocomoTivE ENGINEERS— 
To-night, at 7p.m., at the Engineer’s Club, Coventry- 
street, W.1. ‘‘ The Steam Locomotive and its Future in 
Relation to Electric Traction,”’ by Mr. T. H. Shields. 


Tue InstrruTiON or AUTOMOBILE ENGINEERS: GLAS- 
Gow CENTRE.—Monday, December 21, at 7.30 p.m., at 
the Royal Technical College, Glasgow. ‘“‘ Sleeve-Valve 
Engine Development,” by Mr. W. Ferrier Brown. 

Tue InstituTe oF Marine ENGINEERS.—Tuesday, 
December 22, at 6.30 p.m., at 85/88, The Minories, 
Tower Hill, E.1. ‘‘ Fuel Injection,” by Mr. C. Hughes. 








LauNcH oF THE STEAMER “ Baron Granam.”—Re- 
cently Messrs. Napier and Miller, Limited, of Old Kil- 
patrick, launched the steel screw cargo steamer Baron 
Graham, which has been built to the order of Messrs. H. 
Hogarth and Sons, of Glasgow. The vessel, of the single- 
deck type, with poop bridge and forecastle, has a length 
of 336 ft. between perpendiculars, a moulded breadth of 
48 ft. 3 in., and a moulded depth of 25 ft., whilst the 
gross tonnage is some 3,250 and the deadweight about 
5,550 tons. The hull is fitted with a double bottom and 
contains five cargo holds. Ample derricks are supplied 
for the rapid handling of the cargo. The propelling 
machinery consists of triple-expansion engines, con- 
structed by Messrs. David Rowan and Co., Limited, of 
Glasgow. Steam steering gear is included among the 
auxiliary equipment. The Baron Graham, when com- 
pleted, will comply with the requirements for the highest 
class of the British Corporation. 





CHINESE Imports or NaIts AND Rivets.—In a recent 
issue of the Chinese Economic Bulletin, the statement is 
made that the development of the building industry in 
China, during the past few years, has caused a large 
increase in the demand for nails, rivets, and similar 
articles. Imports of this class of goods, for 1924, 
amounted to nearly 40,000 tons, this quantity being more 
than treble the 1918 figure of 11,900 tons. Supplies are 
derived mainly from Germany, Belgium, Hong Kong, 
Japan, the United States and Great Britain. Before the 
War, the major portion of the trade was in the hands of 
German manufacturers, but during the years 1915 to 
1918, the market was captured by Japanese merchants. 
German competition, however, has now returned and is 
gradually becoming more severe. The progress made 
by German imports is shown by the following figures : 
219 tons entered China in 1920; 2,620 tons in 1921; 
1,898 tons in 1922; 4,090 tons in 1923; 18,830 tons in 
1924, The percentage quantities, supplied by the various 
countries out of the 1924 total of 39,960 tons, were as 
follows: Germany 46-9, Belgium 22-8, Hong Kong10°8, 
Japan 5-7, The United States 3-6, Holland 3-3, Great 
Britian 2-7, Italy 1-4 and France 1-1. 





NEw UNDERGROUND ELEcTRICAL EQuipmMENT.—In 
order to meet the demand for the increased supply of 
current, required for operating the new tube extension 
‘to Kennington and Morden, the Underground Electric 
Railway Company of London, Limited, has taken steps 
to augment the existing plant of the Chelsea Power 
Station and also that at various points on the system. 
At Lots-road, Chelsea, a third 15,000 kw. turbo-alternator 
is being installed, and a fourth has been ordered. Further 
orders also include two additional boilers, 10 high- 
tension “Group” switches, new circulating water 
strainers, oil filters, and two electrically-driven feed- 
water pumps. Two new sub-stations are now in process 
of erection at South Wimbledon and at Balham. The 
former station will contain three 1,200-kw. rotary con- 
verters and corresponding transformers, the latter being 
of air-blast type, arranged for a pressure of 11,000 volts— 
50 periods on the primary side. The equipment also 
includes extra high-tension and low-tension switchgear, 
signalling and air-compressing plant, ventilating equip- 
ment and an overhead crane. This sub-station will be 
of the ordinary manual type. The operators here, 
however, by remote control switches, will control and 
operate the electrical equipment installed in the Balham 
Sub-station situated about 2} miles away. The equip- 
ment at the latter station will comprise three rotary 
converters of 1,500 kw. capacity, with air-blast trans- 
formers. In addition to this automatically controlled 
plant, Balham sub-station will contain air-compressing 
and signalling electrical plant which, however, will only 
be utilised in case of emergency. A new semi-automatic 
sub-station will be erected at Lambeth North, to cater for 
the electrical needs of the Kennington Loop Line, and 
the contract for the equipment has been placed with the 
British-Thomson Houston Company, Limited. This 
station will contain two 1,500-kw. rotary converters and 
provision will be made for a third. This semi-automatic 
sub-station will be controlled from that at Charing 
Cross. The existing sub-station plant will be augmented 
as follows: a new 2,000-kw. rotary converter has been 
ordered for Victoria and one of 1,500 kw. for Baker- 
street. Twelve new air compressors are also to be 
— for Ravenscourt Park, Russell-square, Kentish 

own, Baker-street, Notting Hill-gate, Bond-street and 
Shepherd’s Bush. 
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THE ENGINEER IN WAR. 


From the widespread developments of an in- 
dustrial character which occurred during the peaceful 
Victorian era, an impression obtains very generally 
that the engineer’s field is pre-eminently one of civil 
activity. It is patent to all that he has been 
responsible for revolutions in transport, methods of 
manufacture, and the public services, and on his 
work has been built up the far-reaching traffic and 
commerce of which it has been our pride to boast. 
Yet, after all, this is only one phase in a lengthy 
* bonis In earlier times the engineer’s interest 
was mainly, though not wholly, directed towards 
| military affairs, the evolution of machines for use 
in war and the construction of works designed 
to facilitate attack or defence. As soon as know- 
ledge and skill emerged from their primitive con- 
ditions, the art of defence developed so that 
elementary methods of warfare were rendered 
impotent. The assistance of the engineer was then 
enlisted, more especially in the conduct of siege 
operations. Successful and expeditious work of 
this kind naturally attracted royal attention, and 
brought into prominence those: responsible for 
it, however crude their efforts may now appear 
to be. Thus, it was that frequently the engineers 
won special favours. Sieges were largely conducted 
on their advice, and later entrusted wholly to them. 
Sometimes, as in our case, the military engineers 
were formed into a Royal Corps, acting, as Major- 
General H. F. Thuillier recently pointed out in a 
given before the Royal United Service 
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Institute, with the Artillery, directly under the 
King, while other forces were under the control of 
Parliament. 

In this way the engineering branch of the Army 
came to be distinct and separate from the remainder, 
a development naturally not altogether conducive to 
harmonious relations and successful co-operation. 
The effect of this segregation and, may we say, 
splendid isolation has not yet wholly disappeared, 
though it is fully recognised that in the highest 
interests it is desirable that all branches should com- 
bine to work together as an indivisible entity, each 
performing its allotted duty with one common goal 
astheir aim. This is the modern view, and though 
the Corps is properly jealous of its well-won prestige, 
and the essential and complex character of the 
R.E. services is fully admitted, this branch, equally 
with others, must contribute of its best, regardless 
of sectional aspirations. That there are difficulties 
in translating this ideal into practice, is realised. 
but it is obvious that it is the only feasible means 
of attaining success with economy. A force must 
be welded together to be used as a whole, and 
whatever the branch of any particular officer, 
instead of viewing a problem from the standpoint 
of one service he should be developed to take the 
broadest view of a soldier, as Major-General Thuillier 
stated. Further, in the higher commands such an 
elastic outlook must be the rule, so that technical 
possibilities in any direction may be utilised to the 
fullest extent. 

The essential nature of the Engineer and col- 
lateral services was deeply impressed upon the 
country in the last war, in’ which the specialised 
character of the work involved was greatly intensified. 
Thus in the Army events have tended to perpetuate 
the unique position, and emphasise the indispensable 
character of the engineer, though in a slightly 
altered setting. 

In the Senior and sister service developments 
have not been so happy, and the prospect for the 
future appears at the moment to be less promising. 
In modern maritime warfare the engineer started at 
a disadvantage, which, after long years of effort, was, 
it was believed, removed in 1902, only, as events 
have turned out, to be reimposed upon him by the 
recent Admiralty order depriving him of military 
rank. At its birth this branch was forced, 
so to speak, upon the sailor, against his will. At 
first an auxiliary only, it proved difficult to eradicate 
prejudices the removal of which became essential 
as time showed that the future lay so much with the 
engineers. It was at last thought that the question 
had been settled, and though no one would press 
the solution arrived at as ideal, it was so far satis- 
factory that it enhanced the status of the engineer 
branch. It has come as a rude shock to the whole 
profession to find that although the efficiency of the 
service is daily more and more dependent upon 
this particular branch, it is now to be relegated to 
the position from which it was so hardly won. 

Never was the Navy so dependent upon this 
special branch. To-day no successful action of 
any kind is possible without its best efforts. The 
“executive ” either as regards navigation, tactics or 
gunnery, is wholly dependent. upon the skill of the 
engineers to force an issue. It is, we think, a very 
doubtful compliment to pay.to such a branch as 
this to take away from it essentials to its dignity 
and standing, especially when no quid pro quo is 
substituted. Whatever may, or may not, be the 
practical desirability of the step, it would be contrary 
to human nature for any of the personnel affected 
to think that they had been honoured by the change 
now brought about. Surely in these days when 
engineering is so vitally necessary, the thing to have 
done as time passes would have been to raise the 
officers’ status with their responsibilities, if there is 
to be any hope of attracting the keenest men and of 
enlisting their heartiest co-operation. It is no 
explanation to contend, as did the Morning Post 
recently, that all that the order has done has been 
“to establish the engineering officers as the highly 
skilled. specialists they are.” If this is the whole 
matter, and the change is really intended as a. com- 
pliment, it appears to us to have been conferred in 
a very awkward and back-handed manner. It 
cannot be doubted that the future standing 
of this service will be sadly compromised by 
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this deprivation without some corresponding offset. 
This point of view, we are glad to note, was put 
by Rear-Admiral A. P. Davidson in a letter to the 
Times, and published in that journal on Wednesday 
of this week. 

For the success of the Navy, as of the Army, 
the several essential branches should, if possible, 
be more closely brought together. The executive and 
engineers must work together if in the future the 
Senior Service is to maintain the reputation of its 
glorious past. Both are indispensable parts of the 
fighting machine. Ships may, and can, enter into 
action and emerge victorious without the doctors, 
chaplains, and paymasters, but they cannot do so 
without the engineers, nor without their help can 
vessels be produced likely to be able to hold their 
own in the face of the enemy. It should be possible, 
without risking the efficiency of the Service, to 
devise some way of paying the honour due to these 
men other than by reducing them to a status below 
that of their colleagues, and placing them on a level 
with what, without any disparagement, we may term 
the non-essential branches, so far, that is, as com- 
bative value goes. The future points to increasing 
dependence upon the engineer at sea as on shore. 
His great share of the responsibilities in action, 
to say nothing of the sacrifice blindly faced, place 
him on a level quite distinct from the non-com- 
batants, and with these responsibilities should, we 
hold, go privileges and dignities of a commensurate 
nature. We trust that if it is not too late something 
may yet be done to reinvest this branch with the 
prestige which is rightly its due, and without which 
our Navy may in the future be faced with difficul- 
ties in obtaining suitable personnel. 





COAL ASH AND CLEAN COAL. 


Coat ash has long been regarded merely as a 
worthless impurity of coal and a nuisance. A clean 
coal, free of rock, dirt and minerals, would, no doubt, 
be welcomed as a boon by the miner and the coal 
buyer. Certain recent researches, however, tend to 
indicate that some of the minerals are as essential 
to the coal as the resins associated with caoutchouc 
in the latex are to the rubber. ‘These researches 
have been so far, however, limited to a small 
group of fuel chemists. Though suggestions about 
the inherent importance of the minerals date back 
nearly a century, the statement which Dr. R. 
Lessing made in his three Cantor lectures on 
“Coal Ash and Clean Coal,” that the study of 
the impurities in coal is indissolubly bound up 
with the investigation of the true coal substance, 
may have come as a surprise to some engineers 
and chemists. The three lectures we refer to were 
delivered before the Royal Society of Arts in 
November and December. 

That the coal ash constitutes an expensive 
impurity does not require statistical substanti- 
ation. Dr. Lessing estimated that coal, as put 
on the market, contains about an average of 10 
per cent. of ash. With an annual British coal pro- 
duction of 250,000,000 tons, that would mean that 
25,000,000 tons of incombustible material have to be 
transported by railway companies (exclusive of 
private lines) over some 40 miles of track on the 
average at a little more than Id. per ton-mile. 
Further, the ash has to be collected and carried 
a second time, while it lowers the efficiency of 
the combustion, so that altogether, it is calculated, 
between 10 and 20 million pounds are wasted 
annually upon this constituent in the coal. 

The constitutional iniportance of the inorganic 
matter in coal is not so easily established. Coal is 
the product of the decay of plants and varies with 
the nature of these plants and with the biological, 
physical and chemical conditions under which the 
matter accumulated and matured ; the maturing is 
still proceeding in black coal. The coal contains 
some of the mineral constituents of the plant life 
in addition to others introduced as solutions, mud, 
rock detritus, &c., during the formation of the coal. 
The mineral content of plants ranges from less than 
1 per cent. in the leaves to 20 per cent. in some 
woods. These minerals may be retained or leached 
out during the consolidation of the coal. Vegetable 
matter deposited in brackish or salt water leaves 
films of the salts on the colloidal plant fragments, 





which the electrolytes in the sea water have coagu- 
lated. The sodium chloride of coal thus introduced 
is a destructive impurity, because it volatilises in 
the retorts and fluxes the firebricks. 

The minerals are by no means uniformly distri- 
buted through the four ingredients or components 
of varying microstructure and properties, which are 
now distinguished in bituminous coal. In the 
typical thick scams of Hainstead coal, Dr. Lessing 
found, in the fusain or mineral charcoal, 15-6 per 
cent of ash, in the dull, hard durain, 6-26 per cent., 
in the bright clairain (still containing plant débris) 
1-2 per cent. and in the bright vitrain (of conchoidal 
fracture), 1+*1 per cent. of ash. The ash of the first 
two components of these and other coals is brown 
or pale grey, the others more of a biscuit colour 
and fluffy. Clairain and vitrain seem to contain the 
inherent plant ash mostly as water-soluble con- 
stituents ; the durain ash is clayey and only soluble 
in acids ; the fusain ash, which may amount to 30 
per cent., is largely soluble in acids only, and the 
cleat and partings of coal resemble fusain. The four 
components mentioned are not always well marked, 
and their existence is indeed questioned. But 
whether we acc- vt this petrological classification of 
Stopes and others, or the classification on a botanical 
basis of R. Thiessen, or some other classification, 
ordinary lump analyses of coal not properly sampled, 
or analyses of coal ground up in bulk without previous 
separation, may give very misleading results. The 
chemical reactions, dehydration of silicates, decom- 
position of carbonates, oxidation and reduction 
of iron compounds, which took place during the 
formation of the coal, have moreover, themselves 
contributed to modify also the organic constituents. 
X-ray examinations has recently come to the aid 
of the fuel chemist; Mr. C. Norman Kemp 
demonstrated the use of the carboscope for this 
purpose at the end of the first lecture. 

The rocks constituting the roof and floor of a 
seam have a most profound influence on the mining 
of coal, but they do not trouble the fuel chemist so 
much as the partings and cleat. The partings 
are thin “dirt” bands of carbonaceous shales, 
calcite, and ankerites (substituted calcium carbo- 
nates of magnesium, iron, manganese) forming 
almost imperceptible films or thick veins in the 
seam. The substance of cleat in the cracks, roughly 
at right angles to the bedding, is mostly of the 
same nature as the partings, and is ascribed to 
infiltration of hard water. But the dissemination 
of the minerals goes much further. When Dr. 
Lessing some years ago tried to separate the com- 
ponents of coal with the aid of diluted acids, not 
strong enough to attack the hydrocarbons, he found 
that the coal became friable and could be crushed 
between the fingers, disintegration taking place 
throughout the mass in the multitude of micro- 
scopical fissures filled with ankerites. This dis- 
integration, effected by means of gaseous sulphur 
dioxide, has experimentally been applied with 
success for winning coal. Small holes are drilled 
into the coal face and charged with the dioxide 
at ordinary pressure ; the gas is absorbed by the 
coal, The miners have not complained of the irri- 
tating properties of the gas. Large blocks of coal 
can easily be split up by running drops of diluted 
acid along visible lines of parting. 

The spontaneous reactions taking place in the 
coal are of interest with respect to the spontaneous 
combustion of coal, on which a Departmental 
Committee reported in 1922. The report did not 
ascribe more than a disintegrating influence to the 
oxidation of pyrites leading to the exposition of 
larger coal surfaces to atmospheric oxidation. That 
conclusion has, however, again recently been ques- 
tioned. Dr. Lessing pointed out that massive pyrite 
crystals were not likely to be attacked, but that finely 
disseminated iron sulphides, whether pyrite (cubical) 
or markasite (orthorhombic), would be oxidised, 
and that the oxidisable ferrous and manganous 
carbonates had to be considered in this connection. 
Any acid formed would decompose these carbonates 
and disintegrate the coal by the liberation of gas ; 
the resulting ferrous sulphate, &c., would itself be 
highly oxidisable, and the ferric sulphate formed 
would be reduced again by the pyrite and the coal. 
Thus any oxidation initiated would tend to proceed 
spontaneously. 





The preparation of clean coal for the market and 
the removal of dirt begin underground. Doubting 
the wisdom of this practice, particularly from the 
point of view of coal conservation, Dr. Lessing 
admitted that any reorganisation of the operations in 
this respect would involve increase of haulage and 
screening above-ground by improved methods. 
The preference of buyers for large coal might be 
due to the conviction that a coal which had remained 
unbroken was likely to be comparatively free from 
ash. After reviewing the question of washing, Dr. 
Lessing pointed out that the drying of coal laden 
with moisture is not yet general practice, and the 
drying of floated coal and the recovery of the 
flotation oil are difficult problems; in the Trent 
process fine coal (passing the rough 200 mesh) is 
churned with water and 20 per cent. of oil. 
Attempts have therefore been made, notably in 
America, where frost trouble may be severe, to 
clean coal in the dry, partly in combination with 
air-flotation. In the simple dry cleaning the coal 
is passed down a spiral separator which is inclined 
towards the central post (see ENGINEERING, Vol. cxiii, 
page 359). In the other process a kind of table 
concentrator is used and provided with a permeable 
deck (of wire cloth or perforated sheet) which is 
riffled ; air blown upward carries the coal over or 
into the riffles. Grading to size seems to be more 
important in these processes even than in water 
flotation, and all these processes require further 
study and systematic control by chemical and 
physical means. Many cleaning plants, Dr. Lessing 
stated, are still run without any control, and in 
others the control is more casual and spasmodic 
than regular. 

The crucial test of the importance of the mineral. 
matter in coal lies in its relation to the utilisation 
of coal. The greater the percentage of ash in the 
coal, the larger is the risk of leaving unburnt coal in 
the ash and cinders. The ash lowers the efficiency 
of the combustion ; the sensible heat retained by the 
ash is only about 0-4 per cent. of the average 
calorific value of the coal, but it increases with its 
percentage. The nature of the ash has a material 
effect on the processes of combustion, carbonisation 
and gasification. Several of the ash constituents 
act as catalysts. A lump of sugar is not easily 
carbonised, it turns into caramel and melts. If first 
touched with a trace of certain salts, e.g., a little 
tobacco ash, the sugar burns. The importance of 
the fusibility of ash is generally recognised. Most 
silicon and aluminium compounds, usually the chief 
constituents of ash, fuse between 1,600 deg. C. 
and 2,020 deg. C. Flux lowers the fusing or soften- 
ing point; ferrous oxide generally does so more 
than ferric-oxide, but Fieldner observed that the 
softening point of a coal ash might be as high in a 
reducing furnace atmosphere as in an oxidising 
atmosphere. The relations are complex for various 
reasons. The ash is a heterogeneous mass, even if 
it does not enclose lumps of shale and minerals, and 
the ashes of durain, clairain, &c., have different 
melting points. As they melt they may be locally 
decomposed, and yet remain highly viscose at 
temperatures at which the uniform mixture would 
have fused. In the boiler furnace fused ashes 
which coat the coal particles with films of slag are 
very undesirable. Constam added kaolin or quartz 
to coal containing highly fusible ash; coal 
rich in durain and hence in silica and alumina 
is suitable for steam raising. In the gas producer 
slagging is promoted by the addition of lime- 
stone or iron ore and the fuel is kept at a high 
temperature. Coal ash inclined to clinker generally 
contains iron and admits of electromagnetic sifting ; 
Dr. Lessing referred to the Ullrich process. 

Our knowledge of the reactions of processes of car- 
bonisation is still very scanty. It had been believed 
that the pyritic iron disulphide was, between 
300 deg. and 600 deg., decomposed into the mono- 
sulphide and sulphur, FeS, = FeS +8, and that 
the FeS was oxidised to Fe,0, even in a limited 
supply of air. With rapid cooling below 500 deg., 
however, the former decomposition is by no means 
complete, iron sulphide is left in the coke, and the 
retort atmosphere may be highly reducing. Incine- 
ration tests made with fragments of different sizes 
may not be in accord with one another and with 
retort sample tests. Commercial coke always 
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contains mineral matter firmly embedded in the 
carbonaceous mass, which is entirely burned out in 
incineration tests, and it is not certain that the 
hardness of certain cokes is really due to iron 
carbide or silicide. 

The catalytic influence of oxides, carbonates, 
sulphates, chlorides, etc., of the alkali and alkaline 
earth metals, aluminium, iron, copper, etc., added 
to carbon in the wet or dry states, has been in- 
vestigated by Dr. Lessing in experiments with 
sugar, cellulose, coal, clairain, &c. Their influence 
is traceable in all the reactions and in the rela- 
tive yields and properties of the coke, gas and 
tar; the yields may be very considerably increased. 
The mechanism of the catalysis is not clear, 
but the directive influence is established. The 
catalytic influences, which have been confirmed 
by various investigators, should also be at work in 
ordinary combustion and in the hydrogenation of 
coal and its conversion into oils. The fact, Dr. 
Lessing pointed out, is emphasised by I’. Fischer, 
Graham, Fierz-David, Shatwell and Nash, whilst 
Bergius ascribes no importance to the catalytic 
reactions. ‘The control of retort and autoclave 
reactions is, of course, very difficult; Fischer ob- 
served, for instance, that neither alkali nor iron 
alone would act catalytically in certain cases, 
but that they did so when used together. That cata- 
lysis is responsible for much of the carbon deposited 
in cracking processes is largely admitted. 

We have had to pass over the tabular matter 
upon which Dr. Lessing based his case. He certainly 
succeeded in establishing the fact that coal must be 
regarded as a mixture of the true fuel and of an 
essential complement of inorganic constituents with 
extraneous incombustible matter. Clean coal, he 


stated in conclusion, should be commercially 


possible. A close study of the valueless mineral 
portion of coal was one of the urgent needs of fuel 
research. 








THE EFFICIENCY OF REACTION 
BLADING. 

Sream turbine test data measured with laboratory 
precision are extremely rare, and a special interest 
attaches accordingly to the results of the tests on 
a Brown-Boveri steam turbine, described by Pro- 
fessor Stodola in ENGINEERING of October 2, last, 
page 427. As stated in the report, very special 
care was taken to determine by direct measurement 
the total output of the turbine, inclusive of bearing 
and dise friction, The gland and dummy leakage 
was also carefully measured, and the temperature 
of the steam, both at inlet and at discharge, was 
also accurately ascertained. The figures afford 
accordingly new data of very exceptional value, and 
it may be of interest to discuss them somewhat 
more fully than Dr. Stodola has done in his report. 
In this he has followed the usual practice of dealing 
mainly with efficiency ratios, which, however, 
afford but a very imperfect basis for comparing 
the relative merits of machines operated under 
different conditions. The “‘ hydraulic efficiency ”’ is 
far more instructive, but this term is used in a slightly 
different sense by Professor Stodola than it has 
been by ENGINEERING in the past. Here it has 
always been defined as the efficiency ratio divided 
by the reheat factor, without the correction for 
leaving loss, which Professor Stodola introduces. 
The object of making this correction is, of course, 
to determine what the blading efficiency would 
be were there no excessive residual velocity in the 
steam escaping from the last row of blades. This 
plan is in common use, but the present writer has 
found that it often leads to inconsistent results. 
This, no doubt, is partly due to the fact that it is 
usual to take the residual velocity of the steam as 
the axial velocity, which is quite commonly far less 
than the true value, since the tangential component 
of the velocity of this steam is often the larger of 
the two. There is a difficulty in determining the 
true value of the residual velocity, since the 
direction of flow is generally unknown. There are, 
moreover, in the present writer’s opinion, other 
objections to the plan, which, however, it is not 
proposed to discuss on the present occasion. A 
really rational method of determining the ‘‘ normal ” 
value of the blading efficiency would be to increase 








the back pressure on the turbine until the velocity 
of discharge from the last row of blades had itself 
a normal value. All the rows would then be operat- 
ing under nearly similar conditions, and the hy- 
draulic efficiency would then be the normal blading 
efficiency corresponding to the actual mean ratio of 
blade speed to steam speed. 

A noteworthy feature in Professor Stodola’s 
results is the close correlation between the tempera- 
ture measurements and the measured output of 
the turbine. As shown in the annexed table in 
tests Nos. IV., and [a (lines 13 and 16), the 
discrepancy between the output as calculated from 
the temperature measurements, and as determined 
“mechanically,” is less than $ per cent. The 
greatest discrepancy is in Test No. I, where the 
difference is about 4 per cent. Callendar’s formulas 
were used in computing the total heats and specific 





volumes of the steam and the hydraulic efficiency 


given in line 17, and the quotient of this divided by 
the total thermodynamic head is plotted in the dia- 
gram on page 776. Here the full line curve is the 
same Da given in ENGINEERING, January 6, 1922, 
page 2. As there explained, it was obtained from the 
scanty test data in which both careful tests have 
been made and adequate data as to the constitution 
of the turbines were available. The test-figures were 
corrected for super-saturation losses as explained in 
the article cited. The new figures now provided by 
Professor Stodola’s tests furnish points on the 
efficiency curve, well beyond the range hitherto 
reached in published tests. 

As will be seen from lines 19 and 21 of the table, 
the blade speed in certain of the tests was greater 
than that corresponding to the maximum efficiency, 
which in this instance seems to be in the neigh- 


bourhood of x = 2,100, as will appear on reference to 


ANALYSIS OF TESTS OF BROWN-BoVERI REACTION BLADING. FIGURES PRINTED IN ITALICS ARE TAKEN 
FRoM Dr. StopoLa’s REPORT, ‘‘ ENGINEERING,” OCTOBER 2, 1925, Pace 427. 

















| Test. No. I. EE Ill. IV. ¥. TA. TIA. 
1 Initial pressure 1, lb. per sq. in. oF 92-65 90°45 111-65 96-16 75-76 94-06 93-2: 
2 Initial temperature, tj, deg. F. . --| 452-1 454-0 453°5 441-2 433°5 450-1 431°9 
3 Initial volume v1, cub. ft. per Ib. --| 5°7165 5-8460 4-7289 5: 4294 6 -8646 5-6151 5-5383 
4 Initial total heat H;, lb. Cent. units .:| 699-55 699-18 698-71 696-19 695-37 698-90 693 -67 
5 | Discharge pressure Po, lb. per sq. in. ma 39°45 28-12 48-02 39-88 39-53 39-31 39-30 
6 Discharge temperature to, deg. F. --| 3802-60 254-20 306-00 293-70 325-10 297-10 285-10 
7 Discharge volume Vo, cub. ft. per Ib. ..| 11-231 14-770 22-64 10-963 11-572 11 -182 10-985 
8 Final total heat Ho, lb. Cent. units --| 661-26 648-97 661-21 658 -66 667 -68 659-71 656 -26 
9 Work done = H, — Hag, lb. Cent. units. 38-29 50-21 37-50 37-53 27-69 38-19 37-41 
10 Hydraulic efficiency* 7 : -| 0-8989 0-8895 0-8922 0-8661 0-8483 0-9050 0-8903 
11 | Thermodynamic head = Hy ~ Hi; Hy 
Ib. Cent. units 42-60 56-45 42-04 43-33 32-64 42-20 42-02 
12 | Weight of steam per hour, lb. .. 26094 26588 31182 27348 19760 26416 26169 
13 | Output calculated from line oom me -<. 527-1 704-3 616-9 541-5 288-6 532-2 516-5 
14 | Observed output, kw. < we 506-4 683-0 599-3 538+24 286-3 525° . 501-4 
15 Kilowatts in leaving loss .. “ es 0-9 1-5 1-0 0- 0:8 0: 0:6 
16 Sum of lines (14) and (15), kw. .. pe 507-3 684-5 600-3 538-9 287-1 528. 4 502-0 
17 |K=2 (4)’. (F pe? wel 99620 | 9962 99620 | 135600 99620 99620 69180 
10 100 
18 . = e Z. 2: i a, 2,339 1,765 2,370 3,129 3,053 2,361 1,646 
19 Mean blade speed s, ft. per sec. .- 260-2 260-2 260-2 303-6 260-2 260-2 216-9 
20 Mean axial velocity of steam from blades, - a 
ft. per sec. ve 72°46 85-65 71-40 73°14 61-06 72-56 70-79 
21 | Mean tangential velocity i, ft. per sec. ..| 250-7 289-9 249-6 256-7 220-2 253-9 251-3 
22 Mean velocity of efflux v, ft. persec. ..| 261-0 302-3 259-6 266-9 228-6 263-41 261-1 
23 | Relative velocity r, ft. persec. .. =e 73-07 90-66 72-18 86-88 73-45 72-85 78 
24 Kinetic energy carried into row. Ib. cent. f 
heat units 0-0592 0-0912 0-0578 0-0838 0-0599 0-0589 0-0680 





25 | Average thermodynamic "head ‘per TOW 























| 

| = 8 » CIES... on ov --| 0-7608 1-0081 0-7508 0-7738 0-5829 0-7536 0-7504 
26 | Total head producing flow 0-8200 1-0993 0-8086 0-8576 0-6428 0-8125 0-8184 
27 | Theoretical velocity of efflux, ft. per sec.| 271-8 314-6 270-0 ti 240-6 270-6 271-6 
28 | Velocity coefficient f 0-9606 0-9609 0-9618 0-9600 0-9501 0-9760 0- “9613 
29 | Sine of angle of efflux .. * --| 0°2776 0-2833 0+2750 0-2740 0-2671 0-2748 0-2711 





* With superheated steam the hydraulic efficiency is equal to the efficiency ratio divided by the reheat factor. 


was calculated by the rational formula given in 
ENGINEERING, January 6, 1922, page 2, viz. : 
dace 
7 = r 
0-23077 
where 
1 _ log (Vi — b) — log (V. — db) 
r log pi — log p2 
The internal work done per lb. of steam is, of course, 
equal to H, — H,, where H, and H, denote, respec- 
tively, the total heats at inlet and exhaust. These 
were calculated from Callendar’s rational formula 
which, using pound-centigrade units, may be 
written as 





H = or) +0-00165 . p + 464 


The total thermodynamic head is then 
Hi — Hp 
i] 
where » is the hydraulic efficiency determined as 
above described. The work done by the steam 
includes the kinetic energy carried away from the 
last row of blades. This has been calculated from the 
absolute velocity of the steam thus discharged, and 
is added to Professor Stodola’s estimate of the work 
done on the turbine shaft. As shown in line 15 
of the annexed table, it is in this case but a small 
correction, and thus need not be computed with 
any special precision. From line 10 of the table, 
it will be seen that the hydraulic efficiencies (uncor- 
rected for tip leakage) range from 0-8483 up to 


0-9050. The values of K = 5 (i) (ona P 





10 100 ) — 





the diagram. This value is, we believe, higher than 
that corresponding to the maximum efficiency of 
normal Parson’s blading, and the test data confirm 
this, in that they indicate that the angle of effiux of 
the new Brown-Boveri blades is smaller than the 
normal, A preliminary rough calculation gave this 
angle as 17 deg., that of standard Parsons’ blading 
being 184 deg., but, as will be seen from the line 29 of 
the table, the value finally arrived at, by a process 
of trial and error, is 16 deg., since the average value 
of the sines there given is 0-2747 which is sine 15° 
57’. A value of 16 deg. has accordingly been used 
in the final calculations t» determine the tip 
leakage corrections. 

On the basis of very careful experiments made 
on the loss of efficiency due to tip leakage, 
Professor Stodola estimates that the loss thus 
arising is 3-1 times the ratio of clearince to blade 
height. These particular tests were, however, made 
on another turbine having, we believe, blading 
more akin to the ordinary Parsons standard. If this 
be so, the loss of efficiency is practically equal to the 
ratio of the leakage steam to the total steam. It is, 
in the present writer’s opinion, physically impos- 
sible that it should be more than this, and it ought, 
in fact, to be somewhat less. The steam which 
leaks over the blade-tips of one row carries momen- 
tum into the succeeding row, and this momentum 
must tend to promote flow through this row. 
Assuming that the tests referred to by Dr. Stodola 
were made with standard blading, it appears that 
the recovery thus occurring is very small, and that 
the proportion of the steam which is actually 
effective in driving the blading is given by the 
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formula published in ENGINEERING, October 27, 
1911, page 551, vie. :— 
h—e 
h+oe 
where h is the blade height, c the clearance, and ¢ is 
1 
sin a 
From experiments made by the Brush Electrical 
Engineering Company, Limited, for particulars of 
which the writer is indebted to Mr. W. Chilton, the 
“ velocity coefficient ” of the leakage steam appears 
to be about 0-95, or practically the same as for 
the blading. Hence the fraction of the steam 


passing through this blading is : = ; the remainder 


leaks over the blade tips. It may be added that 
experiments on the loss of efficiency due to tip 
leakage are difficult to make, as the loss is estimated 
as the difference between two nearly equal quan- 
tities, so that quite small errors in these may 
involve errors of nearly 100 per cent. in estimates 
thus made of the reduction in efficiency attributable 
to tip leakage. It is therefore of great value to 
have Dr. Stodola’s statement as to the conclusions 
derived from these very careful experiments. 
Referring to lines 10 and 28 of the table, it will 
be seen that both the hydraulic efficiency and the 


-1 





steam may be safely assumed to be the geometric 
mean of the initial and final values. The mean 
“* gross ”’ axial velocity is then found by dividing the 
volume flowing per second by the annular area at 
this row. The figure thus found is a gross value. 
But the steam leaking over the blade-tips has a much 
higher axial velocity than this, and consequently the 
axial velocity of the steam which passes through 
the blades will be correspondingly less. Taking the 
angle of discharge as 16 deg., in accordance with 
the final value found, it appears that, on the 
average, 0-947 of the total steam passes through 
the blades. Hence, the true axial velocity is equal 


to < Vq where vg is the ‘gross’? mean 


h 
h+oc 
axial velocity of the total flow. This value of 
the axial velocity is entered in line 20 of the 
table. The average tangential velocity ¢ was 
calculated from the drive on the blades. This is 
equal to the change of momentum effected per 


second, (2 t — s), 
w denotes ~~ ‘on oe of steam passing through the 
blading (7.¢., pe = = 0-947 of the total) per second, 


t is the tangential sais of the steam, and s the 
hlade speed. If this momentum be multiplied by 
the blade speed we get the average work done by 


which is equal to where 
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velocity coefficient were smallest in Test No. V. 
The average steam velocity in this test was, however, 
very low, viz., only 228-6 ft. per second, and it 
seems possible that in this experiment the steam 
speed was less than that corresponding to the 
maximum value of the velocity coefficient. As 
was pointed out by Mr. H. M. Martin in the dis- 
cussion of the second report of the Steam Nozzles 
Research Committee, the curve representing this 
coefficient must have a maximum value which occurs 
at quite a low speed of efflux, and that at speeds less 
than that corresponding to this maximum, the falling 
off in efficiency is very rapid indeed. Moreover, in 
the neighbourhood of this maximum, conditions are 
probably somewhat unstable. This prediction has 
been confirmed by subsequent tests made at Man- 
chester, and it seems possible that the results of 
Test No. V find their explanation here. 

The velocity coefficients given in line 28 of the 
table are probably not quite comparable with 
the Manchester tests, since it is generally held that 
the efficiency with which the kinetic energy carried 
into the blading is utilised, will always be less than 
the efficiency with which the heat drop in the row 
is utilised. The ratio of the kinetic energy carried 
into the row to the heat drop there is of the order 
of some 8 per cent. only, so that the correction 
required to make the values given in line 28 of the 
table comparable with the results of the Manchester 
tests would not be large, but the figures tabulated 
are probably somewhat on the small side. The 
average value is 0-96. This ought, perhaps, for 
the reasons stated to be increased by 1 per cent. or 
2 per cent. to compare with ordinary nozzle tests. 

The average axial velocity of the steam was taken 
as the value at the middle row of the group of 
blades. At this poini the specific volume of the 
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each moving row per second. This latter figure is 
equal to one twenty-eighth of the total output 
expressed in foot-pounds per second. Equating 
these two values, we get the figures given in line 21 
of the table. Knowing both the tangential velocity 
and the axial velocity of the steam, we can calculate 
the velocity of efflux which is given by the expression 
v=r,2+ 8. The values of v thus found are 
entered in line 22 of the table. 

The thermodynamic head expended per row of 
blades, taking into account both stationary and 
moving rows, is af To this must be added the 
kinetic energy entering the blades, which, expressed 


2 
) » where r 





rT 
300-2 
represents the velocity of the steam relatively to 
the row of blades it enters. ‘The mean value of r 
is calculated from the known values of ¢, s and 2, 
being given by the expression r? = (tf — s)? + ¢, 
The values thus found for r are entered in line 23 of 
the Table. The total head producing flow is, then, 
the sum of lines 24 and 25, which leads to the 
values entered in line 26, The theoretical velocity 


in pound Centigrade heat units, is ( 





of efflux is, then given by the expression 

7 aT apt ae re 

v’ = 300-24/ U +/( J ) and values of this will 
56 300°2 


be found in line 27. 

The method of analysis described above is 
capable of greater refinement by calculating the 
flow through the group at, say, three Gauss points, 
instead of at the single point taken. In the 
present case this was not thought to be necessary, 
since the blading has been proportioned with a 
view to equalising the work done by each row. 
In one of the tests this condition was almost 
exactly realised. 





NOTES. 
WATERLOO BRIDGE. 

Ar its meeting on Tuesday last, the London 
County Council decided, by 82 votes against 32, that 
Waterloo Bridge should be rebuilt. This vote was 
given at the close of a debate on a report of the 
Improvements Committee. The substance of this 
report was made public about ten days ago. It 
was to the affect that a sub-committee had gone 
into the whole question afresh since technical experts 
had claimed that underpinning would be practicable, 
but the report was of an open character, and apart 
from a recommendation that the opinion of the 
First Commissioner of Works should be taken on 
the subject, does not seem to have advanced matters 
to any extent. When the subject came up for dis- 
cussion on Tuesday, an amendment to the proposal 
to refer the matter to the First Commissioner 
of Works was moved by Mr. Gattiand seconded by 
Lord Falmouth, This was to the effect that the 
bridge should be reconstructed with not more than 
five arches, and to take six lines of traffic. The 
debate did not bring to light any really new facts 
in support of the proposal to preserve the old struc- 
ture, and, while we join in the regret that Rennie’s 
bridge must give way to modern requirements, we 
feel that the Council’s decision is the most practical 
way of meeting the needs of the present and future. 
All engineers will sincerely regret that this great 
monument may soon be a thing of the past, but, 
at the same time, the profession is ranged on the 
side of progress rather than of living in the past. 
We have little doubt, as we have previously stated, 
that the bridge could be effectively repaired, but, on 
the other hand, we must reluctantly admit that any 
such work will fail to give to this part of London 
the traffic facilities now required, the need of 
which will almost certainly be felt in the near 
future. 


INLAND-NAVIGATION AND HypRAULIC-PowWER Ex- 
HIBITION, AND WoRLD-POWER CONFERENCE, 
Basix, 1926. 

In order to commemorate the opening of the 
new river port on the Rhine at Basle, Switzerland, 
it has been decided to hold, in that city, an Inter- 
national Exhibition for Inland Navigation and 
Utilisation of Hydraulic Power. The exhibition, 
which will remain open from July 1 to September 15, 
1926, will be held in the permanent buildings of the 
Swiss Industries Fair in Basle, the available floor 
space of which is about 18,000 sq. m. There are 
also large open spaces in the immediate vicinity 
of these premises, so that temporary buildings 
can be erected should the necessity arise. Pro- 
vided river conditions are favourable, exhibitors 
will be able to display ships and other craft on 
the Rhine. The section of the exhibition devoted 
to inland navigation is subdivided into four groups. 
The first of these deals with the historical, geo- 
graphical and statistical aspect of the subject, while, 
in the second, consideration is given to hydraulic 
installations, the maintenance of inland waterways 
for navigation purposes, and auxiliary works. The 
thirdand fourth groups deal with passenger and cargo 
shipping and with shore plants and accessories. The 
second section of the exhibition, that devoted to the 
utilisation of water power, is subdivided into three 
groups. The first is chiefly statistical; the second 
deals with the construction of complete hydro-electric 
plants, and with the regulation and maintenance of 


2 Py . 
“. | inland waterways for purposes of power production. 


The third group is intended to cover mechanical 
and electrical plant, such as turbines, pumps and 
generators, with their accessories and other ap- 
pliances. In connection with the Basle exhibi- 
tion, a sectional meeting of the World Power Con- 
ference will be held from August 31 to September 12, 
1926, and a technical programme has been drawn 
up. This latter has been divided into the following 
main sections:—({A) The Utilisation of Water 
Power, and Inland Navigation ; (B) The Exchange 
of Electrical Energy between Countries; (C) The 
Economic Relation between Electrical Energy 
produced Hydraulically and Electrical Energy pro- 
duced Thermally and the Conditions under which the 
two Systems can Work Together with Advantage ; 
(D) Electricity in Agriculture; and (E) Railway 





Electrification. The Basle sectional meeting of the 
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World Power Conference has been organised by a 
Swiss National Committee with the approval of the 
International Executive Council of the World 
Power Conference. Arrangements for British par- 
ticipation are under consideration by the British 
National Committee, and all correspondence should 
be addressed to the Secretary, World Power Con- 
ference, 36, Kingsway, London, W.C.2. Further 
particulars regarding the exhibition, as distinct 
from the World Power Conference, may be obtained. 
from the Organising Secretary, International Exhi- 
bition for Inland Navigation and Utilisation of 
Hydraulic Power, Easle, Switzerland. 





DIE CASTING. 
By N. F. Bupaen, Ph.D., M.Sc. 

THE term “die casting ’’ may be defined as the 
process of making castings by pouring molten metal 
into metal dies either by gravity or under pressure. 
Die casting is rapidly proving to be an important 
factor in the manufacture of interchangeable parts 
where considerable accuracy and high finish are 
essentials. The application of the process to the 
production of finished parts is very great, since it is 
possible to die cast almost any piece; it is not, 
however, always practicable or economical to do so. 
There is, nevertheless, an enormous volume of metal 
parts required for the various industries that can be 
successfully die cast. The manufacturers of the 
following commodities can all with advantage use 
die castings: vacuum sweepers, typewriting and 
computing machines, vending machines, auto- 
mobiles, aeroplanes, motor cycles and motor lorries, 
gramophones and piano players, electrical machinery 
and instruments, and cinematograph machines. 

Advantages of Die Casting Process.—The principal 
advantages of the die casting process are as follows : 
The process is continuous and the output generally 
much greater than in the case of sand casting. The 
castings are uniformly accurate, and machining costs 
are either entirely eliminated or very considerably 
reduced. Objects which it would be impossible to 
sand cast may be quite successfully die cast. All 
pattern making and moulding costs are obviated 
once the die is made, and errors due to the human 
factor are thereby avoided ; it is far easier to get 
perfect accuracy once and for all in the original die 
than with each separate casting. There is no 
chance of sand being included in the casting. Any 
small fins which may have formed can be removed 
by file card, grinding wheel or filing machine without 
the assistance of any elaborate jigs or fixtures. 
Babbitt bearings can be cast to have a smoother 
surface than is obtained by average machining of 
phosphor bronze and a fine, hard, impervious surface 
is given. A 15-lb. die casting in aluminium, if 
made of cast iron, sand-cast, would weigh about 
50 lb. and be only 30 per cent. stronger. 

The possible output of die castings is enormous, 
one multiple die can produce 300 small castings 
per hour on a one-man operated pressure machine. 
Aluminium-bronze castings, weighing 4 Ib. each, 
have been obtained under normal working conditions 
on an average of 100 a day, these castings being 
hand poured. Naturally, with many cores to 
remove, one man cannot obtain the same output 
from the hand-poured die as on a pressure-operated 
machine. Thesize of castings which may be success- 
fully die cast depends upon a number of factors, but, 
generally speaking, the process is best adapted to 
moderately small parts. Oil rings and steering 
wheels 15 in. in diameter have been cast of aluminium 
alloys and holes can be cored accurately within 
0-001 in. and have smooth interiors. 

The limit of accuracy obtainable without special 
precautions is 0-002 in. and such accuracy is 
generally aimed for; much greater accuracy, 
keeping dimensions within 0-0005 in., can be 
attained, but requires considerable trouble in 
maintaining the dies in proper condition. Lugs 
and gear teeth may be cast in place and external or 
internal threads of almost any pitch can be cast. 
Internal threads, however, seldom pay because the 
core on which the thread is cast must be screwed 
out of the casting with consequent: reduction of 
output from the machine ; less time would probably 
be taken by tapping the holes. External threads 
can, however, be cast quite satisfactorily for sizes 
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from 0-25 in, diameter upwards. Oil grooves can 


be cast in bearings. 

The labour required for operating die-casting 
machines may be classed as unskilled. Metallurgi- 
cally die castings are superior to sand castings on 
account of the greater density, strength, and 
(generally) freedom from biow-holes ; the castings 
are also more ductile than sand castings, as exempli- 
fied by the following figures for aluminium :— 

Sand Cast. Die Cast. 
Ultimate tensile strength... - 20,000 Ib. 25,000 Ib. 
persq.im. persq, in. 
Per cent. elongation on 2 in. 1-7 3:1 
Specific gravity ... S98 2-84 2-87 

Disadvantages of Die Castings.—Most of the 
metals and alloys most successfully die-cast are 
readily fusible and have no great strength such as 
is possessed by ferrous alloys. The brasses and 
bronzes so successfully and long sand-cast are the 
more desirable for some purposes on account of 
their greater strength than lead, tin, aluminium 
and zine alloys, but the yellow metals are as yet 
somewhat more difficult to die-cast, for reasons 
which will be discussed later. The dies, even 
though moderately simple, with their mechanism 
for removing cores and ejecting the casting, take 
some weeks to make and cost many pounds. It is 
in the reduction of time and expense for die manu- 
facture that advance is most needed. 

Some castings are spongy and porous near the 
centre or even throughout, but this can usually be 
rectified by careful design, metal-mixing, and 
melting. Bubble-holes are caused by the occlusion 
of air already in the mould or of gases liberated 
from the metal on the point of solidification in the 
mould ; they may be caused by whirls and eddies, 
particularly in the centre of the main portion of the 
casting and opposite sharp internal corners. Bubble- 
holes seldom appear on the surface of castings, but 
their frequent occurrence in badly designed castings 
suggests the necessity for giving as large a radius 
as possible to internal corners. 

The production of sound castings by exhausting 
the air from the mould has not given great success 
because, as a matter of fact, it is practically impos- 
sible to create a good enough vacuum in the die 
owing to the number of joints, as at the nozzle, 
die plates, slides, cores, &c. The method is 
employed by some casters, but it is found to compli- 
cate the working of the machine, and consequently 
to reduce the output. 

Bubble-holes and porosity are best prevented by 
proper gates, correctly placed and of suitable area, 
and taking care that the die is properly vented, 
avoiding over-venting. The use of suitable mixtures 
of metals plays an important part in this connection, 
some alloys being impossible to cast free from 
blowholes ;_ the alloys which are permissible for 
use will be indicated in a subsequent paragraph. 

It is impracticable to produce under-cut work— 
that is, work having no draft and which, therefore, 
is impossible to draw from the die. Such work can, 
of course, be done by the use vf collapsible cores, 
but it is not advisable to employ them as they get 
out of condition and slow down the rate of operation. 
It does not pay to cast rough, heavy work, which 
can be made just as well by sand casting ; in such 
large work the amount of metal required for each 
casting makes the cost prohibitive. 

Die-Casting Machines, their Design and Working. 
—The origin of the die-casting process lies in the 
early part of the nineteenth century, when, in 1838, 
Bruce invented the first type-casting machine. 
This machine undoubtedly involved the essential 
principles of the machines in use to-day. In 1885 
Mergenthaler invented the linotype machine, by 
the aid of which a complete line of type is cast in 
steel moulds in one bar, the matrices being set 
together by working upon a keyboard like that of 
a typewriter and then automatically returned to 
their proper places. There are many different 
forms of the modern die-casting machine now in 
use, each having their particular peculiarities and 
specialities, but the essentials of all are a melting- 
pot and a means of forcing the metal into the die, 
either by hand or other pump or by air pressure ; 
attached is, of course, the die. The melting-pot 
is usually of cast-iron and is externally heated by 
gas or electricity. 

In some types a plunger works in a cylinder and, 








on descending, forces the metal up a passage ending 
in a hemispherical nozzle projecting from the 
horizontal table of the machine, and over which the 
die is clamped by a fly press. To the top of the 
plunger or piston a rack is fixed and worked from 
a hand-wheel by a pinion. In another pressure 
type of machine, air is used instead of the plunger 
to expel the metal from the melting-pot and 
deliver it to the die, this air being supplied by a 
small compressor and stored under the requisite 
pressure in a steel cylinder. When operating well, 
the output of this class of machine is very high 
and much above that of the first type. 

Automatic casting machines have been developed 
for turning out repetition work in large quantities 
very rapidly. These machines are very compli- 
cated, and profitable only when immense orders 
are forthcoming. Their principles of operation 
are the same as in the case of the hand-worked 
machines, but provision is made for automatically 
opening and closing the dies. injecting the metal 
and ejecting the castings. The hand-operated 
machines have been perfected to an extent that 
enables one man to turn out a very large number of 
castings and a machine of this kind may be placed 
in a room or in any part of a shop where there. is 
no power. The output of such machines is so great 
that it is only under exceptional circumstances 
that the automatic machines can be worked at a 
profit. Such conditions are that a large number of 
moderately simple castings are required from the 
same mould. With the hand-operated machines, 
however, very intricate castings can be made from 
the white metal alloys generally used. 

The application of compressed air to die casting 
machines has various advantages in its favour. 
There is the simplicity of operation, positiveness, 
and the fact that the operating troubles, such as 
the plunger sticking in the cylinder, are obviated. 
But the great disadvantage of this type of machine 
is the deleterious effect of the oxygen of the air 
upon the metals in the melting pot, this oxidation 
effect being greater the higher the temperature— 
in any case being very great for zinc, lead and 
aluminium at their melting points. Some metals 
have the power of absorbing or occluding gases, 
while in the molten state, and this undesired possi- 
bility is given every chance of occurring in the 
air pressure operated machines. The gases which 
are absorbed by the metal while molten are either 
wholly or partially liberated on its solidification, 
because at the lower temperature the metal has 
a diminished capacity for absorbing gases ; blow- 
holes are in consequence formed in the casting. 
As the result, however, of improved design, whereby 
a minimum of area of molten metal is exposed to 
the compressed air, machines working on this 
principle have been made and are successfully used. 

The pressure of air used in die-casting machines 
for filling the moulds with metal, varies consider- 
ably with the size and intricacy of the die; the 
more intricate the die the higher is the air pressure 
required. Aluminium and white-metal castings 
require a pressure of from 100 lb. to 500 Ib. per 
square inch, about 300 lb. being a fair average 
pressure for small castings. In order to obtain 
great homogeneity and density pressures of from 
500 Ib. to 1,500 lb. per square inch are used for 
bearings. The main point to observe with regard 
to the use of air pressure upon the molten metal 
in die-casting machines is that it must be dry. 
Provided the air is dried before coming in contact 
with the molten alloy, oxidation is much diminished, 
but the absorption of oxygen from the air is, of 
course, not diminished by this drying. The air 
may be dried by passage through heated tubes and 
coils before entering the melting pot. 

Dies for Die Casting.—The most important item 
in the production of good die castings is the die. 
The die materia] must not alter its shape or warp in 
the least degree, it must withstand the stresses 
set up by the high temperature of the molten metal, 
it must resist the alloying action of those metals 
and the oxidising action of the air, and be neither 
too hard to machine nor so soft as to get worn in 
use. Cast iron is suitable for hand-poured work, 
mild steel for pressure work, and case-hardened 
steel for large outputs. For hand-poured aluminium 
die’ castings, cast-iron is suitable, but for rapid 


sessnoeeioesenr nee en eran gere ne ernie sseeeemressaereen 


f 








778 


ENGINEERING, 


[Dec. 18, 1925. 





repetition work mild steel or vanadium steel corepins 
and inserts are necessary. Important parts of the 
die which are liable to be burned or much worn 
may be made of vanadium steel so that these can 
then with facility be replaced without destroying 
the whole die. 

There are many points to be considered in the 
discussion of the dies, including shrinkage allow- 
ance, cores, runners, gates, plugs, ejection, venting, 
water cooling, &c., and only the most important 
of these can here be briefly discussed. Designs 
submitted to the die caster can be divided roughly 
into three classes—ideal, suitable and unsuitable. 
The ideal design is one that has been specially 
studied so as to be suitable for production by a 
die-casting method, by a designer who thoroughly 
understood the difficulties and limitations of the 
process ; and the part must be required in suffici- 
ently large quantity. The suitable design is that of 
a part which, if produced .by ordinary methods, 
would require to pass through several successive 
machining operations, the majority, if not all, of 
which could be eliminated by die casting. The 
unsuitable class includes those parts which could 
be produced more economically by other methods, 
such as the automatic machine, the sheet metal 
product of the press tool, and capstan or turret 
lathe work from the bar. The die-casting process 
can seldom compete favourably with these. Other 
unsuitable parts are those having great variation in 
thickness or very large area and parts which can be 
produced in multiple by plate moulding in sand and 
require little work other than drilling ; while parts 
which call for too great or too little accuracy or of 
which only small quantities are required, should be 
avoided. 

The mould has to be made by turning, milling, 
shaping, grinding, engraving, drilling, and fitting 
together the various parts, plates, blocks, slides 
and core plugs that go to make up the whole 
die ; these must, moreover, be so arranged and fitted 
that molten metal can be forced into the cavity 
and the casting ejected when chilled. Internal 
sharp corners are to be avoided as they impede the 
flow of the metal, favour formation of blow-holes or 
porosity and form a starting point or line for cracks 
or fractures. For this reason gear wheels should not 
be designed with spokes, but with round holes in a 
flat web. 

External threads may be formed either half in 
the top die plate and half in the bottom, or half and 
half in slides or complete in the die plate, in which 
case the casting must be unscrewed from the die 
when chilled sufficiently. In the two former cases 
slight fins of metal result from joins in the die, but 
these can generally be readily removed. As the 
die is primarily in two parts, there must be a part- 
ing line on the casting. This line is placed at the 
point which will permit the casting to be ejected 
most easily, bearing in mind the effect the join 
will have on the appearance of the finished casting ; 
the seam is, however, generally hardly perceptible 
if the die is well made. It is usually advisable to 
have the parting line come on an edge of the die 
casting, 

Shrinkage must be aliowed for; this varies with 
the alloy from 0-001 to 0-005 of an inch per inch, 
aluminium shrinking the most and tin the least. 
To prevent the air from pocketing, vents are neces- 
sary at intervals around the die cavity. These 
are generally made by milling a flat shallow cut 
from the die cavity across the face of the die to the 
outside edges of the block. These may be from 
} in, to } in. wide and are about 0-004 in. deep. 

In specifying the accuracy with which die- 
castings are to be made, only those parts which are 
absolutely essential should be held to fine limits, 
thereby reducing the cost of the work without 
sacrificing quality. It is an everyday occurrence 
to make castings with inserted parts of another 
metal, as for instance, an aluminium alloy wheel 
with a steel hub; in such cases where inserts are 
to be used some modification of the die design is 
necessary in order to hold these small parts in 
place and prevent their displacement due to the 
inrush of molten metal. Corners, especially those 
joining thin and thick sections, should be heavily 
filleted; and it is not possible to cast sections 
under 3/64ths of an inch in thickness as the metal 





will not flow freely into such crevices. When 
designing dies with lettering upon them, sunken 
lettering is preferable to raised lettering, being 
easier to engrave and less liable to injury than that 
raised above the surface. 

Metals and Alloys for Die Castings.—The process 
of die-casting can employ most satisfactorily alloys 
of comparatively low melting-points, and broadly 
speaking, these may be classified into four broad 
groups: (1) zine base, (2) tin base, (3) lead base, 
(4) aluminium base. The brass and bronze group 
are not classified as fusible alloys, since their melt- 
ing-point may be 900 deg. or 1,000 deg. C. The 
zinc base alloys are known also as “‘ white metals,” 
or “white brasses,” and contain, in addition to an 
excess of zinc, some tin and sometimes copper. 
These alloys are most generally used for die-castings 
because they are relatively cheap and easy to 
handle. Zinc melts at 417 deg. C., and by the 
addition of other elements, the fusion point is 
further decreased ; the shrinkage is 2-6 per cent. 
Zine base alloys have a tensile strength of about 
18,000 lb. per square inch, which is less than that 
of yellow brasses. 

An alloy containing zinc 87-5 per cent., tin 8, 
copper 4, and aluminium 0-5 per cent., has white 
colour, 16,000 Ib. per square inch in tensile strength, 
2 per cent. elongation and Brinell hardness of 64-6. 
Walls should not be less than 1/10 to 1/16th inch 
in thickness. Alloys of this type are corroded by 
aqueous and alkaline salt solutions, and hence 
lose their polish, but they are usually plated with 
nickel or copper, in which case they are very durable. 
These zinc base alloys are for the most part brittle 
and must not be subjected to sudden shock loading. 

Tin base alloys are used largely for bearings, 
and to a lesser degree, but essentially, for parts 
which must be resistant to acids and exposed to 
food. Two typical alloys are as follows :— 


Sn. Cu. Sb. 

Percentage. 
Briannia metal 92 1-8 6-2 
89 4:0 7-0 


Original babbitt ae 

The tin content may vary in bearing alloys trom 
90 to 60 per cent., the copper from 4 to 3, the anti- 
mony from 5 to 10, and the lead, which is often 
added for bearings, from 10 to 25 per cent. The 
melting-point of tin is 232 deg. C., and its shrinkage 
2-1 per cent. It mixes well with lead, antimony 
and copper, giving hard, smooth, bright surfaced 
alloys. The tensile strength of tin does not rise 
much above 6,000 lb. per square inch by the addi- 
tion of small quantities of copper or antimony. 
Naturally, the above compvsitions specified are 
not the only ones that may be used ; any composi- 
tion whatever may be die-cast, and it is well to 
suit the alloy to the particular purpose in view. 

Walls should not be die-cast less than 1/32nd inch 
in thickness, with tin base alloys. Lead base alloys 
of the following compositions may be used for die- 
casting :-— 


Pb. Sn. Sb. 
Percentage. 
1. Coffin trimmings and _ light 
bearings ... “es ae se, ae 0 17 
2. Softer and more ductile than 1... 90 0 10 
3. For light bearings 80 10 10 
4. Harder than No. 3 80 5 15 


No. 4 is very nearly the composition of linotype 
metal. The melting-point of lead is 327 deg. C., 
and shrinkage 2-6 per cent. The alloys containing 
it are best used for type metals and anti-friction 
alloys, but cannot withstand heavy loading. Lead 
and antimony alloy well together, the antimony 
hardening and whitening the alloys. 

lead base alloys are used also for ornamental 
metalware, fire-extinguisher parts, and parts to 
come in contact with corrosive chemicals. Their 
tensile strength rarely exceeds 8,000 1b, per square 
inch, and they must never be used in connection 
with foodstuffs, which they would tend to con- 
taminate. 

Aluminium base alloys are very much used in 
the production of die-castings, the most commonly 
used of all being known as ‘3 L111,” and consists 
of aluminium, 9% per cent. and copper, 8 per cent. 
This alloy is employed whenever a strong, light 
casting is required. It is white in colour, and has 
a tensile strength of about 20,000 lb. per square 
inch, with elongation of 1-5 per cent. and Brinell 
hardness No. 60, and melts at about 630 deg. C. 








An alloy sometimes used for motor-car parts is 
composed of aluminium plus magnesium, 2 to 6 per 
cent., and copper 3 to 6 per cent. By proper heat 
treatment this alloy will show a tensile strength 
of 34,000 lb. per square inch. Nickel added to the 
extent of 1 to 3 per cent. still further hardens this 
alloy. These alloys of aluminium are used for a 
large number of parts in the automobile and elec- 
trical industries, and for parts of gramophones, 
vacuum sweepers and vending machines. The 
alloy most often used for pistons contains copper, 
12 per cent., and aluminium remainder. 

Brass and Bronze Alloys.—It is only quite recently 
that alloys of this kind have been successfully die- 
cast. The great difficulty was, and still is, in 
maintaining the dies in continuously good condi- 
tion, the high temperature and the zinc in brass 
tending to. cause crazing and alloying respectively. 
The melting point of copper is 1,081 deg. C., but the 
addition of zine, tin, or aluminium causes a reduc- 
tion of the initial melting-point. Aluminium-bronze 
is the alloy most successfully die-cast, and this has 
a high tensile strength and elongation of about 
25 per cent. on 2 in. Aluminium in excess of 
11 per cent. exerts ar embrittling effect, manganese 
toughens, and iron, besides strengthening and reduc- 
ing ductility, gives rather greater shrinkage. 

The following are useful compositions :— 


Tensile Strength. Cu. Al. 

: Percentage. 

100,8001b. per square inch... ie Sa 11 
40,300 lb. per square inch ... 95 5 


Allovs to be used for die-casting should always 
be prepared by careful fusion, the highest melting- 
point metals first, in a crucible. They should be well 
mixed by stirring when molten, but care taken not 
to beat in air nor entrap oxide below the surface 
of the metal. The mixtures should be poured out 
into moulds of suitable small size to give ingots of 
convenient size for charging into the melting-pot 
of the die-casting machine—-this applies to all of the 
alloys, except the brasses and bronzes, which are 
usually poured into the dies from ladles or from 
the crucible in which they were melted. Overheating 
should be avoided. 





LETTERS TO THE EDITOR. 


WEB-PLATES IN COMPRESSION 
MEMBERS. 
To tHE Eptror or ENGINEERING. 

Str,—In the September 25 issue of ENGINEERING 
some very interesting experimental data on the buckling 
of web-plates were published. The purpose of these 
experiments was to establish the safe ratio between the 
thickness and width of the web-plate of a compression 
member. It is logical to choose this ratio in such a 
manner that the compression member will fail to 
stand up, due to vielding of the material and not due 
to buckling of the comparatively thin web-plate. 

Analytical investigation shows* that within the 
elastic limit the ‘‘ critical’ compressive stress at which 
the buckling of a long steel plate increases indefinitely 
can be figured for two extreme conditions at the 
longitudinal edges from the following equations : 


2 
(1) Por = 10 Ib. per sq. in. for simply sup- 
ported edges. 
2 
(2) per = 1-75 108 a Ib. per sq. in. for built-in 


edges. 
In which 
thickness of plate. 
width of plate. 


t= 
b.= 


The modulus of elasticity is taken equal to 30 x 10° 
Ib. per square inch. By substituting for p,, in (1) 
and (2) the stress value corresponding to the yield 


point, the “limiting ’’ value for the ratio = will be 


obtained. Taking, for instance, the yield point = 

45,000 Ib. per square inch, we will have from equation 
b ae ~ ; ; ; 4 

(1), “ 47-5. For a material with a yield point 


of 30,000 Ib. per square inch, the same equation gives 
b 

t 

* J. Bryan, Cambridge Phil. Soc. Proc., vol. vi. (1888). 
8S. Timoshenko, Ann. Inst. Pol. Kieff (1907), French 
Translation. See Annales des Ponts et Chaussees, Fosc. 
III, IV, and V (1913). 


58 For built-in edges the limiting value of the 
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ratio * becomes 32 per cent. larger than for simply 


supported edges. 

Applying equations (1) and (2) to the test pieces used 
in the experiments, the results as given in the table 
below are obtained : 

An, In. In. 
8 4 g 


= 69-3 52-0 41-5 


I 


ol oe ~ 


From equation (1)— 


Lb. 29g Lb. per Lb. per 
Sq. In. Sq. In. Sq. In. 
Der = 20,800 37,000 58,000 
From equation (2)— 
Por = 36,400 64,700 — 


It is seen that if the conditions at the edges approach 
those for a simply supported edge, the plates 3-in. and 
3-in. thick must fail,due to buckling rather than yielding 
of material. 

It seems also that in the case of thicker structural 
steel plates which satisfy better the condition of perfect 


flatness, the ratio . for the web plate can be increased 


from 30 to 40 without weakening the strength of the 
compression member. 
Yours very truly, 
8S. TrMosHENKO. 
Westinghouse Electric and Manufacturing Company, 
Research Department, East Pittsburgh, Pa., 
U.S.A., November 27, 1925. 








CHEMICAL AND COMBUSTION 
ENGINEERING. 


To tHe Eprror oF ENGINEERING. 


Srr,—I sincerely hope that the scheme for making 
Finsbury Technical College a centre for teaching 
chemical engineering will succeed, and I also suggest 
that the systematic teaching of combustion engineering 
be located there. 

Chemical engineering and combustion engineering 
are very much akin, because combustion engineers 
and fuel technologists must necessarily have con- 
siderable knowledge of organic and inorganic chemistry. 
Objection may be raised that the Finsbury building is 
unsuitable for boiler testing, &c., but, no doubt, 
arrangements could be made at a near-by power station 
to run occasional boiler trials. 

If the above be carried out, Finsbury College might 
also become the headquarters of the Institute of 
Chemical Engineers, and also of a new society of fuel 
technologists or combustion engineers, which latter 
is badly wanted because of the great advances now 
being made. 

It is becoming the fashion to locate scientific and 
engineering societies in colleges, e.g., the present address 
of the American Electro-Chemical Society is at the 
Columbia University, New York City, and it was at 
one time at Lehigh University. 

Another suggestion I make is that a scholarship for 
combustion engineering be founded to perpetuate the 
name of Bettington, a principal pioneer of pulverised- 
fuel firing, who lost his life as an aviator in the war. 

Yours faithfully, 
E. Kriipurn Scort, 
Assoc.M.Inst.C.E., M.Inst.E.E. 
8, Claremont-square, London, N. 1, 
December 10, 1925. 








Guass TEcHNOLOGY.—The glass Research Association 
(in Voluntary Liquidation) has now issued its Bulletin 
No. 14. This reviews the various items of research 
which it has carried out during the five years of its 
existence, and indicates the main points of interest arising 
out of each, It states that the researches have been 
conducted at the National Physical Laboratory, the 
Department of Glass Technology of the University of 
Sheffield, and at the laboratories of the Association. 
The Association has also collaborated with the British 
Refracting Research Association, the British Cast Iron 
Research Association and the Industrial Fatigue Research 
Board in regard to investigations of importance to the 
glass industry, and cognate to the work of these bodies. 
Much of the time of the Director of Research and Staff 
has been spent in visiting the factories of members with 
a view to aiding in the removal of practical difficulties, and 
for investigating causes of low production, and methods 
for increasing the efficiency of plant and equipment. 
The work done, the Bulletin further states, has improved 
the outlook of the industry towards the application of 
scientific methods to glass technology, and has also 
tended to an improvement in factory technique. The 
chapters cover Investigations into the Physical and 
Chemical Properties of Glass; Glass Manufacturing 
Processes of Technique; the Instability of Certain 
Raw Materials; Refractories for use in glass making. 
It also contains suggestions in regard to further researches 
on glass and refractory materials, which, in the opinion 
of the Research Committees of the Association, call for 
immediate investigation. 





ADJUSTABLE REAMER WITH 
FLOATING CUTTERS. 


WHEN the operation of reaming has to be performed 
on a drilling machine, lathe, or similar tool, the spindle 
of the machine seldom runs with sufficient accuracy to 
permit the use of reamers in which the cutters are held 
rigidly in their sockets. It is therefore usual to employ 
tools with floating cutters for this purpose, and a new 
reamer embodying this principle, while being at the 
same time adjustable, has been brought out by Messrs. 
David Brown and Sons (Huddersfield), Limited, of 
Park Works, Lockwood, Huddersfield. 

We illustrate this tool in Figs. 1 to 3, annexed, and 
from these figures it will be observed that two short, 
diametrically-opposed cutters of rectangular section 
are employed. The cutters are an accurate sliding fit 
in a transverse slot in the body of the tool, and are free 
to move radially as a whole in either direction. A screw 
is inserted in the back of the left-hand cutter shown 
in Fig. 3. The right-hand cutter abuts against the 
head of the screw, contact being maintained by the 
two springs visible at the bottom of the illustration. 
These springs are carried in grooves in the cover, and 
one end of each spring presses against a pin pro- 
jecting from the cutter, while the other is retained 
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by the rim of the cover. It will be evident that if 
the screw be rotated, the cutters are separated or 
brought closer together, according to the direction 
of rotation. The head of the screw is formed as a 
small gear wheel, which engages with a second wheel 
shown above it in the illustration. The upper gear 
wheel is keyed to a hollow spindle. A bolt, having a 
head of large diameter, passes through this spindle. 
This head, which is on the left in Fig. 3, is graduated 
into 25 divisions, as shown in Fig. 1. The bolt passes 
right through the spindle, to which it can be locked by 
means of the nut shown at the right-hand eid in Fig. 3. 
The bolt and spindle can be locked in position after 
adjustment by means of the set screw shown on the 
right in Fig. 1. The blades are first set to a nominal 
diameter with a micrometer, the set screw being 
slackened off for this purpose. While in this position 
the lock nut holding the bolt to the spindle is eased off, 
and the bolt is then turned by means of a key inserted 
into a pair of driving holes in the head, until the zero 
graduation coincides with the index mark on the body 
of the reamer. The nut is then tightened up, after 
which any rotation of the bolt is transmitted to the 
gear. Each division on the bolt head corresponds to a 
difference of one-thousandth of an inch on the diameter 
of the cutters, so that any diameter required can be 
readily obtained, fractions of less than a thousandth 
of an inch being easily estimated. 

The automatic distribution of load between the two 
cutting edges, which results from the floating action, 
permits of relatively large cuts and feeds being em- 
ployed. A 1}-in. reamer, for example, used with a 
feed of } in. per revolution on medium-carbon steel gear 
blanks, is claimed by the makers to leave a perfect 
finish. The reamers are made with Morse taper shanks, 
and have a considerable range of adjustment. Nineteen 
sizes have been standardised, the smallest having. a 
range from | in. to 1} in., while the largest has a range 
of from 20 in, to 24 in. 





OXY-ACETYLENE WELDING AND 
CUTTING. 


In the course of a lecture entitled ““A Review of 
the Present Position of Oxy-Acetylene Welding and 
Cutting,’ to The British Acetylene and Welding Associa- 
tion, at the Old Colony Club, Aldwych, London, on 
Wednesday, December 9, Mr. C. S. Milne examined the 
claim sometimes made that progress in the develop- 
ment of welding processes was slower in this country 
than abroad. Amongst other reasons given as the 
basis of these fallacious beliefs were the use of pressure 
generators in America, the preference for the carbide- 
to-water system of gas generation in Germany, the 
supposed inability to cut cast-iron, weld copper fire- 
boxes, repair steam boilers or satisfactorily weld cast 
iron. The fact that we did not use the pressure generator 
in this country was that the law did not permit the use of 
a sufficiently high pressure to work the larger sizes of 
blowpipes effectively on the non-injection principle. 
There was much loose thinking regarding the relative 
merits of the carbide-to-water and water-to-carbide 
systems of gas generation. The dipping type of genera- 
tor was not infrequently described as being of the 
carbide-to-water type. There was a general belief 
that the dipping generator was dangerous under many 
different circumstances of use, and this caused the Home 
Office to issue a Memorandum in November, 1922, 
prohibiting the replacement of partly-spent carbide in 
this type of equipment. Showing how easy it was for 
the origin and reason for this restriction to be lost 
sight of, the lecturer referred to the recent draft of 
recommendations regarding the use of acetylene in 
shipyards, in which the Home Office proposed to make 
this prohibition of replacement of partly-spent carbide 
applicable to all types of generator, and thus penalise 
the users of equipment which was free from the dangers 
referred to. For portable sets the water-to-carbide 
plants had the advantage of carrying but little water for 
generation, and there was less cleaning required. In 
the care of plants taking charges of 20 to 200 lbs. of 
carbide, there was not much to choose between the 
systems, but in this country, where there was a prepon- 
derance of water-to-carbide generators, there had been 
fewer disastrous accidents than in countries where the 
other system of gas production was the common 
practice. For very large plants, the carbide-to-water 
system had advantages. For the cutting of cast iron 
the method of fusing-in steel was spoken of as good 
practice, but better results could be obtained by using 
a specially designed blow-pipe, providing the proper 
heating flame, supplied from a generator of ample 
capacity, and fitting an oxygen-pressure regulator 
maintaining the correct conditions at the nozzle. 
Throughout the lecture Mr. C. 8. Milne showed slides of 
examples of work of great merit to demonstrate that 
oxy-acetylene welding and cutting in this country is 
in a state of development which rivals that in any land. 





‘ 


THE ANCHOR LINE STEAMER “ BRITANNIA.’’—Messrs. 
Alexander Stephen and Sons, Limited, launched re- 
cently, from their shipbuilding yard at Linthouse, 
Govan, the screw-steamer Britannia, which they have 
built for the Anchor Line (Henderson Brothers), Limited. 
The Britannia has been built to the latest rules of the 
British Corporation, and complies with the requirements of 
the Board of Trade for passenger vessels, and is intended 
for the owners’ Indian service. The principal dimensions 
are :—length B.P., 460 ft.; breadth extreme, 59 ft.; 
depth, 35 ft.; gross tonnage, 8,500 tons. The pro- 
pelling machinery, which has also been constructed by 
the builders, consists of quadruple expansion recipro- 
cating engines, and is expected to give the ship a sea 
speed of about 133 knots. Steam is supplied by four 
large, single-ended boilers, fitted to burn oil on the 
“Clyde ” oil fuel system, as manufactured by the builders. 





EXPLosION OF A WINCH STEAM PiIPE ON BOARD THE 
s.s. ‘‘ DeRBysHIRE.”’—An explosion of a winch steam 
pipe on board the s.s. Derbyshire, a passenger vessel 
belonging to the Bibby Line, formed the subject of a 
Preliminary Inquiry held at Plymouth. The accident 
occurred on June 12, 1925, and according to the 
Preliminary Inquiry Report, issued recently, the pipe 
failed at an old patch, leaving an opening about 24 in. 
long and 1} in. wide, through which the steam 
escaped. The explosion was not of a violent nature. 
The pipe was of solid-drawn copper, 4,3, in. internal 
diameter, and 16 ft. 4 in. overall length. A brazed 
patch, measuring 5 in. by 3 in. was fitted to the pipe, 
but the date of the repair could not be ascertained. 
In 1918, all the winch steam pipes, including the pipe 
in question, were examined, annealed and tested by 
hydraulic pressure to 160 Ib. per square inch, this being 
twice the working pressure of 80 lb. per square inch. 
The explosion is thought to be primarily due to the 
metal having been overheated when the patch was put 
on. The original cracks were of a serious nature, and, 
the Report adds, it is a matter of surprise that the pipe 
did not fail before the patch was fitted. The pipe has 
now been replaced by one of solid-drawn copper of 
similar dimensions to the original. 
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LABOUR NOTES. 


THE text of the agreed memorandum on the subject 
of the hours worked in Continental engineering 
industries, submitted to the Minister of Labour by 
representatives of the Engineering and Allied Em- 
ployers National Federation and the engineering trade 
unions, is given in the December issue of the Amalga- 
mated Engineering Unions’ Monthly Journal. It is 
as follows :— 

An inquiry into the hours of work prevalent in the 
engineering industries of Europe meets at the outset 
with two considerable difficulties. In the first place, 
although in almost every foreign country hours of work 
are limited by statute, the law is continually evaded 
by industrialists with the open or tacit consent of their 
Governments. The mere existence of these statutcs, 
however, makes it impossible to secure any official 
information as to actual practice. It is not to the 
interest of foreign industrialists to admit that they 
work longer hours than are permitted by law, nor is it 
to be expected that foreign Governments would 
recognise officially that their laws are flouted either 
with or without their consent. 

A further difficulty arises from the fact that foreign 
statutes relating to hours of work are so loosely drafted 
and provided with such numerous loopholes that, even 
if strictly applied in the letter, they would have a very 
limited effect. In order to compare Continental hours 
of work in engineering with those prevailing in this 
country, itis, therefore, necessary to ascertain by private 
inquiry the actual practice in typical firms abroad. 
But it is also instructive to compare actual foreign 
practice with the foreign statutory position, and the 
latter, in turn, with the British practice. Attention 
is directed in particular to the following points :— 

1. The grounds upon which it is permissible to 
extend the working week abroad are so vague and so 
loosely drawn that they amount, in effect, to no 
limitation. The apparent advantage of the British 
employer, who is free to use his discretion up to 
30 hours per month, is, therefore, in fact, no advantage. 

2. No foreign country’s practice conforms to it: 
statutory position in every respect, though Belgium 
appears to follow it closely, except in the amount of 
overtime worked. 

3. Germany ignores the statutory position entirely, 
and her working week is fixed entirely by mutual 
agreements between employers and workpeople, or by 
employers in concert with the local authorities. Jt 
may be added that German employers are definitely 
opposed to any alteration in the present working 
conditions. 

4. In Holland and Switzerland 
54-hour week in engineering. 

5. In almost every country, the rate at which over- 
time is paid for is less than that in this country. 

From the facts revealed by this investigation, it is 
clear that foreign engineering manufacturers have a 
great advantage over their British rivals in the matter 
of hours of work, although it cannot be measured 
precisely. It will be seen that, with the exception of 
Great Britain, Spain, Belgium, Austria and Sweden, 
overtime is calculated only after a normal week’s 
work or even longer periods. In this country each 
day stands by itself in the computation of overtime— 
a provision which makes overtime payment com- 
paratively onerous. In this fundamental respeet 
Great Britain would still be at a disadvantage com- 
pared with her most important competitors. 

There is, therefore, no easy remedy lying ready to 
hand. Nothing short of an international agreement 
would meet the case. 


the law allows a 


In November, the home branch membership of the 
Amalgamated Engineering Union increased from 
210,296 to 210,760, and the Colonial branch member- 
ship from 25,755 to 25,781. The number of members 
in receipt of Donation benefit decreased from 8,600 
to 8,313, but the total number of unemployed members 
increased from 17,359 to 17,753. 

The constitution of the proposed Industrial Alliance, 
as agreed to at the recent conference in London, has 
been considered by the Executive Council of the 
Amalgamated Engineering Union, who, it is officially 
stated, “‘in view of the imperative necessity of an 
alteration in the constitution and rules of the union 
before the organisation can affiliate to the said 
Alliance,” decided to submit the question of affiliation 
to a ballot vote of the membership. The ballot is to 


The application of the unions with members em- 
ployed in the London area electricity-supply industry 
for a wages increase of 10s. per week has been referred 
to a tribunal composed of representatives of each 
side with an independent chairman. The chairman 
is to be Mr. C. P. Sparks, a past president of the 
Institution of Electrical Engineers. 








According to the Labour Correspondent of The Man- 
chester Guardian, the effect of the National Wages 
Board’s proposal to pay new entrants to railway service 
and persons promoted from junior grades to the per- 
manent service at the B rates will be to extinguish 
the present cost of living bonus in those cases. The 
agreement of March, 1920, set up a sliding scale, 
varying a shilling with every five points change in 
the index figure, with the standard base rates as a 
minimum. Two years ago, when the companies 
unsuccessfully asked for the abolition of this bonus, 
it was pointed out that, while many grades had suffered 
reductions to the base and had ceased to receive any 
bonus, others enjoyed an additional amount of from 
ls. to 7s. These differences still hold. The following 
are the principal grades affected by the Board’s pro- 
posal, the bonus shown in the second column dis- 
appearing for new entrants :— 

Current Rate 


Standard (including 
Passenger : B Rate. Bonus). 
Grade 2 porter, London 42s. 48s. 
” ” industrial 
and rural 40s. 46s. 
Goods : 
Porter, London 47s. 51s. 
>» industrial 44s, 50s. 
» rural 40s. 47s. 
Carter, rural 46s. 50s. 
Permanent Way : 
Sub ganger, London 52s. 55s. 
a industrial 46s. 522. 
es rural 438. 50s. 
Underman, London 48s, 50s. 
- industrial 44s. 50s. 
aR rural 40s. 48s. 
Locomotive Shed : 
Shed labourers 43s. 49s. 
Steam raisers 48s, 52s. 
Carriage cleaners 428.448, 488.-50s. 


The higher-paid grades, such as shunters, guards, 
signalmen and locomotivemen, have no bonus, and 
will be unaffected. 

The effect of a recent Industrial Court award is to 
increase the minimum wage of Admiralty foremen of 
works to 140/. per annum and the maximum to 245]. 
(140/.—71. 10s.—200].—101.—2451.), and the minimum 
of general foremen of works to 2301. (230/.—101.—300/.) 
with free quarters. These scales, with the cost of 
living bonus added, are payable from November 1. 

Last week’s meeting in Berlin of the Anglo-Russian 
Joint Advisory Council, took the line it was expected 
to take. It decided to continue its efforts in the 
interests of what it calls ‘‘ trade union unity ”’’ inde- 
pendently of, if not in actual opposition to, the Inter- 
national Federation of Trade Unions. If it succeeds 
to any extent in these efforts, the result will be a 
serious split in the International Labour Movement, 
for Continental Trade Unionism is strongly opposed 
to the unconditional aftiliation—which is the aim of 
the Anglo-Russian Council—of the Russian unions to 
Amsterdam. In the official report of the Berlin 
meeting, and also in speeches by, and interviews with, 
leading ‘*‘ Red’? sympathisers, there are repeated 
references to ‘‘ the opinion of the rank and file,” the 
suggestion being that, although officials are opposed to 
the unconditional affiliation of the Russians, the actual 
workers are not. Much the same kind of talk is heard 
in extremist circles here, where the National Minority 
Movement is presumed more truly to reflect the 
opinions of the workers than official Trade Unionism. 
There is, however, nothing to justify the presumption 
on this side of the North Sea, and of Continental Trade 
Unionism, there is reason to believe, it is even less 
true. 





Last week-end the National Union of Railwaymen 
gave notice that unless Award No. 728 of the Industrial 
Court were forthwith applied to the Great Central 
section of the London and North Eastern group, and 
also to the jointly controlled Cheshire Lines, all shop- 
men in these areas who were members of the N.U.R. 
would be withdrawn on December 19. Award No. 728 
treats the railway service as a distinct industry to 
which special conditions should attach, and, on that 
principle, prescribes rates of wages and conditions for 
shopmen. The decision was given effect to for all 
shopmen, irrespective of the union to which they 
belonged, by all the companies except the Great- 
Northern and Great-Central sections of the London and 
North Eastern group and the Cheshire Lines Committee. 
The craft unions have always been opposed to the 
operation of the award on the ground that “‘ its effect 
was to decrease the wages of their members. On the 
recommendation of a Court of Inquiry it was, however, 
applied, in 1923, to the Great-Northern section, and the 
hope of the N.U.R., no doubt, is that any new tribunal 





directed to be set up by the Ministry of Labour will 
give a similar decision. On Tuesday a conference of 
executive representatives of the craft unions decided 
to issue instructions to their members ‘‘ to remain at 
work in the event of the N.U.R. calling a stoppage in 
the shops.” 





The Ministry of Labour states that, on December 7, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,161,000—939,200 men, 28,000 boys, 169,000 
women, and 24,800 girls. On November 30, 1925 
the number was 1,165,275—937,434 men, 29,131 boys, 
172,582 women, and 26,128 girls; and on December 8, 
1924, it was 1,182,188—907,786 men, 29,444 boys, 
218,917 women, and 26,041 girls. ‘ 

The Monthly Report of the United Society of Boiler 
Makers and Iron and Steel Shipbuilders states that, 
at the end of November, 23,867 members were “ signing 
the books,” as compared with 23,834 at the end of 
October. The expenses in October—five weeks’ pay- 
ments are included in the total—were 125,947]. Os. 2d. ; 
in November they were 101,1231. 19s. 4d. In some 
comments on the returns, Mr. Hill says that they are 
not cheerful. Employment is no better, he says, and 
through want of work we have additional numbers on 
superannuation. ‘‘ Idleness and want,’ it is added. 
‘bring on sickness, and our sick list is also higher.”’ 
Members of the society are to ballot, at the February 
branch meetings, for or against affiliation tothe proposed 
Industrial Alliance. In a long statement published in 
the December Report, the principal pointsfor and against 
the Alliance are fairly set forth. The text of the revised 
constitution of the Alliance is also given. 





A meeting of executive representatives of the Boiler- 
makers’ Society, the Shipwrights’ and Ship-constructors’ 
Association, the Amalgamated Society of Wood- 
workers, the Plumbers’ Society, and the Electrical 
Trade Union, decided to send the following communica- 
tion to the Shipbuilding Employers’ Federation :— 
‘“* We note from the Press that your Federation and the 
Federation of Engineering and Shipbuilding Trades 
have prepared a negotiating agreement for dealing with 
labour questions arising in the works of federated 
shipbuilding and ship-repairing firms. We desire to 
notify you that it must be clearly understood that 
such agreement cannot be acceptable, nor can it be 
obligatory on any of our members.” 

On Tuesday, the executive of the Associated Society 
of Locomotive Engineers and Firemen decided to 
accept the majority report of the National Wages 
Board without calling a delegate conference to con- 
sider it. This organisation made no demand for 
increased wages, but was opposed to the reduction 
proposed by the companies. 








TENDER.—The Director-General, Municipalities and 
Local Commissions Section, Savoy House, Cairo, is 
calling for tenders, to be received not later than noon, 
January 20, 1926, for the supply and delivery of (a) 
an electric motor for operating a centrifugal pump at 
the Manfalout Waterworks, complete with insulated 
conductors, switchboard and all accessories; (6) the 
execution of the foundations for the motor; and (c) the 
modification of the overhead line. Further particulars 
may be obtained from the Department of Overseas 
Trade, 35, Old Queen-street, S.W.1. 


SHIPBUILDING IN 1925.—During the past twelve 
months Messrs. John Brown and Co., Clydebank, have 
launched four ships, the total tonnage of which was 
24,300, and the total horse-power 20,200; the largest 
of these vessel was the Cunard steamship Alaunia.—The 
gross tonnage of the ships launched by Messrs. W. 
Simons and Co., Limited, of Renfrew, amounted to 
3,324. Among these vessels was a 1,370-ton sludge 
steamer for the Glasgow Corporation.—Messrs. Earle’s 
Shipbuilding and Engineering Company, Limited, of 
Hull, were responsible for the launching of some 8,900 tons 
of shipping. Their machinery output amounted to 
9,250 i.h.p.—Seven vessels, having a total gross tonnage 
of 25,911, were built by Messrs. Workman, Clark and 
Co., Limited, of Belfast, among them being the 7,463- 
ton meat-cargo steamer Port Dunedin. The engines, 
which were of 5,500 i.h.p., were constructed by Messrs. 
W. Doxford and Sons, Limited. The engines of the 
remaining vessels, which totalled 9,525 i.h.p., were 
constructed by Messrs Workman, Clark and Co.—The 
vessels launched by Messrs. J. Samuel White and Co., 
Limited, East Cowes, I. of W., during the past year, 
included the 1,110-ton paddle passenger steamer 
Crested Eagle, the 890-ton cargo steamer Fauvette, 
four 10-ton and one 45-ton motor boats, and two 18-ton 
motor lifeboats.—-Messrs. Henry Robb, Limited, of 
Leith, have built 21 ships, totalling 2,820 grosstons. The 
largest vessel was the 440-ton grab and suction dredger 
Rukamatavi, the engines for which were of 350 i.h.p., and 
were constructed by Messrs. J. Cran and Somerville, 
Limited, of Leith.—Four 100-ton and one 50-ton dumb 
barges were built by Messrs. D. M. Cumming, Limited, 
of Riddrie, Glasgow. 
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CAST - IRON AND MODERN 
ENGINEERING PRACTICE.* 


By J. G. Pearce, B.Sc. (Eng.), British Cast-Iron 
Research Association. 


METALLURGICALLY cast-iron is the most complex 
alloy in ordinary use. It has never been regarded 
with very great favour by engineers, as it has suffered 
from the assumption that the product of a shaft 
furnace must necessarily show incalculable variations. 
The chief drawbacks to the use of cast-iron from the 
engineer’’ point cf view are, first, low specific properties, 
such as tensile strength, and more particularly elonga- 
tion, and, secondly, lack of homogeneity, due to 
variations in the raw material and in the conditions 
of melting and cooling. This heterogeneity is 
undoubtedly the more serious cause of the engineers’ 
distrust, as the designer can overcome difficulties that 
are merely due to low specific properties if these are 
reasonably uniform. 

It is universaliy agreed that in engineering works 
continuous co-operation should exist between the 
foundry and the drawing and design office. Compara- 
tively few works, however, have systematic means 
whereby this may be regularly ensured, and, judging 
from the experience of the Cast-Iron Research Associa- 
tion in examining defects in castings, in no direction 
can so much improvement and economy be obtained. 
In one works the chief designer is head of both drawing 
office and foundry, with admirable results. In some 
large works there is a liaison officer between the two 
sides, who is of sufficiently good technical standing 
to be able to state his case adequately to both parties. 
Considerable success has also attended cases in which 
the foundry manager is an engineer capable personally 
of examining and checking designs, and even of assisting 
in the design in the initial stages. Any scheme of 
production, however, will be dependent at some point 
or other upon a close working understanding with the 
foundryman, whether he be foreman or manager, who 
is actually directly responsible for the production of 
the castings themselves. 

Research on cast-iron must comprehend the scien- 
tists’ metallurgical knowledge and the founders’ 
intimate knowledge of practical conditions. It is 
agreed that in craft skill and practical experience 
British founders are unrivalled, but it generally happens 
that the men responsible for output in the foundry have 
little systematic technical knowledge or training. The 
foundry engineer forms an admirable means whereby 
the necessary liaison between foundry and design 
office referred to above may be exercised, and in so 
doing he bridges the gap, psychological even more than 
physical, which so often exists between these two 
sides of the works, and which causes the engineer 
and the founder to think in metal-tight compartments. 
The ideal foundry engineer is able to regard the foundry 
as a production unit and to recognise fully that even 
the important scientific and technical sides are, after 
all, subsidiary to the economic side, and that questions 
of delivery and cost are just as important as those of 
quality. 

Both the character of the industry, and the necessity 
for co-operation between the practical and technical 
sides, render ironfounding peculiarly suited for 
co-operative research, and a considerable advance in 
meeting research requirements has been made in the 
formation of the British Cast-Iron Research Associa- 
tion, which has a comprehensive research programme 
relating both to cast-iron and auxiliary materials, 
and to its methods of production. It forms a liaison 
body between the industry on the one hand and the 
metallurgists associated with the Universities and 
National laboratories on the other. It keeps in touch 
with all experimental work and developments outside 
its own organisation, and, where desirable, and under 
certain conditions, assists research investigators and 
places the resources of the industry at their disposal. 
It endeavours particularly to ensure that develop- 
ments are put into practice in the industry, and discusses 
freely with members foundry problems bearing on 
investigations in hand. While it does some work in 
its own small laboratory, the bulk of the investigations 
are conducted partly in university and national labora- 
tories, and partly in the works of members, in every 
necessary case the required co-operation between a 
foundry and a laboratory being arranged. 

In order that engineers may be able to rely on uniform 
material, it is necessary that it should be purchased to 
specification. In the last few years several B.E.S.A. 
specifications have been prepared for special irons, but 
no general specification has yet Leen produced. The 
difficulties in the way have been so many that they 
can only be referred to in passing. There is an inevi- 
table variation in the pig-iron available to the founder, 
which has tended to prevent him assuming too much 
responsibility for the product. The influence of 


varying rates of cooling on the strength of cast-iron 
renders the strength of a test-bar dependent upon the 
method of casting, such as whether it is cast on or off 
the casting it is intended to represent. It is influenced 
by its own dimensions, by the method and rate of 
pouring, by the method of moulding, by the proximity 
of the main casting, and by accidental or deliberate 
heat treatment. The desirability of purchasing to 
specification, however, has led to the introduction of 
many specifications by the larger consumers. Conse- 
quently, the British Engineering Standards Association 
recently formed a main committee for cast-iron, and 
specifications are being prepared for ordinary grades 
of both grey iron and malleable iron, with standardised 
test-bars and methods of testing procedure. These, 
and many other indications, show that a new conscious- 
ness exists in the ironfounding industry, and that 
engineers may expect to see very considerable improve- 
ments in the next few years. 








SOME APPLICATIONS OF RESEARCH 
TO MODERN FOUNDRY PRACTICE.* 
By J. E. FLETCHER. 


In dealing with the complex alloy, cast-iron, the 
importance of close observation, unremitting and con- 
tinuous, of the unexpected happenings in metal 
smelting and founding, on the spot, cannot be estimated. 
In ferrous metal practice the correlation of such results 
collected at the blast-furnace, cupola, air-furnace, 
steel-smelting furnaces and at the puddling furnace is 
invaluable. Abnormal iron fractures collected from 
the blast-furnace pig-bed after some unforeseen acci- 
dent at the furnace; the association of a peculiar 
slag with a certain iron composition and physical 
structure at the cupola, air-furnace or puddling furnace ; 
an excessively high or low rate of contraction in a steel 
casting following accidents in the melting or pouring ; 
are typical examples of occurrences which have been 
responsible for years of investigations along lines which 
have finally resulted in improvements in smelting, 
melting, and casting practice. Such work goes hand in 
hand with research of purely scientific character, and 
the Cast-Iron Research Association has felt the urgent 
necessity, in dealing with so practical a science as that 
of iron founding, to attempt the correlation of the works 
and laboratory sides of research by neglecting neither. 
In this paper the author seeks to illustrate, in some 
detail a few examples of the type of work and method 
of attack used in applying the results of research to 
current foundry practice. 

Skin defects, Shrinkage and Contraction—In any 
investigation into the characteristics of cast-iron it 
must be recognised that the metal is a cast product, 
often of intricate form and of variable thickness. The 
vitally important character of the skin of a casting is 
largely dependent upon the satisfactory qualities of the 
mould material and of its facing, the physical con- 
dition of which is of supreme importance. The mould 
surfaces, with those of the metal in contact therewith, 
must be stressed differentially as the flow of the iron 
progresses and, if the mould face is fissured, however 
minutely, the metal when sufficiently fluid may be 
similarly fissured at its surface, the thin skin being 
thereby weakened during the contraction period, at a 
time when the metal has little physical strength. The 
difference between two portions of a mould surface, 
one tightly, and the other lightly rammed, by hindering 
and assisting respectively, the flow of the gases liberated 
during the solidification of the metal, may lead to 
differences in the rate and amount of contraction and 
cause skin strain or fissure. The presence of slag or 
oxide inclusions in such areas of the mould surface may 
easily intensify the skin fissure trouble and not infre- 
quently such fissures are seen to start from a slag spot. 

A wrongly placed runner gate may result in one por- 
tion of a casting contracting more rapidly than another 
with the accompaniment of internal stress due to the 
formation of two types of metal structure, as a result of 
the different rates of cooling, and the casting may warp 
in consequence of the differential skin or envelope 
contractions. The chemical composition of the liquid 
metal may be all that is desired, the temperature of 
casting correct, and the mean analysis of the cold 
casting such as would be deemed satisfactory, but, if 
the mould is carelessly rammed or vented, badly 
gated and poured, the casting skin cannot be uniformly 
perfect, nor can the metal structure be homogeneously 
regular, nor the casting be free from internal stresses 
when cooled. Obviously the design and form of the 
casting must play an all-important part, and from the 
above it will be realised that the technique of the 
moulder and caster and their judgment are of para- 
mount importance. 

A little consideration will show that the mean chemi- 
cal analysis or micro-examination of isolated spots in 
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the structure are often of little service in discovering 
the cause of a failure, unless the relationship between 
the structure of the metal, the design and method of 
gating, running and feeding of the casting are known. 
As the skin of the outer envelope of a casting is gene- 
rally the starting point for fracture when subjected to 
subjected to tensile or impulsive stresses, the cause 
of the casting failure may not be revealed by a tensile, 
transverse or impact test imposed on bars cut from the 
casting, even when taken from the starting point of the 
fracture. The micro-examination at such spot may 
not, and in cast-iron rarely does indicate whether 
overstrain has taken place, there being little or no 
elongation of cast-iron under the breaking stress. 
The presence of graphite in all grey cast-iron is of course 
responsible for the general absence of ductility, but the 
skin ruptures which occur in the plastic range of cooling 
and cannot be healed by any known heat treatment are 
generally difficult to trace; hence the history of the 
casting manufacture must be known when investigating 
the cause of external and internal defects. The contour 
of a casting being related to variations in skin cooling 
rates, due to the character and temperature of the 
mould facing sand and to methods of gating, rate of 
pouring and influenced by differential rates of cooling 
where the form and thickness of the section varies 
suddenly, must be taken into consideration. 

The foundry metallurgist must therefore be 
thoroughly acquainted with the practice of moulding 
and casting. He must possess the practical sense 
necessary to enable him to visualise the effect of 
altering the physical character of the mould surface and 
its mass, or of changing the method of gating and 
pouring the casting on the external and internal por- 
tions of the metal mass. Without this practical sense 
fully developed the metallurgist is often at a loss 
in his attempts to guide the efforts of the foundryman. 
Again, the perfect solidity of a grey-iron casting is 
related to its rate of solidification from the outside 
to the inside of its thickness and to the efficacy of the 
feeding of the interior of the section last to freeze. 
When a thick and thin section join one another in a 
casting the interior of the thick section will be porous, 
unless the gases liberated within the metal during its 
solidification can escape readily to the rising heads 
from the inner section. Otherwise the thick section 
becomes a feeder to the thinner, and the former is 
left porous because of the loss of metal used for feeding 
the latter. Liquid metal under a sufficient pressure 
head in a riser large enough to remain fluid until the 
casting is solid, obviates this difficulty when the 
variably thick sections are at the bottom of a deep 
casting, but when these occur at the top, as cast, the 
lack of sufficient fluid pressure head, due to the 
absence of amply deep and massive feeding risers for 
example, will lead to sponginess or cavities in the thick 
sections, often of a serious character. 

The design of a casting is often such that the tempta- 
tion to mould and cast the wrong way up is too great, 
or a pattern may be so made that the same error is 
followed, through an attempt to cheapen the making 
of the pattern. Wherever spongy areas occur in poorly 
fed thick sections adjacent to thin ones as in thick 
bosses in thin plates, there is always a tendency for 
gas paths to form between the cavity or spongy area 
and the outside of the casting. The gases pent up in 
the cavity expand and find a way through the metal 
generally by way of the corner angle where the thick 
and thin sections join. The sand in such corners. 
becomes heated to the temperature of the metal and 
acts as a heat retainer, the metal surrounding the 
corner being thereby held in the molten state, through 
which the gas under pressure in the internal cavity 
escapes to the atmosphere. In Fig. 1 a bar 4 in. by 
2 in. adjoins a metal mass of 2 in. cube. The casting 
was open sand cast and, there being no feeding head 
over the 2-in. thick section, a gas cavity formed within 
this heavy mass. On the freezing over of the top 
crust, the gas liberated during the solidification of 
the still molten interior attained sufficient pressure to- 
escape by way of a channel communicating with the 
internal corner between the thin bar and the cube, 
through the molten metal surrounding the hot sand 
in the corner, which sand had acted as a heat retainer. 
The metal was high in phosphorus content, and hence 
contained as a constituent a considerable volume of 
the carbon-iron-phosphorus eutectic which is the last 
constituent to solidify, freezing at about 945 deg. C., 
whilst the main constituent freezes at about 1,145 
deg. C. The high gas pressure in the cavity had 
ejected some of the phosphide eutectic through the 
gas-hole formed previously, the bead of eutectic being 
shown at P in the figure. The effect of the gas- 
pressure is also seen in the rounded upper surface 
of the casting. During the solidification of the heavier 
cube portion the upper crust was seen to rise and then 
fall immediately after the small gas jets had ceased 
to blow through the plastic crust, leaving a shrinkage 
hollow over the cavity. 

Had the mould been covered and a riser equal im 
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diameter to that of the cavity been employed, the casting 
would have been sharp-cornered, and, if the sand in the 
internal corner had been hard rammed gas escape there 
would have been avoided. The slow cooling of the metal 
surrounding the corner would lead to a coarser crystal- 

line structure, rich in graphite and prone to contraction 
cracks in the skin. Another point of fundamental 
importance is shown in the same Fig. 1, and though 
elementary when applied to this simple form of casting 
is often neglected when more complicated forms are 
studied, The thin part of the bar contracts toward 
the heavier end, which remains stationary. Another 

bar of similar length, with a cube-shaped boss at each 
end fractured at the internal corners, the thin bar being 


24" Mould Length ------>' 
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Xe “\ Heated sand in CornerX 
A keeps metal at P molten 
Lemay after bar B is solid. ee 


Fria. 1.—Open Sand Cast. 


Analysis of Iron :—Total Carbon 3-62, Silicon 2.95, 
Phosphorus 1-33, Manganese 0-67, Sulphur 0-8 
per cent. 


Note—Boss A did not move during solidification 
of metal. Bar B contracted towards Boss A. 


Contraction of Bar Casting showing location of 
shrinkage defects and extrusion of eutectic (C Fe P) 
at P, through gas hole communicating with cavity 
in heavy boss at internal corner. 


Fig. 3. SOLIDIFICATION OF ANGLE PLATE CASTING. 
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progressive variation in the structural santa 
of the metal as it cools is also depicted, the whole of 
the curves being plotted over a time-base. Professor T. 


between the volume changes during and after the 
solidification of cast-iron and the shrinkage of the metal. 
Recent experiments have confirmed his conclusions 
with respect to the influence of graphite separation 
near the freezing point, and later, at the pearlite 
point during the solidification of grey irons. The 
structural composition of a grey phosphoric iron, 
quenched at different temperatures during the cooling 
from the melting point to about 200 deg. C. are also 
plotted above the cooling curve and _ time-base. 



































Turner was the first to show accurately the relation | 3 


and porosity may give trouble in castings of variable 
thickness. The variable rates of cooling at difierent 
points within the mass of a grey-iron casting containing 
5 per cent. total carbon, 3-0 per cent. silicon, 1-0 
per cent. manganese, and 1-0 per cent. phosphorus 
are illustrated in Fig. 3. An angle plate section is 
shown, four points in the corner diagonal being taken 
for the purpose of indicating the structural changes due 
to different rates of cooling. 

The constituents in the cast-iron are given in volume 
percentages, these values being calculated from the 
chemical analyses of the metal at the four points in 
the section. This method of expressing the composition 
of cast-iron in terms of the constituents has been used 
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separated from the two bosses when removed from the 
mould. When cast on end a similar double-bossed bar 
fractured at the shoulder unde~ the top boss, the liquid 
pressure head having prevented the formation of a gas 
cavity in the lower boss though there was considerable 
porosity and shrinkage in the upper one. The impor- 
tance of remembering that contraction during cooling 
is in the direction of the heavier slow-cooling mass ina 
casting is obvious, and often assists a foundryman in 
deciding on the correct method of moulding, gating, and 
running a casting. The influence of sharp internal 
corners and the effect of the heat-retaining sand in 
promoting porosity and coarse grained weak metal there, 
with skin fissures at this weakest spot, is common 
enough, but the same defects occur even more frequently 
in cored castings where the cores are much thinner than 
the wall of metal surrounding them. 

In Fig. 2 the progress of volume change and shrinkage 
in a casting is plotted against the temperature changes 
as shown by the cooling curve of the metal. The 


Attention should be drawn to the volumetric expansion 
due to graphite separation immediately following the 
freezing point, and to a secondary graphite separation 
at or near the pearlite point (about 700 deg. C.). 
Perhaps the most interesting point recorded in the 
graphs is the fact that the highest rate of shrinkage of 
such grey cast-iron occurs between the austenite and 
pearlite points (1050 deg. C. and 700 deg. C.) in the 
comparatively short time interval of less than 3 mins. 
in the case of 1 in. thick material. In thicker metal 
the cooling rate of the interior is lower, but it is certain 
that when cooled in a cold mould the skin contraction 
during the time the metal is above the red heat is 
very rapid, and in lower silicon iron may readily 
lead to serious skin fissuring. It would appear from 
Professor Turner’s research and from the author’s 
observations that the greater volumetric expansion of 
high silicon phosphoric irons, which is not complete 
until the metal has fallen to below 700 deg. C., saves 








the skin of the castings, though internal unsoundness 





Fracture of 
crystals 
during con- 
traction. 


White cast- 
iron. 


by the author for some years, but it has only been 
possible to obtain approximate values for the volume 
percentages of the constituents until recently, the 
various specific gravity values being still somewhat 
uncertain in some cases. The graphs show very clearly 
the effect of various rates of cooling on the metal 
structure, Attention is specially directed to the 
graphite and ferrite volumes in the metal nearest 
to the internal corner. where slow cooling has resulted 
in the graphitisation of the carbides originally present 
in the fluid iron. 

Tn the micro-examination of castings such as the one 
above mentioned, Fig. 3, the polished and unetched 
micro-specimens reveal near the edge of the casting 
the presence of dendritic crystals, the long axes of 
which are arranged normally to the cooling surfaces 
or nearly so. These fir-tree-like crystals have their 
trunks crowded together and their stunted branches 
dovetail into one another in approximately regular 
order, enclosing within the interstices between the 
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branches comparatively thin flakes of graphite. The 
depth or thickness of this columnar or dendritic 
envelope is greater as the silicon and carbon content 
decrease. In the centre of the metal mass, where the 
cooling is slowest, the structure is generally composed 
(in grey-iron) of pearlite, ferrite and large graphite 
flakes in confused orientation. 

There seems little doubt that the dendrites are the 
crystals which grow during the decomposition and 
graphitisation of the 4-3 per cent. carbon eutectic, 
which forms the first matrix of ali cast-irons and is 
the major constituent to freeze, but is rapidly decom- 
posed in presence of more than, say, 0-5 per cent. 
silicon. Fig. 5 illustrates the structure of the 4-3 per 
cent. carbon. 95-7 per cent. iron eutectic (white 
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honeycombed plate crystals) backed by a pearlitic 
mass containing graphite—the product of decompo. 
sition of the eutectic. 

The structure of any moderately thin-walled iron 
casting, as cast in a sand mould, may therefore be 
conceived to consist of an envelope of dendritic 
crystals, more or less decomposed or pearlitised, 
enclosing a core of mixed crystals composed of pearlite 
and ferrite intermingled with graphite and phosphide 
eutectic, the silicon and manganese being dissolved 
in the matrix. In Fig. 6 the type of structure, illus- 
trated in the form of castings made by the author 
from puddling furnace slag, shows the dendritic form 
of primary crystals enclosing a core of mixed crystals, 
analogous to the form of structure produced in most 
cast-irons at the early stage of solidification. This 
illustration (Fig. 6) also typifies the variations in 
gas cavity formation as influenced by varying contours 
and thicknesses of walls. The defects shown have 
been repeatedly observed in white iron castings for 
malleable processes. Here the primary crystals are 
largely composed of 4-3 per cent. carbon eutectic. 

The Trend of Future Developments in Cast-Iron.— 
Metallurgical workers in the field of cast-iron have 
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recognised for many years that the most important 
constituent in the structural composition is pearlite, 
and from the earliest days of the British iron industry 
castings have been made the structure of which was 
almost entirely composed of pearlite and graphite, with 
silicon, phosphorus, manganese and sulphur in similar 
percentages to those now recognised as being sufficiently 
low for the best types of so-called pearlitic iron. 

The development of research. on this subject in 
Germany during recent years has been remarkable and 
of great importance to the cast-iron industry. The 
range of composition covering what may be termed 
pearlitic irons has been well illustrated by a diagram 
evolved by Dr. E. Maurer, of Essen, based upon earlier 
researches by Dr. Guillet on the properties of iron- 


SECTIONS OF CASTINGS MADE IN SLAG (CAST IN SAND MOULD 
FROM PUODLING FURNACE, SHOWING INFLUENCE OF THICKNESS 
OF CASTING ON CRYSTALLIZATION AND GAS ESCAPE. 
(ALL BARS WERE 6 INCHES LONG) 
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silicon-carbon alloys. This diagram is shown in the 
lower part of Fig. 7, and consists of the four inclined 
lines passing through the point representing the 4-3 
per cent. carbon, 0-0 per cent. silicon alloy. Maurer 
has shown that the pearlitic irons lie within the lines 
4-3 per cent. C., 7 per cent. Si., and 4-3 per cent. C., 
2 per cent. Si. In practice the sum of the carbon and 
silicon contents in pearlitic irons ranges between 
4-0 per cent. and 5-2 per cent. The author has, 
therefore, drawn lines representing these two ranges 
through Maurer’s diagram cutting the four Maurer 
lines and enclosing an area shown by the hatched 
four-sided figure. This area represents very approxi- 
mately the practical range of pearlitic irons. 
Castings made from steel containing, say, 1 per cent. 
silicon, 1 per cent. manganese and 0-2 per cent. phos- 
phorus and unannealed, would be unlike any cast-iron 
composed of 2 per cent. graphitic carbon, 0-9 per cent. 
combined carbon, 1 per cent. silicon, 1 per cent. 
manganese, and 0-2 per cent. phosphorus, although 
it has often been said that cast-iron is simply a steel 
matrix with graphite as a weakening constituent. 
It has been pointed out, however, that molten iron of, 
say, 3 per cent. carbon content is a mixture of the 
4-3 per cent. carbon-iron eutectic and iron, which 
grapnitises during cooling, producing, when cooled at 
a certain rate silico-pearlite, graphite and free ferrite. 
The mechanism of this pearlite \production is quite 
different from that yielded by the otdinary steel making 
processes, which function in the absence of graphite, 





for in grey cast-iron the pearlite formed is the product 
of the decomposition of austenite, resulting in a mixture 
of pearlite and graphite. 

It has also been shown that when metal containing 
3 per cent. carbon, | per cent. silicon, &c., is cast into 
a cold sand mould (or any other cold mould) the primary 
crystals at the mould surface are dendritic, enclosing 
probably and often a core of graphitic pearlite. This 
dendritic shell contracts at a different rate frcm the more 
highly graphitic central mass, and, though of greater 
tensile strengh, is brittle, as most dendritic structures 
are. Ifthe 3 per cent. carbon, 1 per cent. silicon iron 
is cast into a hot mould, the dendrites have time to 
grow and, if the mould is heated to a temperature 
suitable to the thickness of the casting (higher for 
thin than for thick castings) and to the silicon and 
carbon contents, the dendritic structure can be made to 
disappear, and the entire mass becomes homogeneously 
pearlitic or very approximately so in the various 
castings so far examined. This method of using sand- 
moulds heated to determined temperatures is due to 
Diefenthaler and Lanz and known as the Perlit process. 
The non-dendritic castings so made, though no higher 
in tensile strength than ordinary semi-steel castings 
of similar chemical analysis, possess much higher 
resistance to repeated impact tests. 

If similar cast iron, preferably rather higher in silicon 
and low in total carbon content, is melted and poured at 
a higher temperature into a cold or slightly warmed 
sand-mould, the heat lost by the metal in cooling 
from its superheated temperature to the freezing point 
heats the mould and an iron similar to that of Diefenth- 
aler-Lanz is produced but, judging from the higher 
tensile strength obtained, the dendritic structure is 
not entirely destroyed. The higher casting tempera- 
ture must bring about a primary dendritic structure 
which may be difficult to destroy for, although the 
mould temperature, when freezing begins, may be as 
high as in the Lanz process, the viscosity of the metal 
may affect the breaking up of the dendritic structure in 
some cases. The method of producing a high tensile 
pearlitic cast-iron by means of warming the mould by 
superheated metal is due to Emmel of Mulheim-Ruhr. 
At the moment comparative repeated-impact tests of 
the Lanz and Emmel irons are not in the author’s 
hands, but such comparisons when available should be 
useful. The microstructure of the pearlite in the two 
irons is similar and not distinguishable from that in 
good ordinary pearlitic irons. Another German 
development in the direction of high tensile cast-irons 
is due to E. Schuz and refers to the production of an 
iron containing about 3-5 per cent. silicon. This, 
when cast into metal chill moulds, has a dendritic 
structure, ferrite crystals being embedded in a eutectic 
of graphite and iron. 

These three methods indicate the trend of foundry 
practice towards a more scientifically controlled chapter 
in the history of cast-iron founding. British blast- 
furnace owners are interesting themselves in the 
production of suitable pig-irons for the making of the 
better cast irons which are evidently coming surely to 
the front, because of their value to the mechanical 
engineer. The structural composition of a series of 
pig-irons is shown in Fig. 8. These irons represent the 
general run of the numbers from white to soft grey 
as produced in the similar blast-furnaces of a company. 
When so depicted in graph form, the point at which 
pearlitic irons may be expected is clearly shown. The 
choice of suitable pig-irons for foundry mixtures is of 
great importance, and necessarily forms a subject of 
investigation by the Research Association. No 
mention has been made of other moulding and casting 
methods, such as the use of permanent and semi- 
permanent and metal chill moulds, though in this 
connection the problems of structural composition, 
shrinkage and contraction are of paramount importance. 
Such methods are more connected with the mass 
production of castings and, as many of these processes 
are being worked under patent licences individual 
attention to each typical process would take up more 
time than the author has at his disposal. 





Inp1an Imports.—H. M. Senior Trade Commissioner 
in India has forwarded to the Department of Overseas 
Trade a brief survey of the imports to India during the 
six months from April to September of the current year. 
This states that the import trade in the majority of 
staple articles was depressed during the period. There 
was a material falling-off in the imports of yarns, piece- 
goods, iron and steel, railway plant, machinery, hardware 
and dyestufis, notwithstanding a relatively favourable 
exchange and general prosperity throughout the country- 
side as a result of good monsoons and enhanced exports 
of produce. The share of the United Kingdom in the 
import trade was reduced from 54 per cent. to 51 per 
cent., owing to diminished shipments of cotton yarns, 
piece-goods, railway plant and machinery. The share 
of Germany fell slightly from 6 to 5-79 per cent., whilst 
that of Japan rose from 6-9 to 8-4 per cent., and the 
United States and Belgium retained their position with 
6 and 2? per cent., respectively. 
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THE EFFECT OF LOW-TEMPERA- 
TURE HEATING ON THE RELEASE 
OF INTERNAL STRESS IN BRASS 
TUBES.* 


By Rosert J. ANDERSON, B.Sc., Met.E., and 
Everett G. Faniman, B.S. 
(Concluded from page 756.) 

Effect of Heat on the Microstructure.—Microscopic 
examination was made of the many heat-treated sam- 
ples, with the object of ascertaining whether there was 
any visible change in the microstructure accompany- 
ing heating without softening but with stress release. 
Examinations at 2,000 diameters showed that there 
was no microstructural change accompanying stress 
release unless there was actual measurable softening. 
Even slight, but still measurable, softening is accom- 
panied by the formation of small recrystallised units. 
This agrees with the work of Mathewson and Phillips, t 
who state ‘‘that any positive indication of softening 
by the scleroscope can be detected in the form of 
recrystallisation under the microscope ’’ in the case of 
a brass. 

Figs. 13 to 18 illustrate the effect of heat exposures 
at 350 deg. C. for different times on samples of the 
Lot A tubing (reduction in area, 16-8 per cent.). 
Fig. 3 (page 754 ante) shows the structure of this tubing 
as cold-worked. The sections were examined on cross- 
sectional surfaces. The temperature of treatment, 350 
deg. C., was selected, because it marks a range where 
stress release is effected without softening for short-time 
exposures, but where longer exposures do cause soften- 
ing with simultaneous recrystallisation. Recrystalli- 
sation is shown plainly in Fig. 17, and for this tubing 
60 minutes is the germinating time for the temperature 
350 deg. C.—small recrystallised units having appeared. 
Actual softening of the tubing so treated is also shown 
by the drop in hardness, viz., 12 points Brinell and 5 
points scleroscope. Recrystallisation has proceeded 
further in the sample heated for three hours (see 
Fig. 18), the hardness drop being 24 points Brinell and 
10 points scleroscope. Recrystallisation was shown in 
the Lot C tubing (reduction in area, 35-4 per cent.) 
on heating for 45 minutes at 350 deg. C., the drop in 
hardness being 29 points Brinell and 13 points scleros- 
cope. In all the samples examined, which included 
all those heat-treated during the experimental work, 
it was possible to follow microscopically fairly closely 
the drop in hardness as effected by heating and, quite 
easily, the ranges in which loss of hardness was rapid. 
In no case was it possible to find change of microstruc- 
ture on heating ualess accompanied by softening, al- 
though stress release in certain time-temperature 
ranges was effected without simultaneous softening. 

Effect of Heat on Some Mechanical Properties of 
Cold-Rolled Leaded-Brass Sheet—While the results of 
the heat-treatment experiments on the different lots of 
tubing had shown that the material could be heated 
over a considerable time-temperature range without 
marked reduction in hardness, it was desired to ascer- 
tain more precisely the effect of the heat-treatments 
upon the tensile strength. Since it was undesirable 
to prepare test-pieces for tensile test from the tubing, 
experiments were made on leaded-brass sheet having 
properties similar to the stock tubing. A lot of brass 
sheet of substantially the same composition as the 
tubing was rolled with the same cold reduction in area 
on the last pass as the reduction in area of the stock 
tubing, t.e., 22-4 per cent. 

The average mechanical properties of the sheet were 
as follows :— 





Tensile strength, lb. per sq. in. .... 62,800 
Elongation, per cent. on 4 in. 24-2 
Reduction in area, per cent. 44-2 
Brinell hardness Ss 130-0 
Scleroscope hardness 42-6 


The brass sheet was cut up into tensile test-pieces of 
a usual form (that type of tension specimen with 4-in. 
gauge length and 0-5 in. wide in the breaking section, as 
specified in International Aircraft Standards Board 
Specification 1G1 being used), and the samples were 
heated for different times from 3 minutes to 30 hours 
in the range of temperature 300 deg. C. to 400 deg. C. 
It is of interest to point out that the Brinell hardness 
test on the material forecasts well the effect of heat on 
the strength. A very small decrease in strength is 
accompanied by a relatively large drop in the hardness, 
and the Brinell test may be regarded as a sensitive 
indicator of the effect of heat treatment. The sclero- 
scope test is not so sensitive. Summarising briefly the 
results of these experiments on the sheet, it is shown 
that heating in the moderate temperature ranges and for 
the times employed has no practical effect on the 





* Paper read before the Institute of Metals, Glasgow, 
on September 3, 1925. Abridged. 

+ C. H. Mathewson and A. Phillips, “‘ Recrystallisation 
of Cold-worked, Alpha Brass on Annealing.”” Trans. 
Amer. Inst. Min. Eng., 1916, vol. 54, 608-657. 








strength of worked brass of 22-4 per cent. reduction in 
area. 

The data obtained by the authors are comparable 
with the figures given by Moore and Beckinsale* for the 
effect of heat on the tensile properties of 70: 30 brass. 
These investigators find that heating at moderate 
temperatures, in some ranges, raises considerably the 
limit of proportionality of worked brass, as well as the 
elastic limit. By suitable choice of time and tempera- 
ture, it follows that a worked tube may be heat treated 
so as to release the stress and increase the elastic limit 
without loss of strength or hardness. 

Effect of Heat Treatment on Stress Release as Shown by 
the Strip Method.—Experiments were next carried out 


end of the lengths. Table II gives the results of internal 
stress determinations in the case of a number of samples 
selected at random from a large lot. Strips were cut on 
opposite sides of the tube samples at 180 deg. in order 
to note the variation of stress at two positions. It is to 
be pointed out specifically that the stock tubing was not 
uniformly stressed, and no defmite value could be 
assigned as the average stress. 

In certain of the samples—e.g., samples Nos. 29, 31, 
and 38—there appeared to be fairly uniform distribution 
of stress, indicating the absence of large strain gradients. 
In other samples—e.g., sample No. 32—the stress 
distribution was not uniform. 

In the case of the stress-release experiments on the 





to determine the effect of various heat treatments on 








Xx 200. 


stock tubing, strips were first cut as in the strip method ; 





x 200. 





HEATED FOR 45 MINUTES. 
x 200. 


Fie. 15. 


Fic. 16. Heatep ror 60 MiInuTEs. 
x 200. 


At, Etcuep with NH,OH+H,0,. 


Errect or Heat at 350 Deas. C. ror DirFERENT Times ON MicrostructTuRE oF Lot A TuBING ; 
Cotp RepucTIon IN AREA, 16°8 PER CENT. 


the release of stress in both the stock and special tubing, 
using the temperature range 250 deg. C. to 400 deg. C., 
and various time periods of exposure. Pieces 3-25 in. 
long were cut from the different lots of tubing, and 
strips 2-75 in. long and 0-10in. wide were cut therein 
for determining the stress before and after heat treat- 
ment in the manner described previously by the 
authorst for making estimation of stress by the strip 
method. 

Referring first to the experiments carried out on the 
stock tubing, a large batch of this material was sampled 
for the purpose of examining the variation in stress in 
different lengths of tube. In the case of five tubes, 
6 ft. long, the maximum stress found was 11,700 lb. per 
square inch, and the minimum 3,850 lb. per square inch ; 
the maximum Brinell hardness was 148, and the mini- 
mum 142. The averages were 6,290 lb. per square inch 
and 144-4 Brinell hardness number. In this sampling, 
pieces were cut from one end, the centre, and the other 





* H. Moore and S. Beckinsale, ‘‘The Prevention of 
Season Cracking in Brass by the Removal of Internal 
Stress, ENGINEERING, vol. cxi, pages 444 and 665; and 
« Further Studies in Season Cracking and its Prevention. 
Condenser Tubes,” ENGINEERING, vol. cxiii, pages 317 
and 337. 

t R,. J. Anderson and E. G. Fahlman, loc. cit. 





TaBLeE JI.—Variation in Springing Out and Internal Stress 
in Stock Tubing ; Reduction in Area, 22:4 per Cent. 

















| | Measured Spring Calculated Stress. 
Thickness} on ‘Cutting Strip. Lb. per sq. in. 
Sample of | Inch. 
Number. | — | 
| nen, 
| : Other : Other 
One Side Side. | OneSide.| Gide, 
1 | 
27 | 0-057 | 0-086 0-061 8,425 5,980 
28 0-058 0-101 0-071 10,080 7,090 
29 | 0-056 0-069 0-059 6,640 5,680 
31 | 0-056 0-042 0-040 4,040 3,850 
32 | 0-056 0-018 0-058 1,730 5,580 
34 | 0-055 | 0-040 | -0-061 3,780 5,770 
38 0-056 | 0-112 0-105 10,780 10,110 
' 





the samples were then heat treated in the range 300 
deg. C. to 375 deg. C., using time periods of exposure 
varying from 10 minutes to 11 hours, and the residual 
internal stress was measured by cutting strips at 180 deg. 
with the first cut strips. The Brinell hardness before 
and after heat treatment was measured. Since the 
measurements of stress in the cold-worked tubes did 
not give the absolute initial stress, the measurements of 
stress after heat treatment indicated tendencies rather 
than precise results. In the case of samples heated at 
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300 deg. C., the original indicated stress varied from 
6,540 lb. to 7,610 lb. per square inch, and that after 
heat treatment from 1,930 Ib. to 2,990 Ib. per square 
inch by heating in the range 5 hours to 11 hours. 
The indicated stress reduction was, roughly, 4,500 Ib. 
per square inch, while the mean hardness loss was 
7 points Brinell. Heating at the temperature employed, 
and for the different times indicated, caused a small loss 
in hardness, but this was not appreciable, nor would 
there be any loss in strength by this heat treatment. In 
the case of samples heated at 325 deg. C., the time period 
used was 3 hours in all cases except one, this duration 
being chosen because other experiments on the effect of 
heat on the resultant hardness, had indicated that a 
probable suitable heat treatment would entail heating 





HEATED FoR 60 MINUTES (SAME 
As Fia. 16), But x 1,000. 
Att Eronep with NH,OH+H,0,. 
Errect or Heat at 350 Dec. C. ror DirrERENT Times ON MicrostRucTURE or Lot A TuBING ; 
Cotp Repvuction in ArzEA, 16°8 PER CeENT. (cf. Fics. 13-16 INCLUSIVE). 


Fia. 17. 


for 3 hours at 325 deg. C. The original indicated stress 
in these samples varied from 2,120 lb. to 11,700 lb. per 
square inch, and that after treatment from 770 lb. to 
3,660 lb. per square inch. The mean indicated stress 
reduction was about 4,800 lb. per square inch, while 
the mean hardness drop was 9 points Brinell. In the 
case of samples heated at 350 deg. C. the results were 
comparable with those obtained by heating at the lower 
temperatures in the case of exposures up to 45 minutes, 
but on heating for longer periods up to 2} hours the 
hardness fell off markedly. On heating samples at 
375 deg. C. there was substantial loss in hardness after 
10 minutes, accompanied by marked reduction in the 
internal stress. These experiments indicate that the 
first effects of heat are to cause a rapid drop in the 
stress; thereafter, the stress release is slow until 
recrystallisation is effected, whereupon the stress drops 
to zero. 

Referring next to the experiments carried out on 
the release of stress in the specially-drawn tubing 
(Lots A to D, inclusive), stress determinations were 
first made in the case of samples cut from the original 
tubes as received. The average internal stress in the 
samples was roughly as follows :— 


Lb. per 

square inch. 
Lot A (reduction in area, 16-8 percent.) 5,800 
a: x » 27-2 » ) 9,408 
» C ( ” ” 35-4 ” ) 2,500 
vo. ae ‘ » 55-9 a ) o200 


Table III shows the effects of heat-treatment on 
the release of stress in Lot A of the special tubing. 
It is typical of the series. 7 

The foregoing experiments on the stock and special 
tubing show that a level is reached on heat-treatment 
beyond which stress cannot be further released until 
recrystallisation is effected. It is shown generally 
by the data given and other data not included here 
that the stress drops off rapidly at first with heat 
exposures at any temperature in the range 300 deg. C. 
to 375 deg. C.; then the residual stress decreases very 
slowly, until there is appreciable recrystallisation, 
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whereupon the stress drops off immediately to zero. 
In short, internal stress can be removed rapidly and 
to a very large extent by heat-treatment in any 
moderate time-temperature range which will not effect 
recrystallisation and softening, but recrystallisation 
must be complete before the stress is entirely removed. 
Stress release can thus be effected without simultaneous 
softening. 

The present results may be considered in the light 
of the work of Moore and Beckinsale.* These in- 
vestigators point out that rapid reduction of stress 
first takes place on exposure to heat, i.e., the stress 
first falls off very rapidly, and then the stress reduction 
is slow—approaching a point where some residual 
stress remains even on long periods of heating. The 
work of Moore and Beckinsale would indicate that, at 
the temperatures employed by the present authors, 
complete, or nearly complete, removal of stress should 
be had in the tubing, but this was found not to be 
true. The contradiction between the results of Moore 
and Becksinsale and those of the present authors 








Fic. 18. Heratep ror 3 Hours. 
x 200. 


Taste Ill.—Effect of Heat-Treatment on Stress Release 
and Hardness of Special Tubing ; Lot.A ; Reduction in 
Area, 16°8 Per Cent. 











Heat-Treatment. 
Brinell Stress. 
Time Period Hardness. Lb. per sq. in. 
of Heating. Temperature. 
Hours. Deg. C. 
4,050 
As received | Original tubing 124 $or0 
4,530 
1 250 121 ho 
10 250 123 oo 
1 300 117 po 
2 300 122 180 
4 300 114 on 
10 300 118 a 
2-5 325 119 oa. 
2-25 338 113 M  .. 
1 350 114 aan 
2 350 108 ites 
1 400 83 a 














may be explained by the difference in the stresses 
imposed. In the case of the tubing experiments 
reported here, the longitudinal stress in the tubes is 
considered to be the summation of the stress present 
in each infinitesimal length of the material—i.e., the 
total springing out at the end of the 2-75-in. long cut 
strip is the summation of the springing out of each 
infinitesimal length. In the case of the work of 
Moore and Beckinsale, these investigators set up 
definite stresses in restrained brass strips, and the stress 





* H. Moore and 8. Beckinsale, loc. cit. 








in the strips is comparable with that in a beam loaded 
at the end. Moreover, greater actual stresses were 
present in these strips than in the tubing worked with 
here. 

Relation of Processing in Tube Manufacture to 
Internal Stress—The experimental work shows that 
the hardness and reduction in area by work, at least 
within the limits of up to about 180 Brinell hardness 
and up to about 56 per cent. reduction in area, are not 
criteria as to the amount of internal stress, the liability 
to season-cracking, or as to the warping on standing 
at the ordinary temperature. This conclusion verifies 
the work of Moore and his collaborators, and that of 
other investigators, e.g., Masing.* 

From the manufacturing data as to the drawing of 
the tubing, it would appear that the final draught after 
complete anneal might be so made that no appreciable 
stress would be set up. Data drawn up from the 
manufacturing data indicate that the stress present 
increases directly with increase in the reduction of 
internal diameter, and decreases directly with increase 
in the reduction in cross-sectional area. Thus, taking 
the case of the tubing of Lot A, the reduction in internal 
diameter was 4-5 per cent., and the reduction in cross- 
sectional area was 16-8 per cent., while the average 
internal stress was 5,800 lb. per square inch. Com- 
paring this with the stock tubing, the reduction in 
internal diameter was twice as much, and the reduction 
in cross-sectional area a little higher, giving an average 
internal stress of 6,500 lb. per square inch. Actually, in 
the case of Lot B, the reduction in internal diameter 
is about the same as that of the stock tubing, and 
about twice that of Lot A; the reduction in area of 
Lot B is a little more than that of the stock tubing, 
but nearly twice that of Lot A, and the average stress 
in Lot B is considerably less than that of either. 
Further tests are necessary before any definite con- 
clusions can be drawn, but there are indications that 
both the reduction in internal diameter and cross- 
sectional area are variables affecting the stresses in- 
duced in tubes. The question seems to merit investiga- 
tion by tube makers. 

Vaudrey and Ballardt indicate that the stresses 
present in drawn tubes are in some direct proportion 
to the reduction in internal diameter, and they also 
point out the beneficial effect of an increase in the 
reduction in area on the decrease of initial stress. 
The work of the present authors, carried out inde- 
pendently of the results of Vaudrey and Ballard, is 
in confirmation of this. If the least stress is induced 
by the least reduction in internal diameter and the 
most stress by the greatest reduction in internal 
diameter, and the least stress by the greatest reduction 
in cross-sectional area, then there must be some 
definite possibilities in the direction of producing tubes 
with the least stress. 

Moore and Beckinsalet state that the “ distribution 
of hardness has no necessary influence on internal 
stress, and cold-work operations, which developa high 
degree of hardness in one part of an object and leave 
other parts soft, do not necessarily result in severe 
internal stresses, although they may sometimes induce 
them. In general, it may be stated that internal 
stress is largely independent of hardness or distri bution 
of hardness, with the reservation that, when internal 
stress arises, it is usually developed by operations 
which at the same time increase the hardness, and 
that the harder the material the higher is the maximum 
stress it is capable of sustaining without yielding.” 
It has been shown by the data reported in the present 
investigation that cold-work per se does not necessarily 
induce high internal stresses, and the Lot D tubing 
(reduced 55-9 per cent.) which has been hardened very 
considerably by cold-work was less stressed than 
other lots not so much hardened. 

The data given in the present investigation show 
that cold-worked tubing can be heated over a fairly 
wide range of time and temperature without material] 
loss in hardness, and are, in general, confirmatory of 
the work of Moore and his collaborators. As would 
be expected, the greater the percentage of cold reduction 
in area, the lower the temperature and the shorter the 
time of heating required to cause a loss in hardness. 

With brass tubing worked in the range 17 per cent. 
to 56 per cent. reduction in area, no appreciable 
softening will be effected by a heat-treatment adequate 
to remove the greater part of the injurious internal 
stress. In any practical development of a heat- 
treatment for stress removal without simultaneous 
loss of hardness, the manufacturing data as to the 
production of the tubing should be in hand, and a 





* G. Masing, ‘“‘Das Aufreissen von Messing durch 
innere Spannungen” Z. Metallkunde, 1924, vol, 16, 
256-301. 

+R. H. N. Vaudrey and W. E. Ballard “ Internal 
Stresses in Brass Tubes,” ENGINEERING, vol. cxi, pages 
421 and 439, 

¢ H. Moore and 8. Beckinsale, ‘‘ The Season-Cracking 
of Brass and other Copper Alloys, ENGINEERING, vol. cxi, 
page 300. 
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heat-treatment to be applicable to a given kind of 
tubing can be used only when that tubing has uniform 
heat-treating characteristics. 

The statement that the original hardness of tubing 
is not a criterion of the resultant hardness after 
heat-treatment, but that mill variations as regards 
draught and different annealing temperatures between 
passes determine the heat-treatment characteristics, 
is borne out by the work of Smith.* He shows that 
‘brass which has received an anneal at a low tem- 
perature previous to a given deformation will 
recrystallise at a lower temperature and develop a 
finer grain than that which was originally annealed 
at a higher temperature; in other words, with a 
given deformation, the recrystallisation and resultant 
grain size vary directly with the temperature of anneal 
before deformation.” By analogy, and also by direct 
experimental evidence, it may be said that brass 
which has received an anneal at a low temperature 
previous to a given deformation will soften at a lower 
temperature than one which was annealed at a higher 
temperature. Evidently, the amount of prior deforma- 
tion has an effect also. In commercial heat-treatment 
practice for stress removal, if this is to be done in 
ranges at all in the neighbourhood of the recrystallisa- 
tion stage, then tubing must be produced according 
to a definitely controlled scheme of mill practice. If 
lots of non-uniform tubing are heated in a given 
time-temperature range, some of the pieces may soften 
while others will not. 

Theoretical Aspects of the Mechanism of Stress Release 
on Heating.—The question naturally arises: What is 
the mechanism of stress release on heating a worked 
metal or alloy which is internally stressed? It has 
been shown that considerable stress release can be 
effected by heating without loss in hardness or other 
mechanical properties. It has also been shown by 
microscopic examination that there is no detectable 
microstructural change associated with the effect. The 
study of cold-worked metals by the X-ray spectrometer 
indicatest that lattice stress, ¢.e., distortion of the 
atoms, may occur. The general lattice-strain theory 
of metal hardening{ postulates the setting up of 
inter-atomic stress caused by distortion of the lattice 
on cold-work or in solid solutions. A distorted space 
lattice would tend to assume its equilibrium position 
on heating, and such a sub-microscopic change would 
be consistent with the observed facts of stress release 
on heating without detectable alteration in micro- 
structure. Moore’s explanation of the mechanism of 
stress release is based on plastic flow at the temperatures 
employed. The gradual plastic flow at moderate 
temperatures shown to occur by Moore and Beckinsale 
may be due to increased freedom of the space lattice 
with the simultaneous release of stress. 





R&GULATIONS FOR THE GRADUATION OF ALTIMETERS.— 
In consequence of the adoption of an international 
standard atmosphere, regulations governing the gradua- 
tion of altimeters for aircraft have recently been issued 
by the Air Ministry; they are obtainable, in pamphlet 
form, from any of the branches of H.M. Stationery 
Office, price Id. net. Jt is assumed in the regulations 
that the air is dry, that its chemical composition is the 
same at all altitudes, and that the value of “g” is 
uniform at 980-62 c.g.s. units. With these assumptions 
and taking the temperature at mean sea level as 15 deg. C. 
and the barometric height, reduced to 0 deg. C., as 
760 mm. of mercury, the atmospheric pressure will be 
1,013-2 millibars and the weight of a cubic metre of air 
1-2257 kg. Further, assuming that the temperature 
6 at any altitude z, up to 11,000 metres, is such that 
0. = 15 — 0-0065 z, and that at greater altitudes the 
temperature is constant and equal to — 56-5 deg. C, 
it follows that the barometric pressure p;, the specific 
weight az, and the specific mass p; at any altitude 
up to 11,000 metres, will be given by the following 





equations :— 
Pr Ca= 0: 0065..\ 5-256 
PO 288 
and 
Ps me 7 we (7h 08s. 4-256 
fo = & 288 ; 


For altitudes exceeding 1),000 metres, the relationships 


z— 11,000 
14,600 _ 


logio — = logyo £1 = login 


hs Pz 


711000 





may be used. The pamphlet above referred to includes 
a table giving the temperature, pressure and density of 
the atmosphere for very kilometre of height up to 
11 kilometres. 





* F. G Smith, ‘‘ Grain-Growth in Alpha Brass,” Trans. 
Amer. Inst. Min. Met. Eng., 1921, vol. 64, 159-166. 

t J. Czochralski, ‘‘ Die Grundlagen der Vergestigungs- 
vorginge,”’ Z. Metallkunde, 1923, 15, 7-16 ; U. Kakinuma, 
“The Atomistic Mechanism of Metal Rolling,’’ Proc. 
Phys. Math. Soc. (Japan, 1924, 5, 150 (See abstracts, 
C. Abs., 1924, 18, 2827; J. Inst. Meals, 1925, 33, 322). 

8. Kimura, “‘ Lattice Strain Theory of Hardening of 
Metals,” Researches of the Huctrotechnical Laboratory, 
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CATALOGUES. 


Steel Sheets.—Messrs. Spear and Jackson, Limited. 
Sheffield, have sent us a circular giving particulars of 
various steels in sheet form for making saws, knives, 
ploughs, &c. Sheets are supplied either black or bright, 
and heat treated as required. 


Pyrometers.—The Bowen Instrument Company, 
Newton-road, Leeds, have issued a catalogue describing 
the construction, manipulation and calibration of their 
radiation pyrometers for temperatures exceeding 500 deg. 
C., and also a reprint of the description of the instru- 
ment which appeared in our columns on April 18 of 
last year. 


Structural Steel Work.—Messrs. Sir William Arrol and 
Co. (Swansea) Ltd., of Swansea, have sent us an attractive 
book containing a description and many illustrations of 
the new structural steel works founded in 1922 by the 
Glasgow firm jointly with Messrs. Baldwins, Limited, 
of South Wales. We illustrated and described these 
works in our issue of May 8 last on page 561. 


Air Extractor—The Chanard Star air extractor, as 
described in the makers’ catalogue, is intended for 
automatically extracting foul air from houses, factories, 
&c. It is mounted on the highest part of the roof and 
is so designed that the wind from any quarter creates 
an up-draught and so extracts air from the building. 
The agent is Mr. Paul Dieny, 20, Laurence Pountney- 
lane, London, E.C.4. 

Electric Ovens.—We have received from Messrs. 
Automatic and Electric Furnaces, Limited, 175, Farring- 
don-road, London, E.C.1., a new catalogue of electrically- 
heated industrial ovens for drying, baking, core-drying, 
magnetic ageing, and other operations requiring tem- 
peratures up to 150 deg. C., the temperature being 
automatically controlled. Full descriptions and a list 
of prices are included. 


Wood-Working Machinery.—An excellent catalogue of 
wood-working machinery is to hand from Messrs. W. A 
Fell, Ltd., Windermere. In addition to saw benches, 
drilling machines and ordinary wood-turning lathes the 
catalogue shows a considerable number of automatic 
turning machines which deal with repetition work, 
such as spokes, tool handles, screws, rings, fluted, spiral 
and plain rods, columns, &c. 

Electrical Machinery.—We have received from the 
Lancashire Dynamo and Motor Company, Limited, 
Trafford-park, Manchester, two new catalogues, one of 
which deals with commutating rectifiers for converting 
alternating to direct current for all purposes in which 
the direct current is used on a non-inductive circuit. 
The other catalogue relates to induction motors, the 
construction of which is fully described. 


Locomotives.—In their new catalogue of locomotives 
Messrs. John Fowler and Co. (Leeds), Limited, of Leeds, 
illustrate some of the types of engines supplied by them 
for use in India, Australia and various parts of Africa. 
Those supplied to the Sena Sugar Estates, Limited, are 
capable of hauling loads of 600 tons at 124m.p.h. Motor 
locomotives, driven by petrol or paraffin engines, have a 
secondary, but important, place in the catalogue. 


Electrical Machinery.—Catalogues to hand from the 
Westinghouse Electric and Manufacturing Company, 
East Pittsburg, Pa., U.S.A., deal with a marine water- 
tight motor for winch, windlass and capstan service, 
and industrial electric furnaces. A further sheet of 
electric locomotive data is descriptive of several 215-ton 
machines for freight service. A description of over- 
head guides and insulators have also been received. 


Steam Fittings —We have received a catalogue of 
flexible pipes and fittings made of copper alloy, and 
suitable for very high pressures and temperatures. 
These pipes are worked from the solid without seams or 
joints. A second catalogue describes a connection for 
steam traps for increasing the capacity of the trap. 
Both catalogues have been issued by the Steam Fittings 
Company, Limited, West Drayton, Middlesex, and both 
contain priced lists. 


Mechanical Draught.—Messrs. Davidson and Co., 
Limited, Belfast, have sent us a copy of a new catalogue 
dealing with the mechanical equipment for induced and 
forced draught installations and for the combination of 
these known as balanced draught. Illustrations and 
some particulars are given of installations supplied by 
the firm at Belfast, Greenwich, Barking, Manchester and 
other places. A section of the catalogue is devoted to 
useful data, tables and formule, relating to boilers. 


Monel Metal.—A catalogue to hand from The Inter- 
national Nickel Company, 67, Wall-street, New York, 
U.S.A., illustrates a large number of machines and 
appliances which can now be made with advantage, 
either of pure nickel or of monel metal; small objects 
such as rivets, screws, nails, wire, wire cloth, springs, 
&c., made of the same materials are also dealt with. 
These, of course, are chiefly used in the chemical manu- 
facturing trades, or where corrosive liquids or other 
influences have to be resisted. 

Oil Engines.—A new catalogue of oil engines suitable 
for any of the usual crude, refined or intermediate fuel 
oils is to hand from Messrs. Marshall Sons and Co., 
Limited, Gainsborough. The engines are of the two- 
cycle horizontal type and are made in three types, viz. : 
ordinary drive, special steady drive such as is necessary 
for electric lignsing. and a portable type on a four-wheel 
truck. In all three types, the engines develop 8, 12, 
16, 20 or 25 brake horse-power with crude or refined oil ; 
with inferior oils the same powers may be developed. but 
the most economical load will be less. 
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the city of Bombay is an extremely important engineering 


achievement. The Bombay supply is conveyed 55 miles 
by means of pipes which is one of the most important 
pipe-line schemes ever constructed. A record of the work, 
with illustrations and many particulars of practical 
interest, has been issued, as part of their catalogue 
publications, by Messrs. Robert Bowran & Co., Limited, 
4, St. Nicholas-buildings, Newcastle-upon-Tyne. Messrs. 
Bowran supplied the protective covering ‘‘ Bowranite,”’ 
with which the pipe is treated, externally as well as 
internally. 


Electric Motors.—Two leaf catalogues dealing with 
their high-torque, high-efficiency, squirrel-cage induction 
motors are to hand from the Metropolitan-Vickers 
Electrical Company, Limited, Trafford-park, Man- 
chester. These motors are made in capacities ranging 
from 5 h.p. to 300 h.p., and in various forms required 
for different services. They are an addition to the 
firm’s standard lines, and are intended for use in cases 
where difficulties are encountered in starting ordinary 
squirrel-cage motors. The descriptive matter given in 
bow catalogue is ample, and starting diagrams are also 
included. 


Boiler Fittings.—Messrs. Gummers, Limited, Rother- 
ham, have issued a revised edition of their bound 
catalogues of valves, boiler mountings and steam 
specia'ities. It opens with a specification of the fittings 
required for the standard types of Lancashire, Cornish, 
marine and water-tube boilers, and also gives specifica- 
tions for particular types such as Yarrow, Babcock and 
Wilcox, Clarke-Chapman, Stirling, Thompson, Clayton 
and Vickers-Spearing. These are followed by a list of 
valves, gauge glasses, lubricators, flanges, and some 
road-wagon fittings. There is a good index and every 
article is illustrated. 


Turbo-Generators.—We have received a catalogue of 
Brush-Ljungstrém steam turbines and turbo-generators 
issued by the Brush Electrical Engineering Co., Limited, 
Loughborough. This deals with the theory, design, 
construction, maintenance and performance of turbines 
and turbo-generators. The contents are arranged under 
the following headings: General Principles; Principal 
Parts of the Steam Turbine ; Starting up; Alternators 
and their Construction ; Condensing Plant ; Steam Trials ; 
Erection; Dismantling; and Typical Lay-outs. The 
catalogue has been prepared especiaily for engineers in 
charge of large power stations. 

Oil Engines.—Two catalogues dealing with heavy oil 
engines are to hand from Messrs. Crossley Brothers, 
Limited, Openshaw, Manchester. One describes the 
** Crossley-Premier ’’ horizontal engine, which is of the 
multi-cylinder cold starting type, employing solid injec- 
tion. The engine is made in units from 275 b.h.p. up to 
1,000 b.h.p. ; it is suitable for any oil fuel, including the 
cheapest qualities, and is capable of conversion for use 
with gas fuel if required. The second catalogue is a 
report on the tests carried out on two Crossley heavy-oil 
engines installed at Woodmansterne Pumping Station 
of the Sutton District Water Company. 

Electric Machinery.—We have received a number of 
excellent loose leaf catalogue pages from the Westinghouse 
Electric and Manufacturing’ Co., East Pittsburgh, Pa., 
U.S.A. These relate to: (1) Drip Proof Ventilated Marine 
Motors ; (2) Electric Heating in Railway Repair Shops ; 
(3) Machining Split-frame Motors at Bearing and Housing 
Seats; (4) Babbitting Pots and Equipment; (5) Load 
Test on Repaired Railway Motors; (6) Line Switches 


‘as an Adjunct in the Reduction of Main Circuit Control- 


lers; (7) Testing Insulating Varnishes ; and (8) Insulating 
a Railway Motor Armature. Engineers will find some 
useful information in all the above. 


Wireless Components.—Several pamphlets and circulars 
giving prices and particulars of their components for the 
construction of wireless receiving sets have reached us 
from the Igranic Electric Company, Limited, 147, Queen 
Victoria-street, London, E.C.4. Among their more 
recent productions we notice a dual variable condenser 
for tuning two oscillatory circuits simultaneously and a 
Vernier balancing condenser used to compensate for any 
slight differences in the properties of two such circuits. 
A special form of valve-holder for eliminating the so-called 
‘** microphonic ”’ noises produced by vibration when using 
dull-emitter valves, is another new product of the firm, 
who are also now supplying complete sets of parts for 
building up supersonic-heterodyne receiving sets. Such 
sets, of course, combine sensitiveness with the high degree 
of selectivity necessary for receiving distant broadcasting 
stations, the wave-lengths of which differ but little from 
that of a local station. 





STANDARD SPECIFICATION FOR EBONITE PANELS OF 
Rapio RECEIVING APPARATUS.—Some twelve months 
ago a joint request to the British Engineering Standards 
Association was made by the Radio Society of Great 
Britain and by the Ebonite Manufacturers’ Association, 
for a standard specification to be drawn up for ebonite 
suitable for radio purposes. A committee was imme- 
diately set up, and, as it was felt that there was a very 
urgent need for the standardisation of ebonite for panels 
for receiving sets, this was the first subject to be con- 
sidered. B.E.S.A. Specification, No. 234, 1925, is the 
outcome of the work of the committee, and it is 
anticipated that the new specification will go a long 
way towards eliminating doubtful qualities of ebonite 
from the market. The composition of the standard 
ebonite is rigidly specified, and adequate mechanical 
and electrical tests are laid down. A recommended list 
of sizes and thicknesses of panels is included, and every 
endeavour has been made to cover all reasonable require- 
ments suggested by the trend of present-day design. 
Copies of the specification may be obtained from the 
B.E.S.A. Publications Department, 28, Victoria-street, 





Protective Coating for Pipes.—The new water supply for 





London, 8.W. 1, price ls. 2d., post free. 
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CRANE FOR EXHIBITION STAND ERECTION. 


CONSTRUCTED BY MESSRS. HERBERT MORRIS, LIMITED, LOUGHBOROUGH. 


CRANE FOR EXHIBITION STAND 
ERECTION. 


THE average visitor at any of the various exhibitions, 
which are held from time to time at Olympia, is hardly 
likely to devote more than a passing thought to the 
structure of the stands, as distinct from the articles 
which they are designed to display. The amount of 
work involved in their erection is thus hardly likely 
to be realised, but when it is recalled that the number 
of stands at the recent motor show was well over 500, 
it becomes evident that the work involved in the pre- 
paration of such an exhibition must be very consider- 
able. The work of erecting the stands, in the exhibi- 
tion to which we have referred, was carried out by 
Messrs. Maple and Co., Limited, and for the purpose 
of placing the name-boards of the various stands in 
position, the firm employed the special crane shown in 
the figure above. 

This crane, which generally resembles a tiering 
machine, was constructed by Messrs. Herbert Morris, 
Limited, of the Empress Works, Loughborough. It has 
a working capacity of half a ton, which is sufficient to 
deal with the largest name-boards employed in the 
exhibition. The general construction of the crane will 
be clear from the illustration, but it may be mentioned 
that it is fitted with an automatic brake of the self- 
supporting type, by means of which a board can be 
retained in suspension at any desired height without 
any attention on the part of the operator. The gears 
on the crane are machine-cut, resulting in a good 
mechanical efficiency in combination with a high-operat- 
ing speed. The tower is built up from light section 
bars, rendering the crane readily portable. Adequate 
rigidity is ensured by the employment of cross-bracing 
on the tower, and the strength of the whole structure 
is such as to give an ample factor of safety. 





STanDARD SPECIFICATION FOR ALUMINIUM CON- 
DuctToRS.—British Standard Specification (No. 215- 
1925), recently issued by the British Engineering Stan- 
dards Association, 28, Siteolaahens, London, 8.W.1, 
price ls. 2d. post free, has reference to hard-drawn 
aluminium and steel-cored aluminium conductors, for 
overhead power transmission purposes. This publica- 
tion gives full details of the number of strands, and the 
weight, resistance, and tensile strength of the standard 
sizes of aluminium and steel-cored aluminium con- 
ductors; on general lines, it is very similar to the 
specification for hard-drawn copper, solid and stranded 
circular conductors. The booklet contains an interesting 
appendix, which gives the British standards of resistance 
of aluminium for electrical conductors. These standards, 
which constitute the first authoritative data on the 
resistance of aluminium to be published in this country, 
have been agreed upon by the National Physical 
Laboratory and the dea Central d’Electricité, 
Paris. The values given in the appendix are being 
submitted to the International Electro-technical Com- 
mission for adoption as international standards. 








A FLOW CALORIMETER FOR DETER- 
MINING THE SPECIFIC HEAT OF 
GASES. 


THE continuous-flow electric method of calorimetry 
introduced by Callendar and Barnes in 1897 for the 
measurement of the specific heat of liquids has been 
used, in various modifications, by Scheel and Heuse, 
by Holborn and Jakob, by Knoblauch and by Swann, 

















for the determination of the specific heat of gases, air 
and carbon dioxide, and also of steam. A new calori- 
meter of this type has recently been devised and is 
described in the United States Bureau of Standards 
Scientific Paper No. 503, and is said to have given 
very satisfactory results, after preliminary trials with 
air, in determining the specific heat of ammonia vapour 
at temperatures ranging from — 15 deg. to + 150 deg. C. 
and pressures between 0-5 and 20 atmospheres. It 
is to be used for measurements on other gases over 
wider ranges. Some of the very elaborate precautions 
taken and refinements adopted may have complicated 
the apparatus unnecessarily. 





The gas or vapour passing through the calorimeter 
proper at a measured rate is heated by a quantity of 
electricity at measured potential and intensity; the 
rise in temperature is determined by the aid of platinum- 
resistance thermometers mounted in front of and 
behind the heater; the rate of flow is measured by 
condensing and weighing the vapour discharged from 
the calorimeter in a definite time interval. The 
essential parts of the apparatus are contained in 
three constant-temperature fluid baths. The first 
‘boiler’? bath contains the gas or ammonia cylin- 
ders supplying the vapour for the experiments. In 
these cylinders the ammonia is evaporated at a 
pressure several atmospheres (3 to 8) above that of 
the calorimeter. This pressure is reduced again by 
three needle valves grouped in series. In the second 
‘calorimeter’? bath the vapour passes through a 
preheating tube (75 cm. in length, in the bath), into 
the calorimeter coils consisting of tubes of copper or 
of German silver, 2 mm. and less in diameter, which 
are wound on both sides of the calorimeter casing 
(immersed in the bath) and on the calorimeter tube 
proper. In the space between the tube and casing 
a high vacuum is maintained by means of pumps. 
The vapour then enters the inside of the calorimeter 
tube, which is 15 cm. long and 1-5 cm. in diameter, 
passing over the first thermometer consisting of a 
75 cm. of 0-5 mm. platinum wire on mica foil, into 
the heater cell, which is a helix of platinum wire. It 
then passes over the second thermometer again into 
the small-tube system, leading to a reducing valve. 
Subsequently, it passes through several adjustable 
orifices into the condensers, which are mounted in 
the third “condenser” bath. The thermometers 
measure to 0-001 deg. C. by means of two potential 
terminals. Thermal leakage is prevented by shields 
and by.the vacuum jacket. 

There are 21 thermccouples in the calorimeter, and 
the number of valves in the whole apparatus is no less 
than 40. The maintenance of the constant flow, as 
essential as the constancy of temperature, is obtained 
by means of pressure regulation, controlled by a 
mercury gauge, consisting of a U tube with platinum 
contacts, placed in the boiler bath. This gauge is 
joined, on the one side to the flow line, and on the 
other to a reservoir in the calorimeter bath, in which 
an adjustable reference pressure is maintained. The 
automatic valves, particularly the one illustrated to 
a scale of about half size in the accompanying illus- 
tration, maintain the balance between this reference 
pressure and the flow-line pressure. Deviation from 
this condition causes the mercury to make or break 
electric contact. When the pressure falls, an electric 
motor starts up and opens valve F by a small ad- 
justable amount, and also starts to open valve E 
very slowly by the intermediation of the worm- 
gearing G. The motor operates through the flexible 
shafting S; the automatic double-action friction clutch 
C turns the valve stem F through an adjustable arc 
and releases it again. When § is reversed, F returns 
to its former position. There is thus a periodic motion 
and pressure fluctuation under the contro] of the 
operator, valve E providing compensation for gradual 
changes in the line pressure proceeding from the vapour 
supply, the oscillating valve F absorbing small abrupt 
changes in the periodic fluctuations. Many of the 
valves being made of glass, there was danger of their 
being broken by explosions, and also that mercury 
might be rushed through the pipe system. To prevent 
such accidents, mercury traps and check valves (on 
both sides of an endangered valve) have heen intro- 
duced. 

A series of readings, by four observers, requires 
about 20 minutes. With ammonia, 108 complete 
specific heat determinations, comprising also Joule- 
Thomson effect determination, have been made. 
Though detailed in many respects, the paper from 
which we quote, is very general in some statements 
and lacking in some respects. For instance, it does 
not give a single figure about rate of flow. Reference 
is made to Scientific Paper No. 501, from which is 
found that the rate of flow was varied within wide 
limits in most sets, the extreme rates being 0-004 
and 0-038 gram of ammonia per second. It is pointed 
out that the values for the specific heat Cp deviated 
only by 3 per cent. from the formula deduced. But 
the terms of this empirical formula contained the 
temperature @ in the negative powers of 1, 4, 12, 20. 
The few previous determinations of this Cp had been 
made at atmospheric pressure. 





LauncH oF Motor Vesser ‘“ SovurHcat:.”—The 
motor-ship Southgate was recently launched from the 
Amble Shipyard of Messrs. Palmers’ Shipbuilding and 
Tron Company, Limited. The vessel is fitted with semi- 
Diesel oil engines and has been built to the order of the 
Anglo-American Oil Company, Limited, London, for 
their south-coast depot work. She will carry petroleurn 
spirit in bulk. 
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‘“* ENGINEERING’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, South t Buildings, Chancery-lane, W.C., at 








the uniform price of 1s. 
The date of the advertisement of the pti of plet 
Speci, ‘ion is, in each case, given after the abstract, unless the 


Patent has been sealed, when the word ** Sealed”’ is appended. 
io may, at any time within two months from the date of 
the adverti. t of the te of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 
GAS ENGINES, PRODUCERS, HOLDERS, &c. 


237,311. H. J. Toogood, Elland, W. M. Carr, 
Stretford, Manchester, and Robert Dempster and 
Sons, Limited, Eliand. Gas Retort Settings. 
{3 Figs.) February 22, 1924.—The inveniion relates to 
regenerator furnaces used in the manu‘scture of gas. 
The invention consists in the combination with a regen- 
erator furnace with its waste gas and secondary air heating 
passages, of an auxiliary regenerator for preheating the 
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gaseous fuel when gas firing the retort, or a coke oven 
setting for assisting in pre-heating the secondary air 
when coke firing the same. A indicates the auxiliary 
regenerator which comprises a number of horizontally 
disposed tubes situated outside the waste heat tubes B 
oe | connected by a passage C with outlets D leading to 
the combustion chamber E. G indicates the retorts 
being heated. H indicates the secondary air tubes which 
lead to the combustion chamber by passages h. (Sea/ed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c, 


236 ,763. The Mirrlees Watson Company, 
Limited, Glasgow (S. Leggett, Amritsar, Punjab, 
India). Propeller Shafts. (5 Figs.) September 9, 
1924.—The invention relates to a bearing for under-water 
shafts. The bearing comprises an outer cylindrical 
shell 1 into which are dovetailed strips 2 of hard rubber 
disposed longitudinally, standing proud of the interior 
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face of the shell and leaving between them passages 3 for 
the flow of water. Fitted to the underside of the cap 4 of 
the bearing is a set of vanes 5 wich rotate with the shaft 6 
and serving to induce the flow of water through the 

assages 3 between the strips 2, the water entering at the 
ower end of the bearing and being discharged at 7 at the 
periphery of the cap 4. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


236,973. Worthington-Simpson, Limited, Lon- 
don, and R. W. Patterson, Hyndland, Glasgow. 
Evaporators. (10 Figs.) March 13, 1924.—The inven- 
vion relates to evaporators of the kind comprising a 
lower liquid space in which are situated the heating 
coils d secured to a header f mounted in trunnions to 
permit of the removal of the coils from the liquid space, 
and an upper steam or vapour space situated above 
the liquid space and communicating therewith. The 





invention consists in an evaporator of the kind referred 
to in which the heating coil d is carried by a header f 
divided into two parts g, h forming respectively the 
steam and drain headers, the upper and lower ends of the 
header being designed to form trunnions by means of 
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which the same may be rotatably mounted. The 
invention also consists in an evaporator in which the 
steam or other heating medium is admitted to the steam 
header f by means of a hollow plug m surrounded by a 
latern sleeve m2 packed and held in place by a gland. 
(Sealed.) 


236,352. F. A. Garrett, Ipswich, and Ransomes, 
Sims and Jefferies, Limited, Ipswich. Steam 
Generators. (4 Figs.) May 29, 1924.—The invention 
relates to steam generators adapted to be direct fired or 
heated by the exhaust gases from an internal-com bustion 
engine. According to the invention, a generator is 





(236.352. 


et hesaae- with two sets of fire-tubes 3, 5, one set 3 alone 
ing sufficient to provide the necessary heating surface 
when the waste heat of the engine exhaust gases is 
available, and the other set 5 being adapted to be used 
in series with the first set to supplement the heating 
surface required when direct firing is in operation. 
(Sealed.) 


237,146. H. E. Yarrow, Scotstoun, Glasgow. 
Water Tube Boilers. (1 Fig.) November 7, 1924.— 
The invention relates to water tube boilers fired by 
pulverised fuel. According to the invention, there is 


A 





a single elevated steam drum A and a pair of water 
drums B, C at a lower level, one on each side of the 
combustion chamber I and connected with the steam 





drum A by banks of water tubes E, F. In addition 


there is another water drum D at a still lower level 
substantially in the same vertical plane as the steam 
drum A and connected by banks of tubes G, H with the 
water drums B, C. The combustion space I is thus 
bounded upon all four sides by banks of water tubes 
which provide a large heat-absorbing and radiating 
surface without materially restricting the combustion 
space, which is very large compared with the total 
space occupied by the boiler.—(Sealed.) 


237,027. A.W.Bennis, Hulton, Bolton. Furnace 
Grates. (7 Figs.) April 26, 1924.—The invention 
relates to chain-grate furnaces of the type in which 
plates or bars have no pivotal inter-connection one with 
another, but are carried upon separate club-headed 
carrier-bars extending laterally across the furnace, 
these carrier bars being pivotally inter-connected. The 
grate comprises a number of bars 1 having pear-shaped 
or key-hole slots or the like shaped sockets 2 in them, 
by means of which they can be threaded laterally along 
carrier bars connected to a chain passing over front and 
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rear drums in the furnace. These grate bars, according 
to the invention, are provided with one or more inter- 
locking projections 3 and depressions 4. In the con- 
struction shown, each side of the grate bar has a single 
projection 3 and a single depression 4, which, as shown 
in Figs. 2 and 3, respectively, fit into corresponding 
depressions and projections in neighbouring bars. The 
grate bars may be made with air passages, such as 5, 
intermediate of their length for conducting air up to the 
grate surfaces, and also secondary air passages 13 are 
provided between consecutive grate bars for a similar 
purpose. (Sealed.) 


236,761. R. A. Blakeborough, Brighouse, and 
J. Vickers, Brighouse. Valve Spindles. (1 Fig.) 
September 4, 1924.—The invention has reference to 
valves of the type in which the valve member is actuated 
by a rotating but non-reciprocating spindle. According 
to the invention, the spindle ais of even diameter through- 
out, and at an appropriate point in its length it is formed 
with a plurality of relatively shallow grooves b, preferably 








, 






of square section, or the spindle may be formed with a 
plurality of relatively shallow annular projections forming 
grooves between them. A thrust block formed in two 
halves or in sections c, d, and having on its inner side 
annular projections adapted to fit into the grooves b in or 
on the spindle, is provided with an external flange cl 
adapted to be nipped against the top of the body e by a 
shoulderfl on a cap or cover f containing # stuffing-box 
g to prevent leakage. (Sealed.) 


MISCELLANEOUS. 


234,863. Victaulic Co., Limited, Westminster, 
London, P. G. Johnson, London, and H. R. Morgan, 
London. Pipe Joints. (8 Figs.) January 22, 1924.— 
The invention relates to pipe joints having hollow packing 
rings sealed by the pressure of the fluid in the pipes, and 





comprises a pipe joint having fluid sealed hollow leak- 
proof packing rings of flexible material, each hollow leak- 
proof ring 40 having its free edges extending towards 
each other directly or at an angle to one another and 
mounted in a housing 51 formed as a socket-like member 
on one of the pipes to be connected. (Sealed.) 
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THE DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. 
(Concluded from page 727.) 

THE second part of the Annual Report of the 
Department* consists of the Report of the Advisory 
Council to the Privy Council Committee. The 
Advisory Council is the body that represents directly 
the sciences, industries and professions which the 
Department seeks to serve, and it is assisted by a 
panel of assessors representing each of the Govern- 
ment Departments that are interested in research. 

An essential feature of the original scheme on 
which the Department was constituted is that the 
Advisory Council shall exercise what is very nearly 
a dominant part in determining the work of the 
Department. No doubt can be felt about the 
distinction of the present members of the Council. 
It may, however, be questioned whether the in- 
dustrial and technical side of its constituency 
is sufficiently represented. It has lost Sir George 
Beilby, a striking but not unique instance of a 
man distinguished alike in science, technology, 
and business, and Sir Maurice Fitzmaurice, the 
distinguished civil engineer. Their places have been 
filled by the appointment of Sir William Filis, who 
represents the business side of the steel industry, 
and Dr. J. H. Jeans, who, like Sir William Hardy, 
another member of the Council, is Secretary to the 
Royal Society. The appointment of Sir William 
Ellis shows that the Department has no intention 
of neglecting the industrial side in the constitution 
of its Advisory Council. On the technological side 
of industry, as represented by scientific men who 
have also practical experience of conducting tech- 
nical businesses, the present constitution of the 
Council seems to need strengthening. 

Before dealing with the work done by the Depart- 
ment itself, the Report draws attention to the 
facilities that have been arranged for conduct- 
ing investigations outside its own programmes 
on behalf of individual firms, groups of firms, or 
industries. These facilities are usually subject to 
the conditions that the results of the work are 
likely to be of general interest, or that facilities for 
doing it do not exist elsewhere, and that the results 
are held available for the confidential information 
of Government, and normally for publication either 
wholly or in part. In special cases, however, it may 
be arranged to withhold or defer the publication of 
the results, and even their confidential indication 
to Government; though such a concession would 
not debar the Department from carrying out 
similar investigations for other bodies on similar 
terms. It is the intention of the Department that 
the whole of its research establishments should 
be made available for the fullest possible use by 
industrial firms or groups of firms, who find them- 
selves confronted by scientific problems that cannot 
be undertaken in their own laboratories. When 
the considerable range of the Department’s facilities 
at the National Physical Laboratory and elsewhere 
is considered, the present position of the Council 
may be well worth the attention of firms who, in 
Huxley’s metaphor, “find their ears boxed by 
Nature and would like to know why.”’ The report 
observes also that the Department is prepared to 
consider any suggestions for research at any of 
its stations, provided the results are likely to be 
of general scientific or industrial interest. 

The third part of the Report, which is signed by 
Sir Frank Heath, Secretary both of the Privy 
Council Committee and of the Advisory Council, 
consists of a summary of the work done in various 
research organizations of the Department. It will 
be a convenience in reviewing these various activi- 
ties if we take the two sections of the Report 
together. 

The Food Investigation Board has a particular 
interest for engineers, because, although the data 
on which its results are derived are mainly from the 
biological sciences, it is probable that engineers 
will have to provide the means of applying them. 
The report states that the low-temperature research 
station which was erected at Cambridge on ground 
given by the University, is now fully occupied, and 





* Report of the Committee of the Privy Council for 
Scientific and Industrial Research for the years 1924-25. 
H.M. Stationery Office. 3s. net. 








works in co-operation with University laboratories 
dealing with cognate subjects. The work has 
been centred mainly on freezing beef, preserving 
eggs, and using cold and carbon-dioxide in preserving 
fruit. The difficulty in using refrigeration as a 
means of preserving tissues is that the actual effect 
of the reduction of temperature on the structure 
of the tissues has till recently not been known, and 
even now seems still to be under investigation, 
though during the last year the general theory 
appears to have advanced to a position that will 
enable the rational solution of practical problems 
to be undertaken. A closely knit scheme of work 
in regard to fruit and vegetables is being carried 
out on the one hand in the University Schools 
of Botany, and on the other hand in commercial 
stores scattered over the country, as well as on 
ships and overseas, even as far as the orchards 
of Australia and New Zealand. Of direct engine- 
ering interest are investigations that have been 
made at the Oxford Engineering School into 
chemical substances suitable for refrigerants, and a 
variety of investigations made at the National 
Physical Laboratory on the flow of heat through 
walls, heat conductivity of various substances, and 
the design of instruments for measuring and 
recording the humidity, temperature, and gas 
content of cold stores. 

The National Physical Laboratory has been con- 
ducting for the Board a variety of investigations, 
including an inflammability test for heat insulating 
materials, the physical properties of substances used 
as refrigerants, hygrometry, carbon dioxide deter- 
mination, air conditioning apparatus, flow meters for 
use in refrigerating plants, and apparatus for 
demonstrating the circulation of air currents between 
boxes stacked in a coolchamber. In the researches 
on hygrometry, gold beaters’ skin has shown an 
extremely small time lag with the humidity of the 
air changes. A revised edition of the report on 
heat insulators was called for during the vear. 

The Geological Survey has made substantial 
advance towards completing the revision of the 
Yorkshire and Fifeshire Coal Fields, and in Scotland 
has suspended the primary 6 in. survey of the 
Highlands in order to accelerate the survey of the 
Ayrshire coal field and of the central coal field of 
Scotland. The survey of Mull has, however, been 
completed, and the details of the work of the 
Geological Survey Board are embodied in a report 
now in the press. Progress is being made with the 
collection and publication of information in regard 
to the mineral resources of Great Britain, and a 
condensed report on the water supply of Wilts and 
Dorset is being prepared. The construction of new 
roads has given opportunities to the Survey for 
obtaining information of considerable value, and in 
this the co-operation of local authorities in giving 
timely notice of a proposed new road has been 
given, and is urgently solicited. 

The Physics Co-Ordinating Research Board has 
naturally been in intimate connection with the 
National Physical Laboratory, and reference to a 
large part of its work will be found in the report of 
that institution. Among subjects investigated 
elsewhere, is the silencing of aeroplanes, which is 
being investigated in all its aspects at the Signal 
Experimental Establishment of the War Office. 
Fundamental experiments are being carried out in 
regard to the absorption of sound by various 
building materials, and the constitution of metals 
with a view to determining whether they consist 
necessarily of a single phase. Dr. P. Kapitza’s in- 
vestigations on the production of intense magnetic 
fields, which have been proceeding under the super- 
vision of Sir Ernest Rutherford for some years, 
have proved of such general scientific interest 
that on the recommendation of the Physics Board 
the work has been transferred to the direct super- 
vision of the Department, and a _ substantial 
grant has been made to Sir Ernest Rutherford for 
purposes necessary to extending the research. Re- 
searches on the production of yellow glass for rail- 
way and aeronautical purposes have been continued, 
and glass made to a specification recommended by a 
special committee of the Physics Board is now being 
used by the London and North Eastern and other 
railways. The Radio Research Board has become 
a centre not only for co-ordinating Government 





research, but for the discussion of general radio 
problems of fundamental importance. It is now 
considering the best type of wave for direction 
finding at sea. During the last year it has done 
valuable work in connection with the theory of the 
propagation of waves, including an investigation 
on the height of the Heaviside layer. It is now 
planning investigations on the transmission and 
reception of short waves. 

The Engineering Research Board has extended 
its work on the properties of materials at high 
temperatures, and has arranged to continue investi- 
gations on certain iron alloys and non-ferrous 
materials in co-operation with the British Non- 
Ferrous Metals Research Association under the 
supervision of a special committee. Effective 
results have been obtained in the co-ordination of 
the metallurgical researches undertaken in various 
Government laboratories. Arrangements are now 
being made for the co-ordination and extension of 
work on electro-deposition. The Board after atten- 
tion to other work, has been financing approved 
researches of general engineering importance, 
recommended by the Aeronautical Research Com- 
mittee.. Among others may be mentioned work 
at the National Physical Laboratory on light 
alloys, at that institution and elsewhere on the 
fatigue of materials, including the results of applying 
repeated torsional stresses, and on high frequency 
tests. Professor Lea has also reported on the fatigue 
strength of nickel-chromium steel, demonstrating 
a linear relationship between the safe range of 
stress and the mean stress of the cycle persisting 
as the stress passes through zero from tension to 
compression values, a matter of importance in 
the design of connecting rods. Other metallurgical 
investigations are also mentioned, and a test for 
elasticity and fatigue has been worked out in place 
of the proof-stress test for regulating the acceptance 
of steel strip in the construction of aircraft struts 
and beams. Work has likewise been done and is 
being continued on the strength and properties of 
materials at high temperatures. Other subjects 
under investigation are big end bearings, annealing 
and normalising of chains, rust prevention, electro- 
deposition, tests for motor tyres, screw thread toler- 
ances, and springs. The investigations into springs 
are particularly circumstantial. Onesub-committee 
is seeking to determine the mechanical properties 
of a typical series of spring materials; a sub- 
committee on laminated springs is investigating 
nip, displacement of loaded vehicles, the effect of 
surface condition, endurance, and other subjects ; 
a third programme is being carried out in regard 
to coil springs. 

The Illumination Research Committee, has been 
occupied with a considerable programme of its 
own, and a variety of researches for the Office of 
Works and the British Engineering Standard Asso- 
ciation. It has been decided, therefore, that addi- 
tional facilities should be provided at the National 
Physical Laboratory, and a five years’ programme 
of work be prepared. Arrangements have been 
made for the exchange of information with a 
similar body appointed by the National Research 
Council of America, 

The preliminary investigations required for the 
Severn Barrage enquiry were delayed by the death 
of Sir Maurice Fitzmaurice, whose place as joint 
engineer with Sir John Purser Griffiths has been 
taken by his late firm, Messrs. Coode, Fitzmaurice, 
Wilson and Mitchell. The joint report of the 
engineers has now been received, together with 
reports of the Admiralty and the Geological Survey, 
and the Council’s report has now been presented, 
though no particulars are given of its effect. It 
will be remembered that the preliminary investi- 
gation was to deal with the possibility of erecting a 
barrage, assuming the existence of satisfactory 
foundations. On the presentation of the engineers’ 
report, Mr. Maurice Wilson resigned his membership 
of the Severn Barrage Committee, and Mr. Basil 
Mott, C.B., late President of the Institution of 
Civil Engineers, was appointed in his place. 

As was explained in last year’s report, the 
situation of the research associations has been 
considerably prejudiced by the depression in trade. 
Experience has shown, moreover, that out of the 
five years for which it was intended that the 
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Department’s grants should be continued, two to 
three years were occupied necessarily in preliminaries 
to work, such as finding or erecting suitable premises, 
completing them, and selecting a suitable Director 
of Research and his staff. In these circumstances 
it was decided that, in the case of those associations 
that gave prospect of becoming self-supporting, the 
limitation of the Department’s grants to five years 
must be removed or modified. 

The Glass Research Association failed to secure 
from the industry sufficient funds to justify its con- 
tinuance, and has therefore gone into voluntary 
liquidation. The Department has elected to con- 
tinue at the National Physical Laboratory, and at 
Sheffield University, certain researches of importance 
that were in progress for the Glass Research Associa- 
tion, and with this work, and the work’ on optical 
glasses which is being conducted by the British 
Scientific Instrument Research Association, the 
Council does not regard further provision for glass 
research as necessary for the moment. The surplus 
funds of the Association are to be vested in trustees 
for use in certain ways tending to develop glass 
research. 

The British Non-Ferrous Metals Research Asso- 
ciation is, in the opinion of the committee, over- 
taking its work satisfactorily. In view of the 
success of its operations up to now, the Council has 
agreed to increase its grants in two ways. On the 
one hand, the Association as it stands at present, 
with an effective expenditure of about 16,000/. per 
annum, will receive certain block grants, diminishing 
in amount. On the other hand, grants of pound 
for pound, up to a limit of 2,500/. and of 10s, in 
the pound up to 5,000/. per annum, will be made to 
the Association on contributions received from 
certain specified sections to the industry that 
hitherto have not been represented in the Associa- 
tion. 

The reviewing committee on the Research Associa- 
tion of Rubber and Tyre Manufacturers has reported 
favourably on its work and its prospects if it is 
enabled to continue, and an offer of a further grant 
has been made to the Association subject to its 
undertaking an effective expenditure to the amount 
of 8,000/. per year. 

The British Leather Manufacturers’ Research 
Association has also been highly successful in 
investigating fundamental scientific problems of 
the industry, and has already obtained results that 
may lead to important technical developments 
affecting the practice of the industry. The Associa- 
tion is aiming at the continuance of this work with 
the aid of grants from the Department on a scale 
of expenditure of about 6,000/. per annum, 

The Council are of opinion that research into the 
Scottish shale oil industry, if that industry is to 
meet the almost overwhelming competition of oil 
importation, will require striking advances in the 
retorting of shale and the refining of oils. The 
report of the independent experts has taken the view 
that the past operations of the industry’s Research 
Association, though they have produced useful work, 
have been on too limited a scale, and these views 
are now being considered by the Association. 

The Research Association of British Motor and 
Allied Manufacturers has had similar questions to 
consider. The Council is of opinion that this 
programme should include comprehensive researches 
on the internal-combustion engine, and far-reaching 
metallurgical investigations in connection with the 
materials of motor-car construction. Such work 
would require larger funds than the Research 
Association possesses, nor could the motor industry 
be expected to bear the entire cost of such a pro- 
gramme, which includes much that is of interest to 
other industries. The question of future grants to 
the Motor Research Association is still under 
consideration. 

The British Refractories Research Association 
seems to be in the difficult position that the industry 
manufacturing refractories does not seem to he 
in a position to contribute effectively towards the 
support of the Association, and apparently the user 
industries are too numerous for any one of them 
to recognise that it has an individual interest in 
the Association’s work. Both scientifically and 
technically the work of the Association is considered 
to be of much value, and its grants are being 
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continued for another year, when they will come 
to an end unless the various industries concerned 
are able to assure it the necessary support to 
secure the continuance of the Department’s grant 
for a term of years. 

It is hoped that the Cutlery Research Association 
will secure the adhesion of several of the larger 
firms who have not supported it hitherto. It stands 
in need of much greater financial resources than 
have been available, and as it has produced results 
of considerable significance to the industry, the 
possibilities of continuing them to a successful issue 
are under consideration. 

The British Electrical and Allied Industries 
Research Association is said to be carrying on 
admirable work for the industry, and the council 
has recommended further grants, but based on a 
total expenditure of 16,0001. per year. This is 
regarded as the bare minimum necessary to keep 
it in active existence, and far short of what would 
enable it to deal effectively with the demands 
that may properly be made upon it. If the Asso- 
ciation becomes prepared to extend its work in 
the next few years, the council is disposed to 
recommend a limited measure of further grant 
from the Government. 

The research at the British Museum into the 
means of preserving and restoring antiquities 
without endangering their artistic or archeological 
value has shown considerable activity, which is 
constantly increased by the numerous objects 
received for treatment, and applications for advice. 
In this way not only a considerable amount of 
useful work has been done, but a great mass of 
experience and information has been accumulated. 

The Council records the continued success of the 
research of the Institution of Civil Engineers into 
the deterioration of structures exposed to sea action. 
Financial assistance has been granted to it on the 
Council’s recommendation, but it records the 
gratifying prospect that it will ultimately be 
entirely supported by “voluntary ” contributions. 

A third grant has been made in aid of the work 
of the Cutting Tools Research Committee of the 
Institution of Mechanical Engineers, and the 
question of further work is being considered in 
the light of results obtained. No further grant has 
been made to the Manchester Association of 
Engineers in respect of the research on lathe tools, 
but, on the Council’s recommendation, the expendi- 
ture of the unspent balance in hand on a programme 
of research for the current year has been approved. 

For the time being experimental work for the 
Forest Products Research Board continues to be 
conducted at the Royal Aircraft establishment at 
South Farnborough; but the Board has submitted 
plans for a Research Station of its own on land 
that has been acquired at Princes Risborough. The 
station is expected to be completed in eighteen 
months to two years. It was mentioned in last 
year’s report that a preliminary survey of the field 
of research was being made. The information col- 
lected in that survey is being summarised, and 
bulletins are being prepared giving the information 
collected in regard to the structure of wood, the 
decay of timber, air seasoning, kiln drying and 
preservation, the cause of brittleness of timber and 
the mechanical properties of home-grown timbers. 
Questions of preserving timber are also being investi- 
gated experimentally. Work is being done in co- 
operation with industry in the improvement of kiln- 
drying practice, and some work on the chemistry of 
timbers seems to promise at least one important 
industrial result. 

The Building Research Board has drawn up a 
comprehensive programme of fundamental research, 
with sub-committees on the geology and chemistry 
of materials, structures and strength of materials, 
stone preservation, and architectural acoustics, on all 
of which experimental work is proceeding. On a 
request from the Government of India, experiments 
have been undertaken on the sound-absorbing 
qualities of various building materials, and measures 
are included for co-ordinating this work with that 
on allied subjects conducted at the National 
Physical Laboratory and at the Signals Experi- 
mental Station of the War Office. Apparatus has 
been designed to carry out tests on the relative 
values of various internal wall coverings in respect 





to condensation and moisture on their surfaces. 
Experiments are also being made on the setting and 
hardening of Portland and other cements, including 
the design of apparatus by which it is hoped to 
measure the volume changes in cement from the 
time of mixing. Professor J. W. McBain, F.R.S., 
is also investigating for the Board the fundamental 
constitution of those building materials that show 
changes in volume due to changes in moisture. 
Work is being done on preservation against weather- 
ing, and an attempt has been made both mathe- 
matically and experimentally to define weathering 
in terms of both temperature and moisture varia- 
tions. At the National Physical Laboratory pres- 
sure on roofs and bridges, including the Forth Bridge, 
and vibration in buildings, due either to machinery 
or road and rail traffic, are being investigated by 
Dr. Stanton. Professor Jenkin and Dr. W. N. 
Thomas are conducting an investigation on the effect 
of repeated stresses on various building materials. 

Important results appear to have been obtained 
by the Bridge Stress Committee, which has been 
investigating stresses produced by moving bodies 
on bridges ranging in span from 305 to 112 ft. The 
data obtained have not yet been completely analysed, 
but they are said to show that damping is an ex- 
tremely important factor in restraining the vibration 
of bridges, and therefore in limiting the maximum 
stress to which bridge members are subjected by 
the passage of a moving load. The magnitude of 
the hammer blow of a locomotive is found to be an 
important factor in determining the amplitude of 
the vibrations set up in a bridge. It is hoped to 
make tests on an existing bridge to examine the 
possibility of increasing damping by mechanical 
means, and others to establish the relation between 
hammer blow and impact effect. The tests that 
have been made on the longer bridges are now to 
be applied to bridges ranging in span from 102 ft. 
to 16 ft. 6 in. It is hoped that by the end of the 
present year data will have been obtained on 
which satisfactory formule or rules can be specified 
for the impact effected on the main girders of bridges 
of long and short spans. 

The programme of the Gas Cylinders Committee 
in connection with light cylinders, and the possi- 
bility of using an alloy steel for them, has been 
completed, and a report will shortly be published. 
The Committee hopes also shortly to be able to 
publish its recommendations on the subject of the 
desirability of the periodical heat treatment of gas 
cylinders. 

The second appendix to the Report, which gives 
statistics of grants made to individual workers 
and students, seems to confirm the repeated state- 
ment of the Department that the number of 
suitable research workers is less than the number 
required, inasmuch as the number of grants made 
has dropped continuously during the lest three 
years. 

Particular attention may be drawn to Appendix 6, 
recording developments in the organisation of 
research in other parts of the Empire. The parts 
in question are India, Australia, New Zealand, 
Canada, and the Cape ; and in each of these activity 
in regard to research appears to be steadily pro- 
gressing. In Australia, for example, a conference 
called by the Prime Minister last summer ela- 
borated a scheme for research to be undertaken by 
the Commonwealth Institute of Science and 
Industry, which would involve an annual expendi- 
ture of 100,0007. In New Zealand, manufacturers 
have proposed to establish a bureau for providing 
an adequate scientific research organisation, asking 
from the Government an annual subsidy beginning 
at 10,0001., which is to be reduced progressively to 
5,00C7. within a few years. 

In Canada, where the organisation for research 
appears to have followed closely on that of this 
country, the Advisory Council was last year con- 
stituted by the Legislature a corporate body to be 
nominated by the Governor in Council on the 
recommendation of the Privy Council Committee 
of Scientific and Industrial Research. 

In India some provinces, such as Bengal and 
Madras, record that progress in scientific work has 
been curtailed by lack of funds, but both the Central 
Government and a number of provincial Govern- 
ments record considerable activity. A large part 
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of this activity is naturally devoted to agriculture 
and forestry, but it is by no means restricted to 
this class of work. In Bengal, for instance, re- 
search has been going on at Calcutta on the pro- 
cesses for turning out marketable leather from 
salted hides, the production of coir from cocoanut 
husk, the bleaching of gingwa wood for match 
making, and various problems relating to hand- 
loom weaving. In the United Provinces, again, 
investigations are going on at the University of 
Allahabad on the possible utilisation of tamarind 
as a source of alcohol, and elsewhere on the con- 
stituents of Burma petroleum, the kiln seasoning 
of timber, &c. 








MESSRS. BROWN BAYLEY’S STEEL 
WORKS. 
(Concluded from page 762.) 

So far, the account that has been given of these 
works has dealt mainly with its steel melting and 
manufacturing plant. It has pointed out some 
modifications of usual practice that have been made 
in the design of furnaces and mechanism, and has 
shown how these have been evolved in response to 
needs found in the experience of the works. The 
solutions found for such problems have been seen to 
be uniformly simple and ingenious, and in the work 
for which they were designed place the works at a 
distinct, and sometimes an important, advantage 
over what could be obtained from ordinary practice. 
Taken, however, as a whole, perhaps the majority 
of the plant is of much the same design as is 
usual in other works engaged on the same manu- 
factures. As we pointed out in our opening article, 
the interest of the works lies not merely in the plant 
with which it is equipped, but in the manner in 
which it is used. To obtain, therefore, a fair picture 
of the resources of the works, it is now necessary 
to describe some of the methods by which, with 
plant of which a large part is common to most well- 
equipped steelworks, results better than common 
are uniformly obtained. 

As will be seen later, full advantage is taken of 
the help that can be given by laboratory investiga- 
tion. The products of manufacture are preceded 
and followed by the usual routine of steelworks’ 
analysis, problems of importance outside routine 
work are investigated, an unusual] variety of branches 
of physical science are employed in these investiga- 
tions, and a number of useful methods and devices 
have been worked out for their application. Once, 
indeed, a serious research laboratory has been set up, 
this is the natural sort of result to be expected. 
What, however, is more remarkable than the use of 
scientific methods in the laboratory is the manner 
in which they have been introduced into the daily 
practice of the entire establishment. It is probably 
the most remarkable among the many interesting 
features of the works; and although space is not 
available for enumerating the many connections in 
which industrial science is used directly in the shops, 
the principles on which its application is based may 
be shortly explained, and a few illustrations given 
of specific instances in which it is currently employe .. 

Broadly speaking, no hard-and-fast line is drawn 
between the work of the shops and that of the 
laboratories. It is held that to obtain the highest 
quality of material, to reduce defects in manufacture 
to a minimum, and to ensure their detection at the 
earliest possible stage of manufacture, as much 
keenness and accuracy of observation is required in 
the works as in the laboratory. 

A typical system of shop observation, which 
maintains an overall control of all the products of 
the works, is adopted with ingots. With each 
allotment of ingots to a manufacturing department 
a “yield card ” is issued, and as soon as the job is 
done the quantity of the product obtained in the 
manufacture is entered on the card, which is then 
returned to the Works Office. A similar card is 
issued for billets, when they are used for further 
manufacture in the works. If there is a shortage 
in the yield, or any mishap or abnormal defect, 
the material is inspected before it is removed. 
If the cause of the defect and a sufficient 
remedy are not disclosed on this inspection, the 
matter is reported to the works manager, who 
arranges for a special investigation. The informa- 





tion entered on the yield cards is collected on master 
cards, and all completed master cards, together with 
any incomplete cards showing low yields, are sub- 
mitted weekly to the technical director. In this way 
constant track is kept of the extent to which each 
department is obtaining the standard quantity of 
product from the ingots or billets it receives, and 
the combined assistance of the works staff is focused 
on furnishing the manager with this information. 
The system has drawn attention to a variety of 
causes of bad yields. In making tyres and axles, 
ingots may have been used of uneconomical size 
and weight ; in the mills and in making axles, billets 
and blooms may have been supplied that cut to 
waste; errors in heat treatment may have sent 
burnt ingots to the mills, or burnt blooms to the 
axle department, or overheated material to the 
tyre mill; defective organisation may have led to 
waste in process work. Such occurrences are 
doubtless exceptional, and the department managers, 
who desire to get the best of raw materials and to 
make the most they can out of them, wish to go as 
near as possible to avoiding such exceptions alto- 
gether. The systematic observation of the entire 
output of the works through these yield cards adds 
very little labour to those concerned, and, being 
recognised as intended to collect information for 
the common good and not for the incrimination of 
individuals, the system is supported by all depart- 
ments with uniform goodwill. 

The practice of inspecting the surface of billets, 
whether fractured or not, is old, and is of great 
value, as either it enables a remedy to be applied 
before the next stage of manufacture, or in the 
worst event prevents further work from being 
wasted on an incurable billet. The value of this 
inspection has, however, suffered from the absence 
of standards for such defects as may be observed, 
so that the meaning of a report on a given billet 
might vary according to the different interpre- 
tations that individuals give to defects which in 
fact are the same. Collections have therefore been 
made recently of a number of billets, each of which 
has a typical defect, and identical sets are preserved 
in the offices of the chipping foreman and of the 
technical director, by reference to which a defect 
can be reported without any ambiguity. Thus a 
“burnt” billet shows on the defective surface a 
network of angular cracks, the deeper of which have 
a glazed granular structure, with the grains elon- 
gated in the direction of the axis of the billet. The 
effect, again, of a pipe in the ingot is seen in the 
centre of the sheared end of the billet as a pair of 
narrow lips, of which the upper is sharp-edged and 
the lower is pulled down, and often shows traces of 
non-metallic discolouration. This defect is shown 
clearly in Fig. 128, on page 792. “Sand,” a 
generic name for refractory material, may appear 
on the surface in open rcaks, or below it in 
enclosed seams, which may or may not be 
associated with 4 small open roak. Seams appear 
on the sheared or broken face of a billet as 
longitudinal cavities, such as would be produced 
by an elongated blow hole. A typical example 
is seen in Fig. 129. A defect looking like a 
burnt surface but without its glazed granular 
structure is known as loose, and usually is due to 
too much having been used of the top or bottom of 
the ingot. A “shelly ” fault is a more or less loose 
tongue of material embedded on the face or in the 
corner of the billet; it arises from splashing or 
lapping over of molten steel. In addition to sand 
roaks, and more difficult to cure, are roaks known 
as fine, dirty and shearing. Fine roaks occur as a 
number of lines on the surface of the billet ; dirty 
roaks are longer, coarser and less numerous, and 
are associated with oxide, usually red. Shearing 
roaks are sharp-edged and open, and have opened 
on the rounded sheared ends. Fig. 130 shows a 
specimen in which they appear. It is hoped that 
the systematic observation by a number of observers 
will lead ultimately to a unanimous identification 
of the causes of the several defects, all of which at 
present cannot be assigned with certainty by bare 
inspection. 

In suitable classes of work the works examination 
does not stop at mere observation, but extends to 
methods of experiment appropriate to factory con- 
ditions. An instance has already been given in 





the manufacture of bars for ball bearings. A similar 
practice of more general application is followed in 
the manufacture of stainless and other special 
steels. The ingots of these materials, like most 
ingots in these works, are bottom cast, and a 
runner or “bob” is broken off each cluster and 
rolled into a small bar. This bar is air-hardened 
and its Brinell hardness measured in that state. 
It is then tempered, and the Brinell hardness again 
measured. It is then notched and broken in an 
impact-testing machine. These observations are 
much more rapid than the chemical analysis, which 
is made independently, and not only give direct 
information about important properties of the steel, 
but also, in the hands of persons accustomed to 
interpreting such results, furnish what is found to be 
one of the best ways of classifying steels. Simi- 
larly, information of great value, sometimes prefer- 
able to what can be obtained by analysis, can often 
be gained by simple chemical treatment, suitable for 
factory conditions. Where, for instance, a local 
condition of stress exists in a steel object it may be 
revealed by simple pickling, during which the steel 
absorbs some of the evolved hydrogen, becomes 
more brittle, and allows cracks to be formed from 
the centre of stress. This can usually be seen by 
pickling a hardened steel surface on which a Brinell 
impression has been made. 

Another simple chemical method, which is used 
freely in the works, is sulphur printing. As a fact, 
this operation is carried out more conveniently in 
the laboratory, but both the making and the 
interpretation of sulphur prints are regarded as 
works operations. It will be remembered that the 
significance of sulphur in steel arises from the fact 
that in its usual form of manganese or manganese- 
iron sulphide its melting point is higher than that of 
the metal, while those of the other non-metallic 
impurities are lower. The globules into which the 
sulphide solidifies in the ingot accordingly float, 
or are carried by convection currents in the 
molten bath, until the setting of the metal from 
the outside inwards forces the sulphide particles, 
with the much larger quantity of still molten 
non-metallic impurities, into whatever cavities 
may be left in the column of metal. To make 
a sulphur print all that is required is to grind 
or machine the surface of the object under ex- 
amination and lay on it a piece of photographic 
paper steeped in dilute acid (3 per cent. sulphuric 
acid). A speck of sulphide reacting with the acid 
makes a mark many times its own size on the paper, 
and this print is a simple and direct means of show- 
ing the presence of other segregates associated with 
the sulphide, and mapping out their distribution in 
the steel. It thus often enables a positive judgment 
to be formed about whether the object is suitable for 
the purpose for which it is intended, or shows up 
the reason why an object that has been made out 
of it is unsuitable. In addition to its use on steel in 
process of manufacture, sulphur printing is often 
found of value in examining material brought in 
from outside as unsatisfactory, for which a more 
suitable steel is required. Even when the steel has 
been drawn into wire and stranded into a rope, a 
sulphur print of a section of the rope or wire, made 
on a lantern slide and projected on to a screen, 
shows up immediately any wires of suspicious 
appearance, which can be extracted and examined 
similarly along an axial section and mechanically. 
The method is essentially identical with the sulphur 
printing that is used in the works, and though it is 
the laboratory that has to deal with material sent 
in from outside, the prints obtained from such 
examination are seen by the men in the works to 
whom they would be of interest, and serve to extend 
their knowledge of what they may learn by sulphur 
printing. 

The above examples are in‘no way an exhaustive 
description of the use made throughout the works 
of methods that depend on and encourage keen and 
close observation in the manufacturing departments, 
but may perhaps illustrate the practice sufficiently to 
show that it constitutes a great addition to the 
resources of the works. It is, however, used not in 
substitution for the more refined methods of the 
laboratory, but as a supplement to them, and the 
organisation and methods of the laboratories present 
a number of interesting features, many of which, 
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like some of the more important works’ methods, | have gone, and the adjustments in the charge that 
are home made. There are three groups of labora-| have to be made before teeming. For some steels 
tories, serving respectively the general purposes of | it is important, however, to prevent the rate at 
the works, the Siemens stage, and research. The | which the material is being oxidised from exceeding 
simplest is, of course, the stage laboratory, and the |a limit, and in melting and refining these steels 


boilers, water softeners, furnaces, &c. It also has 
certain chemical work to do in the works, such as 
controlling the acidity of pickling tanks, and for its 
own purposes has to investigate from time to time 
possible improvements in analytical methods. Its 
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the delay involved in sending samples to the general 
laboratory and reporting the results to the stage 
would be undesirable. The stage laboratory enables 
the carbon in samples to be determined with the 
least possible delay, and the rate of oxidation in the 
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methods of the general chemical laboratory are now 








way cock. 





so rapid that for most purposes the stage laboratory 
is no longer indispensable. Its business is to make 
rapid determinations of carbon, sulphur and phos- 
phorus on samples from the bath, so as to learn 
the exact extent to which the refining processes 





bath to be plotted with sufficiently little lag. 

The General Laboratory has charge of the exami- 
nation of all raw materials, from refractories and pig- 
iron to gases and oils, and co-operates with the 
engineers in such work as testing the efficiency of 
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main duty, however, is the routine analysis of steels. 
With the great variety of alloys made in the works, 
this is a complex business, requiring simple and 
effective organisation. The routine is for each 
samplé to be drilled and the drillings placed in a 
numbered packet, on which the elements to be 
determined are stated. The packet is placed in the 
carbon rack of a partitioned box, from which the 
chemist who is doing carbons weighs out what he 
wants for his determination, initials the carbon 
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entry, and puts the packet in the rack appropriated 
to the next element, where the man who is determin- 
ing that element deals with it similarly, and so on. 
Each determination is made independently by two 
different men, so that errors are practically excluded. 

The analytical methods and apparatus which 
are, of course, standardised, are for the most 
part much the same as are usual in steelworks 
laboratories. Where they differ they have usually 
been worked out in the laboratories, and, as a rule, 
the apparatus has been made there. An example of 
apparatus so designed and made is the electric fur- 
nace for determining carbon by combustion, shown 
in Fig. 131, on page 792. This consists essentially 
of a silica tube 14 in. long, wound with a nichrome 
resistance ribbon. To avoid overheating the bungs, 
&e., at the ends of the tube, the winding is confined 
to the middle 6 in., and to distribute the heat as 
uniformly as possible, the centre of the winding, 
where there is least radiation, is more open than the 
ends. The resistance ribbon is insulated and pro- 
tected from air by a layer of a composition of asbestos 
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balance is very sharply upset. The galvanometer is 
arranged with a mirror at an angle of 45 deg. at the 
top of the potentiometer case, enabling the position 
of the pointer on the scale to be seen by several 
observers. 

The Research Laboratory has several distinct 
functions. It has to undertake the investigation of 
such difficulties in manufacture as the works cannot 
bottom with the resources and information at their 
command. In this work it makes its investiga- 
tions, as far as possible, inthe shops. This practice 
is adopted partly in order that the investigation 
shall be made on the actual material in question, 
and not on samples, and partly as tending to improve 
the acquaintance of works and laboratory with each 
other’s methods. An analogous function is that of 
dealing with technical questions on which the firm 
is consulted by its customers. A small part of the 
work of the Research Laboratory consists in keeping 
in order the pyrometer system by which the heat 
treatment is controlled. Its primary function, how- 
ever, as its title implies, is to study the properties 
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and china-clay, and the heating element is supported 
within an insulating shell filled with kieselgubr by 
two detachable cast-iron rings, on removing which 
the element can be readily and rapidly replaced 
without disturbing the rest of the furnace. This 
arrangement has been found so convenient that the 
usual multi-tubular furnace ‘previously in use has 
been discarded in favour of a group of these furnaces 
with removable elements. Such a group is shown 
in Fig. 132. A detail of their arrangement is that 
each is provided with control at two voltages, one 
to give the normal working temperature, and the 
other to give a temperature just high enough to 
prevent incrustations on the inside of the tube from 
cracking it when, as when operations are con- 
tinued over week-ends, the incrusted tube is heated 
to working temperature from dead cold. 

Another piece of apparatus used for special 
purposes in the chemical laboratory is an electro- 
titrometer, shown in Fig. 133, for the potentio- 
metric titration of suitable clements, such as 
vanadium, when great accuracy is required. The 
solution to be titrated is contained in a beaker, 
which is raised to immerse the electrodes when 
titration is to begin. A standard calomel-mercury 
cell, seen on the left hand of the apparatus, in the 
figure is connected in series with the potentiometer 
and galvanometer, a dry cell giving 1-5 volts being 
connected across the potentiometer. The potentio- 
meter being balanced with the solution in its initial 
stage, the titration begins, and the balance remains 
undisturbed till the end-point is reached, when the 
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of the products of the works, to develop new alloys, 
and to suggest such improvements as experiment 
may suggest in the manufacture of materials and 
the working of existing processes. 

These functions are discharged mainly by the 
help of various branches of physical science. It 
is in the physical department of the Research 
Laboratory that most of the apparatus used 
in the laboratories and elsewhere in the works 
is designed and made. The combustion furnace 
described above is one instance in which re-designing 
a familiar piece of apparatus in the light of practical 
experience has led to a marked increase of conve- 
nience. Another interesting device is an automatic 
control for the rate at which an electric furnace heats 
up or cools, shown in Fig. 134 applied to a muffle 
furnace, By the use of this muffle so controlled 
it is possible to copy in the laboratory specimens the 
precise rate at which a large block of steel or forging 
is heated or cooled in a works furnace. The heating 
current passes through a variable liquid resistance C, 
of which the dimensions and the shape of the 
electrodes E F are so designed that the rise or 
fall of temperature in the furnace is directly 
proportional] to the height of electrolyte. The rate 
at which the electrolyte is run into or out of the 
container is determined by the rate at which the 
carriage A descends, and the direction of the flow 
(whether in or out) by the position of the two-way 
cocks. The descent of the carriage A is controlled 
by a clockwork regulator, and varied by altering 
the diameter of the regulator pulley. The electro- 








lyte is returned by compressed air from the lower 
to the upper tank. 

The thermal] analysis apparatus is of the Brearley 
curve-tracer type, in which a recording drum is 
moved axially so as to keep a hair-line constantly 
in the centre of a spot of light projected on to the 
drum. It is so arranged as te work a tape machine 
at the same time by electrical contact, and thus 
enable an inverse rate curve to be plotted. A 
dilatometer has also been constructed on the design 
shown in Fig. 135, on this page, and this group of 
apparatus, in addition to enabling the change 
points to be observed, thus shows the variations 
in expansion with temperature. 

Among the purposes to which the high-tempera- 
ture dilatometer has been applied is an investigation 
into the changes of the magnetic permeability of 
various steels with rise of temperature and in 
relation to changes of volume. The method adopted 
is to wind a few turns of wire as a search coil round 
the heating furnace used with the dilatometer, 
and induce an alternating current in it. Any 
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changes in the magnetic permeability of the speci- 
men will affect the current induced in the search 
coil, but the variation will be smaller than can be 
measured with sufficient accuracy by an alternating 
current galvanometer. Accordingly the current is 
rectified by a thermionic valve and then measured 
by a direct current galvenometer, as indicated in 
the diagram, Fig. 136; this is an unusual example 
of the application of the versatile thermionic valve 
to steel-works research. 

Another apparatus for investigating steels at 
high temperatures is a vertical electric resistance 
furnace with water-jacketed upper end and an 
arrangement for maintaining a nitrogen atmosphere 
within the furnace. This furnace is used to deter- 
mine the tensile strength of all steels at high tem- 
peratures, and particularly of such as are meant 
to be used for the valves of internal combustion 
engines and in other conditions of practice in which 
high temperatures are found. Fig. 137 gives a 
diagrammatic view of the arrangement, which is 
used extensively in the works practice. 

For heating on a larger scale a 30 kw. resistance 
crucible furnace has been built, with graphite 
resisters 8 in. by 1} in. by } in., and able to melt 
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20 lb. of steel per hour. In this furnace, which is 
shown in Fig. 138, below, experimental ingots can be 
melted, and new alloys can therefore be prepared 
in it on the semi-technical scale under complete 
laboratory control. 

An outcome of the rapid advance in the manu- 
facture of stainless steel and kindred alloys and the 
constant increase in the number of their economical 
applications, has been the need to study the condi- 
tions in which they can be welded commercially. 
Accordingly a 10 kw. electric resistance welder has 
been made in the laboratory, and is found to give 
excellent welds on stainless steels with properly 
prepared surfaces, especially when a suitable alloy 
of the same family is used as a welding rod. 

The microscopic examination of metals and the 
production of microphotographs is carried on in 
the usual way with apparatus of modern design. 
The laboratory has of late come to use spectroscopic 
methods fer the rough analysis of steels, especially 
for recognising various qualities of nickel and 
chromium steels. They have been found to furnish 
a useful and rapid final check on supplies before 
despatch. 

The system of pyrometers for heat treatment 


levers. The ball is brought on te the surface to be 
tested by means of an adjusting screw, and pressure 
is applied by rotating the initially vertical hand- 
lever about an eccentric, thus actuating a_hori- 
zontal lever through which pressure is applied to 
the screw. The other end of this lever is carried 
on an eccentric in the upper jaw of the machine, to 
which is attached a lever carrying the weight seen 
beyond the hand lever. When the pressure on the 
ball reaches 3,000 kilos, if the machine is intended 
for steel, it is sufficient to lift the weight, and a pawl 
falling into a toothed sector at once prevents any 
further rotation of the hand lever, though a retain- 
ing pawl can hold the load in position for any 
desired time, until the lever is moved back to the 
vertical and the adjusting screw raised. The 
impression of the ball is read by a fixed focus 
hand microscope with adjustable eye-piece, giving a 
standard multiplication, and a conical adapter 
round the object glass enables the impression to be 
read in corners and awkward places. The machine 
shown in the figure, which weighs 120 Ib., 
has an opening of 44 in. between the jaws, 


a challenge cup, to be competed for during each year, 
with replicas of the cup as-prizes, and in addition 
sums of money to the driver and driver’s mate of 
the three first wagons. The awards were made on 
the general condition of the wagon and of the engine 
and boiler, and on the attendance, ability and conduct 
of the driver and his mate. Substantial increases 
have been found both in the mileage and in the 
rate per hour on each class of work. For town 
deliveries, indeed, the speed in 1924 was nearly 
three times that in 1920, 

Another institution of a different order is the 
“Safety First’ committee, at which, in addition 
to the Works Manager and the Chief Engineer, 
representatives from each department attend 
monthly, and keep careful track of all accidents 
that occur and of measures to be taken to prevent 
them. The work of the committee is said to be 
extremely valuable for its purpose, and to add 
materially to the efficiency of the works. 





In concluding our account of these works, we 





and is made‘with a slot in the base to 
take valves. A larger size, 11}in. between 
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furnaces, which is maintained by the laboratory, 
is of some practical interest. For high-temperature 
work with thermocouples platinum-platinum-rhod- 
ium couples are used, and are all made in the works. 
The galvanometers are all of standard high resist- 
ance—between 400 and 500 ohms—and every couple 
is provided with an adjustable resistance, so that 
for a given temperature any couple will give the 
same reading on any galvanometer. 
are re-calibrated not less than twice a month. Till 
recently bare silica tubes were used for insulation, 


their fragility being recognised and respected by! 
Of | 


workmen, and. breakage not being excessive. 
late, however, the development of stainless steel 


has provided a material that can be rolled in| 


hollow bars and welded at one end, while possess 
ing the necessary therma! conductivity, strength 
at high temperatures, and resistance to oxidation, 


and it has been adopted w:th advantage for pyro- | 
In suitable circumstances use is | 


meter sheaths. 
also made of optical pyrometers for very high 
temperatures, and has been facilitated by the adop- 
tion of stainless steel mirrors of the Anka brand, 
which are not tarnished in moist atmospheres. 

The influence of the laboratory has been felt 
also in the shop practice of hardness testing. 
This has been considerably facilitated by the inven- 
tion of the Johnson hardness testing machine, 
which was designed there. ‘This portable appliance, 
shown in Fig. 139, is made to apply to a Brinell 
ball any load between 500 kilos and 3,000 kilos by 
hand power without springs, knife edge, or multiple 


EXPERIMENTAL RESISTANCE CRUCIBLE FURNACE. 


The couples | 


| the jaws, is made also to take a removable hori- 
| zontal mandril, on which bars up to 9 in. diameter, 
| spiral springs, tubes, &c., can be tested. 


| Before concluding we may refer to the general 


;arrangements of the works, which have been 
|developed and thought out with much care. 
|The main roads within the works are either 
|paved with natural asphalt bitumen or with 
granite setts, or laid with cast-iron plates. They 


carry a fleet of 11 steam wagons, which serve 
partly for the local delivery trade, and partly for 
removing works’ refuse, ashes, &c., to the dumping 
ground. In these and in the other equipment of 
|the traffic department, considerable economy has 
been effected by the use of stainless steel. All 
| locomotives, for instance, are fitted with safety 
valves, steam stop-valves, injector valves, feed check- 
valves, blow-off cocks, water cocks, and water- 
gauge plug-cocks of this material. The piston 
and valve rods are also made of this metal. 
| Similar fittings have likewise been applied to steam 
wagons, and to the locomotive jib cranes. 

A detail in connection with the steam wagon 
service is that a bonus system has been operating in 
| connection with it for the last five years, with very 
| satisfactory results. The wagons were delivered 
| over a period of two years from the end of 1915, 
and during the war'were kept running continuously 
| with only enough repairs to enable them to carry 
on. At the beginning of 1920, in the hope of obtain- 

ing a considerable improvement in the upkeep and 
| condition of the wagons, it was decided to institute 
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have more acknowledgements to make than are 
usually necessary after such inspections. Primarily, 
we must thank the chairman of the company, 
Mr. Robert Armitage, and his colleagues on the 
board for the unreserved freedom which they have 
allowed us to study the methods and practices of 
their works, and have enabled us to place at the 
disposal of our readers so much of the valuable 
experience that their staff has accumulated. If we 
were to enumerate the principal officers of the 
company to whom we have been indebted for infor- 
mation, there would be few whose names we could 
omit. We must therefore content ourselves with 
recording our obligation for constant assistance 
given us by Mr. Harry Brearley, the technical 
director of the works, Mr. R. Waddell, its works 
manager, and Mr. F. C. Bell, the chief engineer. 
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BritisH MALAYA: Imports oF ELEctTRICAL Goops.— 
The Malay States Information Agency, 88, Cannon- 
street, E.C.4, reports that the bulk of electrical goods 
and machinery imported into British Malaya, continues 
'to be of United Kingdom manufacture. Electrical 
goods and apparatus to the value of 263,286/. were 
imported in 1924, out of which total Great Britain sup- 
plied 222,545/. The figures for the first eight months of 
1925 were 257,112/. and 210,8191., respectively. In the 
matter of electrical machinery, United Kingdom manu- 
facturers supplied goods valued at 73,5831. in 1924, 
and 80,456/. in the period January—August, 1925. The 
total imports, in this section being 116,222/7. and 101,203/. 
respectively. Electrical development in the country 
is progressing, and it is anticipated that the demand will 
increase in the near future. 
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The Case for Capitalism. By Harrugy WItHERs. 
London: Everleigh Nash and Grayson, Limited. 


[Price 2s. 6d. net.] 

Five years ago, Mr. Hartley Withers published a 
popular, but by no means a superficial, examination 
of the system of government, based on the principles 
of Capitalism. He now returns to the subject at a 
time when the controversy has become more acute 
and the problems of the relation of labour to capital 
are discussed with more warmth and prejudice, but 
scarcely with more knowledge, the street orator 
is at his noisiest, disseminating error while exciting 
agitation and desire. A Socialistic Government has 
had the opportunity of guiding the destinies of the 
Empire, and of demonstrating the capacity claimed 
for the leaders by their friends and exercising in a 
practical manner their sincere convictions. But the 
promises of the demagogue and the arguments of 
the educated alike leave the author unrepentant 
and unconvinced. 

It is well that from time to time this subject should 
be reviewed and the argument restated, and it is 
to be hoped that this book will fall into the right 
hands and penetrate the brains of those who are 
capable of thought and of conviction. The author 
is singularly happy in the management of his theme 
and certainly ought to make converts. On a 
subject which many think dry, and which can 
be made hopelessly uninteresting, he writes with 
humour and cheerfulness, without giving way one 
iota of his argument or playing to an unworthy 
gallery. Those who have thought out the subject 
of class distinction and all it involves in the present 
and near future will read the little book of Mr. 
Withers with pleasure and satisfaction, but it is 
to be feared that those who most need enlighten- 
ment will avoid it. 

The author does not make the mistake of claim- 
ing for Capitalism an impossible perfection, either 
in theory or in practice. He admits frankly its 
defects and inherent weakness, the natural conse- 
quences of human invention and development, 
though the most obvious imperfections are not of 
the system itself, but are due to the manner in 
which it is worked by unscrupulous, selfish or 
shortsighted individuals. Under no system, whether 
oligarchic or communistic, will fraud and corrup- 
tion disappear. As ever, the means to do ill deeds 
will make ill deeds done. The citizen, anxious to 
exercise his own energies, will surely value that 
principle of government, which provides the greatest 
good for the greatest number, and ensures the full 
development of the individual worker. A system 
of administration which aims at such ends and 
has long been on actual trial is not to be swept 
away lightly at the dictates of doctrinaires and 
quidnuncs, who have only untried schemes to 
suggest. 

Can Capitalism justify itself by its works? Mr. 
Withers replies in the affirmative, and demonstrates 
that all wage earners and capitalists alike, have 
attained a standard of comfort which is better 
assured and more far-reaching than would be the 
miserable and precarious subsistence they could 
claim, if they were solely dependent on production 
without the help of capital. To enter into par- 
ticulars would hardly make this truth more evident, 
for the increase of comfort and prosperity has 
proceeded in a geometric ratio, since the advent of 
collective industrialism. The growth of population 
may, or may not, be regarded as an unmixed bless- 
ing, but it has enabled us to send out a stream of 
emigrants to fill the waste places of the earth, 
making life richer and mor2 varied by opening 
new fields for human endeavour. Science and 
invention have revealed new possibilities, industrial 
and agricultural development have been benefited, 
and individual enterprise has enjoyed ampler 
opportunities for earning the reward of achieve- 
ment. Even writers who advocate some form of 
Socialistic government do not withhold a grudging 
acknowledgment of the advances made in the 
last century, which record a great and almost 
unbroken improvement in the lot of wage-earners, 
an improvement which enables their children to 
start more hopefully and better equipped in life’s 
stern race. 





The author is perfectly well aware of his weak 
points, and is prepared for the answer that only one 
form of social control has been tried and that under 
some form of collective administration, greater 
and more convincing economic progress might 
have followed. Certainly adequate comparison is 
not possible, but it may be contended that the abso- 
lute advantages are patent and unanswerable. 
Some of the crude suggestions such as Guild Socialism 
are examined, but though these have been urged as 
substitutes or palliatives of existing evils, they 
are found to be ineffective and not calculated to 
produce the results for which they have been 
formulated. Moreover there is no finality in these 
schemes: they outbid each other in the vagueness 
of their suggestions, and the supporters of the 
schemes only agree in their evident desire to over- 
throw the present system, utterly regardless of the 
mischief they may do in the process. 

It is not by the construction, on paper, of an all- 
controlling and omnipotent State that the course of 
progress and civilisation will be best served, but by 
the prudence and energy of the people directed by 
perseverance and knowledge. “Our rulers will 
best promote the improvement of the nation by 
leaving capital to find its most lucrative course, 
commodities their fair price, industry and intelli- 
gence their natural reward, and idleness and folly 
their just punishment.” So wrote Macaulay, 
nearly 100 years ago, and the words will well bear 
repeating. 
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Sewage Purification and Disposal. 
[Price 


KersHaw. Cambridge: University Press. 

18s. net] 

A SECOND edition of this work, the first of which 
was published in 1915, has been included in the 
Cambridge Public Health Series, compiled under 
the joint editorship of Dr. G. 8S. Graham-Smith, 
F.R.S., and Mr. J. E. Purvis, M.A. 

Mr. Kershaw, by virtue of his position as engineer 
tothe Royal Commission, has naturally been able to 
acquire an intimate knowledge of the subject from 
varied sources, not so easily available to others 
and his preface includes a grateful acknowledgment 
of the assistance he has received in the com- 
pilation of this work. The book can be strongly 
recommended for the use and guidance of municipal 
and sewerage engineers, the medical profession, 
public health committees, builders, and all 
concerned with sewage disposal at home and 
abroad. It deals first with the simplest possible 
form of disposal, progressing upwards to the 
activated sludge process of sewage treatment, 
which was in its infancy when the first edition was 
published. The flow of agricultural labour to 
large industrial centres on account of the higher 
wages available, has been partly counteracted by 
the movement of other classes ; new suburbs and 
garden cities have been built away from the large 
towns, and well beyond the reach of municipal 
schemes. The growth of these new settlements 
cannot be entirely foreseen, and certainly no new 
village could bear the cost of an elaborate disposal 
scheme such as may eventually have to be installed, 
especially if the main idea of these settlements is 
that the houses shall be well apart and each house 
provided with an ample garden. The extra cost 
of an efficient septic tank arrangement if sufficient 
water supply is available is not seriously felt in con- 
nection with large houses, but the humble cottage 
and small bungalow, which usually go to form these 
small settlements can be quite healthy if the primi- 
tive methods are thoroughly understood, and steps 
are taken that the recommendations Mr. Kershaw 
puts forward are vigorously and methodically carried 
out. The amount of slop water from cottages 
usually varies with the amount of available water; 
where open drains have to be employed, this is often 
a nuisance. A simple and ready means of dealing 
with it is given. Further useful data take the 
form of costs of instalment in typical instances, 
together, with information on the amount of after 
attention required. Where there is an ample 
service supply for house and sanitary purposes, 
more elaborate and self-acting arrangement may be 
adopted. The case is usually met by the use of 
septic tanks, but the danger of ground pollution due 
to leaky brickwork, and the saturation of the sub- 





soil may give rise to trouble even when wells are 
not in close proximity. 

Taking the case of small towns and villages, which 
are not in the happy position of lying on the bank 
of a river of sufficient volume to take the sewage 
without treatment, other than the removal of the 
grosser solids, the only solution is a sewerage system 
and purification works, of which the former entails 
the greater expenditure ; works of the latter type 
need not be costly. The composition of sewage 
must be closely considered ; this is discussed under 
the two headings, domestic sewages, and sewages 
which contain trade wastes. The former is more 
or less constant in character, the composition varying 
little except after heavy rains; the latter however, 
presents more difficulties. The principal trade 
waste which has to be dealt with in small town 
schemes, are often wastes from breweries. When the 
ratio of these to the total volume is at all large, it is 
often a source of trouble, causing great inconvenience 
and nuisance, especially if the sewage is allowed to 
become at all septic. Mr. Kershaw deals with 
trade wastes in a separate chapter devoted to the 
subject, and details the best means of eliminating 
or neutralising them. One of the chief facts which 
it is necessary to know about any sample of sewage 
is how much oxygen is required for its complete 
oxidation. A further factor of great importance 
for making calculations is the rate at which the 
oxygen is absorbed; formule are given in this 
work in this connection, based on the results of 
numerous experimerits on the amount of oxygen 
absorbed by the various constituents, reduced to a 
period of four hours, the varying factors being, the 
ammonia and organic nitrogen. 

An interesting comparison is made by means of 
complete analyses for various towns in this country, 
with the conditions prevailing in America, where a 
much weaker solution is predominant. Another 
table showing the water supply per head in various 
towns all over the world brings out the striking fact, 
that the consumption per head in America far 
exceeds that of any other country, and further that 
in Chicago, which has the largest consumption, it 
exceeds by five times that of London. 

The difficulties of the sewage engineer are funda- 
mentally due to the fact that he is dealing with a 
waste material of low, or no, value, and is expected 
to dispose of the waste with as little nuisance as 
possible, and a minimum of expenditure. The posi- 
tion of engineer to a commercial concern is the anti- 
thesis of that of one to corporations and committees, 
whose object is to keep expenses down without 
hope of profit, and, as some of the members at least, 
are not technical men, there is usually little or no 
money available for experimental work. It is 
only large cities that can afford or are enterprising 
enough to lay out money for this purpose. Among 
the newer methods of treating sewage, the book 
gives a comprehensive account of the activated 
sludge process. The initial work which gave rise 
to the development of this method originated 
in experiments carried out by Mr. H. W. Clark 
at the Lawrence Experimental Station of the 
Massachusetts State Board of Health on a prelimi- 
nary process to filtration. The actual development 
of the process, however, as a practical means of 
oxidising sewage without filters, is due to Dr. 
Edward Ardern, and Mr. W. T. Lockett, to whom 
Dr. Gilbert Fowler communicated the results 
obtained by Mr. Clark, and it was they who worked 
out the process through all its stages at Davyhulme. 

The description of the work carried out at Sheffield 
under Mr. John Haworth, is of special interest, 
owing to the use of mechanical agitation. The air 
required for the biological action is introduced 
by stirring the sewage by means of large paddle 
wheels. This also helps to break up the solids. 
This system is purely mechanical and the use of 
compressed air is avoided. A further system des- 
cribed, is the Simplex surface aeration process, 
devised by Mr. Joshua Bolton, which process 
is being worked successfully at Bolton, Bury, 
Birmingham, and Macclesfield, and of which a 
typical lay-out is given. But the common diffi- 
culty with all these activated plants, is still the 
disposal of the surplus sludge, which does not readily 
part with its moisture. Mr. Kershaw gives a 
résumé of the various methods employed in this and 
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other countries for sludge disposal, in addition to 
that of land treatment, which is also fully dealt 
with. The fundamental difficulty is still the large 

amount of moisture present. This branch of the { 
subject makes, in fact, little progress. The book 
is well illustrated and indexed ; a notable feature 
is the inclusion at the end of each chapter of titles 
of books by other authors relating to the same 
subject. 





Handbuch der Eisen- und Stahlgiesserei. Edited by 
Dr.-Ing. C. GEIGER. Second Edition. Vol. I. Grund- 
lagen. Berlin: Julius Springer. [Price 49°50 gold 
marks. } 

WHEN asked nearly twenty years ago to bring out 
a book in succession to Ledebur’s “ Handbuch der 
Eisenhiittenkunde,”’ Dr. Geiger recognised that a 
one-volume publication, even if restricted to iron 
and stee! founding, would be insufficient, and that 
he would have to call in the assistance of specialists. 
His handbook of the above title was projected in 
three volumes, the first of which came out in 1911. 
The war broke out before the third volume had 
been compiled, and, in view of the vast material 
that had accumulated, Dr. Geiger resolved to 
proceed at once to a complete new edition of the 
enlarged work, the first volume of which, largely 
re-written, is now before us. The general scheme 
has been retained; no dates for the publication of 
the other two volumes are promised. 

Fortunately, the division of the matter in the 
Grundlagen (fundamentals) is less vague than is 
indicated in the preface. The volume deals with 
definitions of iron and steel (mainly after Ledebur 
and Wedding); the history of iron and steel 
foundries; foundry associations and economic 
statistics, almost too detailed for any one but the 
statistician ; metallurgical chemistry and metallo- 
graphy of iron; pig-iron and its production ; 
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ferro-alloys ; scrap and waste, their briquetting and 
mixing for the charges; cast-iron; mild steel ; 
temper or malleable castings, and the most impor- 
tant properties of cast-iron and their relation to 
composition. These chapters, contributed by dif- 
ferent authors, appear to be a little disconnected 
in their sequence. That is not, however, noticeable 
in the subsequent and more independent chapters 
on the strength‘and mechanical tests of cast-iron, 
on foundry fuels and their combustion, temperature 
measurement, refractories and moulding materials, 
fluxes and chemical analyses. But we do not see 
why the working of cupola furnaces should have 
been held over for the second volume. Many of the 
chapters are new, and their contributors—P. Bauer, 
M. Phillips and A. Stadeler, G. Fiek, R. Stotz, 
F. Wernicke, and others—are well known. Non- 
German work and practice receive due recognition. 
With its good index this volume of 661 pages, well 
illustrated, is able to stand by itself. It is un- 
doubtedly the result of conscientious and able 
work, but is planned possibly on too big a scale. 
To comment upon the superior style has long since 
become unnecessary in the case of Messrs. Springer’s 
publications. 





The Industrial Applications of Coal Tar Products. By 
H. M. Bunsury, M.8c.A.1L.C., and A. Davipson, A.I.C. 
London: Ernest Benn, Limited. [Price 42s. net.] 

CoaL Tar, little more than a nuisance not many 

decades ago, has, as everybody knows, become 

one of the most valuable raw materials on which 
important new industries have been based, and 
which is indispensable to many other industries. 

Old-established technical processes have been 

modified so as to realise the best possible recovery 

of tar. To deal with the whole of the industrial 
applications of coal tar products in one volume 
is, therefore, a bold undertaking. One almost 
questions whether the attempt is advisable. On 
the other hand it appears tempting to bridge over 
the gaps that separate monographs, themselves of 
wide scopes, on tar fuels and solvents, dyestuffs, 
explosives, perfumes, drugs, synthetic resins, rubber 
accelerators, photographic developers, paints and 

varnishes, and miscellaneous products. Such a 

general volume cannot, however, describe technical 

detail, nor discuss the literature on the branch 
subjects. Even:to single out a few collective works 
would have been an unenviable task; we find, 

indeed, the first literature reference on page. 107 

















of the volume, and the whole number of references 
probably does not exceed a dozen. 

The authors wisely refrain from attempting to 
explain the manufacture of the raw material. They 
do not even describe the properties of its chief pro- 
ducts. After an introductory chapter dwelling 
upon the vast ramifications of the industrial appli- 
cations of tar products, they discuss the uses of 
the chief constituents of tar and their derivatives— 
benzene, toluene, naphthalene, 8-naphthol, anthra- 
cene, pyridine, phenol, salicylic acid, cresols, &¢.— 
in fifteen separate chapters. The treatment is 
uniform throughout. In the case of naphthalene, 
for example, we find, after a table explaining the 
relations of the derivatives to naphthalene, different 
sections on dyestuffs and intermediates, on pharma- 
ceutical products, explosives, perfumery, synthetic 
resins and tannins, photography and _ miscel- 
laneous applications. With the aid of the good 
index one may trace references to synthetic tannins 
in eight chapters, which raises a doubt whether it 
would not have been better to give one special 
section on tannin-like condensation products of 
formaldehyde with certain sulphonated quinones, 
&e. But that procedure would not have: suited 
for perfumes nor dyes, and the authors have tried 
to solve the difficult classification problem in 
their own way for their special purpose. They 
have conscientiously applied themselves to their 
task. The language is commendably concise and 
technical, perhaps almost too technical for the 
general reader. 





AutTo-ROTATION MEASUREMENTS ON A MODEL AERO- 
PLANE.—The spinning of aeroplanes is a mancuvre 
which has attracted much attention, but associated with 
it are certain dangers which have been made the subject 
of investigation. One method of ascertaining the 
behaviour of an aeroplane in a spin is to carry out wind- 
tunnel experiments using models which, when supported 
in an appropriate manner, will rotate freely in the wind. 
These experiments are called auto-rotation experiments. 
A report on this subject, by Messrs. F. B. Bradfield and 
L. ?. Coombes, recently issued by the Aeronautical 
Research Committee (R. and M., No. 975), gives the 
measurements of auto-rotation rates on a model with 
zero stagger and up to 52 deg. incidence. _ An investiga- 
tion of the cause of the high rates found has been 
attempted. Auto-rotation commenced at 17 deg. and 
continued to beyond 52 deg. incidence. The curve was 
then flattening off. The large range and rates of auto- 
rotation seem to- depend on the biplane arrangement 
rather than on any peculiarity of the wing section. 
The report can be obtained from any of the branches of 
H.M. Stationery Office, price 6d. net. 


300-TON FLOATING CRANE FOR 
HANDLING CONCRETE BLOCKS. 


In the construction of wharves, jetties and break- 
waters, the use of pre-cast concrete blocks has many 
advantages. All the work of constructing the blocks 
can be done ashore, where suitable plant may be 
located for the mixing and distribution of the concrete. 
Every one of the components of the structure may, 
therefore, be examined before it is put into place, 
and, in addition to this great advantage, the cost of 
erection is less than would be the case were the 
ordinary construction adopted. One feature of interest 
in this mode of building sea-works is that as the dimen- 
sions of the blocks are made greater the resulting 
economy is increased. Limits are, however, imposed 
on the size by the capacity of the available cranes 
and the provision of suitable disengaging gears for 
the blocks when they are lowered into position below 
the water level. Recently a floating crane with a 
total lifting capacity of 300 tons, the “‘ Hercule,” was 
designed and built for the purpose by N.V. Inter- 
nationale Scheepsbouw Maatschappij “‘ De Maas” at 
Slikkerveer, Holland. It was built to the requirements 
of the Sociedad Iberica de Construcciones y Obras 
Publicas of Valencia-Grao, Spain, who are engaged at 
present on extensive harbour works for the Spanish 
Government. Illustrations are given on this and the 
opposite pages, and on Plate LV, of this equipment, 
and also of the device introduced for handling the 
concrete blocks and disengaging from them when they 
are put into position. For the work on which the 
Hercule is to be used the blocks are generally 39 ft. 5 in. 
in length, 19 ft. 9 in. in width and 10 ft. 7 in. in height, 
and have a wall thickness of 2 ft. 74 in. These blocks 
have a weight of 260 tons, and are made on a site 
beside the quay and carried by a travelling crane to 
the water-side, when they are lifted by the 300-ton 
floating crane and placed on heavy pontoons, or are 
transported hoisted on the crane to the place out at 
sea where they have to be erected. By the use of a 
number of pontoons in association with the crane, 
many blocks may be taken out to sea to the site of the 
works in one voyage. 3 

The general arrangement of the crane, the operating 
machinery, and the pontoon on which it is erected 
may be seen in Figs. 1 and 2. In these illustrations 
the crane is handling a total load of 300 tons, of which 
40 tons is accounted for by the weight of the concrete- 
block handling equipment. The details of the con- 
struction of the floating crane may be seen more 
clearly, however, in Figs. 3 to 8, on Plate LV. In the 
first of this series of illustrations, Fig. 3, the pontoon 
is shown with the deck horizontal. In use, whether 
fully loaded or light, this is not the position, and water- 
lines are shown in this view to indicate the variations 
of immersion throughout its length for the two extreme 
cases. The pontoon on which the crane is mounted has 
a length of 115 ft. 6 in., a breadth moulded of 59 ft. 6 in., 
and a depth of 13 ft. lf in. It is built throughout of 
steel and has two longitudinal and three transverse 
bulkheads to give the required rigidity. These bulk- 
heads are completely water-tight and divide up the 
pontoon into 12 compartments. Of those at the aft 
end, the two outer ones are used for water-ballast 
and the middle one serves for the accommodation of 
stone ballast. Between the two longitudinal bulk- 
heads, forward of these compartments, the space is 
utilised for the boiler, which supplies steam to the 
main and auxiliary winches. This boiler is of the 
marine type and generates steam at a pressure of 
120 lb. per square inch. It has a heating surface of 
970 sq. ft. A duplex-feed pump is installed as well 
as a ballast pump, which also serves as the circulating 
pump for the winch condenser. The arrangement of 
the pipe system is such that the steam may be led to 
the blow-off pipe of the safety valves by operating 
a three-way valve. For fuel storage, coal bunkers are 
fitted at each side of the boiler. In one of the forward 
compartments accommodation is provided for a crew 
of six, and on deck, aft of the boiler space, there is a 
galley. The entire deck is covered with chequer 
plates. Protection against injury to the pontoon is 
afforded by two horizontal rows of fenders made of 
elm, which are carried round the sides and with which 
are associated a number of upright ones (see Figs. 3 
and 5 on Plate LV). 

The crane is a structure built up with steel plates and 
sections with its two. fore and after legs pin-jointed to 
shoes on the deck above the longitudinal bulkheads. 
Ties and cross bracings are provided where necessary 
to obtain rigidity and a strong frame is erected on the 
top of the forelegs to accommodate the steel pulleys 
of the fixed blocks. The forelegs are box-girders 
built up from plates and angles while the rear ones 
are composed of straps and angles stiffened by lattice 
plates. In the middle of their length the rear girders are 
connected to one another and provided with additional 
support by the inclusion, in the design, of struts at 





each end of the tie-member. Turned steel pins are 
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used to connect the two pairs of legs at the top, and a 
similar means is resorted to for the association of the 
lower ends of all the main crane members to the 
shoes on the deck. Actually the stresses do not 
come upon the deck but are carried directly by the 
longitudinal bulkheads, which are provided with 
stiffening bracings for the purpose. The side-plates 
of the shoes are carried through the deck and fixed 
directly to the bulkheads at each side. Loads are 
taken by*two tackles, each of which has six falls, 
built up of six strands of 61 wires, giving a circum- 
ference of 7 in. The top blocks have four sheaves and 
the lower ones three. Two ropes from each tackle are 
taken to the barrels of the main winch, which is situated 
aft of the crane. To meet the demands of the work 
for which the floating crane is intended, provision is 
made for the lowering of the load to a depth of over 
39 ft. below the water level. Since the lower blocks, 
which are constructed in one piece, must pass into the 
water, the supporting bolt for the load frame below is 
accommodated in a heavy ball-bearing, which is 
located within a cast-steel water-tight casing. The 
provision of a ball-bearing was decided upon to reduce 
the friction, which has to be counteracted by the work- 
men when turning the concrete blocks over to bring 
them into proper relationship with the foundations and 
with each other. 

One of the most interesting features of the instal- 
lation is the means provided for actually handling the 
heavy concrete blocks. This is shown in detail in 
Figs. 6 to 8 on Plate LV and by a general view in Fig. 9 
on page 797. The frame for this is built up of three pairs 
of longitudinal plate girders coupled at their ends and 
in intermediate positions by cross girders. At the 
middle of this structure the bolt from the lower blocks 
is pinned. On the frame there are series of holes 
provided for use in suspending triangular steel plates 
(Fig. 7), from the other angles of which stud-link chains 
are hung to support cast-steel hooks, the toes of which 
go into holes provided for their accommodation within 
the hollow concrete blocks. As an ample surface must 
be available to take the great load of these blocks, 
the hooks are made with widened-out ends. Disen- 
gegement of the hooks is made possible by the con- 
nection of opposite sets of them to link mechanisms 
which can be given a motion independent of that pro- 
vided by the main lifting tackle. For the purpose, the 
central parts of the linked systems are moved by 
wire ropes from the warping ends of two auxiliary 
winches, situated on the deck at each side of the crane. 
When the links are moved sufficiently to permit 
complete disengagement of the hooks, a conical fitting 
at the top of the suspending chain (see Fig. 6), is caught 
by two pawls. The entire suspension frame with its 
associated tackle can then be hauled up, leaving the 
concrete block in position. When it is necessary to 
raise a block, the equipment is lowered into place, the 
pawls are released, and the central link system is then 
lowered to permit the engagement of the hooks with 
the holes in the block. 

The main winches are steam driven, as has already 
been indicated, and consist of two equal sets, the 
barrels of which have right- and left-handed grooves to 
accommodate the two pairs of ropes. They are 
arranged to work together by the coupling of one of 
the intermediate shafts of each set. All the components 
are made of steel, except the barrels which are cast-iron. 
On the second intermediate shaft of each winch there 
is a brake lined with Ferodo. Although every com- 
ponent has been designed to make possible the holding 
of the full load and its lowering with accuracy into 
position, additional security is afforded by the provision 
of safety pawls which can be engaged with one of the 
wheels of the intermediate shaft of each set, for duty at 
such times as the load is being carried out to sea. 
Auxiliary steam winches at the fore «nds and after ends 
of the deck are provided, which Zeal with the anchor 
chains and enable the pontoon to be manceuvred into 
position. Those at the forward end also deal with the 
wire ropes of the auxiliary blocks on the crane head, 
while there are double drums on each of the after sets, 
which serve for the hauling-in of 1} in. stud-link anchor 
chains and ? in. manceuvring chains. After successful 
trials, with loads of steei plate to make up a total of 
300 tons, the pontoon was taken in tow by a tug and 
started its journey to Spain from the Hook of Holland 
on Monday, October 19. 





Hypkro-Evectric Power ScHEME IN PERAK.-—Messrs. 
Sir W. G. Armstrong Whitworth and Co., Limited, have 
received a concession from the Federated Malay States 
Government, under which rights are granted for the 
development of a hydro-electric power scheme on the 
Perak River, in the State of Perak. The power so 
obtained will be applied principally in the development 
of the Kinta Valley and neighbouring tinfields, situated 
in the same state, and in cheapening the cost of produc- 
tion in that area. The scheme is being supported to the 
extent of 1,250,000/., by the Trades Facilities Act 
Advisory Committee. 





NOTES ON NEW BOOKS. 

THERE is an old—and sound—North Country saying : 
“* Use your head to save your feet,” which best describes 
the early chapters of “‘ The Design and Arrangement of 
Chemical Plant in Relation to its Economic Control,” 
by Dr. G. Weyman [Ernest Benn, Limited, 6s. net]. 
The author lays stress on the real savings obtainable 
from careful, far-sighted, initial planning, as opposed to 
the too common haphazard method of adding a building 
or a piece of apparatus just where it can be got in. 
He goes over a generalised chemical plant with great 
care, offering sometimes a piece of advice, sometimes 
a word of warning ; and while at first sight the reader 
might be inclined to think much of this platitudinous, 
yet it is precisely those details with which the 
designer is most familiar that are apt to be over- 
looked in the study of the larger problems. This 
collection of reminders, together with the fruits 
of the author's ripe experience, will be useful to 
many. Not that it is without some slips; thus, on 
page 37, Dr. Weyman says: “ The collection of rain 
water from roofs of plant is often possible and well 
worth while,” but he does not say it may easily 
be dangerous; for example, we have known boilers 
in manufacturing areas to suffer badly from corro- 
sion and pitting, simply because the feed water was 
gathered from roofs on to which it had fallen as 
rain after passing through an acid atmosphere. Again, 
some of the statements are rather dogmatic, and as 
such challengeable. On page 104, for instance, a propos 
of centrifuges, it is stated: ‘ Probably the best running 
machines are water driven, but steam-driven machines 
are very gencral and on the whole more serviceable 
than those driven by electrical means.’’ Many readers 
will want to know more than this, and here an admirable 
feature of the book will assist them. The sources 
from which the author derives such conclusions are 
given as footnotes. ‘here are 35 such references— 
a bibliography in its handiest form. In the same 
series we have “The Chemistry of Power Plant,” 
by W. M. Miles, F.C.S., A.M.I-Mech.E. There would 
be no doubt about the utility of this work provided 
there was reasonable hope of it being properly 
employed. The difficulty in connection with this 
subject is that most of the tests described are outside 
the range of the engineer, while the results of investi- 
gations by a works chemist can be entirely stultitied 
by negligence in the engine room or stokehold. How- 
ever, if the officials in charge of both branches, 
supposing them to be both on the staff, which is 
the exception rather than the rule, can get together 
they will find much common ground in the book. 
It may be said that the chapter dealing with coal 
analysis makes too much of refinements, that dealing 
with water is more practical; while the chapter on 
refractories is distinctly good, and contains much 
useful information on a subject too often neglected 
in a power plant. In the concluding chapter on oils 
we again find that the knowledge obtained by the 
work of the chemist can only be made direct use of 
if the machinery controlled by the engineer is initially 
adequate and continuously up to this state. 

Few integrals can be expressed in finite form, and 
most of them have accordingly to be evaluated as 
infinite series. Certain of these are of sufficiently 
frequent occurrence to have received names and to 
have had their values tabulated. It is, however, 
difficult for the non-professional mathematician to 
recognise that any particular series, which may arise 
in the course of his investigations, belongs to this class. 
To these workers the volume on the “ Summation of 
Series,” which has just been published by Messrs. 
Chapman and Hall, Limited, at 13s. 6d. net, should 
be particularly welcome. The author is Mr. L. B. W. 
Jolley, M.A. The work consists essentially of a list 
of some 700 known results, but little being said about 
methods of summations, which are, of course, fully 
dealt with in the ordinary text-books. The list 
includes arithmetical, geometric and mixed types. 
Many trigonometric series are also listed, as are others 
connected with the logarithmic, elliptic, and gamma 
functions. Alternate pages of the volume are left 
blank, so that the user may make additions as the 
need arises, or the opportunity occurs. The printing 
and general get up of the compilation do credit to the 
publishers. 





The remark to the effect that the skilled British 
workman is the best in the world has been, and is still, 
frequently put forward in this country. Those, how- 
ever, who have had the opportunity of watching foreign 
skilled men at their work, of seeing the pride which 
the great majority of them take in it, and of inspecting 
many of their manufactures have in many cases been 
convinced that such a remark, or rather, we should 
say, the conviction which leads to it, is proof of some- 
thing in the way of an economic danger. Our opinion 
in this respect appears to be shared by the author of 


“The Electrical Indusiry in France,” this being a 
special publication (No. 2), issued at the price of 
2s. 6d. by the British Electrical and Allied Manu- 
facturers’ Association, Inc., 36, Kingsway, W.C.2. The 
author states that France is one of our greatest potential 
competitors, not only in Europe, but also in Japan and 
South America. It has succeeded in bringing the 
national production to such a level, both in volume and 
efficiency, that in a few years we may expect France 
to be capable of meeting her own requirements. The 
French industrialist has gained technical and financial 
experience since the conclusion of the war. Through 
low wages, low material costs and low taxation (which 
is roughly 40 per cent. of the taxation paid by British 
firms), the French industrialist can quote prices 30 
per cent. below the British prices and yet have the 
same margin of profit. These statements which apply 
mainly to the electrical industries, but cover also 
generally all other industries, point by way of contrast 
to our handicaps here. High taxation and high labour 
costs, it is quite true, are responsible for most of our 
difficulties, but how these are to be reduced is diffi- 
cult to see, though cordial co-operation between all 
members of the community, everyone giving of his 
best, would bring these difficulties much nearer to a 
satisfactory solution. Taking both French wages and 
cost of living on the franc basis, our information differs 
somewhat from the author’s, where he states that ‘‘ the 
wages paid to the French worker are, through thie low 
cost of living, equivalent in purchasing value to those 
paid to the British worker.” Including all items, the 
cost of living in France can hardly be said to be low, 
according to data we have received from different 
quarters. The publication deals exhaustively with 
French finance, the electrical industry, prices and 
wages, and with the intimate co-operation now exist- 
ing between the French works and banks ; and it will 
repay careful consideration by all similar establish- 
ments in this country. 





The indifferent use of the words textbook and 
handbook in engineering literature at least, does not 
perhaps do much harm, though the correct connotation 
of the former is that of the elucidation of principles, 
and of the latter, a demonstration of actual methods 
which can be applied direct from the book to the 
operation in hand. Accepting these definitions, 
‘A Handbook on Boiler Making,” by Kenneth 
Morrison, A.M.I.E.S., is correctly named. Its 103 pages 
teem with practical advice, not only in the shape of 
direction but also of warning. The information 
includes a great deal of the class which is usually only 
learnt from experienced workmates—“ tips,”’ in short— 
and although the author gives some very useful 
figures—to take one example, for allowances in pressing 
plates—he is wise in adding that experience only is 
the safest guide. He is modest also in disclaiming 
universal usage for the operations and methods he 
describes. Certainly in some shops other ways are 
followed, and there are obvious gaps in his treatment 
of the subject; nevertheless his range is very wide 
and really representative. The last chapter, on 
hydraulic flanging, is sound and informative, this 
being an important subject on which comparatively 
little has hitherto been written. Rules for boiler 
design are not formulated, the book being written 
to deal with the production of boilers from the working 
drawing, and describing the hand and machine tools 
and the rigs employed. There is, however, one 
important omission—no reference is made to the 
rapidly extending use of electric and gas welding 
plants in the boiler shop. The book will be useful 
in the drawing office, as well as to the boiler shop 
manager and foremen. It is published in a light and 
handy form by Messrs. Constable and Co., Limited, 
at 3s. 6d. net, and is copiously furnished with illus- 
trations, which, though rather on the diagrammatic 
side, are really adequate. 





Cutting machine tools, or, literally translated, 
** shaving lifting-off machines,”’ as distinguished from 
processes such as forging, pressing, stamping, drawing, 
casting, by which the required shape is arrived at 
without loss of metal—are dealt with in “* Spanabhe- 
bende Werkzeuge fiir die Metallbearbeitung, und ihre 
Hilfseinrichtungen.”’ This is a symposium of fourteen 
lectures delivered in Berlin by a number of engineers 
and collected together by Dr. Ing. J. Reindl. The 
lectures review the economics of cutting machines 
and give very complete illustrated information on the 
different classes of these machines. One of them 
enters in detail into the use of jigs for accurate repeti- 
tion work, others cover tool steel and the metallurgy of 
the various brands of this class of steel. The book is 
issued at the price of 28-50 gold marks by Julius 
Springer, Berlin, and, like all books of the same series, 
it is most carefully got up in every way. 


Like the “‘ Cellulose Ester Varnishes” of Mr. Sproxton, 








the “‘ Blacks and Pitches,’ by Dr. H. M. Langton, 
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M.A., Director of Messrs. J. B. Walker and Co., Hull 
(London: Ernest Benn, Limited: price 15s. net), 
belong to the Oil and Colour Chemistry Monographs, 
edited by Dr. R. S. Morrell. The volume gives 
a concise account of the present knowledge of the 
black pigments and various bituminous materials 
and pitches of commerce and their properties and 
uses. The blacks dealt with are graphite, fixed carbon 
blacks (bone black, charcoal, &c.), carbon black (from 
natural gas), lamp black, and black pigments for 
paints and inks; carbon blacks for rubber receive a 
special chapter. The remaining two-thirds of the 
volume are devoted to pitches and bituminous materials, 
the latter of which the author classifies in accordance 
with Herbert Abraham’s Asphalts and Allied Sub- 
stances of 1918. The copious literature references 
given at the end of each chapter are mostly well up to 
date, not, however, as regards the weathering and 
ageing of bituminous substances. Danby’s Natural 
Rock Asphaltes and Bitumens and the use of gilsonite 
as a binding agent for moulding electric fittings might 
also have been mentioned; the new Mexphalte of 
Messrs. Shell-Mex is noticed in an appendix on Petro- 
leum Asphalts and Residual Pitches. The index does 
not refer to bituminous paving materials which are 
discussed in the last chapter. The specifications given 
concern American and British standard practice. 
The volume will be useful to people engaged in the 
industries to which reference has been made. 


The A.E.G. have been responsible for the construction 
of steam turbines representing many thousand kilo- 
watts and have also undertaken in their laboratories a 
great deal of experimental work. Based on the 
experience and data thus acquired, Dr. O. Lasche 
published in 1918 a treatise on the ‘‘ Konstruktion und 
Material im Bau von Dampfturbinen und Turbo- 
dynamos.”’ A second edition was soon required, and 
Messrs. Julius Springer of Berlin have now issued a 
third, the published price being 18-75 gold marks. 
Owing to the death of the original author, this new 
edition has been revised and seen through the press by 
Mr. W. Kieser, Abteilungs-Direkterder A.E.G.-Tur- 
binenfabrik. The work covers a wide field. There 
are notes on the forging and heat treatment of shafting 
and discs, the discussion being accompanied by a 
series of well-selected nomographs. Other notes deal 
with materials for blading, and some striking photo- 
graphs are reproduced showing failures of 25 per cent. 
nickel steel. Special attention is paid to the question 
of materials to resist high temperatures, but from a 
cursory examination of this section it does not appear 
that the danger of “‘creep”’ has been recognised, and 
the consequent unreliability of short time tests. Some 
interesting photographs are reproduced showing the 
wear of blades in service. There have, of course, been 
some almost disastrous instances of this. There is a 
valuable note on the choice of cast iron. The A.E.G. 
methods of constructing the fields for high-speed 
alternators are described at some length. They differ 
only in detail from their original, for which the late 
(‘. 4. L. Brown was responsible. <A description is 
siven of an elaborate series of experiments on the 
corrosion of condenser tubing, and in this section will 
he found coloured micrographs representing the con- 
stitution of different alloys used. As is well known, 
Dr. Lasche was responsible for a very elaborate series 
of experiments on journal friction, and this subject is 
naturally discussed in considerable detail. The work, 
which is excellently printed, is illustrated with 377 
engravings. 





GLOUCESTERSHIRE County HiGHwAys COMMITTEE 
ANNUAL Rerort.—The thirty-sixth annual report of the 
Highways, Works and General Purposes Committee of 
Gloucestershire County Council, was published recently. 
The report deals with the work done in maintaining and 
improving main roads and bridges during the year 
ending March 31, 1925. The total mileage of main roads 
over which the Committee has jurisdiction, is 1037-05, 
and the expenditure for the year under review amounted 
to 402,0927. Extensive works for the relief of unemploy- 
ment have been, and are still being, carried out. The 
first schemes were begun in the year 1920-21, and the 
policy has been continued without a break until the 
present time. The report states that a continuous 
improvement in the running condition of road surfaces 
can be fairly claimed, particularly in respect of classified 
roads, despite the fact that an increase of traffic of 
25 per cent. over the previous year was shown as the 
result of the traffic census. Attention is drawn to the 
changing character of the traffic using the roads since the 
year 1911. Whereas, in that year, the bulk of the 
traffic was horse-drawn, this has long been changed, and 
at the 1924 census, 95-4 per cent. was mechanically 
propelled, and only 4-6 per cent. horse-draw. The 
Surfacing of roads with tarred asphaltic macadam has 
been greatly extended, and it is safe to say, continues 
the report, that until traffic conditions and finance 
warrant a higher class of surface altogether, such as 
asphalte or concrete, resurfacing with the material is 


CONSUMPTION OF REAGENTS FOR 
ORE FLOTATION. 


THERE is so much secrecy about the reagents and 
patented mixtures of reagents used in flotation pro- 
cesses that it is not advisable to place much reliance 
upon some published data. The general information 
given in the Bureau of Mines (Reports of Investigations, 
Serial No. 2709, published in Washington) may, 
however, be accepted, as it is based upon figures 
supplied by operators and private sources ; the names 
of the companies are withheld, and the figures are 
not complete statistics, because some companies failed 
to answer certain inquiries. We indicated the chief 
chemicals used in the different flotation processes and 
their proportions in an article on ‘‘ Differential 
Flotation,” on page 499 of our issue of October 16. 
The new Serial is supplementary in so far as it 
tabulates the quantities employed. It will be noticed 
that the amount of the chemicals required is coming 
to be of importance for the chemical industry. This 
applies not only to sulphuric acid and to tars, which 
in copper-ore flotation alone were consumed in 1924 
to the extent respectively of 120,000,000 lb. and 
27,000,000 lb., but also to the oils, xanthate and other 
more expensive chemicals which are only required in 
small amounts. 

Concentration has become more intense in recent 
years. In 1919 the average concentration ratio was 
8-55 into 1; in 1924 it was 15-28 into 1. These 
average figures naturally vary much with the nature of 
the ore. For gold-silver ores the ratio was 56-2 into 1 





cording to him the hydrometric propeller, properly 
constructed, should, for velocities ranging from 0-05 m. 
to 6 m. per second, be correct to + 0-003 m. per second. 
The use of these meters pre-supposes straight stretches 
of some length, obtained, if necessary, by arranging with 
the aid of sluices and boards, test channels in the 
conduit, and observations at many points along a hori- 
zontal or vertical axes, the former being the better. 
At the pipe wall the velocity of flow is zero; at a 
point, 0-001 of the diameter from the wall, it may 
amount to 0:3 or 0-6 of the velocity at the pipe axis. 


n rae 

Dr. Ott refers to Prigil’s formula: » = vyA/1— (£)° 
J 

where v is the velocity at any point a distance r from 
the axis, , the pipe radius, and 7, the velocity at 
distance O, 7.e., along the axis. Prasil assumed n = 4; 
others considered 4 an ideal limit value which might 
vary between 4 and 12 and more, n being smaller 
for points near the pipe wall than further away. Dr. Ott 
calculates the velocities and the volumes of water 
discharged for different values of », assuming first that 
the maximum velocity (along the axis) 1, remains 
constant, and then that the mean velocity v,, is constant. 
He finds that his curves intersect at a point 0-7é6r, 
showing that at the distance of } radius from the axis 
the velocity is practically independent of the adopted 
value of nm. The ratio Um/vo7_ only changed from 
0-990 to 0-992, that is, by 0-6 per cent., when x 
changed from 5 to 12. This deduction is in accord 
with the practice of river gauging where one ob- 
servation taken at 0-6 of the vertical depth is 








in 1923; 180,000 tons of such ores were treated, mostly 
by the aid of creosote from coal tar and wood. For the 
flotation of graphite, oil, gasoline and soda ash are the 
chief reagents. Of copper ores more than 95 per cent. 
are now floated, mostly after gravity concentration, 
and the 42,000,000 tons of ore floated in 1924 required 
an average of 4-136 lb. of chemicals per ton of ore. We 
have given already the figures of the acid and creosote 
requirements for this purpose; there were, further, 
4,000,000 lb. of pine oil, 2,250,000 lb. each of sodium 
sulphide and lime, and potassium xanthate (252,000 Ib.), 
&e. Of lead and lead-silver ores, 2,067,000 tons (28 
per cent. of the total) were in 1924 submitted to 
flotation ; they yielded 188,500 tons of concentrates, 
and required 0-5079 lb. of reagents per ton; the chief 
reagents were wood creosote, flotation tar and fuel oil. 
Zinc and lead-zine ores are concentrated by gravity and 
flotation ; of 2,062,000 tons of ore milled 932,358 tons 
were floated; the concentration ratio was 6-8 into 1, 
and 3-6829 lb. of reagents were used per ton of ore. 
Here the chief reagent was sulphur, of which 1,085,000 
lb. were wanted, equivalent to 1-1676 lb. per ton; the 
other reagents were nitre cake, pine oil, copper sulphate 
and sodium silicate. But the reagents used in largest 
bulks are, of course, not necessarily the more important 
about which little information is available. The 
sulphuric acid used, we should mention, is partly 
petroleum acid sludge, and the present tendency seems 
to be in favour of alkaline (not acid) waters with 
xanthate as the soluble frothing reagent. 





FLOW METERS FOR HYDRAULIC 
PLANT. 


A ¥FEw years ago the Institutions of Civil Engineers 
and of Mechanical Engineers appointed a joint Com- 
mittee to draw up a Standard Test Code for Hydraulic 
Power Plants. The draft report of the committee 
was discussed last year in meetings of the two 
Institutions, and was further brought before the 
First World Power Conference at Wembley.* The 
final report has not yet been issued. Meanwhile the 
Department of Scientific and Industrial Research had 
appointed a Committee on Gauging Rivers and Tidal 
Currents, the report of which, drawn up by Dr. M. A. 
Hogan, has also been noticed in our columns.f This 
latter report is more elaborate than the former, and 
includes discussions on flow meters of the propeller 
and cup anemometer types. It deals, however, only 
with rivers and tidal currents, whilst these current 
meters, distinguished on the Continent by the term 
hydrometric wheels or wings, are very generally used in 
Continental and Scandinavian hydraulic power stations. 
A paper by Dr. Ing. L. A. Ott, of Kempten (South 
Western Bavaria), compiled as a contribution to the 
subject, deals particularly with these flow meters and 
their theory. The paper has been reprinted in 
pamphlet form. 

Dr. Ott objects to the anemometer instruments—- 
which Dr. Hogan illustrated by a form of the American 
Price meter—as reliable only under favourable condi- 
tions, seldom met with in turbine installations. Ac- 





* Encinecerinea, April 4, 1924, page 439; July 11, 
page 51, and July 25, page 121. 

{+ EncIneerrne, May 15 and 22, pages 598 and 631. 

{ Wassermessungen bei Wasserkraftanlagen. By Dr. 


frequently accepted as giving the mean river velocity. 
Dr. Ott calculates the value of » to be adopted when 
determining the velocity from several hydrometric 
Um/vo 

1 — vm/vo 
and his tables of the ratio of the true kinetic energy of 
the current to the energy of the mean velocity. He 
confirms these formule by data of measurements taken 
by means of an Ott hydrometric wing, and the method 
of the Verkstaden Kristinehamn in a power station at 
Bilbao, Spain, working with a head of 450 m. at different 
gate openings. 

The Ott wing is a two-blade propeller, resembling 
an arrow head and mounted—in its simplest form, as 
used in the 2 m. pipes of the Walchensee hydro-electric 
plant—on a tripod, through one limb of which the cable 
passes to the recording mechanism. The Kristinehamn 
works make use of the modified arrangement of 
Professor Sundby, of Trondhjem; the meter is intro- 
duced into the pipe through a manhole and is mounted 
so that it can be raised and lowered and turned to 
face in different directions. Further confirmation of 
Dr. Ott’s views was obtained from data supplied by 
the Usine Electro-chimique du Giffre where measure- 
ments were taken in a pipe of 180 mm. diameter, 
at a head of 60 m. under rather unfavourable conditions. 
There H. Dufour meters are used and introduced 
through 4 kind of hydraulic lock bolted to the top 
of the pipe, or, if horizontal measurements are likewise 
to be taken, also to the side of the pipe. Dr. Ott has 
also used an arrangement by which simultaneous 
readings are obtained from seven propellers mounted 
on a vertical rod. In some new instruments now 
under test at Walchensee, two propellers (about 
30 cm. diameter) glide along a rod, whilst two further 
propellers of small diameters (5 cm.) are screwed to the 
pipe wall along a diameter at right angles to the first ; 
our speeds can thus simultaneously be recorded on a 
chronograph. His recommendations of measurements 
along the horizontal diameter are partly based upon 
the tests made at the Raanaasfoss plant in Norway, 
where two chambers, 4-6 m. wide, 11 m. high, were 
built by the side of one another, into the open conduit 
and twice seven observations were taken simul- 
taneously. The mean speed curve deduced, of about 
1 m. per second, ruled over almost the whole of the 
cross sections of the two channels; but there were 
within that section a few areas of higher speeds, 1-2 
and 1-3 m. Further test data will soon become 
available in the new German and Austrian hydro- 
electric plants. 


observations, with the aid of the formula n - 





THE PREVENTION OF PETROL EVAPORATION BY 
BREATHER BaGs.—Investigations at the Standard Oil 
Company Works at Whiting, Indiana, have shown that 
flexible bags may be conveniently used for preventing 
the breathing losses of petrol from storage tanks. During 
the summer of 1924, March to November, by the aid of 
these bags the vapour losses was reduced from 0-25 to 
0.40 per cent. of the tank contents, which meant a 
saving of 6,900 gallons per tank per month. The bags 
showed no deterioration after ‘22 months’ use. The 
bags are made of cylindrical form with spherical ends, of 
closely-woven cotton fabric impregnated with a gasoline- 

roof mixture of glue and glycerol. The standard breather 
of the Goodyear Company, 45 ft. long overall, 25 ft. 
diameter, and 18,000 cub. ft. capacity, serve two 120 ft. 
by 40 ft. gasoline tanks during an average summer near 








the best available means of meeting traffic requirements. 





Ing. L. A. Ott, Miinchen, Richard Pflaum. 


Chicago. 
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BAGULEY-CLARKSON LOCOMOTIVE 
FOR THE EGYPTIAN DELTA LIGHT 
RAILWAY. 


AttHoucH light locomotives driven by, internal- 
combustion engines have many advantages, especially 
when the service required of them is of an intermittent 
character, circumstances frequently occur when steam 
is to be preferred, either because solid fuel is more 
readily obtainable and cheaper, or because a steam 
engine is more reliable when operated by native labour. 
An example of a steam-driven light locomotive which 
has several interesting and important features, is illus- 
trated above, on pages 801 and 804. This machine 
was built to the order of the Egyptian Delta Light 
Railway Company, under the inspection of their con- 
sulting engineers, Messrs. Rendel, Palmer and Tritton, 
12-14, Dartmouth-street, Westminster, S.W.1, by 
Messrs. Baguley (Engineers), Limited, Burton-on-Trent. 
It has now been giving satisfactory service for about a 
year. The locomotive was designed to haul one or two 
passenger coaches only on a suburban service at about 
20 m.p.h. with frequent stops—conditions which are 
peculiar to the Egyptian Delta Light Railway. 

The general arrangement of the machine is illustrated 
in the longitudinal section, plan and transverse section 
reproduced in Figs. 1, 2 and 3, on page 804, and its 
appearance is shown by the half-tone engraving, Fig. 4. 
From these illustrations it will be seen that the loco- 
motive, which is of the 0-4-0 type for a rail gauge of 
75 cm. (29$ in.), has a vertical boiler at one end and a 
Vee-type compound engine at the other end, the engine 
driving all four wheels through a clutch, change-speed 
gear, transverse shaft and silent chains. Both engine 
and boiler are of the Clarkson type, supplied by Clark- 
son’s Steam Motors, 4 and 5, Queen Anne’s Chambers, 
Westminster, S.W.1. Detail drawings of these parts 
are reproduced in Figs. 5 to 12 herewith. The boiler, 
which is illustrated by the longitudinal section and 
sectional plan, Figs. 5 and 6, is of the vertical cylin- 
drical type, internally fired from the top, and fitted 
with Mr. Clarkson’s well-known horizontal thimble 
tubes. It is designed for a working pressure of 250 Ib. 
per square inch. The thimble tubes project into the 
firebox, and are arranged so that the entire length of 
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each tube is unobstructed by the tube below it. As 
shown in Fig. 5, a baffle plate of thin steel is fitted in 
the water space surrounding the firebox to divide the 
circulation into two streams, that nearest the firebox 
ascending, and that nearest the outer shell descending. 
This baffle has the effect of preventing any interference 
with the circulation from the entrance of the feed 
water and also prevents the feed from coming into 
contact with the firebox until it has attained the full 
boiler temperature. Another important effect of the 
baffle is that any impurities in the feed are deposited 
on it, and these deposits are automatically detached 
from the baffle owing to its flexibility, so that they 
fall to the bottom of the boiler and can be blown 
out through the mud cock. The inner surface of the 
baffle plate, it is interesting to note, is actually 
kept highly polished by the circulation from the 
thimble tubes. 

Other details of the boiler, and its dimensions, can 
be seen in Figs. 5 and 6, but it should, perhaps, be 
pointed out that the firegrate is made in two sections, 
one of which can be dropped for cleaning. A fusible 
plug is fitted in the position shown on the right of Fig. 5, 
a screwed plug being fitted in the outer shell to give 
access to it. The superheater, consisting of a single 
coil of solid-drawn steel tubing fitted in the firebox 
in the space left between the ends of the thimble tubes, 
should also be noted. It will be evident from the 
drawings that the whole of the firebox, including, of 
course, the thimble tubes, can be readily removed for 
inspection by slackening the bolts which secure it 
to the outer shell at the top and bottom, but this opera- 
tion, we understand, is only necessary at intervals of 
about two years, if proper attention is given to the 
matter of blowing down. 

Details of the engine, which, as already stated, is 
of the compound Vee type, are illustrated in Figs. 
7 to 12, Fig. 7 being a longitudinal section of the 
high-pressure part, and Fig. 10 a similar section of 
the low-pressure portion. The cylinders are of 33-in. 
and 6-in. bore, respectively, and the piston stroke is 
4 in. in each case. As will be seen from the illustrations, 
the steam is distributed by piston valves on both 
high-pressure and low-pressure cylinders; the cut-off, 
however, is fixed, and the engine runs in one direction 
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only. There is no provision for running the low- 
pressure cylinder on high-pressure steam, since the 
change-speed gear fitted provides ample starting 
torque under all conditions; a small quantity of high 
pressure steam can, however, be admitted to the low- 
pressure cylinder for warming up, by means of the 
valve on the high-pressure steam chest shown in 
Fig. 9. It should, perhaps, be explained that this 
type of engine is not intended to be started and stopped 
with the locomotive, as would be necessary if it 
were directly coupled to the driving wheels. It is 
actually operated more on the lines of a petrol engine, 
this arrangement enabling an economical piston speed 
and an early cut-off to be employed at all speeds and 
loads, thereby saving fuel and increasing the power 
and efficiency of a given weight of engine and boiler. 
Once the engine has been started up, it is allowed to 
run continuously as long as the locomotive is in use, 
the power and speed of the engine being controlled 
by the main stop valve.. The steam necessary to 
keep the engine turning at no load, however, is supplied 
by a by-pass valve shunted across the main stop valve. 
The movement of the locomotive is controlled by the 
transmission gear, as it would be with a petrol engine. 
Another feature in which the Clarkson engine resembles 
a petrol motor is that it is not self-starting from all 
positions of rest, owing to the fact that the fixed 
cut-off and the valve lead are designed for full-speed 
running. It has thus occasionally to be started by 
the specially deigned fot starter in the driver's 
cab, but very little effort is necessary for the 
operation. 

The design of the cylinders, pistons, valves, glands and 
connecting rods of the high-pressure and low-pressure 
parts of the engine can be followed without explanation 
by examining Figs. 7 and 10, but attention should 
be called to Fig. 8, which shows the spring-controlled 
relief valves fitted on the high-pressure cylinder. The 
feed pump, which forms part of the engine unit, 18 
shown in section in Fig. 11. From this it will be 
seen that the pump is of the plunger type operated 
by an eccentric fitted on a vertical shaft driven by 
worm gearing from the crankshaft. The valve box 
of the pump is conveniently situated for accessibility, 
and both suction and delivery valves are identical. 
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Immediately below the valve box, although not shown | 


of excluding foreign matter. This is designed so that 
it readily can be taken apart for cleaning. The gland 
of the pump plunger is held in position by three 
cylindrical nuts, one of which is shown in section in 
Fig. 11, and the nuts are provided with tommy holes, 
although they are also knurled so that they can be 
easily adjusted by hand. The capacity of the pump is 
more than sufficient to supply the boiler, and the 
surplus delivered is returned to the feed tank by a 
by-pass valve branched off the delivery pipe, this 
valve serving to control the supply of water to the 
boiler. Before entering the boiler, the feed is passed 
through a coil heated by exhaust steam and located 
close to the boiler. The heater also serves to separate 
any water present in the exhaust, the water colfected 
draining into the ash pan. In this way a drier blast 
up the chimney is secured. An injector is fitted to 
supply the boiler when the engine is at rest. 

Special attention has been given to the lubrication 
of the engine, and the arrangements employed are 
illustrated in Fig. 11. A gear-type pump, located 
in the crank-case and driven from the lower end of 
the vertical shaft which also drives the feed pump, 
supplies oil under pressure to all the crankshaft 
bearings, including the crankpin, oil to the latter 
being delivered through passages in the crankshaft in- 
dicated by dotted lines in Fig. 10. The pump is 
always immersed in oil, and, to enable the attendant 
to see that the oil level in the crank-case is correct, 
a pointer, operated by a float and bell-crank lever, is 
provided inside the filling opening, as_ shown in Fig. 11. 
A small gauge, shown in Fig. 12, is also fitted below 
the hinged cover of the filling opening to indicate the 
oil pressure. The cylinders and piston valves are lubri- 
cated from a reservoir above the crank-case, shown on 
the right of Fig. 11, oil being delivered into the steam- 
inlet pipe of the high-pressure cylinder by a pump 
situated in the base of the reservoir and driven from 
the upper end of the vertical shaft above referred to. 
Provision is made for the adjustment of the stroke of 
the pump to regulate the quantity of oil delivered. 

The Baguley transmission gear, by which the power 
is conveyed from the engine to the driving wheels, is 
shown in section in Fig. 1. It gives speeds of 12 miles 
and 24 miles per hour in either direction with the engine 
running at 800 r.p.m. The speeds are changed by the 
lever shown in the centre of Fig. 1, this lever operating 
a duplex clutch incorporated in the transmission gear : 
a second lever situated beside the first, is used for 
reversing. This is effected by sliding one or the other 
of a pair of bevels on the transverse shaft into engage- 
ment with the driving pinion. Double sprockets are 
fitted on the ends of the transverse shaft, and from 
these a pair of silent chains on each side pass round 
chain sprockets on both the axles. Slides in the axle- 
boxes are provided for the adjustment of the chains, 
which were enclosed in sheet-steel casings after the 
photograph from which Fig. 4 has been reproduced 
was taken. A hand screw brake, operating shoes on 
all four wheels, is fitted, as clearly indicated in Fig. 1. 






































Imm y l The locomotive was tested at Messrs. Baguley’s 
in Fig. 11, is a strainer of large capacity for the purpose | works before delivery, on a circular track including 


an incline of 1 in 12, up which it pulled a truck weighing 
8} tons. In an official test, the engine developed 
30 h.p. at 800 r.p.m., 45 h.p. at 1,000 r.p.m., and 60 h.p. 
at 1,150 r.p.m. The coal consumption in a one- 
hour test with the engine developing 45 h.p., was 
84 lb., and the water evaporated was 600 Ib., 7.e., 
7-14 1b. of water per pound of coal. Bunkers provided 
on each side of the boiler have a capacity of 500 Ib. 
of coal, and tanks holding 150 gallons of water are 
mounted on the side foot plate. A Brolt electric 
lighting equipment is fitted, the generator, which is 
shown in Fig. 1, being driven by belt from the engine 
crankshaft. 








THIN COAL SEAMS. 


Any estimate that can be made of the reserves of coal 
in this country can only be approximate, because coal- 
fields are known to exist of which the dimensions can 
not, at present, be determined. For example, south of 
the Lancashire coalfield and over the Cheshire plain 
there extends a buried coalfield of which the structure 
and depth are at present unknown. As the known 
and worked coalfields become exhausted, however, 
attention is being given to seams that previously were 
regarded as too thin to be worth working. In the 
course of its stocktaking of the national coal resources, 
the Fuel Research Board has investigated one of these 
seams, and has now published the results.* This report 
indicates resources that until recently have been dis- 
regarded, which take the form of relatively thin 
deposits, and the results that it records are sugges- 
tive of the measures that will have to be taken when 
it is fully recognised that husbanding supplies of coal 
is the reasonable and, indeed, the essential course to be 
adopted. 

The main seam of the Lancashire coalfield is the 
Arley seam, on which, as on the Ravine seam lying 
above it, reports have been already published and dealt 
with in these columns (ENGINEERING, Vol. cxviii, 
page 552, and Vol. cxix, page 394). The particulars 
given in the present report do not enable the precise 
extent over which the seam has been traced to be 
defined. The Geological Survey has furnished 4 sketch 
map of the coalfield, which purports to show the 
localities mentioned in the report, but, as with the 
report on the Ravine seam, the map does not appear 
to contain all the places mentioned in the report. 

The seam here described lies above the Arley seam 
at distances varying from 180 to 210 ft., and is said 
to be correlated with a deposit extending at least 
from St. Helens in the south to Burnley in the north, 
and from St. Helens in the west from Worsley (not 
shown on the map) in the east. It is seldom more than 





* Department of Scientific and Industrial Research. 
Fuel Research Board. Physical and Chemical Survey of 
the National Coal Resources, No. 5. The Lancashire 
Coal Fields, the Smith Seam. H.M. Stationery Office, 


ls. 6d. net. 
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2 ft. thick, though exceptionally, in the St. Helen’s 
district, it reaches a thickness of about 4 ft., while 
at Bryn, not far north of St. Helens, it is less than 
1 ft. thick. It came to be worked by reason of the 
fact that, after 40 years’ working, the Arley seam had 
become exhausted in the West Houghton district, and 
it was therefore decided to open up two seams that lay 
above it, the Three Quarter or Smith, with which the 
present report deals, lying 210 ft. above the Arley 
seam, and another of about the same thickness, lying 
45 ft. above the Three Quarter seam. 

Coal-cutting machinery has been applied to the work- 
ing of the Three Quarter seam, and the results are said 
to have been highly satisfactory. The seam to which 
the report refers is known generally as the Smith in 
the Wigan district, with the alternative name of Three 
Quarter in the Bolton district, while in South Wigan 
it becomes the Orrell Five Feet, and a little further 
south, in the St. Helens district, the Rushey Park. 
Towards the north, in the Burnley coalfield, it is cor- 
related with the Dandy m, which lies about 150 ft. 
above the Arley seam. “The coal is bright and rela- 
tively hard; it is bituminous and strongly caking, 
usually furnishing a swollen coke, though in the St. 
Helens area the swelling is not conspicuous. 

The report gives sections of the seam in five districts, 
with various analytical figures for the whole and 
individual parts of the sections, both as they come from 
the mine, and with visible impurities hand-picked. 
The seam has, in most places, one or more bands of 
dirt and of inorganic ankerites, which, although thin 
in themselves, constitute an appreciable part of a 
deposit as shallow as that under report, and thus 
have a material effect on the ash, sulphur, and other 
impurities of the entire section. It, therefore, appears 
to be usual to hand-pick from the coal any visible 
impurities. In order to obtain information on the 
washing properties of the seam, some laboratory 
experiments were made on the section taken in the 
Atherton district. In these experiments, 4 kg. taken 
from the lowest 11 in. of the seam, which at this 
point is 214 in. deep, were picked free from visible 
impurities, and the 3-6 kg. that remained were 
crushed, sieved and separated into three fractions, 
above } in., between +, in. and } in., and below 
zy in., respectively. Each of these was subjected to 
a float-and-sink test in a solution of calcium chloride 
of 1-35 specific gravity. In the original coal, the ash 
varied from 12-5 per cent. for the fraction containing 
the smallest particles to 6-8 per cent. and 5-4 per 
cent. for the other two fractions. In the experiment 
the majority of the particles floated, and their ash 
was reduced to 5-4 per cent. in the determination 
made on the finest grade, and to 2-7 per cent. and 
2-8 per cent., respectively, in those made on the other 
two, as against 51-3, 10-9 and 18-6 per cent., in 
order of decreasing fineness, for the fractions that 
sank. No determinations were made of the extent, 
if any, to which the removal of ash may have affected 
the properties of the ash in the washed coal. It 
will be observed, as has been remarked in other 
experiments, that the smaller particles contaired 
a much higher percentage of ash than the larger. 
The inference drawn from these tests is that the 
seam lends itself to purification by washing, and, 
apparently, that, as against the expense of fine 
grinding, some allowance must be made for the much 
higher degree of purity to which the coal can be 
brought by the application of washing processes, 

The percentage of sulphur varied considerably, and, 
at the section made in the Burnley district, the 
sulphur was over 6 per cent., calculated to dry coal. 
Some experiments were made on a sample from 
this district to determine the purification effected 
by froth flotation. On a sample of fine slack, of 
which 40 per cent. passed through a 10-mesh sieve, 
the ash of the fraction that passed through was over 
23 per cent., while on the whole sample it was only 
just over 18 per cent., showing again the tendency 
for the fine fraction to contain a larger percentage 
of ash than the average of the seam. The froth 
flotation was practiced on the fraction that passed 
through the 10-mesh sieve, on the whole sample 
ground to that fineness, and on the froth from the 
second experiment, recoveries of 73-7, 79-1 and 
94-6 per cent. of the original coal being made, and 
the ash being reduced from the figures given above 
to 7-3, 6-4 and 4-7 per cent., respectively. It is, 
therefore, quite evident that the fine slack from the 
seam is amenable to treatment by froth flotation, 
and that the intrinsic ash in the coal (as distinguished 
from that in separable impurities) is low. Wher, 
moreover, the large amount of ash in the original 
sample is remembered, the economic advantage cf 
the purifying process is obvious, though, of course, 
experience is necessary to determine whether it is 
worth as much as it costs. 

So far as the separation of sulphur is concerned, 
though the process reduced the percentage, it did not 





bring it sufficiently low to make the coal suitable for 
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the manufacture of metallurgical coke. In spite of 
the high percentage of sulphur, only a small part of 
it was in lenticular form, and the large majority was 
disseminated in fine lamine or particles throughout 
the body of the coal, often in sizes not recognisable 
by the naked eye. 





THE LATE SIR GEORGE GIBB. 


A GReEaT authority on railways and a man who 
rendered exceptional service to the country during the 
European War as a civilian member of the Army Council, 
Sir George Stegmann Gibb, died at his residence, 
South Corner, Wimbledon, on Thursday, December 17. 

Sir George was the son of Alexander Gibb, a civil 
engineer in Aberdeen, and was born there in 1850. 
After receiving his education at the Grammar School 
and University of his native city, he graduated LL.B. 
in London University. Prior to being articled to a 
solicitor, however, he obtained general business experi- 
ence in the offices of a shipowner and a marine insurance 
company. When his articles were completed in 1877, he 
joined the staff of the Great Western Railway as 
assistant to the solicitor. ‘Two years of private practice 
in London followed this work, but in 1882 he returned 
to the railway world as solicitor to the North Eastern 
Railway Company. Nine years later he was made 
general manager of the system, and he was given a 
seat on the Board of Directors in 1906. The period in 
which the North Eastern Railway was under the 
control of Sir George Gibb was one of great railway 
development especially as regards facilities given to 
the travelling public in the way of more frequent 
and faster train services. Another improvement for 
which he was responsible was the modernisation of the 
docks at Hull, Middlesbrough, and at the Hartlepools. 
As a result of these activities the shipping trade of the 
North-East Coast was greatly facilitated and extended. 
One of the most important changes introduced 
during Sir George Gibb’s régime was the complete 
reorganisation of the North Eastern system, which 
was accompanied by the introduction of ton-mileage 
statistics. This system was employed first for a 
complete year in 1902 after tentative work in 1901: 
For long, this railway was alone among those in this 
country in making use of these statistics. Since 
the war, however, the statements of accounts required 
of the railways by the Ministry of Transport, for 
the Government returns, have been on the ton-mileage 
basis. 

In 1904 the honour of knighthood was conferred upon 
him, and two years later his services were sought in 
London in the capacities of deputy chairman and 
managing-director of the Underground Electric Railway 
Company, and chairman and managing-director of the 
Metropolitan District Railway Company. Previous to 
this, in 1903, he served on the Royal Commission on 
London traffic, and also on the Committee on War Office 
Reorganisation under Sir Clinton Dawkins. In 1910 he 
was released from his contract with the Underground 
Electric Railway Company in order that he might 
become chairman of the Road Board, the contro] of 
the railway being taken up by Mr. Albert H. Stanley, 
who later became Lord Ashfield. This work was wel! 
under way when the European War broke out, and 
Sir George was appointed a civilian member of the 
Army Council, and was entrusted with the super- 
vision of Army Contracts. He also served as a member 
of the Government Committee on Production, of 
which he was appointed Chairman in 1918. After a 
strenuous life devoted to the improvement of the 
trading and transport facilities of his country, and the 
welfare of the workers, by whom he was always held 
in high esteem, Sir George Gibb has only given up his 
work on his death at the age of 75 years. 





THE Morpen, Tooting AND KENNINGTON TUBE 
Services.—The London Underground Electric Railway 
Company announces that the new tube extensions 
from Clapham to Morden and from Charing Cross to 
Kennington, via Waterloo, are expected to be in 
service next midsummer, and that it is now possible 
to give a forecast of the train services which will be 
operated. The various terminals of the Hampstead 
and City lines, together with their extensions, are to 
be served by an aggregate of 5,577 trains. During 
each rush hour 13 trains, in each direction, will run 
between Morden and Golder’s Green, via the City. 
During periods of heavy traffic 26 trains an hour will 
run in each direction between Tooting and Euston, 
Golder’s Green and Highgate, via the City. The same 
number of trains will run from Tooting to and from 
the Edgware line, via Charing Cross and , arta From 
Kennington, 54 trains an hour will be provided during 
busy times, serving Euston, Golder’s Green and Highgate, 
via the City, and Highgate, Colindale and Edgware, 
via Charing Cross. The operation of these services will 
entail the employment of about 300 additional men as 
motormen, guards and station staff. The training of 
these new recruits is now in full swing at the company’s 
school at Lambeth North. : 
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THe MorTorsure ‘“ OLIVEBANK.’’—A further vessel of 
the fleet of motorships which Messrs. Harland and Wolff, 
Limited, are building for Messrs. Andrew Weir and 
Co. (Bank Line, Limited), was launched at Govan 
Shipyard recently. This constitutes the sixteenth 
vessel launched at Govan, for Messrs. Weir, during the 
= two years. The Olivebank is a sister ship of the 

vernbank, which we briefly described in our issue of 
December 11 last, page 756, 


NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—The position of things in the 
Scottish steel trade has not improved of late, and little 
has come out of the much talked-of revival in trade. 
This week buyers have only been specifying for their 
present needs, and production continues on a limited 
scale. While the output from the shipyards during the 
year has been fairly good overall, the demand for steel 
lately has been exceedingly poor because of the few 
contracts on hand. ‘There are rumours that several 
good orders may be placed with Clyde shipbuilders in 
the near future, and now that local prices are very 
favourable, there is a prospect of home steel being used 
more largely in the construction. The black-sheet trade 
is still in a very satisfactory position, but new orders 
are not just so numerous at the moment. The outlook 
is, however, quite bright, as production for the next 
month or two is almost all ear-marked. That is, of 
course, the case with light and galvanised sorts, but 
the heavier gauges have not been so fortunate as buyers 
are not so numerous. Prices all round are only nominally 
steady, and current quotations are as follows :—Boiler 
plates, 11/. per ton; ship plates, 71. 10s. to 71. 12s. 6d. 
per ton; sections, 7/. to 71. 2s. 6d. per ton ; and sheets, 
;*; in. to } in., 91. 28. 6d. to 91. 5s. per ton, all delivered 
Glasgow stations. . 

Malleable Iron Trade.—The West of Scotland malleable 
iron makers have had a fairly poor time recently, and 
a very quiet tone exists all round still. Day-to-day 
running has been all too prevalent, and the year-end 
stoppage will be a welcome relief to the staff. Not only 
has the demand for bar iron been very limited of late, 
with little sign of getting better, but the steel re-rolling 
departments have also struck a quiet time. The price 
of Crown bars is unchanged at 111. 5s. per ton, delivered 
Glasgow stations. 


Scottish Pig-Iron Trade.—The makers of Scottish 
pig-iron are no better off for business this week, and, 
except for one or two lines which have been booked 
for shipment, conditions show no improvement. When 
furnaces are closed down next week the re-lighting in 
many cases may be longer delayed than usual. That is 
the general impression at the moment, as ample stocks 
are held. Inquiries are limited. Prices are weak but 
nominally unchanged from last report. The following 
may be taken as the current quotations :—Hematite, 
31. 17s. 6d. per ton, delivered at the steel works ; foundry 
iron, No. 1, 79s. 6d. to 82s. per ton, and No. 3, 77s. 6d. 
to 79s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.——The shipments of 
Scottish pig-iron -from Glasgow Harbour for the week 
ending last Saturday, December 19, amounted to 1,272 
tons. Of that total, 1,192 tons went overseas and 
80 tons coastwise. For the corresponding week of last 
year the figures were 342 tons to foreign destinations 
and 92 tons coastwise, making a total shipment of 
434 tons. 





Om FureL From Coau.—Dealing with the researches 
being made in Germany for producing oil fuel from 
coal, a writer in Rivista Marittima expresses doubts 
as to the successful solution of the problem. On the 
other hand, he calls attention to two facts, the first being 
the lack of response on the part of the large German 
coal concerns to the proposals made by similar British 
concerns for the stabilisation of the European coal 
market. He further finds some significance in the con- 
siderable purchases of coal mines, lignite mines and 
mining shares made on several occasions recently by the 
more important German chemical works. According 
to the author, the German State is helping to finance 
research work on this question, the work being carried 
out as secretly as possible, the results of which, if indus- 
trially successful, would strike a heavy blow at the 
economical supremacy, in regard to coal, of Great Britain 
and the United States. At all events, he adds, the 
scheme, if it ever materialised, could not long remain the 
monopoly of any single nation. 


RoyaL Instirution.—The lecture arrangements at 
the Royal Institution before Easter next year were 
announced at the recent General Meeting of the mem- 
bers and include the following: The Juvenile Lectures, 
the 100th Course, will be delivered by Sir William Bragg, 
on ‘‘ Old Trades and New Knowledge ” commencing on 
December 29 at 3 o'clock. On Tuesdays, at 5.15, 
beginning on January 19, there will be two lectures by 
Dr. J. A. Crowther on “ X-Rays and Living Matter ”’ ; 
two by Dr. E. K. Rideal on “‘ Surface Action”; and 
two by Dr. C. H. Desch on “ The Growth of Crystals.” 
Later there will be given three Thursday lectures by 
Dr. C. D. Ellis on “The Atom of Light and the Atom 
of Electricity,” and two by Dr. J. Holland Rose on 
“The Indecisiveness of Modern Warfare.” On Satur- 
day afternoons, at 3 o’clock, Mr. Henry Balfour will 
give two lectures commencing, on January 23, on (1) 
“The Evolution of Currency and Coinage”; (2) “‘ The 
British Coracle, or the Skin-Covered Boat and _ its 
Affinities.” Among the Saturday afternoon lectures 
will be four by Sir Ernest Rutherford on ‘‘ The Rare 
Gases of the Atmosphere and their Importance in 
Atomic Theory.” The Friday evening meetings will 
begin on January 22, when Sir William Bragg will 
deliver a discourse on “‘ The Work of the Davy Faraday 
Research Laboratory.’’ Succeeding discourses — will 
probably be given by Sir William Hardy, Professor George 
Gordon, Professor Robert Robinson, the Hon. J. W- 
Fortescue, Dr. C. Hagberg Wright, Sir J. J. Thomson, 





Mr. John Tweed, Sir Ernest Rutherford, and others. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—From the standpoint of production the 
year is ending quietly, but in several quarters the pre- 
vailing undertone is more hopeful than for a couple of 
months past at least. While boom conditions in the New 
Year are neither expected nor desired, there has become 
manifest a feeling of quiet confidence in the steady return 
to more normal trading. One of the most cheerful indi- 
cations is to be found in the arrangements that have been 
made for increased deliveries of steel-making materials. 
Crude steel feels acutely the effect of Continental under- 
selling. On the other hand, re-rollers of this material 
cater for 4 large re-export trade, and contend they would 
be unable to meet overseas requirements if they were 
compelled to take British materials at existing prices. 
Business in axles, wheels, and tyres for British railwa 
companies has tapered off. Colonial bookings are still 
fairly substantial, but are insufficient to occupy profit- 
ably plants that have been extended so considerably. 
On the other hand, Sheffield firms have secured a large 
proportion of the work recently placed for railway 
carriages, carriage fittings, and tramway requirements. 
Eastern potentates requiring the best in saloon furnishings 
have placed repeat contracts locally. Special steel orders 
recently ooked include crushing and boring machinery 
for Colonial mines. The production of stainless steel in 
large quantities for the cutlery trade has been of immense 
benefit to electric furnace equipments. Business in files 
has eased, but there is a steady demand for general engi_ 
neering tools and for tool kits for automobile equipment. 


South Yorkshire Coal Trade.—A substantially increased 
demand for best quality. house coal, coupled with more 
active conditions in the export of steam hards, has im- 
proved the position at local collieries, whose chief 
complaint at the moment seems to be one of delay in 
inland transport. Secondary grades of house coal have 
not benefited in equal measure, but stocks have been 
reduced, and the general tone is somewhat firmer. 
Cobbles, nuts, and slacks have all met witha better 
inquiry during the past fortnight. Furnace coke has 
improved under the influence of American purchases 
of pig iron. Quotations: Best branch handpicked, 31s. 
to 34s.; Barnsley best Silkstone, 28s. to 30s.; Derby- 
shire best brights, 26s. to 27s. 6d.; Derbyshire best house, 
24s. to 25s.; Derbyshire best large nuts, 17s. to 20s. ; 
Derbyshire best small nuts, 12s. 6d. to 14s. ; Yorkshire 
hards, 16s. 6s. to 19s. 6d. ; Derbyshire hards, 16s. to 19s. ; 
Rough slacks, 10s. to 12s. 6d.; Nutty slacks, 7s. 6d. to 
98.; Smalls, 3s. 6d. to 6s. 





British INDUSTRIES Fatr.—Protests have been made 
by various trade associations against the proposal to 
permit retail selling during certain hours at the British 
Industries Fair, which is being held concurrently in 
London and Birmingham between February 15 and 25. 
The protests are based on the grounds that retail traders 
will be adversely affected by the proposed new policy, 
and that it will tend to keep away the legitimate trade 
buyer. We believe that a final decision has not yet been 
reached in the matter, but we are requested by the 
Council of the Birmingham section to state that the 
proposal has never extended to that section, in which 
the usual policy will be followed of not permitting retail 
trading under any circumstances. 





OvutTPpuT OF MACHINERY FOR THE YEAR 1925,— 
Engines for 26 vessels, totalling 68,280 i.h.p., were built 
by Messrs. David Rowan and Co., Limited, of Glasgow. 
Among the ships engined were the 8.8. Tongariro (6,500 
i.h.p.) and the S.S. Maidan, Mahseer, Mahronda and 
Mahout (each of 5,000 i.h.p.)—The vessels engined by 
Messrs. The North Eastern Marine Engineering Company, 
Limited, Wallsend-on-Tyne and Sunderland, numbered 
23; the total indicated horse-power was 45,315. Single- 
acting four-cycle engines, having an indicated horse-power 
of 3,000, were supplied for the Raby Castle. Triple- 
expansion engines of 3,310 i.h.p. and of 2,940 i.h.p., 
respectively, were supplied for the 8.8. Shirvan and the 
S.S. East Wales. Quadruple-expansion engines having 
an indicated horse-power of 2,720, were also constructed 
for the S.S. Anglo Indian.—Messrs. The Wallsend Slipway 
and Engineering Company, Limited, constructed the 
propelling machinery for seven ships, the indicated horse- 
power of which totalled 64,060. Among the vessels 
engined by the firm was the twin-screw battleship 
H.M.S. Nelson. In addition to the above, 38 oil-burning 
installations on the Wallsend-Howden system for marine 
purposes, 23 similar installations for land purposes, and 
33 low-pressure oil-burning installations, were supplied.— 
The output of machinery for the year 1925, by Messrs. 
Richardsons, Westgarth and Co., Limited, Hartlepool, 
Middlesbrough and Sunderland, included the propelling 
machinery of six ships, the aggregate indicated horse- 
power amounting to 15,212. The largest vessels were 
the 8.8. Manchester Commerce and Manchester Citizen, 
each having engines of 4,150 i.h.p. Turbine machinery, 
of an aggregate capacity of 44,500 kw., was supplied 
for various land installations. A 20,000-kw. high-pressure 
single-cylinder impulse-reaction turbine was purchased by 
the London Electric Supply Corporation, for the Power 
Station at Deptford, and 15,000 kw. high-pressure two- 
cylinder impulse-reaction turbines, including contraflo 
kinetic condensing plant, by the London County Council, 
for the Power Station at Greenwich.—Messrs. R. and W. 
Hawthorn, Leslie and Co., Limited, St. Peter’s Works, 
Newcastle-on-Tyne, supplied the propelling machinery 
of six ships, the horse-power of which totalled 26,325. 
The largest vessel was the Ranchi, a steamer of 15,000 h.p. 
Eight cylindrical boilers, representing an aggregate 
of 6,270 h.p., were also constructed. 
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NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—The general improvement in the 
volume of business passing for Welsh coal has been 
maintained during the past week. The near approach 
of the Christmas holidays and the fact that operators 
generally had completed their arrangements for the year 
latterly had a quietening influence. Collieries, however, 
were well booked up, and had sufficient orders in hand 
to keep them busy over the holidays, and in some cases 
well into January, though prospective buyers for next 
month’s shipment followed a waiting policy. Meanwhile 
shipment operations at the docks were busy, and there 
was the usual rush to get boats away. Practically the 
only business transacted this week has been that for 
odd parcels to complete the cargoes and bunkers of 
boats loading or about to load immediately. Large coal 
prices have been steady at 23s. to 23s. 6d. for best 
Admiralties, 21s. 6d. to 22s. for seconds, and 18s. 6d. 
to 20s. for Monmouthshires, but dry large has been 
neglected and weak at 21s. to 22s, 6d. Smalls have 
remained scarce with the best bunker sorts up as high 
as 15s. and good bunkers 14s., but supplies have offered 
more freely this week, and irregularity has developed 
with prices on balance weaker at 13s. to 14s, for best 
bunkers and 12s. to 13s. for good bunkers. For January 
shipment, prices of large can be discounted by 6d. and 
that of smalls by 1s. to ls. 6d. per ton. 


Dry Dock Control Transfer.—An iraportant agreement 
has just been completed which will involve the transfer 
of the control of one of the largest of the South Wales 
ship-repairing concerns to an old-established Cardiff 
company. Messrs. Elliot and Jeffery, Limited, which 
is a private company owning the Windsor Slipways, 
situate between Cardiff and Penarth, have concluded an 
agreement for the purchase of Mr. Frank Shearman’s 
share holding in the Mountstuart Dry Docks and Shear- 
mans, Limited. Mr. Shearman is managing director of the 
Mountstuart firm, who own dry docks at Cardiff, Newport 
and Avonmouth, and secured a controlling interest in 
the concern when he acquired the interests of the late 
Sir John Gunn and his family some years ago. It is 
understood that Messrs. Elliot and Jeffery, Limited, have 
purchased 400,000 of the 525,000 1/. deferred ordinary 
shares of the Mountstuart for 100,000/., or 5s. per share, 
and as the share capital of the company is 725,000/., 
the transfer will give Messrs. Elliot and Jeffery, Limited, 
a controlling interest. Mr. Frank Shearman still retains 
a seat on the Board, and Mr. John Elliot and Mr. Thomas 
Elliot, who are the only directors of Messrs. Elliot and 
Jefiery, Limited, are to join the Board of the Mount- 
stuart Companies. 





8.8. “‘Srramore.’’—The new steamer Stramore, built 
for Messrs. John Kelly, Limited, of Belfast, at the Ayr 
yard of Ailsa Shipbuilding Company, Limited, and 
fitted with engines supplied by the builders’ Troon 
engine works, ran loaded trials on the Firth of Clyde 
recently. Satisfactory results were obtained, and the 
vessel proceeded at once to her trading station. 





Contracts.—Messrs. Smith, Major and _ Stevens, 
Limited, Janus Works, Bolan-street, S.W.11, lift manu- 
facturers, have received orders for four electric passenger 
lifts for the new fire-station buildings at Hong-Kong, one 
electric goods lift for the works of Messrs. Kodak, 
Limited, Wealdstone, and one electric platform hoist 
for service at the works of Messrs. Millington and Sons, 
paper manufacturers. Other lifts are to be supplied 
to hospitals, works and office buildings, and bank 
premises. 

PERSONAL.—Messrs. Edward G. Herbert, Limited, 
Atlas Works, Chapel-street, Levenshulme, Manchester, 
makers of testing machines and machine tools, have 
opened a London sales office at 68, Victoria-street, 
Westminster, S.W.1.—Messrs. E. N. V. Motors, Limited, 
6, Whitechapel-road, London, E.1, who specialise on 
spiral-bevel gear work, have appointed Mr. W.'T. Day, 
who was for many years with Messrs. E. G. Wrigley 
and Co., Limited, to be special travelling representative 
for Great Britain. 

SPECIFICATION FOR PORTABLE PHOTOMETERS.—A 
publication entitled British Standard Specification of 
Portable Photometers, and numbered 230-1925, has 
recently been issued by the British Engineering Standards 
Association, of 28, Victoria-street, London, S.W. 1, 
whence copies may be obtained, price 1s. 2d. each, post 
free. This specification covers the requirements for 
portable photometers intended for the measurement of 
illumination, and in some cases brightness also, under 
conditions where low weight and convenience are of 
more importance than great accuracy. Definitions of 
the principal terms used in photometry are provided, 
these terms being in accordance with the decisions of the 
International Illumination Commission. Instruments 
are considered under two groups, the first comprising 
those photometers intended for use in measuring exterior 
illumination, and the second those intended for use in 
measuring interior illumination. It is stated that the 
effective range of group 1 should be from 0-01 to 2 foot- 
candles, and that the effective range of group 2 should be 
from 0-2 to 20 foot-candles. The questions of weight, 
most suitable test and comparison surfaces, the use of 
reducing screens, electrical measuring instruments best 








adapted for this work, the nature of the comparison lamp 
and battery, and thelimits of error to be permitted, have 
all been carefully gone into. Consequently the pamphlet 
should be of value to those engaged in the manufacture 
of the instruments as well as to others, 


NOTICE OF MEETING. 





THE Junior InstTITUTION OF ENGINEERS, Friday, 
January 1, 1926, at 39, Victoria-street, S.W.1. Cine- 
matograph Lecture: ‘‘ The Manufacture of Ordnance ” 
and “The Rolling Mills and Crucible Melting Department 
at the River Don Works, Sheffield, of Vickers, Limited.” 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Usually at this season of 
the year business is practically suspended, but this week 
quite a good trade has been put through in Cleveland 
pig-iron, almost entirely to meet home requirements, 
recent rise in prices having driven off customers abroad. 
Some Continental pig-iron producers are competing more 
successfully for foreign orders, and for contracts in this 
country. For home consumption, No. 1 Cleveland is 
69s.; No. 3 g.m.b., 66s. 6d.; No. 4 foundry, 65s. 6d. ; 
No. 4 forge, 65s.; and mottled and white iron, each 
64s. 6d. Export quotations are 6d. above the foregoing 
figures. 

Hematite.—Scarcity of East Coast hematite iron is 
still greatly felt, notwithstanding the increased produc- 
tion. Home and export demand keeps on a good scale, 
and customers complain that they experience difficulty 
in obtaining adequate deliveries. Further advance in 
prices would cause no surprise, but might check overseas 
buying. Nos. 1, 2, and 3 are fully 76s., and nothing 
below 76s. 6d. is named for No. 1. 

Blast-furnace Coke——-Durham blast-furnace coke is 
moving up in price as the result of considerable demand 
and shortage of supply. Good average qualities are 
now in the neighbourhood of 22s. 6d. delivered to local 
consumers. 

Manufactured Iron and Steel.—Better accounts are 
given of the finished iron and steel industries. Messrs. 
Bolckow, Vaughan and Co. are keeping their steel plant 
fully going through Christmas and New Year holidays, 
and the only suspension of operations at the steel works 
of the Cargo Fleet Company is to be two days at New 
Year. Common iron bars are Ill. 5s.; iron rivets, 
121. 15s. ; packing (parallel), 87. ; packing (tapered), 117. ; 
steel billets (soft), 77.; steel billets (medium), 71. 10s. ; 
steel billets (hard), 81. 2s. 6d.; steel ship, bridge and 
tank plates, 7/. 5s.; steel angles, 7/.; steel rivets, 
121. 10s.; steel joists, 61. 17s. 6d.; heavy sections of 








steel rails, 8/.; fish plates, 12/.; black sheets (No. 24 
gauge), lll. 5s.; and galvanised corrugated sheets 
(No. 24 gauge), 171. 





SHIPBUILDING IN 1925.—During the past year, Messrs. 
Swan, Hunter and Wigham Richardson, Limited, 
Wallsend and Walker-on-Tyne, have launched a total 
of 98,874 tons of shipping, comprising 17 steamships, 
4 motorships, and 3 caissons. Among these vessels were 
the motorship Athelking, 10,390 tons, the motorship 
Port Hobart, 9,770 tons, the 8.8. City of Lyons, 8,690 
tons, and the motorship British Petrol, 7,447 tons. The 
total tonnage for yards owned or controlled by the firm, 
on the Tyne, on the Clyde, and at Dartmouth was 132,228 ; 
the above total of 98,874 tons represents the output 
from the Tyne yards only.—For the fourth year in 
succession, Messrs. Harland and Wolff, Limited, of 
Belfast, Glasgow, and Greenock, have launched over 
100,000 tons of shipping, totalling over 88,000 i.h.p. 
The largest vessel built during the year, was the 
R.M.S.P. motor liner Asturias, of 22,500 tons, fur- 
nished with Harland—B. and W. double-acting Diesel 
engines developing 20,000 i.h.p. Other notable vessels 
were the 16,620-ton P. and O. passenger liners 
Rawalpindi and Rajputana, with reciprocating steam 
engines of 15,000i.h.p. At the Govan yard nine 5,150-ton 
twin-screw motorships were launched for the Bank Line, 
Limited ; the engines of these vessels have an indicated 
horse-power of 3,100.—The vessels launched by Messrs. 
Short Brothers, Limited, Sunderland, were four in 
number, representing a total gross tonnage of 24,195. 
The 8.S. Anglo-Indian was the largest vessel; it had a 
tonnage of 7,017, and the indicated horse-power of the 
engines was 2,720. Each of the other three vessels had 
a gross tonnage of 5,700, and an indicated horse-power of 
2,180.—Two vessels were launched by Messrs. 8. P. 
Austin and Son, Limited, Wear Dockyard, Sunderland ; 
the gross tonnage of each was 1,261. A considerable 
amount of repair work was also carried out by the firm. 
—Messrs. Palmers Shipbuilding and Iron Co., Limited, 
of Jarrow and Hebburn, launched two vessels of total 
gross tonnage 11,619; the indicated horse-power of 
engines constructed totalled 5,300. Boilers representing 
a total indicated horse-power of 6,295 have also been 
supplied. The 8.8. Chios, a cargo vessel, was converted 
into a floating workshop for the Greek navy.—Messrs. 
R. and W. Hawthorn, Leslie and Co., Limited, Hebburn- 
on-Tyne, have launched five vessels. The total tonnage 
amounted to 26,852 and the indicated horse-power of the 
engines was 23,180. The largest vessel was the S.S. 
Ranchi, with a gross tonnage of 16,651; the 15,000i.h.p. 
engines were constructed by the firm at their St. Peter’s 
Works.—Two vessels, having a total gross tonnage of 
5,996, were launched by Messrs. The Blyth Shipbuilding 
and Dry Docks Co., Limited, Blyth. The larger of these 
was the 8.8. Hebburn, of 4,211 gross tons. The engines 
which develop 1,900 i.h.p. were built by Messrs. The 
North Eastern Marine Engineering Co., Limited, 
Wallsend-on-Tyne. 
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THE NEW BATTLESHIPS. 


H.M.S. Ropney, the second of the two new 
capital ships, was launched on the 17th inst. at 
the yard of Messrs. Cammell Laird and Co., Limited, 
of Birkenhead. ‘The first vessel, H.M.S. Nelson, 
was launched early in September at Newcastle, 
and both should be completed in 1927. These 
battleships are of particular interest, since they 
are the first to be built in accordance with the 
terms of the Washington Treaty, and also the 
first to embody all the modifications made necessary 
by war experience. We reproduce a photograph of 
the launch of the Rodney on page 807 of this 
week’s issue. A view of the launch of the Nelson 
appeared in our issue of September 11 last. 

Until the war, battleship design followed quite 
a normal course of evolution, and the advance 
from the Dreadnought of 1906 to the Royal Sovereign 
class of 1916 was carried out in a series of small 
steps. None of these ships could be tested under 
war conditions. The battle of Jutland and other 
naval engagements gave costly, but extremely 
valuable, experience, and as a result battleship 
design was modified to a great extent. As an 
example of the effect of these modifications, the 
case of H.M.S. Hood may be quoted. This ship 
was ordered one month before the Jutland action, 
and was designed as a 36,300-ton battle-cruiser, 
with a load draught of 25 ft. 6in. After Jutland, 
although the principal dimensions were not altered, 
the design was so changed that the final load 
displacement was 41,200 tons, with a load draught 
of 28 ft. 6 in. Heavy deck protection was added, 
and the main armour belt was increased from 
8 in. to 12 in. in thickness. Officially the Hood 
is still classed as a battle-cruiser, but actually she 
possesses all the desirable qualities of a battleship, 
with the added advantage of battle-cruiser speed. 
The Hood is a fine example of what can be achieved 
on a large displacement, and as stated by Major L. 





Fea in 1922, it is impossible to unite all the require- 
ments of a modern ship on a displacement less 
than 40,000 tons. 

The modifications to the Hood were made within 
three months of the battle of Jutland. Had the 
construction been further delayed, it is quite 
possible that greater alterations would have been 
made, since only time and discussion can allow 
radical changes to be seen in their correct perspective. 
In the case of the Nelson and Rodney, which were 
ordered late in 1922, there is no doubt that the 
relative values of the various features have been 
thoroughly considered. 

But for the Washington Conference, modern 
capital ships would probably have been super-Hoods, 
with dimensions only limited by building and docking 
facilities. Fortunately, for the taxpayer at all 
events, the Conference has effectively stopped this 


3| tendency to build such huge warships, and the 


various naval powers concerned can only build 
to definite programmes with a limit of displacement. 
The chief clauses of the Treaty which aflect the 
design of new ships are that the standard displace- 
ment must not exceed 35,000 tons, and that no 
capital ship shall carry guns of calibre greater 
than 16 in. 

These conditions make the task of the naval 
constructor more difficult than ever, and British 
constructors have designed the first two vessels in 
accordance with the terms of the Treaty. At the 
time when the Conference was held, both America 
and Japan had ships under construction with 
16-in. guns, and displacements about equal to 
the 35,000-ton limit. The Japanese ships, the Mutsu 
and Nagato, were completed in 1921. The first 
United States ship, the West Virginia, was completed 
in 1921, and the Colcrado and Maryland in 1923. 
These five, together with the Nelson and Rodney, 
will be the only 16-in. gun ships, at least until after 
1930, when France is due to complete the first vessel 
of her replacement programme. Great Britain, the 
United States and Japan cannot commence any 
further capital ships until 1931, and after that date 
a fixed building programme must be adhered to, 
and old battleships scrapped as the newer units 
are completed.. On the completion of the Nelson 
and Rodney, the Thunderer, King George V, Ajax 
and Centurion must be scrapped. 

Very few official particulars have been published 
about the new ships, but the following information 
was disclosed to all other contracting powers under 
the terms of the Conference :—Standard displace- 
ment, 35,000 tons; length on waterline, 702 ft: ; 
extreme beam, 106 ft.; draught at standard 
displacement, 3) ft. 

‘lhe standard displacement given above is that 
of the completed ship with everything except oil fuel 
and reserve feed water on board ; in the deep load 
condition the displacement might well be about 
40,000 tons. No other official information has 
been supplied, but various other details have been 
given from time to time in British and foreign 
publications, and from these, and photographs 
illustrating the launches, it is possible to obtain 
a very good idea of the vessels. 

The main armament, according to statements 
made in the American press, will consist of nine 
16-in. guns, with similar ballistic properties to those 
mounted in the United States Maryland class. If 
this is the case, the whole of the main armament 
will necessarily be mounted in triple turrets forward, 
since from launch photographs it is evident there 
is no provision made for large turrets at the after 
end, and nine guns can only be mounted in triple 
turrets. This arrangement will give the Nelson 
and Redney a very unusual appearance ; so much 
space will be taken up by the main armament that 
the machinery and bridge erections will be a con- 
siderable distance aft of midships. It is probable 
that only the two forward turrets will be able 
to fire directly ahead. The full main armament, 
however, will probably be effective over a wide arc 
on either beam. 

Should the above arrangement of main armament 
prove to be the one adopted, there is no doubt that 
it will be criticised when full details are published. 
The twe ships would be ideal for attacking, but 
the arrangement is contrary to all precedent, and 
the 16-in. guns would be ineffective if the target 
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ship was astern. The idea itself is revolutionary, 
but if sufficient armour is provided it certainly seems 
logical to construct a capital ship of this size for a 
direct offensive. A slight change of course would 
bring any following ship into the line of fire of all the 
16-in. guns. Further reference will be made to this 
new arrangement when protection is dealt with. 

The secondary armament will be carried in 
twin turrets, and will presumably consist of 6-in. 
guns. Here again the launch photograph of the 
Nelson indicates that three of these turrets will be 
mounted on each side abaft the main armament, and, 
in fact, well abaft amidships. The photograph 
also shows that the centre turret on each side will 
be superposed, so that eight guns can fire directly 
ahead or astern, and six on either beam. In this 
case, it would seem rather a doubtful advantage to 
place these turrets so close to one another as they 
appear to be, since a direct hit on the centre turret 
from a large calibre shell would possibly do great 
damage to the mountings forward and aft of it. 
It seems evident that the after deck space will 
perforce be somewhat cramped. 

A powerful anti-aircraft battery will almost 
certainly be fitted. If the terms of the Washington 
Conference are not superseded, the Nelson and 
Rodney are not due to be scrapped until 1942, and 
by that time aircraft attack will probably have 
developed to a very high state of efficiency. No 
information is available about the type and number 
of these guns, or of the position of the mountings in 
the ship. 

The torpedo armament also remains a secret. 
From the fact that torpedo attack caused the 
famous deployment at Jutland, and _ virtually 
closed the action, there is little doubt that torpedo 
armament is decidedly advantageous. The only 
objection to its use on battleships like the Nelson 
and Rodney is that an ordinary ‘‘ tube ’’ mounting 
on deck is unsuitable. Torpedo tubes for these 
ships should either be submerged, or well protected 
if above the waterline. 

The true reason for the unorthodox appearance 
of the new ships is probably that war experiences 
have emphasised the utmost need for armour 
protection. At Jutland, the Queen Mary, Inde- 
fatigable, Invincible and probably the Defence were 
all lost through the explosion of magazines due to 
shell fire, and the only way to avoid losses of this 
nature is to concentrate sufficient armour over the 
vitals of the ship. This fact probably explains the 
unique arrangement of the armament, since by 
concentrating the guns the armour protection can 
also be concentrated and its weight reduced to a 
minimum. The question of weight is all important 
when a modern battleship has to be designed on a 
limiting displacement of 35,000 tons, Again quoting 
American publications, the probable thickness of 
side armour is given as 12 ins., and that of the turrets 
as 13 ins., but these are most likely understated. 
Reference should be made here to the comparative 
particulars in the accompanying table. In 1924 


| ** West 


te » | “ Nelson”| Virginia,’’ | ‘‘ Mutsu,” 
—_ Hood.” |. Rodney"’| ‘* Colorado,”’ | ‘* Najato.’ 
** Maryland.”’ 
| 
British. British. |UnitedStates.| Japanese. 
Length on 
waterline ..| 850 ft. 0in./702 ft. Oin.| 600 ft. O in. | 700 ft. Oin. 





(extreme.) 














Beam, extreme) 104 ft. 0in.|}106ft.0in. | 97ft. 6 In. | 95ft. Oin. 
Load draught) 28ft.6in.| 30ft.O0in.| 30ft. 6 in. | 30ft.Oin. 
Load displace- 

ment = 41,200 35,000 32,600 33,800 
Shaft horse- | 144,000 - 28,900 | 46,000 

power | | 
Speed... * 31 "23 \f 23 |} 62s 
Main arma- | | | 

ment 8-15 in. *9-16in. | 8-16 in. | 8-16 in. 
Secondary | | 

armament | 12-5-5in. |*12-6 in. | 12-5 in. | 20-5-5in. 
Main armour | | 

elt : 12in. | *12in. | 16 in. 13 in. 
Barbette ar- | | 

12in. | | 18in. | : 


mour ‘ ‘| 


‘ * Unofficial figures. 
the present Director of Naval Construction stated 
that armour and deck protection have been pro- 
vided which will etfectively protect the vitals of the 
shirs when fighting takes place at the ranges which 
become usual in the last war. Under these circum- 
stances, the thicknesses quoted for armour weuld 
seem inadequate. 
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The one important lesson learnt in the war with 
regard to protection from shell fire was that deck 
armour is an absolute necessity, since with long 
ranges and high elevation gun mountings the 
danger of a direct hit on deck is acute. For this 
reason it is certain that the deck protection of 
the Nelson and Rodney will be very complete, 
especially in the way of magazines and machinery 
spaces. Turret roofs will also be of the maximum 
possible thickness, since a shell piercing the turret 
would probably cause a detonation of the explosives 
below. 

The protection against torpedoes, contrary to 
recent practice, does not consist of an external 
bulge below the waterline. With a beam of 106 ft. 
any addition due to bulges would have made docking 
most difficult, and deck space is probably too 
valuable in this instance to allow a reduction of 
width above the waterline. No information is 
available regarding the internal structure, but on 
such a large beam it is certain that good torpedo 
defence can be provided by an ‘‘internal bulge ” 
construction. 

From the above remarks it will be quite realised 
that the orthodox battleship appearance has 
entirely vanished. The forward tripod mast of 
previous ships has disappeared, and in its place 
the three huge turrets will loom large to the eye. 
In place of the funnel, a large steel tower will 
appear, combining all the functions of bridge, 
conning tower, range-finder and searchlight plat- 
forms. Still further aft, apparently at about a 
quarter length from the stern, will be the funnel and 
after mast, with the 6-in. turrets on either side. 

The speed of the new ships has been kept a 
close secret, but in view of the other qualities it 
cannot be great. One account in the foreign 
press states that it will be surprising if they prove 
much faster than the Royal Sovereign class, which 
were designed for 23 knots, Comparing the various 
features with those of the Hood, this does not seem 
to be unreasonable. The propelling machinery 
consists of steam turbines. After the weight 
economy obtained in the Hood by the use of small 
tube boilers, it is only natural to suppose that this 
type will be adopted in the new battleships. 

This article would be incomplete without some 
reference to the ingenuity which must have been 
expended in the design of these vessels. No 
doubt special materials have been used in the 
construction in order to reduce weight, but this in 
itself means that extra consideration and care is 
necessary. Only those who have had actual 
experience of warship design can realise the huge 
amount of work which even an orthodox design 
entails; with the added complications of war 
experiences and the limitations of the Washington 
Conference, the magnitude of the task must have 
been the greatest that the Royal Corps of Naval 
Constructors has ever faced. Judging from pre- 
vious ships, however, we may rest assured that the 
Nelson and Rodney will eventually be the finest 
examples of warship design in existence. 





THE VALUATION OF BUNKER COAL. 


In the search for means of avoiding waste, 
particular attention is being given nowadays to 
economy of fuel. Whether their consumption is 
large or small, all industries have to pay more for 
their fuel than formerly, and, even if its absolute 
price is reduced, they must be prepared to find it 
form an increasing element of their costs, as sources 
of fuel get exhausted and demand increases. In 
such circumstances the technical and economic 
values of fuel supplies call for a keener scrutiny 
than was thought sufficient when fuel was cheap, 
and, in particular, users of coal are considering more 
closely the wide variations in quality that appear 
even in what purport to be similar supplies. They 
recognise more clearly than they did that such 
variations may involve proportionate differences in 
the value of the coal for the purpose for which it is 
bought, and some users are anxious to buy it on 
a basis that corresponds with its actual value in 
use. 

No doubt can be felt that if such a basis can be 
found in practice, it wiil enable users to economise 
in their coal consumption more readily and more 
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completely than is possible without it. The unfor- 


tunate fact remains, however, that at present such 
a basis has not been found, and to qualify the simple 
unit of weight by some unit with a more direct 
bearing on the behaviour of the coal in use would 
be futile unless the new unit measured the properties 
of each coal with the constancy that is now found in 
measurement by weight. Many power-station and 
marine engineers regard the discovery, or elabora- 
tion, of such a basis as hopeless except on paper, 
and the scepticism of these men, among whom may 
be found some of unquestionable authority in 
modern practical work, will certainly not be over- 
come by any merely theoretical advantage in the 
proposed new unit. In the meantime, industries 
that use coal in bulk are spending large sums on 
material of which the value in use may be varying 
within wide limits. 

This situation was discussed with particular 
reference to bunker coal in a paper by Mr. Otto 
Kahrs, read at the last meeting of the Institution 
of Engineers and Shipbuilders in Scotland. The 
paper is described as dealing with the economic 
value of bunker coal, and begins by citing as 
advanced practice among some station engineers 
the purchase of coal on calorific value, with correc- 
tions for ash and moisture. On pursuing the subject, 
however, the author finds it impossible to exclude 
many other factors from the list of those that 
determine the economic value of the coal. The 
nature of its combustible constituents, the character 
as well as the quality of the ash, the design of the 
boiler and furnace, the character of the stoking, 
and other incidents of use may have a material 
effect on the technical efficiency with which a given 
coal may be burnt by an individual purchaser. 
The economic value, again, of an improved efficiency 
will be affected by the freight value of bunker space 
and the extent to which space saved by bunkering 
with a higher quality coal can be applied to com- 
mercial freight. The author discusses in consider- 
able detail these and other factors in the value of 
coal in a ship’s bunkers, and makes tentatively a 
number of suggestions for taking account of them 
in valuing the coal. The mere enumeration even 
of the factors we have quoted shows, however, that 
in its present form the problem is far too complex 
to admit of a general solution, and indeed Mr. Kahrs 
himself urges the necessity of preliminary investiga- 
tion of many points. 

The considerable number of factors that turn on 
the design and working of furnaces and _ boilers 
form a complication of the question that need not 
be introduced in the first instance. Doubtless the 
value of a coal to a particular user will depend on 
the extent to which combustion is completed within 
his boiler, and the design and method of working 
of the boiler will determine whether a coal with 
more or less volatile matters should be selected, 
but these and similar considerations must be 
regarded as secondary to the assurance that the coal 
is of a definite composition. The fundamental 
difficulty in the way of what Mr. Kahrs calls a 
scientific method of buying coal is the absence of a 
satisfactory method of sampling. Whether it is 
desired to buy simply on calorific value, or whether 
account is to be taken of special constituents or 
groups of constituents, it is necessary to be able, 
within close limits, to infer the properties of a 
consignment in these respects from the examination 
of a sample. At present no practical method of 
sampling seems to have been devised by which 
this can be done. The Fuel Research Board has 
had the question under investigation for some time. 
and is probably the only competent judge of whether 
a positive result should now be available. To 
hurry the progress of inquiry into so intricate a 
matter is the most likely way of getting it into a 
further tangle, and, since the Government has 
relaxed the costly restrictions on the Board’s 
research, there seems no reason to doubt that its 
inquiries into methods of sampling have proceeded 
as fast as has been prudent. What, however, is 
manifest is that coal can never be bought generally 
on its contents without a system of sampling that 
is both adequate and consistent with practical 
needs. 

Only less fundamental is the question of puri- 
fication ; that is, of the separation of substances 
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that are either deleterious or incombustible. The 
difficulty of sampling a coal so purified would prob- 
ably be less than with unpurified deliveries, and the 
difficulty of selecting and specifying coal for parti- 
cular uses would also be reduced. At present, the 
practice of such separation is by no means general. 
Obviously, it would enable the various constituents 
to be used for the purposes for which they are best 
fitted. 

The question is whether the greater efficiency 
so obtained would be worth what it cost. Here, 
again, is a fundamental question, to which a 
definite answer is needed. Like the question of 
sampling, it is not a sensational problem, offering 
an unlimited prospect of new industries, if it is 
answered satisfactorily. Both these questions relate 
to the daily needs of existing industries, and when 
account is taken of the number of industries that 
would be benefited by satisfactory answers to them, 
no subjects more important to fuel consumers seem 
to be under investigation at the present time. 
Mr. Kahrs’ legitimate wish may be father to the 
thought, when he concludes that ‘it is not too 
much to expect that all coal merchants should, in 
future, buy all their cargoes on specifications and 
sample.” On the contrary, it appears more likely 
that before this doubtless desirable practice becomes 
general among either merchants or consumers, some 
authoritative assurance will be required that the 
sample represents the bulk within reasonably close 
limits, and probably also that bulk deliveries can 
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be made of more uniform composition than seems 
often to be possible at the present time. 
Meanwhile, there is no reason why questions of 
boiler design and conditions of use, which admittedly 
aflect the efficiency with which coal can be used, 
and its economic value, should not be subjected to 
closer and more authoritative investigation than 
they have received at present. It is known well 
enough that under suitable conditions various 
elements of boiler or furnace design, such, for 
instance, as chain grates and air-heaters, increase 
the efficiency with which coal is burnt. Much of 
this knowledge is, however, derived from ex parte 
evidence, provided by patentees and manufacturers. 
Nothing can be more foolish than to disparage the 
value of such evidence. Up to now it has been 
responsible for more technical progress than has 
been inspired by any other investigations, and the 
increasing care with which tests are made in the 
works of those who introduce improvements, or new 
designs, in practice is among the most encouraging 
of technical 


features in the present situation 
industry. 
Nevertheless, the general acceptance of the 


results of such tests would often be facilitated if 
they were confirmed by independent observations. 
Such final tests might often be made with no greater 
accuracy than was shown in the makers’ tests, 
though the fact that they were made by an inde- 
pendent authority might give users an assurance of 
their accuracy which would assist the makers in the 
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task of introducing their improvements. In another 
way, however, they should serve to make the results 
more immediately applicable. A testing authority 
would have worked out standard conditions of test, 
and results obtained under such conditions would 
be more readily comparable among themselves, and 
define more closely the extent to which they might 
be expected when used in practice under modified 
conditions. Such work should enable substantial 
economies to be made in the use of fuel, on what- 
ever basis it was bought, and without waiting until 
the questions of sampling and purification had been 
answered. It appears to be within the scope of the 
Fuel Research Board’s activities, and the industries 
concerned would be well advised to obtain the 
co-operation of that body in working out a system 
under which the Board could apply such tests where 
they were required. 








CORROSION IN OIL AND GAS FIELDS. 


In oil and gas fields the actual wastage caused by 
corrosion, with its contingent losses, are so serious, 
that, with diminishing output, it frequently becomes 
a question either of effectively checking it or of, 
in many cases, ceasing to work important fields. 
Consequently in this connection the subject is 
receiving a great deal of attention. It is no longer 
regarded as an unavoidable evil. 

It is the casing that suffers most severely as 
a rule, though in some instances the pump tubing 
and rods are also seriously affected. A ‘holed ” 
casing means free communication between different 
strata, which may damage or ruin entire fields, 
while mechanical troubles arise and greatly in- 
creased cost of operation follows, even when the 
more serious damage is not present. 

There is nearly always as regards underground 
equipment, an absence of rust, using the word in its 
commonly accepted sense, due to lack of free oxygen ; 
in some cases the corroded portions are even bright 
and have a kind of polish on them. Strangely 
enough, also, corrosion, does not invariably occur 
in wells yielding corrosive water, though it is pos- 
sible that in some cases the water only becomes cor- 
rosive on coming into contact with the atmosphere. 
Waters containing carbonic acid gas, sulphuretted 
hydrogen, or magnesium chloride are specially 
corrosive though severe corrosion is also possible 
when they are absent. The most modern view, 
and the one which seems to fit most of the observed 
facts, is that the process is electro-chemical in 
action,-and most of the remedies and precautions 
now being adopted postulate electrolysis. The 
currents generated are, of course, feeble and may 
be set up, or at least stimulated, by a variety of 
conditions. The water in an oil well is generally 
salt, and the density of the brine may vary at 
different levels. This, in itself, is quite sufficient 
to cause a current to flow, when corrosion will follow. 
In these cases the effects of corrosion are visible all 
over the surface of the metal. Even if this difference 
in density does not occur, the tubing and casing 
with salt water present between them as the result 
of leakage, and connected at the top by the casing 
head, form a cell, and if both parts are truly con- 
centric an even distribution of corrosion again 
results. If, however, the two are not concentric 
and the casing out of line, contact will take place 
somewhere. Corrosion then becomes visible on that 
side, below the point of contact or approach. 

The corrosion mostly manifests itself by pitting 
and holing, and there are certain distinct types. 
Thus, in one field, casings suffer badly on one side, 
the holes becoming confluent until the pipe is 
destroyed by long slits. This form of pitting does 
not occur at the weld. In another field, the holes 
are more evenly distributed, much more numerous, 
and so small as to be visible only when the pipes are 
tested hydraulically. In two adjacent wells, a 
current may be set up between them, flowing up 
one casing and by way of the collecting main to the 
other well, then down through the other casing, and 
back through a water sand. 

Other causes are to be traced to the nature of the 
casing and tubing. These are generally of steel or 
wrought iron, though cast iron is now being adopted 
with some success. The unhomogeneous nature of 
both the former, causes smal] local currents to be set. 
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up. Parts of the metal that have been damaged in 
any way, say by the grip of a pipe wrench, have a 
potential differing from that of the undamaged 
portion, while the presence of mill scale inevitably 
leads to corrosion round its edges. The threads of 
screwed joints where exposed always suffer in the 
same way. 

‘The causes of corrosion are, however, for the 
most part obscure, for the most baffling anomalies 
exist. In some oilfields, where there is practically 
no difference in the waters and gases, some wells 
will be affected almost immediately, while others, 
not very far away, may last for many years 
without causing trouble. The only thing to do 
in these cases is to make patient investigation 
and use all possible precautions when putting in 
new casings and tubing. Precautions sometimes 
taken above ground are often quite ineffective below. 
It is recommended that if painting be used at all, 
mill scale be removed by pickling, and other 
accretions such as ordinary rust, by the vigorous 
use of a wire brush, or file. Nor is galvanising 
found to be more effective than painting. Tests 
have shown that this process does not. materially 
retard corrosion in oil and gas wells. On the 
other hand protection by means of zinc castings 
is stated to be one of the most practical methods 
of dealing with the problem. The casing and 
tubing of a well are generally built up of 20-ft. 
lengths of pipe connected by means of screwed 
sleeves or sockets. On the middle of the lengths 
most likely to be attacked by corrosion is cast 
a sleeve of zinc about 4 ft. long and as thick as 
the socket, though tapering off at the ends, the 
tubing being filed bright so as to ensure proper 
contact between the two metals. In one well it is 
recorded that corrosion of the tubing round about 
the working barrel and the anchor pipe was so 
active as to necessitate renewal in ten to fifteen 
days. Tubing with zine centre casings was put 
in after sundry experiments, and according to a 
recent report of the United States Bureau of Mines, 
Washington, was quite good after six months’ use. 

There is a difference of opinion about the use of 
iron or steel for casings and tubing in oil wells, 
iron casings standing corrosive waters outside 
them better than steel; but, whichever metal be 
chosen, it should be adhered to throughout. A 
tubing of iron with a casing of steel would set up 
galvanic action in the presence of brine, and the 
tubing would probably be pitted quickly. Special 
irons and steels, i.e., alloys, are being experimented 
with cautiously, but no reliable results are yet 
available. 

Other methods of protection against external 
corrosion of the casing are adopted, but none are 
completely successful. They consists, broadly 
speaking, of filling in the space between the bore 
and the casing with non-corrosive substances. ‘The 
complete investigation of the corrosive quality of 
the water under examination is a matter for a 
skilled chemist, but formule have been devised 
for field use with an ordinary quantitative analysis. 
The question of an appropriate substance can then 
be settled. This is frequent!y clay suspended in 
some fluid. Brine should not be used, as it tends 
to drop the solids from suspension. A typical 
mixture with fresh water would be an ordinary 
clay with about 1 per cent. of combined sodium 
silicate and soda ash. This is made into a mud 
and pumped in from the surface, its action being 
not only to displace the corrosive water from the 
neighbourhood of the casing, but, by clogging the 
water and gas sands, to render them impermeable 
in the area immediately surrounaing the casing. 
Sometimes the fluid is made from crude oil, 
carrying lime and clay; in other areas the oil 
is emulsified before mixing. Oil-muds are pumped 
not only into the space outside the casing, but 
between the casings where more than one are 
used. Cement is also pumped in, in certain fields. 
It posesses the advantage of making a thoroughly 
water-tight job, but it is more expensive than a 
mud jacket, and the casings cannot be drawn 
when the well is abandoned. Other preventative 
measures consist of insulating the tubing from the 
casing by means of fibre rings at the casing head, 
with the object of destroying contact between the 
two elements of the cell. 





This does not, however, | quantities z,,z, .. . 


prevent local action due to irregularities in manu- 
facture, or material, nor does it guard against 
contact if the tubing and casing are not concentric, 
but touch, or nearly touch, down one side. This is 
minimised by rings of rope or fibre on the tubing, 
acting as distance pieces; but, as the spaces 
between the rings tend to fill up with conductive 
deposits, tubing so fitted has to be “ pulled” 
fairly frequently. 

One source of corrosion, not referred to above, 
is stray electric current, e.g., from outside sources 
such as electric railway systems, as against the 
self-generated currents in and about the casings. 
Apparently the only way of combating this is 
by methods involving the use of buried anodes ; 
but, although this system is in limited use for the 
protection of pipe lines and telephones on the 
Continent, it is considered quite impracticable for 
oil well protection on the score of cost. 





THE TRANSVERSE VIBRATION OF 
UNIFORM BEAMS. 
By Davin M. Smrra, B.Sc. 


THE importance of considering the transverse 
vibrations of uniform beams is demonstrated by the 
behaviour of stays, tubes and pipes connected to 
high-speed machinery, and by the similar pheno- 
mena of the critical speeds of long line shafts. It is 
the purpose of this article to establish and apply a 
new formula which simplifies the calculation of 
periods of vibration of multi-span beams, and also 
enables ratione} calculations to be made for a c.use 
of considerab!« practical importance hitherto little 
treated, viz., that of a beam held at the ends in elastic 
fixings which imperfectly constrain its direction. 

The first general method of solution applicable to 
multi-span beams was published by Mr. E. R. 
Darnley in the Phil. Mag., vol. xli (1921), page 81. 
He shows how equations, the roots of which give 
the periods of vibration, may be constructed for 
beams with freely-supported, rigidly-fixed or over- 
hanging ends, and gives tables by which numerical 
solutions can be obtained. While his equations are 
not difficult to construct, their numerical solution is 
rather laborious, especially for design work where it 
is desired to see the effect of slight variations in the 
positions of the intermediate supports. The funda- 
mental formula proved in this article differs from 
Darnley’s in involving functions relating to only 
one span at a time; and it lends itself admirably 
to nomographic calculation by which approximate 
solutions are obtained rapidly and easily without 
the use of tables. 

Consider one span of a beam. Take the origin 
at the left-hand end and let « = amplitude of vibra- 
tion at distance x from origin. Let 
frequency of vibration. 


n= 
w = weight per unit length. 
I = second moment of cross-section. 


E = modulus of elasticity. 
1 = length of span. 

Then it can be shown (see Rayleigh’s ‘‘ Theory 
of Sound,” Arts. 161-181, or Morley’s “Strength 
of Materials,” Art. 163) that 
u=Asinmx+B cosma-+C sinh m x+ Deoshmaz 

(1) 
where 
sere... ae 


and A, B, C, D are arbitrary constants determined 
by the end conditions. Given the conditions of 
constraint at each end (i.e., where 2 = o and where 
x = l) asystem of equations is obtained from which 
the elimination of A, B, C, D yields an equation in 
ml. It is convenient for numerical work to replace 
ml by wz, where z is the unknown ; then putting 
ml = mw z, we obtain from (2) 
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(3) 


Values of z are obtained as solutions of the eliminant 
and their substitution in (3) gives the frequency. 

z is a non-dimensional quantity, which, for a 
single-span beam, depends only on the end con- 
ditions. For a beam of r spans of lengths 1,, /, 
.. . l, the eliminant is anequationin ml,, ml, . . 
mlr, which has to be solved for any one of the 
z, Subject to the condition that 
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‘obtained by nomogram, but is sometimes required 
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we shall evidently, in such a case, get the same fre- 
quency whichever span we take as the standard in 
solving the equation. 

Let P be the left-hand end and Q the right-hand 
end of the span under consideration. For the 
moment, make no assumption as to end constraints 
except that u = Oat PandatQ. Put 


Since n is a function of (3) 





du du 
d dz 

vp = 2 m "at P. and vy = 2m iu at Q. 
d a2 d a2 


From (1) we find that, at P where z = oandu=G@ 
o=B+D,orB=—D. 

Hence the equation for the amplitude is 

u=Asinm x + B(cos m x — cosh m paren 


Hence at P 
du 


= m (A+ C), 2% = m2(— 2B) 

x d x 

—~4te 2 
and at Q, where x = land u = o 


O = Asin m1+B (cosml — cosh ml) +C sinh m 1 
(6) 


Vp = 


a & = m {A cos m1 + B (— sin m1 — sinh m 1) 
+ C cosh m 1} 

a =m? { —A sin m1 —B (cos m+ cosh m1) 
+ C sinh m 1} 


— 2 {A cos ml — B (sin ml + sinh ml) + Ceosh m1} 
— Asin ml— B(cosm/1 + cosh ml) + C —" 
7) 
Now replace ml by wz and let R, and 8, denote the 
following functions of z:— 
2 (1 — cos rz cosh rz) 
sin 7 2 cosh r 2 — cos 7m Z sinh 7m z 
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Rz = 





sin 7 z cosh 7 2 — cos @ Z sinh @ z 
sin 7 z sinh w z 
Then eliminating A, B, C between (5), (6), (7) 
Rz Sz + Sz (vs — vg) — vp vg = O (8) 
This is the fundamental formula of the investigation. 
It may be written in the form 
nace S- (R: + Vp) 
S. + vp» 
We can now consider the nature of the constraints 
at Por Q. We may have: 
(1) Beam simply supported and terminating at 
the support. : 


8: = 





(9) 


Ug 


du 

aa = 0; ..u = org = 
(2) Beam rigidly fixed in direction. 

dv. 0; .. vs =O orv, = 0 

dz 


(3) Beam held in “elastic clamping ”’ which per- 
mits of an angular deflection proportional to the 


du Cu 
de and qa are of the 


same sign at P and are proportional to one another ; 
hence, for each mode of vibration, v, is a finite 
positive quantity which is the greater the more 
relaxed the clamping. Similarly at Q, v, is a finite 
negative quantity. 

(4) Beam simply supported and prolonged beyond 


du au : 
the support. = and Gaz ate continuous over the 


support ; hence v is the same just to the left and just 
to the right of the support. 

Equation (9) is therefore sufficient to solve all 
cases except those involving free overhanging 
ends. It can be proved that for a span in which 
P is a free end and u = 0 at Q, 

tw =F: . 
where F, is the function 
2 (1 + cos mr z cosh 7 z) 
cos 7 2 sinh 7 2 — sin 7 z cosh Tz" 
or that if Q is free and at P, u= 0 
wse=— F. 

Equations (9) and (10) enable the equation invol- 
ving z to be written out in full for any particular 
This is not necessary when a solution is being 


bending-moment acting. 


(10) 





either for theoretical reasons or because a numerical 
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solution of high accuracy is required. A few 
examples of the formation of the equation are given. 
Let the lengths of successive spans in a beam of r 
spans be denoted by 1,, J, l,, the corres- 
ponding values of R, and 8, by R,, R, ‘ 
R, and 8, 8, . . . §&,; and the values of v 
at the successive points of support by v9, v,,v, . . . 
If the beam is rigidly held at the first end, 
U = 0; hence, from (9), v, = R,. Similarly if the 
last support is a rigid one, v,, = —R,. Ifthe first 
support is a simple one, v9 = © and v,=S8,; while 
if the last support is simple, v,= and v,-, = 
—&,. Itis for this reason that the symbols F, kK, S 
have been chosen; F denotes the function for a 
free-end span, R for a rigid-end span, and S for a sup- 
portcd-end span. Take now some special cases. 
(1) Single-span beam, supported at both ends. 


S1 =v = © ; equivalent to sin r z = 0. 


Up. 


(2) Single-span beam, free at one end, rigid at 
other. 
F, =v; = 0; or 1 + cos rz cosh rz = 0. 


(3) Single-span beam, supported at one end and 


decided which span-length is to be chosen as stan- 
9 

dard. We may denote — te as 
tion constant.”’ It is not the same for both ends of a 
beam unless 6 is the same at bothends. When it is 
a small quantity, the fundamental frequency of 
the beam approaches that of a rigid beam, but the 
higher frequencies tend towards those of a simply- 
supported beam; when it is large, all periods of 
vibration approach those of a simply-supported 
beam. We may now write down the equations for 
elastic clamping. 

(7) Single-span beam, clamping elastic at both 
ends.: 





by L, the “ relaxa- 


r — 82 (Rz + t%) 

= z:yn=—-l2e;y = oS” 
v = Loz; v 1 1 ae ae 

The eliminant is 

Lo Ly 22 + (Lo + Li) 8: 2 + R:z 8: 0 (11) 

This has to be solved for z by trial and error, as 
R, and 8, are functions of z. Numerical trial and 
error would be awkward, but nomographic solution 
is simple. 

The method of direct calculation for any number 





rigid at the other. If we take the left hand rigid, we 


of spans and any end conditions is now evident. 





of z. At the first traverse, m-4 represents 1-4 ; 
m:5, 1-5; n-0, 2:0; and m-1, 2-1. At the next, 
m: represents 2+ and n- represents 3-, and so on, 
so that m may represent 1, 2, 3... and n, 
2, 3.4... This coincidence of the points repre- 
senting, say, z= 1-5, z= 2-5, z= 3-5, &c., is 
not exact but is so close that its acceptance for 
all points above z = 1-35 yields results well within 
the allowable limits of error in engineering calcula- 
tions; it arises from the asymptotic periodicity 
of the functions RP, and S, when z is at all large. 
The rigid-point, v= 0, and the supported-point, 
v = oo, are specially marked on the circle. The 
nomogram is so constructed that any straight line 
intersects the circle and the z-scale in points yielding 
values of v,, v,, and z which satisfy relation (9). 
If the straight line intersects the circle in two 
distinct points, v, and v, must be selected from the 
distinct points; if it is a tangent, the v, and v, 
points are coincident and v, = — %,. 

A single alignment solves problems relating to 
single-span beams. If, for instance, the beam is 
rigidly held at both ends, v= 0 and v,= 0 
and the tangent to the circle at v = 0 shows the 
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obtain R,;=v,= © ; if we take the right hand 

rigid, we obtain 8, =7,= 0. But R,= o and 

S,; = 0, and both reduce to sin m z cosh @ z 

—cosmzsinhwz=0 since the numerator of § 

is the same as the denominator of R. 

(4) Two-span beam, ends supported. 
my =Si;4=—S2 .. 8:+8 =0. 
(5) Three-span beam, ends free (7.e., beam laid on 
two supports with both ends overhanging). 

Se (Re +1). 
Sstu 
Eliminating v, and v, the equation is 

F, Fs + S2 (Fi + Re + Fz) = 0 
(6) Three-span beam, right-hand end free, left- 
hand end rigid (spans numbered 1, 2, 3, from left 
to right) ; the eliminant similarly found is 
Ri Fs + S82(Ri + Re + Fs) = 0 
Where “ elastic ciamping” is involved, the values 
of v at the extremities of the beam depend on the 
degree of relaxation of the clamping. The angular 
deflection, 8, produced at each end by unit bending- 
moment must be ascertained by experiment or 


% = Fi; w= ve = — F; 


calculation. Then 
du = SEI @" and also m! = wz 
dz dx2 
du 
v=2mi2= (Cap) 2 
au tl 
d x? 


The quantities E, I, 8, / are fixed for a single-span 
beam, and also for a multi-span beam when it has been 








Select a trial value of z,, and calculate the corre- 
sponding values of 2., Z; z, bearing the 


oe - arc 
ratios re : . Ha to z,; calculate ¥,, equal 
1 : 


to F,, R,, 8,, 


first end is free, rigid, supported, or elastically 
clamped ; then calculate v, from v,, v3 from v2, 
andso on, by (9). The resulé of the last calculation, 
v,— 1 Should be equal to — F,, — R,, —S§,, or 

eee a according to the end conditions 
at the second end. If the result does not balance, 
a new trial value of z, must be selected, and the 
process repeated till a root is obtained. Numerical 
calculation would evidently be laborious, but the 
process is rendered not only practicable, but easy 
by the nomograms now to be described. 

The first nomogram (Fig. 1) is drawn* to represent 
equation (8), namely, 

R:- Sz + Sz (vp — Uz) — Up Vg = O 

The v, and v, scales are borne on the circle ; they 
are coincident, except that v, and vg/differ in 
sign. The scale numbers marked are those of »,, 
and to read v, the sign must be changed. The 
z-scale is borne partly on the curve and partly on 
the straight line ; it commences with z= 0 at the 
point where v, = 0 and v, = 0 and is read along 
the curve until the latter goes off to infinity at about 
1-35. Thereafter the whole length of the straight 
line is traversed for each unit increase in the value 


according as the 








* See M. d’Ocagne, ‘‘ Traité de Nomographie,” p. 167. 





solutions to be z=1-5, 2:5, 3:-5...; these 
values, substituted in equation (3), give the periods 
for the fundamental, second, third . . . modes 
of vibration. Similarly, for a beam supported at 
both ends, z= 1-0, 2:0, 3-0 . . .; or, for a beam 
supported at one end and rigid at the other, z = 1-25, 
2-25, 3-25. ... Where elastic clamping has to 
be taken into consideration, a separate trial-and- 
error alignment is required for each mode of vibra- 
tion ; in this case the v, and v, points will both be 
on the lower half of the circle, since v, = L, z 
and v, = —L,z. The fundamental value of z must 
be somewhere between 1-0 (for a freely-supported 
beam) and 1-5 (for a rigidly-fixed beam); hence 
a first trial value of z a little over 1-0 is chosen, 
and this is gradually increased until the v, and v, 
points given by z are in alignment with the same 
value of z on the z-scale. If the second and subse- 
quent periods of vibration are also required, the 
process is repeated with values of z, increasing by 
a little less than 1 for each mode of vibration, 
as the successive roots of (11) differ by just under 1. 

Where multi-span beams are concerned, the 
number of alignments required per mode of 
vibration is equal to the number of spans. A low 
trial value of z, is chosen, and Z, z3 . . . 2» 
are taken out in proportion to the lengths of the 
spans. In cases of elastic clamping, 1% and v, are 
also calculated, the value of z used for y, = L, z 
and v, = L, z being that for the span, the length 
of which is used in calculating L, and L,. (It 
is advisable to check the first calculation of v 


’ 











810 


ENGINEERING. 


[DEc. 25, 1925. 





and v, by repeating it in different units ; v and v 
are non-dimensional, and the results must be the 
same whichever span is taken as standard and 
whichever units are employed.) The method of 
alignment equivalent to the process of direct calcu- 
lation previously described is as follows: line up 
v) and 2,, noting the second point in which the join 
of these two cuts the circle; this point is — 2%. 
Take the corresponding point changed in sign; 
e.g., if the point of intersection is — 2-0 change 
to + 2-0 in the opposite half of the circle. Line 
up this point with z,; the join cuts the circle in 

-Vv,, Change to +- v, and continue the process 
till x», is obtained. The join of this point and z, 
should cut the circle again in — v,; if it does not, 
the trial value of z, must be varied until the solution 
is obtained. Continuation with higher values of z,, 
if required, yields the higher periods of vibration. 
After a little experience this process is very rapid, 
and sufficiently foolproof to be employed by persons 
possessing no knowledge of the mathematical 
theory. 

This general nomogram is thus capable of 
obtaining any number of periods of vibration for 
beams of any number of spans with ends supported, 
fixed or elastically clamped, but special nomograms 
simplify the solutions for special cases where the 
number of spans and end conditions are fixed. 
Free-end cases cannot be solved on the general 
nomogram unless a table of values of the function E, 
has been prepared, but free-end cases can also be 
solved on special nomograms. One example of a 
special nomogram is shown in Fig. 2. It is for the 
three-span case with both ends rigid. Qnly one align- 
ment is required for each mode of vibration, instead 
of three as on the general nomogram. It will be noted 
that this special nomogram is identical with the 
general nomogram, except for the alteration of the 
circle graduations, which now represent values of z 
for the side spans. The graduations for the two 
spans are coincident, and all values of z lie on 
the circle. They are read individually on the 
inside of the circle up to 1-2, and above that are 
taken as periodic and are read on the outside 
of the circle. Values of z for the centre span are 
on the curve and straight line, as in the general 
nomogram. Any three values in alignment, such as 
z, and z,on the circle, z, on the curve or straight 
line, satisfy the equation for this case, which is 

Ri Rs + S2 (Ri + Re + Ra) = 0 

It is only necessary to seek for values of = in 
alignment which bear to one another the same 
ratio as the lengths of the spans. In the specially 
important case where the supports are symmetrical, 
the trial line is a tangent to the circle. It can 
easily be checked that, for this case with equidistant 
supports, the values of 2 are 1-13, 1-37, 1-50, 
2°14, 2-37, 2-50. : 

The nomograms can be used for other purposes 
than finding periods of vibration. They are of 
assistance in determining nodes, tracing out curves 
of vibration, and establishing general theorems with 
regard to periods and modes of vibration of uniform 
beams. 

The following is an example of a complete cal- 
culation by the foregoing method. The ‘ beam” 
concerned was a water tube, }-in. outside diameter, 
16 ft. 6 in. long, rigidly fixed at the ends, mounted 
in the neighbourhood of a steam turbine; the 
intermediate supports were under consideration. 
The magnitudes involved were— 

w —= 0-0331 Ib. per in. (tube empty), or 
0-0451 Ib. per in. (tube full of water). 
== 14,500,000 Ibs. per square inch. 

I == 0°00676 inch units. 


Jt El 
w 
in lb.-inch-second units. 


At first two intermediate supports making 
successive spans of 6 ft., 4 ft. 6 in., 6 ft. were 
suggested. From the special nomogram, Fig. 2, 
the lowest values of z in the ratio 6:4}: 6 were 
found to be 1-27:0-95:1-27. Taking the end 
span as the standard, / = 72 in. and z= 1-27, 


and from (3) 
mw 22 gEl 
ZS 


16:5 per second (empty) or 14-2 per second (full). 


= 3-37 x 104 (empty), or 2-89 x 104 (full) 


r= 











Hence the frequency is 990 per minute (tube 
empty) or 850 per minute (tube full); the higher 
frequencies, with this arrangement of spans, gave a 
figure too close to the impressed frequency possible 
from the turbine revolutions, and furthermore 
could not be materially raised by alterations in 
the position of the supports. Three intermediate 
supports were therefore adopted and were found 
to give satisfactory results. 

In order to ascertain the agreement between 
theory and practice, exhaustive tests were made 
in the Metropolitan-Vickers Research Department, 
during which careful records were taken of the 
amplitude and mode of vibration. The critical 
frequencies predicted by the use of the nomograms 
given above were found to be in close agreement 
with the experimental results in all cases 








NOTES. 
THE Dote@arRoG Dam FatILure. 

REPLYING to a question by Captain Briscoe in the 
House of Commons on Monday last, Sir W. Joynson- 
Hicks, Home Secretary, stated that, although he 
had no powers in the matter, by negotiation he had 
arranged with the Aluminium Corporation and the 
North Wales Power Company that an engineering 
firm of high standing should be employed by them 
to hold a full investigation into the failure of the 
Dolgarrog dams. As soon as the engineers’ report 
was in his hands he would consider whether any 
legislation was necessary. It will be remembered 
that in a leading article at the time of the coroner’s 
inquest we pointed out the desirability of an 
independent export inquiry into the failure, and 
suggested that some Government department should 
have powers to institute such inquiries in the case 
of serious accidents, especially when loss of life is 
involved. We hope the general principle raised 
will not be lost sight of among facts which pertain 
merely to this particular case. Although such 
powers would not necessarily be applied in all cases, 
their existence would involve no risk to the engi- 
neering profession if the regulations provided for 
the investigations instituted to be conducted by 
technical experts of high standing. 


AN AMERICAN MUSEUM OF ENGINEERING. 

With our own Science Museum, the Cc .servatoire 
des Arts et Métiers and the Deutsches Museum 
as object lessons, the engineers of the United States 
are taking the necessary steps for the inauguration 
of a National Museum of Engineering for America. 
The matter has been under consideration for some 
years past. but as a result of the report by a com- 
mittee representing the four founder societies of 
Civil Engineers, Mining and Metallurgical Engineers, 
Mechanical Engineers and Electrical Engineers, a 
Board of Trustees has been appointed to draw up 
definite plans for such an institution. As their 
President, the Board of Trustees have secured 
Mr. Samuel Insull, of Chicago, whose experience 
and enthusiasm will be invaluable in placing the 
Museum on a substantial basis. Mr. Insull, it 
may be remarked, was born in Westminster, and 
began life as a clerkin the City of London. Through 
coming into contact with Edison, at the age of 21, 
he emigrated to America, and for the last forty 
years has been connected with Chicago, and to-day 
is at the head of many large companies concerned 
wit!. the supply of gas and electricity. At present 
the general idea appears to be to establish an his- 
torical museum at Washington, preferably under 
the administration cf the Smithsonian Institution, 
which would be devoted mainly to the preservation 
of the originals of epoch-making scientific, engineer- 
ing and industrial inventions and discoveries, and 
at the same time found industrial museums of an 
educational type in some of the large centres of 
population. It is worth noting that while it is 
recognised that such museums are a source of 
delight and interest to the general visitor, they 
can be of great use to the student and a source uf 
inspiration to the young engineer. Now that the 
services of an official lecturer are available, an in- 
creasing use is being made of our own splendid 
collections at South Kensington by school teachers 
and masters at the Polytechnics and trade schools, 
who are beginning to realise that a lesson in a 








museum, where boys can see the original works of 
the great pioneers, can be a stimulating experience. 
Museums have many functions beyond that of 
housing their exhibits, and the engineers of the 
United States will no doubt see that the educational 
side of their work is well to the fore. 


Fourt ResEaARCcH IN ALBERTA. 


The fifth Annual Report of the Scientific and 
Industrial Research Council of Alberta for 1924 
contains various interesting notes on research in 
connection with the fuel resources of the province. 
Drumheller coal showed no material change in the 
calorific value after two years’ storage. The 
problem of briquetting various coals and also 
carbonised lignite was found to become more 
difficult as the work proceeded ; but progress has 
been made. Mixtures of pitch and asphalt, first 
found unsuitable as binders, have finally given good 
results. Mixtures of waterglass and pitch, water- 
glass alone, and bentonite and other clays, on the 
other hand, expected to be good binders, do not 
adhere well to the coal. Straw. sawdust, flour, 
starch, oatmeal, &c., are good binders when pre- 
viously jellified by cooking at 180 deg. C. with dilute 
caustic soda in an autoclave and subsequently 
pulped in a ball mill; but these jellies have to be 
mixed with pitch or asphalt to be made waterproof. 
The vegetable fibre did not increase the strength of 
the briquettes. Good briquettes could be pressed 
from dry mixtures, but they adhered to the plunger. 
Sub-bituminous coal should contain 5 per cent. of 
moisture, which may be added as water. The 
batch should be really hot, above 100 deg. C., during 
the mixing, but that condition was not easily 
fulfilled in the press, and the experimental results 
were discordant. Some success has been obtained 
in experiments on the de-ashing of coal with the aid 
of floating baths of calcium nitrate solutions. As 
regards domestic furnaces, Robb coal carburettors 
have been tested in a Gurney cottage boiler. This 
‘carburettor’ is an air-preheater attachment to 
the furnace door. It is a hollow wedge-shaped piece 
of iron casting, flanged to the inside of the door, and 
penetrating horizontally into the furnace ; both the 
surfaces of the wedge are arranged with rib corruga- 
tion, and baftle plates are fitted into the inside. The 
air enters at the wide opening, winds through the 
baffles and leaves through holes at the edge of the 
wedge. In ordinary firing under domestic con- 
ditions the furnace efficiency was raised from 53 
per cent. to 57 per cent. by the carburettor; in 
special tests the increase was from 59 per cent. to 
64 per cent., so that the carburettor seemed to offer 
some advantage. We notice also that an electric 
nichrome heater of 20 kw. was placed inside the 
Gurney furnace in order to check the flue calorimeter 
measurements, which were found to be reliable. as 
well as heat losses by radiation. 


INSTITUTION OF MECHANICAL ENGINEERS: 
NorTH-WESTERN BRANCH. 

The annual dinner of the North-Western Branch 
of the Institution of Mechanical Engineers was 
held in Manchester on Thursday, the 17th inst., 
and as usual proved a very successful event. The 
speeches of the evening covered a wide range of 
subjects ranging from the disrating of the engineers 
in the Navy to questions of transport and elec- 
tricity supply. The guest of the evening was 
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Lieut.-Colonel Sir Joseph Nall, D.8.0., M.P., 
President of the Institute of Transport. In pro- 


posing the toast of ‘“‘ The Institution,” Sir Joseph 
referred to mechanical and other problems con- 
nected with electricity supply, and mentioned that 
in such a country as this it was often better to 
transport coal to a distance than to attempt to 
generate electricity in bulk near pits where condi- 
tions were unsuitable. By a coincidence the same 
point was made the same day by Sir Harry Ren- 
wick in a speech delivered at the eighth annual 
meeting of the Provincial Electric Supply Associa- 
tion of the United Kingdom. Sir Harry Renwick’s 
remarks were largely devoted to pointing out that 
bulk supply at the pits is practically an impossi- 
bility owing to questions of water supply, &c., 
and that we were adopting a policy in these matters 
similar to that of the United States, whose large 
stations are located near large centres of popula- 
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tion, where water is plentiful. Mr. Daniel Adam- 
son, in reply to the toast of “The Institution,” 
said that he hoped the various trades would be left 
to work out their own salvation, without subsidies. 
In recent years the Government had come to rely 
more and more upon assistance and advice which 
the Institution was able to give with regard to 
education, &c. The point of Mr. Adamson’s speech 
which attracted most attention referred to the 
recent Admiralty order relating to engineers in the 
Navy. Mr. Adamson stated that he hoped Members 
of Parliament would make it their duty to see that 
the engineering personnel did not suffer through 
this change, and that nothing should be done to 
weaken the authority of this branch, or detract 
from it in any way to prevent good men coming 
forward. Judging from the reception accorded to 
the expression of these views, the feeling that the 
Admiralty has been ill-advised in the step it has 
recently taken is quite as widespread in the pro- 
fession as we had surmised. Professor W. H. 
Watkinson, proposing the toast of ‘‘The Guests,” 
referring to Sir Joseph Nall’s remarks, said that 95 
per cent. of electrical engineering was properly 
within the mechanical branch. Turning to trans- 
port, he thought that now that the railway com- 
panies had been amalgamated the large systems 
might put on one side sufficient funds to cover 
experimental work on questions of motive power. 
He considered that a good deal might be done 
with the heavy-oil engine and electric drive. Mr. 
E. C. R. Marks, of Birmingham, who replied 
appropriately, in this year of the railway cen- 
tenary, reminded the hosts of the evening that the 
Institution was founded in his city by George 
Stephenson. The toast of ‘* The Chairman” (Pro- 
fessor G. Stoney) was proposed by Brig.-General 
M. Mowat, and an unofficial addition to the list 
was a well-deserved compliment paid to the 
Branch’s energetic secretary, Mr. Dempster Smith. 
This was proposed by the chairman and seconded 
by Mr. Day. 


Housing Work or THE LoNpDoN CouNTY 


CounNcIL. 


We were given a few days ago the opportunity 
of looking into several of the housing operations 
now being carried out by the London County 
Council. The first area visited was the Colling- 
wood estate, this being the name selected for the 
Brady-street area, when reconstructed, a slum area 
of Bethnal Green. The scheme for the clearance 
of this unhealthy site of about 74 acres was drawn 
up by the Council in 1920; it involves the dis- 
placement of about 1,875 persons of the working 
class. Two blocks of dwellings, having accommoda- 
tion for 568 persons in 93 tenements, have already 
been completed in the area, and a third block, 
having 48 tenements to accommodate 294 persons, 
is in course of erection. Three further blocks 
are to be erected on the area, and re-housing accom- 
modation for 265 persons has been provided else- 
where. A glance at the new buildings and at the 
slums they are replacing suffices to show the 
exceedingly great importance to the whole com- 
munity of the excellent work being done by the 
Council. The housing work on the Brady-street 
area is typical of that being done in other parts of 
the Metropolis and on a greater scale still, such, 
for instance, as on the White Hart-lane estate 
of 177 acres, Tottenham; the Ware-street area, 
Shoreditch and the Tabard Garden estate, South- 
wark. The Council’s work at Becontree is of a 
different character in that it may be said to involve 
the creation of an entirely new township. Becon- 
tree, for the present, is the largest of the Council’s 
estates; it covers 2,700 acres, and is situated beyond 
Barking and Ilford, between the Romford-road, 
near Chadwell Heath, on the north, and Ripple-road 
on the south. The erection of over 20,000 houses 
is planned for this estate, the scheme comprising 
a central park, recreation grounds and open spaces, 
allotments, churches, schools, shops and other build- 
ings. Many houses are of brick, while concrete has 
also been adopted for a large number, and about 
twenty others are being built of timber for demon- 
stration purposes. On the Ilford section, about 
3,000 houses are built, and a further instalment of 
about * ..a8 been commenced. On the Dagenham 
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section there are about 2,000, with 1,000 more in 
course of construction, whilst orders are being placed 
for a further 2,700 in this same section. Another 
section of the estate is now being developed, there 
being in this 700 houses completed and 600 in 
various stages of progress. The number of dwellings 
in occupation at the present time is about 5,550. 
These figures give an idea of the extent of the 
work undertaken by the Housing Committee 
of the London County Council at Becontree to 
help solve the difficult housing problem. In a very 
few years, in view of the progress already made, this 
estate will be fully developed, and it is incumbent 
upon different other authorities concerned to help 
in making the undertaking a successful one in every 
respect by providing for its inhabitants convenient 
and rapid means of transit to and from London. 
The provision of suitable hospital accommodation 
is also a question which requires early consideration. 
Another estate in course of development by the 
Housing Committee is the Downham estate of 
about 516 acres, situated mainly in the Borough of 
Lewisham, where 400 dwellings are already in 
occupation. The Bellingham estate, to the south of 
Catford, is completed ; it comprises 2,089 dwellings, 
consisting of 132 two-roomed and 156 three-roomed 
flats, 411 houses of three rooms, 986 of four rooms, 
and 404 of fiverooms. The residents on this estate 
number about 10,00% Taking together all the 
flats and all the dwellings in every area and estate, 
the weekly rents, inclusive of rates and water 
charges, vary according to the number of rooms 
provided and range from 9s. 2d. to 26s. In every 
case the accommodation, whatever be its extent, is 
eminently satisfactory from every standpoint. 








YEAR-BOOKS AND ANNUALS. 


African Mines, 1925.—Published by Messrs. The 
African Mines Publications, Limited, 8, Old Jewry, 
London, E.C.2, and 202, Stock Exchange, Johannes- 
berg, South Africa, the thirteenth issue of the com- 
mercial manual, ‘‘ African Mines,” gives a review of 
the mineral resources of South Africa and deals also 
with methods of communication, shipping, and other 
matters relating to the trade of South Africa, Rhodesia, 
British East Africa, Kenya Colony, Tanganyika 
Territory, British Uganda, Portuguese East Africa 
and Mozambique. About half the available space 
is devoted to alphabetical lists of African mining 
companies ; full details of the activities and the sphere 
of action of each company are included. A chapter 
of special interest is that which describes the discovery 
of platinum in the Transvaal ; large-scale maps of 
the districts in which the deposits occur are also given. 
The book, which is priced at 20s., is edited by 
Mr. Garfield Filby. 





The Mechanical World Year-Book.—TYhere can be 
few engineers who are not familiar with this excellent 
little reference book, which has now reached its thirty- 
ninth edition. It is published by Messrs. Emmott and 
Co., Limited, of 65, King-street, Manchester, at a price 
of 1s. 6d. net. The work is carefully kept up to date, 
both by the revision of the main contents in the light 
of the latest information available, and by the addition 
of new matter as required. The new features intro- 
duced into the present edition include sections on the 
uniflow engine, fuel economisers and grinding. The 
notes on grinding deal with the subject in some detail, 
and include a number of tables and data relating to 
grinding allowances. Information is also given on 
the various abrasives which are commonly employed 
for this purpose. Other useful new sections are devoted 
to forced and shrinkage fits, and to chains and ropes 
for lifting. When commenting on the 1923 edition, 
we suggested that the tables of logarithms and ante- 
logarithms, which are probably referred to more 
frequently than any other information in the book, 
were rather difficult to read. The admirable tables 
issued (for many years) by the Board of Education 
form a model in this respect, and in these tables the 
eye is greatly assisted by enclosing the vertical column 
of figures under the Index 5, between heavier lines. 
We suggested in our previous note on the year-book 
that this practice might be adopted with advantage, 
and our comment on this point is still pertinent. If 
we may add a further small suggestion, it is that the 
Index to the subject matter should be placed imme- 
diately after the title-page, instead of being preceded 
by a number of pages of advertisements, which make 
it needlessly difficult to find. 





British Rainfall, 1924.—His Majesty’s Stationery 
Office has now published for the Meteorological Office 


a report on the distribution of rain in space and time 
over the British Isles for the year 1924. This book, 
which has the title “‘ British Rainfall, 1924,” and is 
sold at 15s. net, contains many maps and tables 
besides studies of the distribution of rain on individual 
days of special interest. There are sections in which the 
measured duration of rainfall are deait with as well 
as records of evaporation and of percolation through 
the soil. The year 1924 was a remarkable one from the 
standpoint of rainfall, for in each month, from April 
to October, the rainfall was much above the average. 
In this volume special attention is given to the un- 
precedented downpour of 9-4 in. at Cannington, in 
Somerset, on August 18. 

Jane's Fighting Ships, 1925.—This_ well-known 
publication, giving statements of the dimensions, 
powers and armament of the fighting vessels of the 
various navies, as far as such are available is now in its 
twenty-eighth edition. Those who are familiar with the 
earlier editions know the characteristic block sketches 
which were used for the silhouettes of the ships. It 
has been felt for some time that these all-black sil- 
houettes were really of limited value and that the 
recognition of a vessel would be facilitated by sketches 
which showed the features of the ship as well as its mass 
outline. Dr. Oscar Parkes, who is associated with 
Mr. Francis E. McMurtrie as joint editor. has reproduced 
a number of sketches which are designed to facilitate 
the recognition of ships at a distance or close up. These 
sketches convey the general impression of a ship at 
horizon distance but also give enough detail for recog- 
nition at closer range. This innovation in silhouettes 
will be received with interest by many naval officers, 
and it will be of value to the editors of Jane’s Fighting 
Ships, in which the new feature has been introduced, if 
experiences in their use afloat are communicated to 
them in order that whatever changes are generally con- 
sidered advisable may be incorporated in later editions 
of the book. In the British Navy section sketch plans 
are given of the new vessels Nelson and Adventure, 
which, however, are unofficial and purport to show the 
general features of the design only. Many additional 
large photographic reproductions have been included, 
and The Revenge, Queen Elizabeth, Effingham and 
Furious classes have been re-illustrated from new 
photographs. Special views are given of the fleet 
submarine X1, and a large number of substitute pictures 
have been inserted throughout the work when minor 
alterations have been made on the vessels. The price 
of the volume is 42s. net, and it is published by Messrs. 
Sampson Low, Marston and Co., Limited, London. 

The Polish Handbook, 1925.—The pressing need for a 
reliable source of information on the population, 
resources, productions, transport facilities and general 
conditions of labour and social welfare in the new 
Republic of Poland has now been met by the prepara- 
tion of The Polish Handbook, 1925. This, the first 
publication of its type relating to the country, was 
edited by M. Francis Bauer Czarnomski for Messrs. 
Eyre and Spottiswoode, Limited, London, by whom it 
is published at 10s. 6d. net. It contains a vast amount 
of information of value to those who hope to obtain a 
share in the foreign trade of the country. The assis- 
tance of specialists in the various types and phases of 
industry was utilised in the preparation of the matter 
for the chapters on industrial and agricultural pursuits. 
All industries, mining and manufacturing, those using 
timber as a raw material, as well as pastoral pursuits 
are treated in the book in a thoroughly comprehensive 
way, and in all] cases statistics of production are given. 
In the year 1924, we note that Great Britain obtained 
7-5 per cent. of the import trade, and purchased from 
Poland 10-5 per cent. of her exports. These figures 
are the highest recorded since the formation of the 
Republic. They, however, indicate that British pro- 
ducers are not yet fully conversant with the conditions 
of the market, a state which perusal of the contents of 
this valuable book will do much toend. Naturally, ina 
compilation of this type some corrections are necessary, 
and one example is afforded by a table on page 112, 
the heading of one column of which is wrong, and makes 
it appear that there are many more teachers than pupils 
in the secondary schools of Poland. 





TriaL Trip or THE S.S. ‘“ CHarron.”—Satisfactory 
trials have just been carried out with the steamer Chatton, 
which has been built to the order of the Brantingham 
Steam Ship Company, Limited, by Messrs. Williarn 
Dobson and Company, of Newcastle-on-Tyne. The vessel 
has a length of 360 ft., a breadth of 50 ft., and a depth of 
26 ft., and is of the single deck type, with long bridge, 
poop and forecastle. About 6,700 tons can be carried 
on a draught of 22 ft. 8 in. The propelling machinery 
consists of triple expansion engines, having cylinders of 
25, 41, and 68 in. diameter and 45 in. stroke, steam being 
supplied by three boilers working at a pressure of 180 lb. 
per square inch. A speed of over 104 knots was attained 
during the tests, at the conclusion of which the Chatton 
proceeded to Cardiff to load prior to sailing for South 





America. 
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LABOUR NOTES. 


Accorp1nG to the Ministry of Labour Gazette, there 
was a further slight improvement in employment, on the 
whole, during November. Among the 11,892,000 work- 
people insured against unemployment under the Unem- 
ployment Insurance Acts in Great Britain and Northern 
Ireland, the percentage unemployed on November 23, 
1925, was 11-0, as compared with 11-4 on October 26, 
1925, and with 10-8 at the end of November, 1924. 
Among the members of those trade unions from which 
returns were received, the percentage unemployed was 
11-0 at the end of November, 1925, compared with 
11-3 at the end of October, 1925, and with 8-6 at the 
end of November, 1924. The reduction, during 
November, in the numbers unemployed was due prin- 
cipally to a further improvement in employment in 
the coal mining industry. Employment was good, on 
the whole, with brickmakers and with skilled operatives 
in the building trades ; it was fairly good in the furnish- 
ing and printing trades, in certain branches of the 
metal trades, and with coach-builders and millsawyers. 
In the coal mining industry it was still slack, and in 
the iron-mining, iron and steel, shipbuilding and 
marine engineering industries, it remained bad. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in November resulted in an aggregate net reduction of 
about 11,0001. in the weekly full-time wages of 115,000 
workpeople, and in an increase of nearly 6,5001. in the 
weekly wages of 78,000 workpeople. The principal 
group of workpeople affected by reductions consisted 
of over 30,000 steel smelters and milimen in various 
districts in England and Scotland, whose wages were 
reduced by amounts equivalent to about 4 per cent. 
on current rates; the wages of a large number of 
subsidiary classes of workers were also reduced br 
varying amounts. At iron puddling furnaces and at 
iron and steel rolling mills in the Midlands, there was 
a reduction of 3 per cent. on the current rates of the 
great majority of the higher-paid workers, but the 
lower-paid men received a net increase in wages during 
the month owing to the grant of special bonuses. Other 
bodies of workpeople whose wages were reduced, 
included iron-ore miners in Cumberland, blastfurnace 
workers in Scotland, and iron puddlers and millmen 
in the North of England. The principal groups of work- 
people whose wages were increased, apart from iron 
and steel workers in the Midlands were electric cable 
makers, coal miners in the Radstock district, blast- 
furnace men in South Staffordshire, and iron puddlers 
and millmen in Scotland. 





During the eleven completed months of 1925, the 
changes reported to the Ministry of Labour, in the 
industries for which statistics are compiled, have 
resulted in net reductions amounting to 157,000/. in 
the weekly full-time wages of 850,000 workpeople, 
while a similar number of workpeople have received 
net increases of 79,0001. In the corresponding period 
of 1924, there were net increases of over 580,000I. in 
the weekly full-time wages of 2,850,000 workpeople, and 
net reductions of nearly 64,0001. in those of 500,000 
workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in November was 43. In addition, 29 disputes which 
began before November were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in November (involving work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 50,000; the estimated aggre- 
gate duration of all Yisputes during November was 
about 575,000 working days. These figures compare 
with totals of approximately 43,000 workpeople 
involved and 440,000 days lost in the previous month. 
The aggregate duration of all disputes in progress in 
the first eleven months of 1925 was about 7,088,000 
working days, and the total number of workpeople 
involved in these disputes was 426,000. The figures 
for the corresponding period of 1924 were 8,223,000 
days and 597,000 workpeople respectively. 





Addressing a meeting of the National Union of 
Railwaymen at Derby on Saturday last, Mr. J. H. 
Thomas claimed that the recent wages award was a 
bigger triumph than the previous agreement. His 
policy had always been, A would continue to be, to 
do the best for the members of the union without 
resorting to a strike. It was the largest and richest 
union in the world, and largely through its efforts the 
condition of railwaymen was better than that of any 
other body of workers in this country. 





The second meeting of the joint committee of 
employers and workmen, in the second stage of the 





inquiry into the position of the shipbuilding industry 
and the effects of foreign competition, was held in 
London on Friday last week. The committee is now 
dealing with costs outside the control of the industry, 
but entering into the cost of the completed ship. An 
official statement was issued to the effect that progress 
had been made with the consideration of the prices 
paid by shipbuilders for various raw materials, such 
as steel and coal, and that arrangements had been made 
for a further meeting of the committee early in the 
New Year. 





The threatened stoppage of work on Saturday last 
by certain shopmen members of the National Union 
of Railwaymen did not take place. The Minister of 
Labour decided to set up a Court of Inquiry, under 
Part II of the Industrial Courts Act, to inquire into 
the dispute and ascertain the facts, and in view of that 
decision, the executive of the N.U.R. suspended the 
strike notices. The areas affected are the Great 
Central section of the London and North Eastern 
Railway Company, and what are known as the Cheshire 
Lines ; and the demand of the N.U.R. is that Award 728 
of the Industrial Court shall be put into operation in 
them. The craft unions which have members employed 
in the shops are not supporting the demand. 

A manifesto on the subject of the eight hours day 
has been issued by the General Council of the Trade 
Union Congress and the National Executive of the 
Labour Party. In the course of it, it is stated that the 
objections that successive British Governments have 
raised against ratification by this country are largely 
met within the terms of the Convention itself, and at a 
conference of the Ministers of Labour of Great Britain, 
France, Belgium and Germany, during the Labour 
Government’s term of office in 1924, it was unani- 
mously agreed that ratification was possible. The 
present Government claims, the manifesto says, great 
credit for the success of its diplomatic efforts at 
Locarno; but its obligation to legislate on the inter- 
national 48-hour week is held to be no less imperative 
as one of the signatories to the peace treaty. which laid 
it down that a uniform working day of eight hours is 
essential to the peace and well being of all peoples. 
‘““We appeal,”’ the framers of the manifesto say in 
conclusion, ‘‘ once more to the British Government to 
fulfil the pledge given on behalf of this country by 
ratifying the Washington Hours Conventica without 
further delay.” i 





A further meeting took place in London on Monday 
between the Minister of Labour and a deputation, 
representing the Engineering and Allied Employers’ 
Federation and the engineering trade unions, on the 
question of arriving at an international agreement for 
the regulation of hours of work. An official report 
issued at its close contained nothing about the character 
of the discussion. Unofficially, however, it was stated 
that the Minister had made it clear that he was doing 
his best to place British industry on a fair basis in its 
competition with foreign countries. He had been, he 
said, in communication with Continental Governments 
on the question of the clause in the Treaty of Versailles, 
and had received replies from Germany and Belgium to 
the effect that the Governments of these countries were 
prepared to take part in a conference with a view to 
establishing a uniform 48 hours week, and, what was 
more important, a uniform interpretation by all organi- 
sations of the Washington agreement. No definite 
replies had been received, it was added, from France 
and Italy; but further steps were being taken. 

At a joint conference in London on Monday of 
representatives of the railway companies, the railway- 
men’s union, and the engineering craft unions, the 
application of the companies for the withdrawal of 
6s. 6d. per week of the shopmen’s war bonus was 
under consideration. Mr. Clower, of the London, 
Midland and Scottish Railway Company, who presided, 
suggested that the proposal should be referred to 
arbitration, but Mr. J. T. Brownlie, of the Amalgamated 
Engineering Union, speaking for the craft unions, 
intimated that they were opposed to arbitration 
because, in their opinion, there was nothing to arbitrate 
upon. The conference was adjourned. 

The Ministry of Labour states that on December 14, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,127,500, viz. : 912,400 men, 26,800 boys, 164,700 
women and 23,600 girls. On December 7, 1925, 
the number was 1,161,257 or 939,241 men, 28,073 boys, 
169,059 women and 24,884 girls, and on December 15, 
1924, it was 1,158,475 made up of 892,707 men, 
27,763 boys, 213,578 women and 24,427 girls. 





The decision of the Government to proceed at once 
with the erection in Scotland of 2,000 houses by 
“alternative methods’ has drawn from the building 





trades’ organisations emphatic protests. For the 
purposes of the undertaking the Scottish National 
Housing Company is to be utilised, and, according 
to the Prime Minister, the Government will finance 
the development and ‘take any steps necessary to 
secure its accomplishment.” Of the 2,000 houses 
1,000 are fo be of the Weir type, and the balance cf 
the Athol or Cowieson types, or of the Cowieson type 
alone. The building trades operatives adhere to their 
attitude of opposition to the application of any trade 
union rates and conditions other than those of the 
building trades, and their leaders evidently expect 
trade unionists generally to support them in that 
view of the matter. The Weir house is, of course, 
their particular aversion, and its success would 
obviously be imperilled by the application of building 
trade conditions and rates. While that is the case, 
however, there is no justification for the assumption 
that the conditions and rates it is proposed to pa, 
would be “ unfair.”” Lord Weir himself has repeatedly 
pointed out (1) that he intends to pay the district 
engineering rate to the fabricators of the houses, 
and (2) that with payment by results in operation 
men will be able to earn more than the standard 
wages of building trade operatives. 





Between now and January 3U, 1926, members of the 
trade unions affiliated to the Federation of Engineering 
and Shipbuilding Trades are to vote for or against the 
proposed procedure for avoiding disputes which has 
been drawn up at a series of joint conferences of 
representatives of employers and employees. The 
agreement seeks to provide for the reference of matters 
in dispute, other than those connected with general 
wage. rates, to joint conferences. A disputed question 
will first be considered in the yard where it arises, and 
may be settled there. Tf not settled it will go to a local 
conference, and from there to a central conference, and, 
later, if necessary, to a general conference with an 
independent chairman, who will act as a conciliator, 
but will not have a determining voice or vote. At more 
than one point it will be open to the parties, by mutual 
consent, to refer the matter to arbitration. The 
agreement has been negotiated in accordance with the 
terms of the 47-hour week agreement of 1918, and it is 
proposed, if it is ratified, to proceed to set up machinery 
for regulating wages in the industry. In accordance 
with Rule IX, Clause 9, of the Federation, the votes 
are to be pooled. In recommending members to adopt 
the Procedure, the Emergency Committee say: ‘* At 
a special meeting of the Federation executives with 
representatives from shipyard districts at York, the 
procedure, as here presented, was unanimously ap- 
proved. It secures more prompt consideration and 
settlement of questions arising in the industry without 
recourse to stoppages of work, which have in many 
instances caused hardship and loss to both parties to a 
greater extent than the amount involved in the dispute. 
There is complete procedure for dealing with questions 
in the yard in which they arise, by district or nationally, 
as the case demands, with provision for mutual re- 
ference to arbitration. The procedure has been greatly 
speeded up as compared with the old agreement. 
new feature gives power to the local negotiators to 
agree mutually to send the question to arbitration 
direct from the district, on piecework questions, and is 
expected to be of value in speeding up the settlement of 
disputes and will avoid over-loading the national 
machinery. Where a trade union in any district fails 
to secure settlement, provision is made for reference of 
the question by their national executive, who will take 
it up with the national executive of the employers at a 
national conference. Fixed dates will be provided for 
these national conferences to expedite dealing with 
questions. There is national machinery for the con- 
sideration of national questions, whether they affect 
one trade or all trades within the industry, and failing a 
settlement at national conference, there is provision for 
a general conference, which is to be presided over by an 
independent chairman, at which every shipyard trade 
union shall have the right to attend. Trade unions are 
safeguarded in this new provision. First, it secures to 
any particular union the support and strength of all 
the unions in the industry in the prosecution of claims 
on the part of their members; secondly, the conduct of 
the general national conference is for the first time in the 
history of any large industry in the hands of an inde- 
pendent chairman. The latter was urged by the trades 
representatives as likely to give their members greater 
confidence.” 








IsLaAND OF OLAND, SWEDEN: PROPOSED ELECTRICAL 
Power Supriy.—-The Department of Overseas Trade 
announces that a proposal to form a company to supply 
electrical power to the Island of Oland has been put 
forward. It is proposed that power should be taken 
from hydro-electric stations on the mainland (probably 
Sydsvenska Kraft A.B., Malm6) and transmitted by H.T. 
submarine cable to Oland, to be further distributed by 
low-tension aerial lines. 
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NEW DEVELOPMENTS IN HIGH 
VACUUM APPARATUS.* 
By G. L. Koruny. 

ImporTANT developments in the design and per- 
formance of the steam air ejector have been made 
during the last six years, and it is the object of this 
paper to record the most important ones. Steam 
air ejectors, as at present in use, can be grouped in 
two distinct classes as follows: low-vacuum ejectors 
(for vacua up to 25} in.): single stage. High-vacuum 
ejectors (for vacua above 253 in.): two-stage straight ; 
two-stage with inter-condenser; two-stage with com- 
bined inter- and after-condenser; augmenters. Con- 
sidering the design of steam nozzles employed in the 
construction, the above-mentioned ejectors can be of 





live steam leaving the first, stage is condensed in 
the inter-condenser and the second stage has to remove 
only the saturated air vapour mixture from the inter- 
condenser. For example, if at a certain absolute 
pressure at the suction of the first stage, the ratio of 
pounds of live steam to pounds of air removed is 
2-2 to 1 in both stages, and if G pounds of free air 
have to be removed, the amount of steam, S, required 
to do this would be as follows :— 
For the two-stage ejector— 
S=2-2G+2-2?x(G+a)=7:04xG+4-84x2. 
For the two-stage ejector with inter-condenser— 
S=2-2G+2-2x(G+2,)=4°4xG+2-2xa,. 
x and x, are the amounts of vapours contained 
in each pound of air removed in accordance with 
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either the Radojet or the Leblanc type. The Radojet 
type employs an annular nozzle which permits the 
adjustment of the live steam expansion and of the 
entrainment surface, during operation. The Leblanc 
type employs tubular nozzles throughout, arranged 
either singly or in nests. 

The rec nt general interest in the use of high-pressure 
and high-temperature steam has brought into promi- 
nence the matter of closed feed-water systems. In 
these the condensate is preheated to within 20 deg. 
to 50 deg. of the evaporation temperature by means 
of stage heaters. Since the inter- and after-condenser 
of an air ejector are excellently fitted to serve as 
a stage heater, the use of steam air ejectors with 
inter- and after-condensers has brought about further 
development of this type. 

By arranging an inter-condenser between the first 
and second stages, the steam consumption of the two- 
stage ejector can be reduced about 50 per cent. The 





* Paper read at the thirty-third general meeting of 
the Society of Naval Architects and Marine Engineers, 
New York, November 12 and 13, 1925. Abridged. 
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Dalton’s law, at the pressure and temperature existing 
at the suction of the second stage. 2 will be greater 
than 2,, as the latter can be reduced to a minimum 
by supplying sufficient circulating water of low 
temperature to the inter-condenser. 

From the above it is evident that the reduction in 
steam consumption is obtained in the second stage 
only, and that the second stage of an inter-condenser 
ejector has only about 0-4 of the capacity of the 
second stage of a two-stage straight ejector, handling 
the same amount of air with both stages operating. 
The second stage alone is used for the evacuation of 
the condenser from atmospheric pressure to about 
21 in., at which vacuum the first stage is brought 
into operation. Due to the smaller capacity of the 
second stage, the evacuation time will be two and a 
half times longer unless an additional second stage is 
put into operation. 








The design of an inter-condenser requires the 
following considerations: (1) The ratio of air to steam 
is about 1,000 times larger than that in the main 
condenser ; (2) due to this condition, different principles 
must be applied in its design; (3) the air vapour 
mixture withdrawn by the second stage must be 
absolutely free from entrained water globules; (4) this 
necessitates substantially complete separation of the 
condensate from the air undergoing compression. 

A surface condenser of the ordinary type with 
water flowing through the tubes and the steam and 
condensate around them is not so well adapted to 
meet these conditions. With narrowly spaced tubes 
the danger exists that the condensate dripping over 
the outer surface of the tubes will be carried into the 
second stage, unless a separator is arranged. Widely 
spaced tubes, however, mean low air velocity and 
consequent low heat transmission. In Figs. 1 and 2 
annexed, a steam air ejector with surface inter- 
condenser of the Radojet type is shown. The design 
of the inter-condenser is original and embodies the 
considerations outlined above. 

The air to be compressed enters into the suction 
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chamber of the first stage, where it is acted upon 
by the steam issuing in jets from tubular nozzles. 
The mixture of air and steam is delivered through the 
diffuser into the upper chamber of the condenser 
and passes downward through the first group of 
condenser tubes around which is flowing the cooling 
water, condensing most of the steam. The condensate 
remains in the lower chamber and passes off through 
a pipe into the drain control, while the air and steam 
continue their passage upward through the second 
group of condenser tubes, where the mixture is further 
cooled and a further portion of the vapour is condensed. 
The condensate drips downward through drain tubes 
into the iower chamber. The air and remaining 
vapours descend through a third group from the 
upper chamber into the lower chamber (the condensate 
passing off through drain pipes into the drain control), 
and from there pass upwards through a fourth group 
of tubes and the upper chamber into the suction 
chamber of the second stage, where they are compressed 
to above atmospheric pressure. Any condensate 
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collecting on the upper tube sheet runs off through 
drain tubes, which, at the lower end, have a water 
seal, thus maintaining the upper and lower chambers 
isolated from each other as to their pressure conditions. 
The arrangement of a vertical surface condenser 
between stages of a multiple stage ejector with the air 
passing through the tubes has the following advan- 
tages: (1) Complete separation of the condensate from 
the air is obtained. (2) The velocity of the air passing 
through the tubes can be controlled by the arrange- 
ment of a certain number of tube passes, and thereby 
the best possible heat transfer can be obtained. (3) The 
steam jet leaving the first stage flows parallel to 
the tubes, instead of at right angles, as in ordinary 
surface condensers. This eliminates erosion of the 
condenser tubes, which is a common occurrence in 
surface inter-condensers of the ordinary type. If 
sufficient baffle plates are arranged to prevent erosion, 
such baffles cause a pressure drop in the inter-con- 
denser, with a subsequent loss of efficiency in the 
performance of the ejector. The condensate from the 
inter-condenser is automatically returned to the main 
condenser by a vacuum drain control, or through a 
syphon pipe if sufficient vertical height is available. 
The performance characteristics of a steam air 
ejector with inter-condenser are somewhat different 
from that of t'ie two-stage ejector without inter- 
condenser. Fig. 3 illustrates the performance charac- 
teristics of three different types of air ejectors, all 
having the same steam consumption. Curve A shows 
the performance of a two-stage ejector with inter- 
condenser with both stages in operation; curve B 
the same, but with only the second stage in operation. 
The temperature of the circulating water for the inter- 
condenser on which these curves are based is 80 deg. F. 
at the inlet. Curve C shows the performance of a two- 
stage ejector without inter-condenser with both stages 
in operation, and curve D the same, with the second 
stage only in operation. Curve E shows the perform- 
ance of a single-stage ejector, having the same steam 
consumption as both stages of the two aforementioned 
ejectors. It will be noted that curves A and B of the 
inter-condenser ejector cross each other at point | 
or at about 9 inches absolute pressure. This indicates 
that, when using a steam air ejector with inter-con- 


denser, it is of no advantage to have the first stage in | 
operation when the vacuum is less than 21 in. Curves | 


C and D of the two-stage ejector cross each other at 
point 2, which is located much farther to the left at 
about 4-5 in. absolute. With this type of ejector no 
advantage is gained from operating the first stage, 
when the vacuum is less than 25} in. Curve D 
crosses curve A at point 3 or at 5} in. absolute, above 
which absolute pressure the second stage of the 
two-stage ejector without inter-condenser has consi- 
derably larger air-handling capacity than the two-stage 
ejector with inter-condenser. Curve E crosses curve A 
at point 4, which is located at about 5 in. absolute, and 
curve A crosses curve C at 6, or 7°5 in, absolute. 

The following conclusions may be drawn from these 
curves :—l. From 0-2 to about 54 in. absolute the 
ejector with inter-condenser has considerably larger 
air handling capacity per pound of live steam supplied 
than the two-stage ejector without inter-condenser or 
the single-stage ejector. 2. For absolute pressures of 
5} in. and higher the second stage of the ejector without 
inter-condenser handles more air with less live steam 
than the inter-condenser ejector. Hence, for absolute 
pressures of 5 in. and more, the single-stage type ejector 
should be used. 3. Due to the fact that the air- 
handling capacity of the second stage of an ejector 
with inter-condenser is small, the time required for 
evacuation of the condensing plant will be greater. 
If rapid evacuation is desired, an additional single- 
stage ejector will have to be supplied for this purpose. 

The principal factors controlling the performance of 
an air ejector with inter-condenser are: (a) Condition 
of steam supplied ; (b) Back pressure at the discharge. 
{c) The condition of the air handled; (d) The inlet 
temperature and quantity of circulating waiter; 
{e) Cooling surface of inter-condenser. The effects 
of these factors on two-stage ejectors with inter- 
condensers will now be consi-lered. 

Regarding the steam supplied, it may be said that 
it is essential to use high pressure and dry saturated 
or superheated steam. The latter offers advantages 
for the inter-condenser type ejector because the steam 
from the first stage is condensed and the air to be com- 
pressed in the second stage is cooled in the inter- 
condenser. Higher steam" pressures will increase the 
air handling capacity at vacua below 29 in. as may be 
seen in Fig. 4, which illustrates the characteristic 
performances of several air ejectors of the same type 
and steam consumption, but designed for different 
live steam pressures. The effect of the back pressure 
is the same as on two-stage ejectors without inter- 
condensers. Back pressures of more than half-pound 
gauge should be avoided. 

From scientific tests made at the Engineering Experi- 
ment Station at Annapolis it has been found that 


although the general shape of the characteristics of an 
air ejector with inter-condenser handling saturated 
air vapour mixtures is the same as when handling 
expanded atmospheric air under certain conditions, 








saturated air handled by an ejector with inter-con- 
denser. It will be noted that for vacua of 28 in. 
or higher, the rights of saturated mixtures handled are 
greater than those of atmospheric expanded air. This 












































Feed & Filter Tank 


Condensate 
Discharge 








ENGINEERING” 















































11? 


LA a oe = : 
Cf Atmospheric |__| aa 


po KQ 
ESS 
Wits 


SUES 


SSESSSSssSSSSssssssnsns 






























































AS SSS : 














imé&‘n 
ST WEEE WS 
G 


SSS 


SOMES 


SS 


(an 


Drain 














SS 
i 


ais 


Ay 


y] a 
ZZ} 


Zs 
Discharge to 
Main Condens er 
(9396.4) 


the weight of the saturated mixture handled is greater 
and, under other conditions, is less than the weight of 
expanded atmospheric air handled under identical 





operating conditions. Fig. 5 illustrates the compara- 
tive weights of expanded atmospheric air and vapour 
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proves that the volumetric capacity of the air ejector 
increases at lower absolute pressures, which is a desir- 
able feature and an advantage not found in the dis- 
placement pumps, the volumetric capacity of which 
decreases with decrease in absolute pressure. 
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The inlet temperature of the circulating water, as 
well as the quantity of the same, will influence the 
performance of, and the vacuum in, the inter-condenser, 
which in turn again will influence the performance of 
the whole ejector. The inlet temperature and the 
quantity of the circulating water must be within the 
practical limits of the desired vacuum. While it is 
possible to produce a vacuum of 29 in. with circulating 
water entering the inter-condenser at 100 deg. F., the 
amount of air handled will be less than that, if circu- 
lating water at 80 deg. F. or at lower temperature is 
supplied. Fig. 6 illustrates the performance of an 
inter-condenser ejector supplied with the same quantity 
of circulating water at different inlet temperatures. 

A typical arrangement of an air ejector with inter- 
condenser of the Radojet type tor an open feed-water 
system is shown diagrammatically in Fig. 7. The 
condensate from the main condenser is used as circu- 
lating water in the inter-condenser. During periods of 


Fig.1i 








of the condenser shell and discharges into the after- 
condenser section which forms part of the whole unit. 
The steam leaving the second stage is condensed 
therein, while the air and non-condensable gases escape 
through a vent to the atmosphere. A cold pass section 
is provided for the inter-condenser only. The after- 
condenser does not require a cold pass section because 
the temperature of the condensate leaving the after- 
condenser may reach 180 deg. F. or more without 
impairing the performance of the second stage of the 
ejector. The water inlet to the cold pass section may 
be controlled manually, or automatically by a thermo- 
statically-operated valve. Ifa cold pass section is not 
provided, a thermostatically-controlled re-circulating 
system had to be installed. 

The condensed steam from the first and second stages 
is returned into the main condenser by a duplex drain 
control, as shown in Figs. 9 and 10. This consists of 
two separate compartments. The upper one is the 



















































































Live Steam 


augmenter. The vacuum augmenter was invented by 
Sir Charles A. Parsons in 1903 and has since that time 
been applied in connection with wet air pumps of. all 
types for the purpose of improving the vacuum created 
by the latter. High-pressure live steam was used as 
motive fluid in the augmenter, and hardly any changes 
in its design had been made since its invention until 
1917, when, due to the incentive of Mr. John Metten, 
several augmenters of the Radojet type, operated by 
exhaust steam of 3 lb. to 5 lb. gauge pressure were 
developed and successfully installed and operated in 
connection with twin-beam air pumps on a number of 
torpedo-boat destroyers. It was found that, for the 
same ratio of compression and when handling the sanie 
amount of air, this new type of low-pressure Radojet 
augmenter required exhaust steam to the amount of 
only about 25 per cent. of the quantity of live steam 
used by the Parsons’ augmenter. 

A low-pressure augmenter of the Radojet type is 


|From Exchaust Pipe 
3-5.Lbs. Gauge 
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of a ale illustrated in Figs. 12 and 13, and its arrangement in 
Fig. Fig. Ws. connection with a twin-beam air pump is diagram- 
matically shown in Fig. 14. In this arrangement the 
Sache heat from the exhaust steam, used for the operation of 
the augmenter, is returned to the boiler by circulating 
Sh SN the condensate through the augmenter condenser. 
YN The latter is of special design and is provided with a 
N N separate cold pass through which circulating water is 
a | flowing when there is not enough condensate available 
| JK | from the main condenser. The cold water supply is 
Va regulated thermostatically or manually. The applica- 
Y tion of the low-pressure augmenter improves the 
4 vacuum from 1 in. to 2 in. over that obtained by the 
e duplex or twin-beam air pump. An example of 
Casin the saving in steam consumption resulting from the 
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insufficient supply of condensate when starting or | atmospheric drain, the lower one the vacuum drain. 


manceuvring, a thermostatically-operated valve opens 


and re-circulates condensate from the feed tank into | 


the main condenser, wherein it is cooled by falling over 
the tubes, and returned through the inter-condenser 
into the feed tank. In some installations the water side 
of the inter-condenser is divided into two sections, each 
of which has its own water supply. One receives con- 
densate from the main condenser and the other cold 
fresh or salt water from another source. The cold 
water supply is thermostatically controlled by the 
temperature of the condensate leaving the inter- 
condenser. 

A further development has been made by combining 
the inter- and after-condenser in one shell and thereby 
creating a compact and complete unit which entirely 
eliminates the absorption of air and non-condensable 
gases by the condensate when returning practically the 
total heat contained in the steam for extracting the air 
and vapours. Such a unit is illustrated in Fig. 8. It 
will be seen that the second stage is arranged on the top 
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The first receives the condensate from the after- 
condenser, the latter from the inter-condenser. Float- 
controlled sleeve-valves regulate the flow of the con- 
densate, which is returned into the main condenser by 
the prevailing pressure difference. 

The performance characteristic and the factors 
influencing the performance of the ejector with com- 
bined inter- and after-condenser are practically the 
same as those enumerated above for the ejector with 
surface inter-condenser. The arrangement of a steam 
air ejector with combined surface inter- and after- 
condenser in connection with a closed feed-water 
system is diagrammatically shown in Fig. 11. It will 
be noted that the condensate from the main condenser 
is returned directly into the boilers without coming into 
contact with the atmosphere. Absorption of oxygen 
is entirely avoided. The make-up feed is deaerated in 
the main condenser before entering the boilers. 

Another development which should be recorded is 


application of the low-pressure augmenter is given 
below :— 


Vacuum obtained by duplex 


pump alone of sis ... 3°75in. Hg. abs. 
Vacuum obtained by duplex 
pump and low-pressure aug- 


_ 


menter in use oi ... 1+73in. Hg. abs. 

Net saving in steam consumption 

of main turbine at full load 

For the removal of the condensate from the high 
vacuum condenser turbine-driven pumps of the centri- 
fugal type are employed. If the total head, including 
the head due to the vacuum, exceeds 80 ft., two-stage 
type centrifugal pumps have to be used. The turbine 
driving the pumps is equipped with a constant speed 
governor, an emergency trip governor, and a hand- 
operated valve for admitting steam to an additional 
nozzle in case the boiler pressure falls considerably 
below normal. In low-vacuum condenser installations 
the horizontal duplex reciprocating type piston pump 
is used, 


9-1 per cent. » 





SurppInc CasuaLties.—Returns recently issued by 
Lloyd’s Register of Shipping showed that the vessels of 
100 tons gross and above tctally lost or condemned in 
consequence of casualty of stress of weather during the 
quarter ending June 30 last, numbered in all 54 steamers 
and motor-ships of a total tonnage of 86,737, of which 13 
units and 18,867 tons belonged to Great Britain and 
Ireland, there being, further, 23 sailing ships totalling 
13,094 tons, all the latter belonging to foreign countries. 
Vessels otherwise broken up, condemned, &c., numbered 
in all 38 steamers and motor-ships, or 99,366 tons gross, 
of which 12 units and 22,799 tons belonged to Great 
Britain and Ireland. 15 sailing ships totalling 19,363 





that of the low-pressure steam-operated vacuum 


tons were broken up, &c. ; none were British. 
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THE KHYBER RAILWAY. 


Tue opening of the Khyber Railway on November 2, 
briefly referred to in our issue of the 6th ult., page 581, 
is an event of considerable importance in the history of 
India. The railway system of British India has thereby 
been extended to the Afghan border and a connection 
has been established which for a long time has been 
considered desirable. The great engineering difficulties 
which have been overcome and the standard to which 
the railway has been built render it, besides, atechnical 
achievement ranking with the many great engineering 
works carried out in India under British control. 

In considering this accomplishment, the features 
which stand out most prominently are the early diffi- 
culties of location, the organising of the work of con- 
struction, and the slow process of obtaining the confi- 
dence and the active co-operation of the tribesmen. 
The work of location has a history of nearly half a 
century behind it. When the main line of railway had 
nearly reached Rawalpindi, iiie idea of continuing rail 
communication farther along this historic trade route 
held the imagination of those responsible for railway and 
frontier policy, and reconnaissances were made under 
the orders of the late Sir Guildford Molesworth. The 
object of these was to investigate the feasibility of a 
metre-gauge railway from Rawalpindi to the Frontier 
by way of the Kabul River and the Khyber Pass. 
Many years passed before the project was again 
actively considered. In 1883 the main line was 
extended from Rawalpindi to Peshawar Cantonment ; 
and the extension to Jamrud was opened in 1901, 
eighteen years later. 

In the meantime, other surveys of the Pass had been 
made and a railway reconnaissance had been carried out 
for a line beyond Landi-Kotal, as far as the left bank 
of the Tor Tigha Nullah, which joins the main ravine, a 
short distance below Landi-Khana. In 1905, the 
project for a railway through the Pass suffered a 
temporary eclipse by the commencement of a railway 
which was designed to start from Kacha-Garhi, between 
Peshawar and Jamrud, and to follow the Kabul River 
and Loi Shilman Valley. Its construction was, 
however, suspended in 1909 and the line was subse- 
quently abandoned. 

It was not until the spring of 1919, when the Armistice 
had brought with it some prospect of relief from the pre- 
occupations of the Great War, that the Government of 
India again took up the proposal to extend the railway 
from Jamrud to the Frontier. In May of that year, 
Colonel G. R. Hearn was instructed to examine alterna- 
tive routes to the Frontier. The work done, under the 
conditions of extreme difficulty and at times of con- 
siderable risk to the surveying staff, was such that in 
April, 1920, Lord Chelmsford’s Government decided 
in favour of extending the standard (5 ft. 6 in.) gauge 
railway through the Khyber Pass on Colonel Hearn’s 
alignment. Construction of the line was sanctioned in 
July, 1920, and in November, after various preliminary 
difficulties had been overcome, the work of construction 
was actually commenced. To Colonel Hearn belongs the 
credit of the location of the line—one of the finest pieces 
of work carried out by British engineers in India. 

The new line starts from Jamrud at an elevation of 
about 1,500 ft. above sea level, and rises to a height of 
about 3,500 ft. at the summit of the pass, Landi-Kotal, 
descending again steeply from Landi-Kotal to Landi- 
Khana, about 2,600 ft. above sea level. The rise from 
Jamrud to Landi-Kotal of 2,000 ft. is effected in a 
length of 204 miles, the fall from there to Landi-Khana 
of 900 ft., roughly, being effected in a length of only 
5} miles. 

At the start the earthwork is comparatively light, 
but gets heavier as it enters a deep cutting in limestone 
at the jaws of the Pass. The line then swings to the 
right and crosses the Bagiari Nullah and the Khyber 
motor road by a viaduct of good proportions, con- 
sisting of five spans of 40 ft. with piers 55 ft. high. 
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There are no less than 34 tunnels aggregating about 
3 miles in length, and the construction involved 
80 million cub. ft. of earthwork and numerous bridges, 
none of which, however, except the Bagiari Viaduct, 
has any special features of design. The principal 
difficulties in construction have been encountered in 
the tunnel work, much of which is through treacherous 
shale, perhaps the worst material an engineer can 
encounter in such work, its unreliability being much 
accentuated when, as was the case in some parts of the 
Khyber Railway, underground springs occur. Under 
such conditions the highest qualities are required in the 
tunnel construction staff. 

That the work has taken five years from its commence- 
ment, although the length of the line is only 27 miles, 
may seem to need some explanation. When, however, 
the conditions under which the construction had to be 
carried out are fully understood there will be universal 
approbation of the efforts of the engineers whose energies 
have never flagged and whose enthusiasm never failed. 

The whole of the railway lies in the tribal territory 





It then crosses the Khafirtangi Nullah on a bank 60 ft. which forms the border of India, and it was wisely 
ae hg peony! ree first oe ew er decided at the very outset that the construction should 
at mile 5. Still following the main Kafirtangi Nullah,| be put in the hands of the tribesmen themselves. 
it passes through the spur by a curved tunnel 1,400 ft. | Although this decision threw a great deal of additional 
long, reaching the second reversing station at Shagnai. | work on the engineers, who had at first to instruct the 
UME Sande CAA ois Weis Ge ier cole ce een i ak en eee 
mney , y. Tr On| them their constant guidance and attention, there is 
eS, aed beh ge) = sok pire | little doubt _— it has been productive of success 
» they in every respect. 
to be only 350 ft. apart. ities 
The line then crosses over the top of the Kafirtangi | 
Tunnel, just mentioned, passes into another tunnel, 
and then follows a winding ravine, a tributary of the | 
main Khyber Nullah, in order to attain a good station | 
site at Shagnai, close to the two roads. Leaving the | 
Shagaai Plateau, it passes through the Ali Masjid gorge | 
at a high level in order to avoid interference with the | and Co., Limited, of Ranelagh Works, Ipswich, is illus- 
two roads through the Pass. Running on through | trated above. It is the outcome of experiments, made 
Katakushta, it reaches the station site at Landi- | in Messrs. Reavell’s laboratory, in the use of a small 
Kotal, to the south of the curved Ghatzai Ridge some-| pump, designed for another purpose, in connection 
: — : fre aren. ; 
what away from the Camp, a position which was obli- | with chemical research work. The result of the experi- 
gatory in view of the descent to Landi-Khana. | ments was so satisfactory, and the saving in time which 





ROTARY AIR PUMP FOR LABORA- 
TORY WORK. 

An interesting little electrically-driven rotary air- 

pump, which is being manufactured by Messrs. Reavell 


3. 


resulted from the use of the pump was so great, that 
the firm decided to put on the market a small low-priced 
pump designed expressly for use in chemical labora- 
tories. The little plant is intended for use in connec- 
tion with filtration, blowpipe analysis, &c. Its method 
of use in connection with the latter work will be obvious, 
and it will be clear that a much steadier flow of air is 
thus secured than is possible with the usual foot bellows, 
without fatigue to the operator, so that he can give the 
whole of his attention to the work in hand. Another 
simple application of the pump is in connection with 
the removal of acids, distilled water, &c., from carboys. 
By employing the usual syphon tube and arranging for 
the pump to deliver air into the corked carboy through 
a second tube, an accelerated syphoning action is 
obtained. The method may very usefully be em- 
ployed for syphoning off lime water in chemists’ shops. 

For use in speeding up filtration, the suction and 
delivery of the pump may be used simultaneously. The 
liquid holding the precipitate is carried in a corked 
flask with a syphon tube leading to the filter, and air 
pressure is applied above the surface of the liquid inside 
the flask, so that the pressure syphoning action takes 
place exactly as in the method of emptying carboys 
described above. At the same time, if connection is 
made from the pump suction to the inside of the flask 
into which the filtrate is being passed, a suction effect 
is created below the filter paper and the filtering action 
is considerably speeded up. The same method may 
be used in washing the precipitate. This method of 
filtering under a suction head allows of considerable 
economy in filter papers. By employing perforated 
porcelain discs, an ordinary-sized filter paper circle 
will serve for from five to ten filtrations, while the 
clippings can be used for pulp filtrations. This gives 
a filter paper saving of from 80 per cent. to 90 per cent., 
with a corresponding decrease in the amount of filter 
paper ash left after ignition. The paper should be 
cut about } in. larger in diameter than the disc used ; 
the suction pulls the edge in between the disc and the 
funnel, making a tight joint. 

The construction of the pump does not require any 
extended description as it is adequately shown in the 
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figures. As will be seen, it is of the rotary type, with 
radial blades, or slides, which move outward under 
centrifugal force. The arrangement of the suction and 
delivery ports is clearly shown in Figs. 1 and 2. The 
ball delivery valve and the ball-bearing arrangements 
are also shown in these figures. The suction and 
delivery connections are made suitable for the attach- 
ment of rubber tubing. It will further be seen that the 
motor and pump form a self-contained unit. It has a 
total weight of only 8 lb., and its dimensions may be 
judged from the matchbox which is shown alongside it 
in Fig. 3. The motor is of 1/30-h.p., and may, of course, 
be run from an ordinary lamp socket. By allowing 
more or less air to enter the suction through a regulat- 
ing tap, any degree of vacuum for filtration work may 
be obtained up to 15 in. of mercury. Air pressures on 
the delivery side up to 5 lb. per square inch, are easily 
obtained. 





MARINE BOILER EXPLOSIONS. 


Inquietss into the ciréumstances attending explo- 
sions in connection with four marine boilers were 
held recently at the Board of Trade Surveyors’ offices 
in London, Liverpool, North Shields and Hull. Detailed 
reports giving an account of the proceedings and full 
particulars of the accidents have iust heen published. 
The inquiry held in London dealt with an explosion 
from a boiler on board the ss. Alison. The accident 
occurred on May 2 last, when the vessel was aground 
in the river Stour whilst on passage from Ostend to 
Richborough. A screwed tap rivet, which had been 
fitted in the weld of the fvrnace, at a point located 
6 in. from the combustion chamber, was blown out, 
leaving a hole 1} in. in diameter. No reason could 
be definitely assigned to the cause of the explosion, 
it might have been due to corrosion, although the 
boiler did not show any signs of active corrosion. It is 
stated that no leakage was seen in the furnace at the 
inspection made on April | and 2 last, and the fire side 
of the furnace was in good condition. The boiler, 
which had been in use for 25 years, was of the ordinary 
cylindrical multitubular marine type, 12 ft. 6 in. in 
external diameter and 9 ft. 6 in. in length, fitted with 
three plain furnaces 3 ft. 1] in. outside diameter and 
4 in. thick. The working pressure was 80 lb. per 
square inch, 

The inquiry held in Liverpool had reference to an 
explosion from a water gauge which occurred on board 
the ss. Forestdene, on February 28 last, shortly after 
the vessel had left port. The part which failed was 
one of two cast-iron stand pipes which carried the 
water-gauge mountings. A small hole developed in 
one of these pipes, thus allowing water to escape 
from the boiler. The explosion was due to corrosion 
of the metal of the stand pipe, which was of inferior 
quality and porous. The boiler was built by Gebr. 
S. Volker, Afzn., Sliedrecht, in 1919. The stand pipe 
was that originally fitted to the boiler, and was, there- 
fore, six years old at the time of the explosion. The 
boiler and its mountings were examined, in 1924, by a 
surveyor to the Bureau Veritas, in company with the 
superintendent engineer. The latter again inspected 
the boiler about three months prior to the accident. 
The Forestdene is propelled by a set of triple expansion 
engines, and steam for all purposes is supplied by one 
single-ended multitubular boiler, working at a pressure 
of 180 lb. per square inch under natural draught ; 
there are two furnaces 45 in. in diameter. 

An explosion from a boiler on board the 91-ton 
steam drifter Agnes and Janet formed the subject 
of the preliminary inquiry held at North Shields. The 
accident occurred on June 25 last, when the vessel 
was on the fishing grounds in the North Sea, while 
preparations were being made for hauling in the nets. 
The explosion was due to the failure of the port com- 
bustion-chamber bottom plate at the forward end on 
the port side. A hole about & in. in diameter was 
formed immediately below the wrapper plate joint, 
and a rivet in this joint was blown out. The mishap 
was caused by corrosion and pitting on the water side 
of the combustion-chamber bottom plate. The boiler, 
which was 11 years old at the time of the explosion, 
was made by Messrs. Palmers’ Shipbuilding and Iron 
Company, Limited, Hebburn-on-Tyne. Of the ordinary 
cylindrical multitubular single-ended marine type, it 
has an interna] diameter of 10 ft. and a length of 9 ft. ; 
there are two plain furnaces and the working pressure 
is 180 lb. per square inch. No regular inspections were 
made of the boiler, but it was examined in April of 
this year by the superintendent engineer to- the agents 
for the vessel, Messrs. Hastie and Company. An 
inspection was also made in September, 1920, by Mr. 
Blakey, on behalf of the Total Loss Mutual Insurance 
Company, of Sunderland. 

The circumstances attending an explosion from a 
boiler manhole on board the 227-ton steam fishing 
vessel King Harald are given in the report of the 
preliminary inquiry held at Hull. The accident 
occurred on August 17 last, when the vessel was pro- 





ceeding to sea from Grimsby. Part of the material 
forming the joint of the bottom manhole door was 
forced out from between the end plate and the door, 
thus allowing water and steam to escape into the 
stokehold. The steam pressure at the time was 
155 lb. per square inch. The explosion was due to the 
fact that the door did not fit properly into the manhole 
opening in the end plate ; another reason was that the 
nuts had not been sufficiently tightened as steam was 
raised on the boiler. A subsequent examination 
showed that the threads on the studs were bound with 
dirt immediately below the position of the nut. It 
may, therefore, have been difficult to tighten the joint 
further. The boiler is of the ordinary cylindrical, 
multitubular, single-ended marine type; it has an 
internal diameter of 11 ft. 6 in. and a length of 10 ft. 
3 in. There are two plain furnaces and the safety 
valves are adjusted to lift at a pressure of 200 lb. 
per square inch. The boiler was inspected in March, 
1925, by the superintendent engineer of the owners, 
Messrs. the North Eastern Steam Fishing Company, 
Limited, of Grimsby, and by the senior engineer sur- 
veyor of the company with whom the boiler was 
insured. The boiler was opened up and cleaned three 
days before the explosion took place. 





PLUG FOR SEMI-DIESEL 
ENGINES. 


In starting up semi-Diesel engines, some external 
source of heat is necessary to ignite the oil spray until 
some part of the combustion chamber becomes suffi- 
ciently hot to maintain ignition. In the past, a blow- 
lamp, or a slow-combustion cartridge, was almost 
exclusively employed for this purpose, but more 
recently an electrically heated plug has been utilised. 


IGNITION 














We illustrate a plug designed for this purpose, which 
has been introduced by Messrs. Lodge Plugs, Limited, 
of Rugby, in the figure above. 

Before describing this plug in detail, reference may 
with advantage be made to the conditions which have 
to be fulfilled to ensure satisfactory service. To 
obtain certain ignition when the engine is cold, it is 
necessary for the igniting wire to reach a temperature 
of about 1,000 deg. C. The only satisfactory material 
for this wire is a high-resistance alloy. The most 
suitable alloys have a very low temperature coefficient, 
that is to say, their electrical resistance increases very 
slowly with increase in temperature, and the result is 
that a wire made from an alloy with this characteristic 
tends to fuse when used for ignition purposes. In a 
semi-Diesel engine, for example, before normal ignition 
is sufficiently established to enable the plug to be 
switched off, the combustion chamber may reach a 
mean temperature of about 500 deg. C., with the result 
that the igniting wire, if connected directly to the 
battery, would reach a temperature of nearly 1,500 


deg. C. This temperature approaches that of the 
fusing point of the wire, and the life of the plug would 
therefore be uncertain. 

To overcome this defect, the Lodge plug is arranged 
with a resistance coil, having a high coefficient of 
resistance, in series with the heating wire. The plug is 
designed to operate on a 12-velt circuit, and each plug 
takes 12 amperes. On switching on the current, the 
heating unit reaches a steady temperature of 1,000 
deg. C., and the resistance unit a temperature of 
200 deg. C., in about 15 seconds. When the engine is 
started up and ignition occurs, the temperature of the 
combustion chamber will rise to a mean value of about 
500 deg. C. Under these circumstances, the resistance 
unit will attain a temperature of about 600 deg. C. 
and, owing to its increase in resistance, will automati- 
cally cut down the current from 12 to 9 amperes, with 
the result that the highest temperature reached by 
the heating unit is only about 1,300 deg. C., which is 
well below that at which it is likely to burn out. 

Turning now to the actual construction of the plug, 
the design of which is provisionally patented, it will 
be seen from the illustration that the essential part 
consist of an insulated centre-pin, on which the two 
coils are mounted. The lower, or heating unit, consists 
of several thin wires, with the result that the igniting 
temperature is reached very quickly ; and, in addition, 
there is only a low-current density at the contacts of 
the wire owing to the proportionately greater surface. 
The resistance unit is wound with thinner wire than the 
heating unit, so that it shall react more quickly to 
changes in external temperature. Each of the units 
is self-contained on a bobbin, and may be slipped off 
the central pin, and replaced by a new unit, by merely 
taking off the two nickel nuts at the end of the plug. 
The body of the plug follows the firm’s usual practice, 
and is fitted with radiating fins similar to those employed 
on their well-known aero plugs. All the metal parts 
which are exposed to the flame are made of pure nickel, 
and the insulation is of Lodge steatite, which will easily 
withstand the highest temperature reached in an 
engine. When a semi-Diesel engine is used for long 
non-stop runs, it is an advantage to be able to shut off 
the ignition plug from the combustion chamber after 
starting up. The long thin shape of the Lodge plug 
lends itself readily to enclosure within a container 
which can be closed by some simple means from the 
outside of the cylinder. 

The electrical equipment for use with the plug 
consists of « dynamo driven from the engine, feeding 
a 12-volt battery through an automatic charging switch. 
For a single or two-cylinder engine a battery having a 
capacity of 50 ampere-hours is sufficient, but for three 
or four-cylinder engines a capacity of 100 ampere-hours 
is desirable. It will thus be seen that the ordinary 
electrical sets, supplied for private or commercial 
vehicles respectively, are quite ‘suitable for use with 
this plug, and leave a sufficient margin to run a few 
lights in addition. The latter feature may be advan- 
tageous in the case of engines fitted in motor boats. 





Train Frrries.—A paper dealing with tho history 
and development of train ferries was read at Leeds 
recently by Mr. T. H. Seaton, A.M.Inst.C.E., before 
the Yorkshire Association of the Institute of Civil 
Engineers. The train ferry, the author stated, owed 
its inception to the ingenuity of British engineers, 
The earliest ferries were installed between 1850 and 
1860; one across the Nile, by Robert Stephenson, 
and others across the Firth of Forth and the Tay. These 
were foliowed by ferries across the Rhine and the Lake 
of Constance. Denmark next adopted this system of 
transport ; the Peninsular of Jutland and the many 
islands around it were a favourable ground for the 
introduction of train ferries. Denmark now possessed 
several routes in active operation, linking up its rail- 
way system, and making connections, with the systems 
of Sweden and Germany. The ferries on the American 
Great Lakes were of special interest. The weather 
conditions were severe, ice fields had to be crossed, and 
the distances travelled were upwards of 240 miles on 
one route. The traffic was particularly heavy, and many 
of the boats employed were of considerable size; they 
had, at times, to act as ice-breakers. Modern train 
ferries had proved the truth of the dictum, that improved 
facilities tended to augment traffic beyond the capacity 
of those facilities, since the effect of their introduction 
had often been to create a considerable volume of new 
traffic. Though the European War was nearing its 
termination when the Cross-Channel ferries were com- 
pleted, they had proved of great assistance in easing the 
transport situation, and, after the Armistice, a consider- 
able volume of traffic was ferried, whilst the British 
armies were evacuating. The boats, together with the 
terminal bridges, were now used in connection with the 
train ferry between Harwich and Zeebrugge. The 
Belgian authorities believed that the introduction of 
this means of transport would have the effect of stimu- 
lating certain of their industries, and were assisting 
the project in every possible way. Japan was the latest 
country to adopt train ferries, a service having been 
inaugurated between the mainland and Hakodate. 
four turbine twin-screw vessels were being built, em body- 
ing the latest practice. 
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CATALOGUES. 
Electric Cables.—The A.C.E.C., of Charleroi, Belgium, 


have issued a catalogue of paper-insulated cables with 
priced lists for each variety. 


Oil Engines.—Messrs. Plenty and Son, Limited, Kings- 
road, Newbury, have issued a circular giving particulars 
of their larger types of oil engine developing up to 
900 brake horse-power. 


Office Supplies.—From Messrs. Kenrick and Jefferson, 
West Bromwich, we have received two circulars explaining 
their prepared card index forms of the new post-card size 
and a variety of furniture and letter-filing appliances. 





Electric Motors.—A catalogue of auto-synchronous 
motors, containing some interesting matter on improve- 
ment of power factor, is to hand from Messrs. Crompton 
and Co., Limited, Chelmsford. 

Electrical Testing 
Limited, Hollinwood, Lanes., have sent 
of a paper written by their chief designer, Mr. 
Norris, on high-voltage testing equipments. 


Equipments.—Messrs. Ferranti, 
us a reprint 


I) 


Second-Hand Machinery.—We have received a copy 
of the October issue of the monthly register of new and 
second-hand machinery for sale, published by Messrs. 
Charles D. Phillips, Limited, Newport, Mon. The list 
is extensive and conveniently classified. 


Heat-Extraction Engines.—Messrs. Cole, Marchant and 
Morley, Limited, Bradford, have issued a circular con- 
taining remarks and figures on the economy of extracting 
heating steam from the engine after it has done work 
in power production. 


Aero Engines.—A catalogue giving very full particulars 
of the 120 h.p. Bristol Lucifer air-cooled static radial 
aero engine has come to hand from the Bristol Aeroplane 
Company, Limited, Filton, Bristol. This engine is much 
used in instructional aeroplanes. 


Oil Engines.—Mr. Marcel Porn, Fleet-street, 
London, E.C.4, has sent us a catalogue of land and 
marine oil engines made by the Motorenfabric Deutz 
Company of Cologne, Germany, for which firm he is sole 
agent in this country. 
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Chimney Cowls.—Messrs Ewart and Son, Limited, 350, 
Euston-road, London, N.W.1, have sent us a descriptive 
circular and priced list of their Emperor cowl. This is of 
the rotating-head type, and the testimonials quoted show 
that it has proved very effective in preventing down 
draught. 


Dock Cranes.—A sketch of the development of lifting 
and carrying machinery in the docks of the Great Lakes 
of America, written by Mr. Alexander C. Brown and 
profusely illustrated, has been issued by the Brown 
Hoisting Machinery Company, Cleveland, for circulation 
with their trade publications. 


Gear-Cutting Machine.—Messrs. Schuchardt and 
Schutte, Berlin, have sent us a catalogue of their auto- 
matic hobbing machines for cutting plain. spiral and 
worm gears. The London agents are Messrs. Dowding’s 
oe ge Tool Company, Bath House, Strand, London 

’.C.2, 

Marine Oil Engines.—Messrs. J. W. Brooke and Co., 
Limited, Lowestoft, have issued a catalogue of marine 
oil engines from 3 h.p. to 65 h.p. Specifications and 
prices are given for each size. The smallest, developing 
3 h.p., is a two-stroke engine, the others being the four- 
stroke cycle. The engines are supplied alone, or with 
reversing gear, and complete equipment. 


Welding.—A bronze welding rod suitable for joining 
all metals except aluminium has been produced by the 
Suffolk Iron Foundry (1920) Limited, Stow market, who 
send us a circular explaining the rods and the method 
of using them. It is stated that the heating of the parts 
need not be carried to the degree generally required in 
these operations. 


Automatic Regulators.—Instruments for the automatic 
regulation of temperature, vacuum, humidity, density, 
gs &c., are the subject of a special catalogue, issued 

y British Arca Regulators, Limited, Windsor House, 
Victoria-street, London, 8.W.1. The instruments, charts, 
&c., are illustrated and described in detail. 


Garratt Locomotives.—A catalogue of Garratt articu- 
lated locomotives received from Messrs. Beyer, Peacock 
and Co., Limited, Gorton, Manchester, illustrates 
examples recently constructed for the London and N.W. 
Railway Company, the London and N.E, Railway Com- 
pany, and various Indian and South African railways ; 
engines supplied for shunting work are also illustrated. 


Constructional Work.—Messrs. D. G. Somerville and 
Co., Limited, 35, Grosvenor-place, Westminster, London, 
8.W.1, have issued a book containing about 250 illus- 
trations of constructional wo-k carried out to their 
design. These include bridges, tunnels, piers and marine 
works, as well as buildings for factories, warehouses, 
cottages, &c. 


Electric Motors.—We have received from The Metro- 
politan-Vickers Company, Limited, Trafford-park Man- 
chester, three catalogues dealing, respectively, with direct - 
current mill motors up to 170-h.p. and 600 volts, the 
general construction of direct-current commutating pole 
motors and generators, and with motors of the last- 
mentioned type in sizes from }-h.p. to 250-h.p. 


Power Production from Oil.—Messrs. Shell-Mex Limited, 
Shell Corner, Kingsway, W.C.2, have issued a pamphlet 
discussing the fuel supply of lubrication of heavy oil 
engines and giving a large amount of practical informa- 
tion on operation and costs with a view to encouraging 
the adoption of these engines. The pamphlet is worthy 
of careful study by engineers. : 





Electric Machines.—The British Thomson-Houston 
Company, Limited, Rugby, have issued three new cata- 
logues dealing with field-discharge resistances, .astru- 
ment transformers for line voltages up to 11,000 volts, 
and field rheostats. All these catalogues are carefully 
prepared, and full technical and commercial information 
Is given. 

Air-Conditioning Apparatus.—A considerable amount 
of useful information on producing proper Sg te 
conditions in factories, warehouses and public buildings 
will be found in the catalogue of the Aerozon Air Con- 
ditioning Company, Limited, Thornycroft House, Smith- 
square, London, 8.W.1, a copy of which has recently 
come to hand. 


Steam Road Rollers.—Messrs. Marshall, Sons and Co., 
Limited, Gainsborough, have sent us a photograph of a 
train-load of twenty steam-road rollers leaving their 
works for shipment to Greece. This is part of an order 
for a hundred similar engines for the Greek Government 
—probably the largest single order for road rollers ever 
given. 

Electric Winches.—An electric winch suitable for ware- 
house and similar hoisting work and made in three sizes 
for lifting loads of 10 ewt., 15 ewt., and 20 ewt., is 
described in a leaflet received from the General Electric 
Company, Limited, Birmingham. The winches are 
supplied for direct or alternating current and are fitted 
with very simple controls for operation by unskilled 
labour. 


Azle Box Lubricator.—A catalogue describing their 
lubricator, a woven pad conveyor with cotton feeders, 
is to hand from the Armstrong Oiler Company Limited, 
York. It is made to fit in the axlebox and supply oil 
to the journal from a reservoir. A reprint of a paper by 
Mr. Ernest Mooney, giving some useful and practical 
information on the subject, was received with the cata- 
logue. 


Reduction Gears.—From Messrs. Crofts (Engineers) 
Limited, Thornbury, Bradford, we have received a 
catalogue of double-helical reduction-gear sets, giving 
tables of standard ratios and powers transmitted at 
given speeds. These gears are of the single and double- 
reduction types, with ratios from 3 to 1 to 30 to 1, and 
are capable of transmitting from 2 h.p. to over 300 h.p. 
Sets of double-helical gear wheels, bevels, worms, spirals, 
bearings, clutches, shock-dampers, and other accessories 
are also dealt with. 


Steel Structures.—Messrs. F. Braby and Co., Limited, 
Petershill-road, Glasgow, have sent us a new catalogue 
of steel work for buildings, sheds, bridges, tanks, towers, 
&c., which may be summarised under two headings, 
viz., structures made to order and delivered in parts 
ready for erection, and standard parts from which 
extensions or new structures may be erected. Columns, 
girders, roofs and partition parts are made up in units 
of various sizes and to a more or less advanced stage 
of completion. The second catalogue, a revised edition, 
relates to steel furniture, including storage bins, racks, 
lockers, office furniture and semi-portable office buildings. 


Special Steels.—Mesrs. Edgar Allen and Co., Limited. 
Sheffield, have issued a new edition, the seventh, of 
their catalogue of steels for motor cars and aircraft. 
The general arrangement follows the lines of previous 
issues with additional matter on heat treatment parti- 
culars of mechanical tests, and charts and tables of 
relevant matter. The list of motor car parts, with 
symbols indicating the special steel for each, includes 
details of engine transmission, axles, steering gear and 
chassis. Increasing imnortance is placed on heat treat- 
ment and, as the advice given in the catalogue includes 
precise practical directions, engineers should find it 
particularly useful. 


Waste-Heat Boilers.—An interesting catalogue of 
waste-heat boilers has reached us from Messrs. Joseph 
Adamson and Co., Hyde, Cheshire. These are boilers of 
the marine type and are designed to absorb a proportion 
of the waste heat from steel works for steam raising. 
In one case recorded, the waste gas escaping from the 
soaking pits at 800 degs. Fahr. was found to be capable 
of evaporating from 6,000 Ibs. to 8,000 lbs. of water per 
hour and as the working time in a rolling mill may 
average 120 hours a week, the saving of coal by adopting 
the waste-heat boiler is given as 60 tons per week. Some 





useful technical and commercial information on the 
subject is given in the catalogue. 
THE German LocomotivE Inpustry.—A _ recent 


announcement in the German Press states that several 
firms engaged in the manufacture of railway locomotives 
are proposing to suspend operations or, at least, to 
restrict production greatly on account of the acute 
shortage of capital and lack of orders. It is declared that 
the Rheinmetall works intends to close down locomotive 
and carriage building shops when contracts on hand are 
pr rg Krupps, too, are said to be contemplating 
similar measures whilst, although Linke-Hofmann- 
Lauchhammer have on hand an order of considerable 
magnitude for locomotives for export, a reduction in the 
number of workmen engaged by this combine is expected 
to be made at an early date. The most disquieting 
factor in the situation is that the State railways possess 
some 5,000 engines not at present required, and though a 
good percentage of these are out of date and should 
be scrapped, a proportion of newer units will remain 
available for service. About 14,000 carriages are not in 
use at the moment, and the existence of this rolling stock 
renders the prospect of fresh orders for new vehicles 
very remote. Apart from these factors however, the 





export outlook is very discouraging. 








ROYAL METEOROLOGICAL SOCIETY. 


Art the usual monthly meeting of this Society, held 
on the 16th inst. at the Society’s Rooms, 49, Cromwell 
Road, South Kensington, the following papers were 
read and discussed :— 

‘The Marsham Phenological Record in Norfolk, 
1736-1925, and Some Others.” By I. D. Margary, M.A. 
This paper was concerned with the remarkable pheno- 
logical record kept by five generations of one family 
at Hevingham, near Norwich. The length of the record 
(190 years with one break of 25 years after 1810) 
is probably unique for any form of private observing. 
The observations included the dates of leafing of 
thirteen common trees, flowering of snowdrop, haw- 
thorn, &c., and the movements of eight migrant and 
other birds, as an index to the character of the spring 
months. The data are in good agreement with those 
published in the Society’s annual phenological reports, 
and so provide comparable figures back to «bout 
1745. The mean date for a group of seven of the 
plant events covering the period January—May has 
been worked out for each year. The annual variations 
are rather closely related to temperature. They also 
show a very definite periodicity, averaging 12 years 
between unusually backward springs or early springs. 
Recent extreme years are :—Early 1912, 1921. Late, 
1908, 1917. The intervals have recently been shorter 
than the average, and the curves indicate that the 
next late extreme is now being approached, though 
the actual year is, of course, uncertain. A similar, 
though less well-marked periodicity, is shown by 
Greenwich mean temperature for January—May. 
Comparing the plant dates in the eighteenth and 
twentieth centuries (taking averages for the 35-year 
periods 1751-85 and 1891-1925 of the sixteen plants, 
ten were earlier in the recent period, three were un- 
changed and three later—possibly an indication of an 
earlier tendency in recent springs. Migrant birds 
seem independent of these conditions. The cuckoo 
is markedly more regular in its date of arrival than is 
the swallow, and its yearly variations show some 
relation to April temperature, while the swallow shows 
no such relation. The swallow’s date of arrival is 
definitely getting later (the average for the 35 years 
1891-1925 being eight days later than for 1751-85), 
in contrast with that of the cuckoo, which has on the 
average kept a constant date throughout the 
period. 

The second paper was entitled ‘‘ Experiments in 
the Shielding of Raingauges,” and was presented by 
C. D. Stewart, B.Sc. It stated that the chief difficulty 
met with in the measurement of rainfall was the 
effect of wind in decreasing the catch of a gauge owing 
to the eddies set up by its projecting parts. This 
paper gave an account of experiments which have 
been in progress for some years at Valencia Obser- 
vatory to test the efficacy of different methods of 
shielding a raingauge from such eddies. It had been 
found that protection was afforded in varying degrees 
by buildings, the Nipher Shield and pits. 

A third paper ‘On the Dynamics of Geostrophic 
Winds,” was by Harold Jeffreys, D.Sc., F.R.S. Its 
purpose was to show that all problems of the motions 
of the atmosphere produced by temperature changes 
of large horizontal extent can be reduced to closely- 
related problems of tides in an ocean of uniform 
depth. These problems, in the absence of fricticn, 
could in general be solved by known methods. The 
theory was applied to the annual variation of pressure 
in Central Asia, and gave fair quantitative agreement. 
When applied to the general circulation, however, it 
was found to give easterly winds everywhere, contrary 
to observation. It appeared that friction would 
considerably alter this result, and on examination 
it was found that a steady circulation was impossible 
when friction was present. The only dynamically- 
admissible types of motion with friction involved 
westerly circulations around the poles and syst2ms of 
cyclones whose height was comparable with that of 
the tropopause. 





Tria Trip oF THE §.S. ‘“ TRESILLIAN.”—Recently 
successful trials were carried out by the steamer Tresillian, 
which has been built by Messrs. William Gray and Co., 
Limited, of West Hartlepool, to the order of the Hain 
Steamship Company, Limited, of St. Ives, Cornwall. 
The vessel, which is of the shelter-deck type, has a 
length of 412 ft. 6 in., a breadth of 53 ft., and a moulded 
depth of 28 ft. ll in. The hull is constructed with deep 
channel frames, and has a cellular double bottom and 
large fore and after peak ballast tanks. Nine steam 
winches and a warping winch are provided to facilitate 
the expeditious handling of the cargo, while direct-acting 
steam steering gear is arranged aft, being controlled by 
telemotor apparatus situated amidships. A large hori- 
zontal, multitubular donkey boiler supplies steam for 
these auxiliaries. The propelling machinery, installed 
by the shipbuilders, consists of triple-expansion engines 
having cylinders 27, 44, and 73 in. in diameter and of 
48-in. stroke, steam being obtained from three large 
boilers working at a pressure of 180 lb. per square inch. 
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SELECTED ABSTRACTS OF, RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, S¢ ne : pt Buildings, Chancery-lane, W.C., at 
e of 18. 


the uniform 

The date of the advertisement of the pt of a Comp 
Specification’is, in each case, oo after the abstract, unless the 
Patent has been sealed, when t ** Sealed’ is appended, 

Any person may, at any time within two months from the date of 
the advertisement of the pt of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 
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ELECTRICAL APPARATUS. 


237,707. The English Electric Company, Limited, 
London, and F. N. Linstow, Stafford. Circuit 
Breakers. (3 Figs.) July 3, 1924.—The invention 
relates to electric switches of the type in which the 
contacts are immersed in oil. The switch container 
5 and its cover 6 are constructed so as to be able to with- 
stand a considerable degree of pressure internally, Con- 
ductors 1, 2, surrounded with tubes of insulating material 
21, 22, such as porcelain, pass through the cover and 
support main contacts 9, 10 immersed in the oil within 
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the container 5. In accordance with the invention, the 
underside of the cover 6 is arranged to be substantially 
level with the surface of the oil except in the region of 
one or more of the insulating tubes 21, 22, where it is 
turned upwards and forms one or more air or gas pockets 
15 around the insulating tube. These pockets have 
several small holes which communicate with an air- 
cushioning chamber 18, constructed within the cover and 
preferably at the centre thereof. A ventilation pipe 
connects the cushioning chamber with the atmosphere. 
(Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


237,673. A. T. Roberts, Watford. Machinery 
Guards. (5 Figs.) May 17, 1924.—The object of the 
invention is to provide a simple and efficient guard or 
protector for a circular saw or other rotary cutting tool 
and for toothed gear wheels or other machinery. The 
invention provides a rigid yet adjustable guard and, 
according to the invention, the improved,guard com- 
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prises a number of guard units 9 of channel cross- 
section, the side plates of which overlap. The guard units 
are carried by a flexible member associated with means 
whereby its curvature can readily be adjusted to suit 
saws or other tools or machinery of various diameters. 
The flexible member carrying the guard units conveniently 
consists of a length of flat steel bar. (Sealed.) 


MINING, METALLURGY, AND METAL 
WORKING. 


237,498. David Brown and Sons (Huddersfield), 
Limited, Lockwood, Huddersfield, and D. Brown, 
Lockwood, Huddersfield, Casting Metals. (1 Fig.) 
December 29, 1924.—The invention has reference to the 
casting, by centrifugal action, of bodies, such as metal 
rings, to be used as blanks from which to cut toothed 
gears. According to the invention, a horizontal plate 
or table a of appropriate diameter and provided with 
means of attaching it to a driving member capable of 
rotating on a vertical axis, has in its upper surface a 





recess to receive a loose chill platec. In the centre of 
this plate is an opening to receive the lower end of a 


core d, which extends through the chill plate and rests 
in a recess alin the table. The core has a central vertical 
passage d! and a series of radially extending passages 
d? leading from the lower end of the vertical passage d!. 
The upper part of the core is cylindrical and is 
reduced in diameter to form a shoulder or annulus on 
which may rest a chill ring or mould top ¢, having a 
peripheral flange e! extending downwards, the lower 
end of which rests upon the removable chill plate c. 
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The mould top e is provided with ages f by which it 
can be raised and lowered, and the chill plate c has 
lifting hooks g which project vertically through slots in 
a horizontal flange on the mould top. Bolts A passing 
through the driving plate a carry shouldered members 
adapted to engage over the horizontal flange of the mould 
cover and nip the latter down on to the chill plate cand 
the latter down on to the driving plate a. (Sealed.) 
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MOTOR ROAD VEHICLES. 


235,667. The Clyno Engineering Company (1922), 
Limited, Wolverhampton, and A. G. Booth, Wolver- 
hampton. Change-speed gears. (3 Figs.) March 28, 
1924.—The invention relates to the operation of change 
speed gear for motor vehicles. A represents a gear-box 
rigidly connected to the forward end of a torque tube 
B and supported at its forward end from the chassis 
frame by a ball and socket joint C. D is the lever of 
the gear-box for changing the gear, and is rocked in 
planes longitudinal and transverse of the gear-box in 
the usual manner. This lever has a short upward 
extension E to which is connected by a substantially 
horizontal pivot axis the inner end of an operating 
torsion rod F. This rod passes towards its outer end 
through a housing G, which is pivoted by a longitudinal 
pivot axis to a bracket H,secured rigidly to the chassis 
frame. The outer end of the rod G is provided with an 
operating hand lever J. This lever is moved sideways 
to move the lever D from one selector fork to the other, 
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Fig. 1 
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and the rod F then slides endwise in the housing G. It 
will be seen from Fig. 2 that the rod F lies mainly in 
the straight line which is a continuation of the axis of 
the housing and passes through the pivot centre of the 
lever D. The inner end of the rod F is, however, bent 
up to its connection with the extension E. Rotation of 
the rod F by the lever J therefore causes the lever D 
to be rocked about a transverse axis of the gear-box. 
The construction leaves the gear-box perfectly free to 
move vertically in relation to the chassis frame, as the 
rod F then turns slightly about its horizontal pivot 
axis with the extension E, and the housing G turns 
slightly in relation to the chassis frame about its longi- 
tudinal axis. This avoids the need, which has hitherto 
been the practice, of putting the torsion rod in line with 
the point of pivotal support of the gear-box on the 
chassis frame, or of fixing the gear-box rigidly to the 
chassis frame. The invention can, therefore, be readily 
applied to many existing types of gear-box with central 
control, (Sealed.) 


RAILWAYS AND TRAMWAYS. 


237,640. Sir H. Reid, Bart., Springburn, Glasgow, 
and J. MacLeod, Mount Florida, Glasgow. Tur- 
bine-driven Locomotives. (6 Figs.) — 12, 1924.— 
The invention relates to turbine-driven locomotives of 
any ‘given wheeling arrangement having one or more 
driving axles, in which transmission from the turbine to 
the wheels of the locomotive is effected exclusively 
by means of rotary gear members and a flexible driving 
connection, the transmission train including at least 
one driven gear on a hollow shaft surrounding the 
relative wheel axle. The locomotive includes a driving 
bogie 1 associated with a leading or trailing bogie 
17. Adjacent to the driving bogie 1 is mounted a 
gear casing 2 to which is bolted the casing of a turbine 
4, and which contains multiple-reduction rotary gear 
members 5, 6, 7, 8, namely, the gears 5 and 6 between 
the rotor shaft 4’ of the turbine and the countershaft 9, 
and the gears 7 and 8 between the shaft 9 and a hollow 





shaft 10 on each of the driving axles 11, there being 
between each hollow shaft and the relative axle a flexible 
driving connection comprising a set of driving elements 
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and a set of driven elements and spherically-seated 
spring connections between the driving and the driven 
elements. (Accepted August 12, 1925.) 


SHIPS AND NAUTICAL APPLIANCES. 


231,673. A. G. V. Elder, London. Ships’ 
Drainage Systems. (5 Figs.) April 9, 1924.—This 
invention relates to drainage systems for use in passenger 
ships. Broadly stated, the invention comprises the 
provision of one or more longitudinal main drainage 
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pipes a disposed to provide a fall or gradient fromJa 
forward high part to or towards the stern and a discharge 
immediately above the water level at maximum load 
draught, and to which all, or substantially all, soil pipes, 
bath, lavatory and sink discharges 7, from various parts 
of the vessel, are directly connected. (Accepted, April 16, 
1925.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


237,386. Haslam Brothers, Limited, Colne, and 
R. Leyland, Colne. Steam Boiler Furnaces. (8 
Figs.) May 23, 1924.—The invention relates to apparatus 
by which a jet of steam and air may be introduced into 
the furnace of a steam boiler during firing to prevent 
the formation and discharge of black smoke. According 
to the invention, inlet injector nozzles D of venturi or 
other design are fitted into the furnace front A above the 











fire bars B and are so shaped and inclined downwards 
as to direct the jets issuing therefrom in a downward 
direction towards the base of the fire bridge C and to 
cross and impinge upon one another. A shutter is 
provided in connection with each nozzle so that it can 
beclosed. The several shutters are so connected together 
and with the steam admission valve as to be — 
and closed simultaneously with the opening and closing 


of the valve. (Sealed.) 
237,478. T. L. Sherman, Caulfield, State «tf 
Victoria, Australia, and Crankless Engines, 


Limited, Melbourne, State of Victoria, Australia. 
(3 Figs.) 


Swash-Plate Engines. November 18, 1924. 
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—tThe invention relates to engines of the swash-plate 
type. The swash-plate 1 is fixed directly upon the shaft 2 
with which it revolves. The pistons 3, of which one only 
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is “shown, are linked by means of connecting rods 4, 
ball-jointed at both ends, to the cage 5, which is mounted 
upon’ the swash-plate 1, as by a journal bearing 6 and 
thrust bearing 7, so as to allow the swash-plate to revolve 
with the shaft, while the cage merely executes an angular 
oscillating motion, its plane being maintained at all 
times parallel with the plane of the swash-plate by means 
of pivoted slippers 8 mounted upon pivots 9 in the cage, 
pa making lubricated contact with the face 10 of the 
swash-plate. To prevent the cage 5 from revolving 
with the swash-plate 1, it is, in accordance with the 
invention, provided with a single radially-extending 
trunnion 11, upon which is mounted a block 12. The 
block is free to rotaie on the trunnion and may be 
retained radially thereon by a washer and nut, the latter 
being screwed on the end of the trunnion. The block 12 
is free to slide longitudinally between the parallel faces 
of the guide 17 and thus permits the cage 5 to oscillate 
as required, while preventing it from revolving with the 
swash-plate. (Sea/ed.) 


236,826. H. P. Smith, Wandsworth Common, 
London. Furnace Arches. (2 figs.) January 9, 
1925.—Thoinvention consistsin animproved construction 
of water-cooled furnace arch for a steam generator furnace 
operated by a mechanical stoker. The furnace arch of 
the invention is formed of a skeleton framework con- 
sisting of a row or rows of water-circulating tubes 1 
having their ends connected by headers 2 3 between 
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and around which tubes is arranged the brickwork 4 
forming the furnace arch proper, the bricks being formed 
with semi-cylindrical recesses so that they may fit 
around the tubes, and the tubes being reversely bent at 
the upper ends so that the upper ends as well as the lower 
ends of the tubes and the headers may be located 
outside the furnace. The headers 2, 3 may be connected 
with the water-circulating system of the steam generator. 
(Sealed.) 


TEXTILE MACHINERY. 


236,653. Fairbairn Lawson Combe Barbour, 
Limited, Leeds, and T. G. Mylchreest, Leeds. 
Carding Machines. (4 Figs.) April 10, 1924.—The 
invention relates to apparatus for feeding jute to carding 
machines either when the machines are to be fed singly 
or when they are to be used in series. The framework a, 











which supports the shafts b, b! for the ordinary vertically- | 
moving spiked lattice c, has a portion a! fixed to it to | looms. 
enable another or feeding lattice d to be mounted adjacent composed of 








one end of the lattice d derive their motion from the 
rnain shaft s. The travelling lattice d forms a platform 
or support of considerable dimensions for the jute as it is 
discharged from the preceding machine in order that the 
jute may be fed to the travelling spiked lattice c, from 
which it is carried forward to the well-known stripping 
apparatus p which detaches the fibres from the spikes 
on the lattice c so that the fibres will descend on to the 
pivoted weighing pang. The weighing pan g is mounted 
and arranged so that when the fibres accumulated thereon 
exceed a given or pre-arranged weight, the pan is caused 
to tilt to operate disengaging gear situated between the 
shaft s and the lattice c. At such time the spiked feed 
lattice c and the lattice d are prevented from further 
movement until the bulk of the fibres on the pan q is so 
far depleted as will permit the pan by gravity to resume 
its normal position, when the devices then restart the 
lattices c and d into operation. (Sealed.) 


237,729. H. Palmer, Leicester, and W. Palmer, 
Leicester. Yarn-Winding Machines. (3 Figs.) 
July 30, 1924.—The invention relates to yarn-winding 
machines of the vertical-spindle type wherein the run- 
ning yarn is fed on to the rotating bobbins by means of 
guides which are traversed by a rising and falling bar 
and are fed upwards on the bar by screw and nut gear. 
According to the invention, the screwed rod 3 up which 
the nut 1 is fed is rotated to impart the feed by 
a driving arrangement which includes a driven member 
9 fast upon the screwed rod and a driving member 10 
which forms part of a ratchet gear 12 actuated by the 
rise and fall of the bar 5 carrying the screwed rod. The 
ratchet gear is supported in such a way that it may be 
held in one position by the normally running yarn, 
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in which it is actuated and its driving member 10 
engages the driven member 9, while it may, upon failure 
of the yarn, move to another position wherein its actua- 
tion ceases and the driving member is disengaged from 
the driven member. Conveniently, the driven member 
on the screwed rod consists of a bevel gear wheel 9 
and the drivi: » member on the ratchet gear 12 consists 
of a pinion . adapted to mesh with the bevel wheel 
9 so as to drive the same. This pinion 10 is fast on a 
short shaft 11 provided with a ratchet wheel 12 thereon, 
the shaft 11 being supported in a bearing 13 carried in 
such a manner as to be capable of a tilting or rocking 
movement whereby the pinion is brought into and out 
of gear with the bevel wheel. (Sea/ed.) 


231,602. George Hodgson, Limited, Frizinghall, 
Bradford, and J. Elsworth, Frizinghall, Bradford. 
Tappet Mechanism for Looms. (4 Figs.) January 
12, 1924. The invention relates to tappet devices for 
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The invention consists in a multiple tappet 


segments whose radial projections or cam 


to the lattice c, The feed la»tice d travels in a path at an | surfaces are provided at or near their inner extremities 


angle less than ‘a right angle to the upward path of the 
lattice c. The shafts >, b! and the roller g which carries 


with weakened parts so that any one or more of the 
projections may be easily broken away to produce a 





cam of the character desired for the specific purpose for 
which it has to be used. The cam segments consist of a 
central annular part @ with integral radial projections or 
cam surfaces 61, 62, b3,b4, b5, b§ formed upon them. The 
radial projections are eath provided with a weakened 
part d, whichis effected by tapering slightly the projection 
towards its inner end and also by forming there a small 
groove dl. The segments are of cast iron so that when 
any one of the projections is required to be broken 
away this may easily be effected by a hammer, the 
rupture taking place at or near the weakened part d. 
(Sealed.) 


MISCELLANEOUS. 


230,208. J. M. T. Johnston, London, and W. L. 
Bodman, Dorking. Road-Drying Apparatus. 
(5 Figs.) December 29, 1923.—The invention relates 
to portable road-drying or heating apparatus such as 
is used in making and mending roads to dry or heat the 
surface thereof preparatory to spreading hot tar, bitu- 
men or similar material thereon. The invention relates 
to apparatus of the kind having a fire box c, a carrier 
therefor arranged to stand on the road, for example, 
a wheeled carrier 6, an air-heating chamber a in such 
relation to the fire-box c as to be heated therefrom, 
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an outlet arranged to deliver air from the air heat- 
ing chamber a on to the road, and an air-pump, for 
example, a centrifugal blower J, arranged to pass air 
through the air-heating chamber a. According to 
the invention, the outlet 7 from the air-heating 
chamber a is combined with an outlet hk from the 
fire-box in such manner that hot air and combustion 
gases are directed together on to the road, the air- 
pump / being employed to produce draught in the fire- 
box, preferably by injector action at the combined 
outlet. (Sealed.) 


236,980. G. E. Scholes, Higher Tranmere, 
Birkenhead. Calorimeters. (16 Figs.) March 19, 
1924.—The invention relates to calorimeters of the bomb 
type such as are employed to determine, by combustion, 
the calorific value of fuel. According to the invention, 
the closure joint between the shell A and cap B is made 
by a ring of rubber C housed in a recess and interposed 
between seatings on the shell and cap. The seatings 
form the annular faces of the recess, and the joints 
between the faces of the ring and the respective seatings 
are made by the pressure produced within the bomb 
when the gas is introduced and also when combustion 
takes place. The shell A is provided with a shoulder 
al, the outer periphery of the shell, beyond the 
shoulder, being screwed at a2 to take the a 
screw-thread b2 formed on the interior of the flange 6! 


of the cap B; beyond the thread a? the nose of the 
shell is reduced in diameter so as to form a spigot a', 
which, when the cap is screwed into place, extends nearly 
down to the interior face of the cap; the face at 
is preferably serrated so as to form a series of concentric 
vee or the like ridges. The cap is recessed as shown at 
b4, and the face of this recess, like the face a4, is serrated. 
The ring C is of U-shaped cross-section, and is located 
in the cap, its lower face resting on the serrated face 
b4, and its cylindrical side pressing against the interior 
surface of the flange of the cap; the shell A is then 
screwed into the cap until the face of the shoulder a! 
is pressed home onto the corresponding face of the cap. 
The serrated facing a* then presses on the upper face of 
the ring C, compressing the latter to the desired extent 
between the facings a4 and b4, (Sealed.) 


THE END OF THE ONE HUNDRED AND TWENTIETH VOLUME. 
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